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Abstract Remote follow-up of implanted ICDs may offer a
solution to the problem of overcrowded outpatient clinics.
All major device companies have developed a remote
follow-up solution. Data obtained from the remote follow-
up systems are stored in a central database system, operated
and owned by the device company and accessible for the
physician or technician. However, the problem now arises
that part of the patient’s clinical information is stored in the
local electronic health record (EHR) system in the hospital,
while another part is only available in the remote monitoring
database. This may potentially result in patient safety issues.
Ideally all information should become available in the EHR
system. IHE (Integrating the Healthcare Enterprise) is an
initiative to improve the way computer systems in health-
care share information. To address the requirement of
integrating remote monitoring data in the local EHR, the
IHE Implantable Device Cardiac Observation (IDCO) pro-
file has been developed. In our hospital, we have imple-
mented the IHE IDCO profile to import data from the
remote databases from two device vendors into the de-
partmental Cardiology Information System. Data are ex-
changed via an HL7/XML communication protocol, as
defined in the IHE IDCO profile.
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Introduction

Implementation of the results of large randomised trials
showing the effectiveness of implantable cardioverter defib-
rillators (ICDs) in clinical practice has led to an exponential
rise in the number of implanted ICDs (Fig. 1).

The growing number of ICD recipients is resulting in a
rapidly increasing workload with respect to the follow-up of
these patients (Fig. 2). A regular follow-up of a pacemaker
patient is scheduled every 6 months or even over a longer
period. In contrast, the follow-up period of an ICD patient is
usually 3–6 months. Patients with a CRT-D device (CRT-
ICD) often require even more frequent check-ups, again
leading to a greater burden on staff and time at the outpatient
clinic.

Remote monitoring of implanted devices: benefits
and drawbacks

Remote follow-up of implanted pacemakers or ICDs can
offer a solution to the problem of overcrowded outpatient
clinics, and will bring considerable convenience to the
patients since they will be able to visit the outpatient clinic
less frequently [1]. The clinical and health economics im-
pact of remote monitoring, however, is still under discussion
[2, 3]. A remote monitoring system makes it possible to
alternatively schedule a remote follow-up between in-clinic
follow-ups. Furthermore, remote monitoring may allow ear-
ly detection of ICD or lead failures without requiring any
patient intervention [4] and enables early detection of
arrhythmias such as atrial fibrillation or confirmation of
appropriate or inappropriate shock delivery while the patient
is still at home.

All major device companies have developed a remote
follow-up solution. At regular intervals (depending on the
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setup of the specific remote monitoring system) the
implanted device will connect to a receiving device at the
patient’s home, and then send data on the status of the
device and of the patient to the central database system,
operated by the device company. The physician can log into
a secure website and check the data from the remote follow-
up for each patient. However, until now it has not been
possible to integrate the data from the remote monitoring
system into the local electronic health record (EHR) system.
In other words data are stored in different systems and may
not be accessible for all healthcare providers. This may
potentially result in patient safety issues as it may be diffi-
cult to keep track of all the available information and

information which may be only accessible for certain doc-
tors or technicians. Ideally all information should become
available in the EHR system.

Need for standardised data exchange

There is a need to import data from the remote monitoring
database system into the local EHR. Furthermore this data
import should be done in a standardised way. To obtain this
goal a standard set of observations is needed, communicated
in standard messages, such as: therapy settings, events,
device self-monitoring. Furthermore, there should be a con-
sistent presentation of data from all devices.
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Fig. 1 Number of ICD
implantations per year (LUMC)
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Fig. 2 Number of ICD follow-
ups per year (LUMC)
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Method and implementation

Integrating the healthcare enterprise

IHE (Integrating the Healthcare Enterprise) is a shared ini-
tiative by healthcare professionals and industry to improve
the way computer systems in healthcare share information.
Systems that support IHE “Integration Profiles” ideally
work together in a standardised way, are easier to imple-
ment, and help care providers to use information more
effectively. The ultimate goal is efficient delivery of optimal
patient care [5].

In various domains, IHE integration profiles specify how
data can be exchanged for that specific domain and topic
based on existing standards. Therefore, IHE is not a stan-
dard; it merely specifies which standards should be used in a
certain domain, and how they should be used.

IHE IDCO

To address the requirement of integrating remote monitoring
data in the local EHR, the IHE Implantable Device Cardiac
Observation (IDCO) profile has been developed. The IHE
IDCO profile defines a standard-based transfer of device
interrogation information from the interrogation system into
the information management system. Strong device vendor

participation in the IDCO profile development is an ac-
knowledgement of its importance. The IHE IDCO profile
is part of the IHE Patient Care Devices (PCD) domain. See
Fig. 3 for a schematic overview of the IHE IDCO system
model.

Features of the IHE PCD IDCO profile are:

& Standard set of observations
& Communicated in standard messages
& Consistent presentation of data from all devices
& Direct link between interrogating device and local EHR

Cardiac device outpatient follow-up

The IHE-IDCO profile not only brings a solution to the
problem of data in the remote monitoring database that is
not available locally in the Cardiology Information System
(CIS). The profile also brings a solution to the following
problem. During outpatient clinic device follow-up, the
measurements are performed with the use of a so-called
programmer. Such a programmer system can connect wire-
lessly to the device implanted in the patient, and then extract
the device data (e.g., settings, status, events) from the de-
vice. Furthermore, it can also be used to reprogram the
settings of the device, if necessary. However, after the
measurements are performed, the information needs to be

Fig. 3 IHE IDCO profile
system model
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typed by hand into the CIS from a paper report printed on
the programmer. The IHE IDCO profile also brings a solu-
tion to this problem, by defining standards for this specific
data exchange.

Nomenclature

An important part of the IHE-PCD IDCO profile is the
nomenclature, the definition of the variables that are ex-
changed. Companies that implement the IHE-PCD IDCO
profile not only need to exchange data in a standard way,
they also should make the data available using unique data
definitions.

The IEEE Standards Association is defining sets of ter-
minology for ‘point-of-care’ medical device communica-
tion. One of these sets is IEEE 11073-10103, which
supports terminology for implantable cardiac devices. A
draft version of this standard is available, but still subject
to change. Representatives from all major device vendors
are taking part in the IEEE 11073-10103 project group.

In Fig. 4 some of the variables as defined in the IEEE
11073-10103 standard are shown. All variable names start
with ‘MDC_IDC’ which is short for Medical Device Com-
munication—Implantable Device Cardiac.

Device vendor involvement and implementation

All large cardiovascular implantable device vendors are
involved in the development of the IHE IDCO profile, and
in the development of the IEE 11073-10103 nomenclature
standard. All companies have already partially or complete-
ly implemented the IHE profile and IEEE standard and have
a hardware/software solution available which can be used to
communicate with an EHR or data management system.

The implementation from Biotronik, Boston Scientific
and St Jude Medical is freely available, but Medtronic has

only implemented the IHE IDCO profile to communicate
with their proprietary solution Paceart™. Both Biotronik
and St Jude Medical have also already implemented the
possibility for the data exchange between a programmer
and the EHR.

Implementation at Leiden University Medical Center

In our Department of Cardiology at Leiden University Med-
ical Center, we have implemented the IHE IDCO profile to
import data from the remote databases from two device
vendors into the departmental Cardiology Information Sys-
tem (EPD-Vision™, version 8.8, Leiden University Medical
Center).

Data from the remote monitoring databases from Biotro-
nik and Boston Scientific are transferred to our Cardiology
Information System, EPD-Vision™. Data are exchanged via
an HL7/XML communication protocol, as defined in the
IHE IDCO profile.

Data from the remote monitoring database are transferred
either automatically by querying the remote database (Bos-
ton Scientific) or manually by exporting data from the
remote monitoring database or programmer (Biotronik). In
both cases, the data are available in the format as defined in
the IEEE 11073-10103 standard.

Implementation details, EPD-Vision™

At the moment, data received from the remote monitoring
system are stored in a temporary location in the EPD-
Vision™ database, and then become visible in EPD-
Vision™ in a separate (“remote monitoring”) window.

The final solution is when the remote follow-up data
become visible in EPD-Vision™ in the same manner as
the data from the in-house follow-up. To accomplish this,
we have to complete the mapping between the MDC_IDC

Fig. 4 Some of the variables as defined in the IEEE 11073-10103 standard
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variables and the EPD-Vision™ variables, stored at the
appropriate locations in the EPD-Vision™ database.

Discussion and conclusion

The growing number of ICD recipients and more complex
devices (therapy platforms) are leading to a rapidly increas-
ing workload with respect to the follow-up of these patients.
All device companies have developed a system for remote
monitoring of these devices. Remote monitoring will lessen
the burden of follow-up on the clinic and staff; it will
improve the efficiency of patient care. It is also attractive
from a patient’s perspective, since it may lead to greater
reassurance and prevents long and time-consuming trips to
the hospital.

However, as a result, part of the patient’s clinical infor-
mation is stored in the local electronic health record (EHR)
system in the hospital, while another part is only available in
the remote monitoring database. From the perspective of
patient safety this is not an ideal situation.

The IHE IDCO profile has been developed to bring a
solution to this problem, and to the problem that information
from the interrogating devices (programmers) cannot be
transferred electronically into the Electronic Health Record
system.

Implementation of the IHE IDCO profile also allows for
transfer of data from the interrogation device (programmer)
to the local information system, which overcomes the need
for manual entry of the in-house follow-up data.

In our hospital, we are currently implementing the IHE
IDCO profile to store data from the remote monitoring
database and programmers in our local information system
(EPD-Vision™). In this way, remote follow-up data can be
viewed as if acquired during in-house follow-up.

An important part of the IHE IDCO profile is the nomen-
clature, the definition of the variables that are exchanged. The
IEEE 11073-10103 standard terminology set as developed by
the IEEE Standards Association is a prerequisite for easy
implementation of the IHE-PCD IDCO profile.With the IEEE
11073-10103 standard set of variables, the hospital only needs
to do the mapping between the dataset of the vendor and the
dataset of the local Electronic Health Record system once,
instead of devising a different mapping for each vendor.

The IEEE 11073-10103 standard terminology would also
be very beneficial to implement in national and international
cardiovascular registries, since it will allow easy data trans-
fer from a local EHR to a national registry, and data ex-
change between national and international registries, such as
the ESC EurObservational Research Programme [6, 7].

Future developments

It can be expected that remote monitoring systems will
develop into dedicated monitoring and therapy platforms.
Data retrieved from these systems should form an integral
part of the electronic patient record as more and more
outpatient clinic care will shift to personalised care provided
at a distance, in other words in the patient’s home. To
accomplish such networking solutions data exchange be-
tween all the systems involved is of utmost importance.
The first steps have been taken but the ultimate solution is
still far ahead.

Open Access This article is distributed under the terms of the Creative
Commons Attribution Noncommercial License which permits any non-
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the original author(s) and source are credited.
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