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his document represents expert consensus concerning the
onitoring of Cardiovascular Implantable Electronic Devices

CIEDs). The views expressed are of the international writing
roup consisting of seven cardiac electrophysiologists repre-
enting the Heart Rhythm Society (HRS), six from the Euro-
ean Heart Rhythm Association (EHRA) as well as one heart
ailure specialist representing the Heart Failure Society of
merica and another from the Heart Failure Association of the
uropean Society of Cardiology. Members from our writing
roup also represented the American College of Cardiology
Kenneth A. Ellenbogen, MD), the European Society of Car-
iology (Silvia G. Priori, MD, PhD), and the American Heart
ssociation (David L. Hayes, MD). The topic covered by this
ocument includes the monitoring of CIEDs with a description
f the technology, indications for use, personnel involved in
onitoring and the frequency and types of monitoring events.
lso covered are issues in regard to data management, regu-

atory environments, reimbursement and ethical considerations
n respect to device inactivation. This statement summarizes
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he opinion of the writing group members based on their own
xperience in treating patients, as well as a review of the
iterature, and is directed to all health care professionals, health
are institutions, CIED manufacturers and governmental, re-
mbursement and regulatory bodies who are involved in the
are of patients with CIEDs. When using or considering the
uidance given in this document, it is important to remember
hat the ultimate judgment regarding care of a particular patient
ust be made by the health care provider and patient in light

f all the circumstances presented by that patient.
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ntroduction
ardiovascular implantable electronic devices (CIEDs)
ave expanded in number and complexity since their intro-
uction in 1958 and now include cardiac pacemakers, im-
lantable cardioverter-defibrillators (ICD), implantable car-
iovascular monitors and implantable loop recorders.
istinctions are not always complete; bradycardia support,
entricular tachyarrhythmia therapy, biventricular stimula-
ion, arrhythmia monitoring, and heart failure data are often
ombined into a single device. Many aspects of CIED mon-
toring are discussed in this document, including, monitor-
ng technology; indications, frequency and content of de-
ice follow-up; data management; personnel roles and
esponsibilities; CIED management in dying patients; and
eimbursement issues. However, beyond listing the required
lements, it is beyond the scope of this document to describe
he technical details used during each type of CIED fol-
ow-up visit.

It is estimated that in 2006, approximately 280,000 pace-
akers and 160,000 ICDs were implanted in North Amer-

ca, while the corresponding numbers for the countries of
estern and central Europe were 250,000 and 50,000, re-

pectively. This expanding population of patients with im-
lantable cardiac devices requires special care within a
ramework of principles that optimizes their management.
he incidence of CIED implantation is increasing with the
stimated implanted prevalence of these devices in 2007
hroughout North America and Europe as listed.

Pacemakers ICDs CRTs

orth America 564,074 234,780 148,092
urope 683,472 87,747 61,010

The logistics of monitoring these devices have already
laced a substantial and increasing burden on the cardio-
ascular community.1

umber of Follow-up
ncounters/Year

Pacemaker
Therapies

ICD
Therapies

orth America 1,610,000 2,065,000
urope 1,680,000 500,000
otal numbers 3,290,000 2,565,000

Based on one encounter/year for Pacing in North America and Western
urope. 2.5 encounters/year for ICDs in Western Europe, and 3.5 in North
merica. Pacemaker therapies are pacemakers with and without CRT and
CD therapies are ICDs with and without CRT.

Implantable cardiovascular devices are indicated for the
reatment, diagnosis and monitoring of bradycardia, tachy-
ardia and heart failure. As the indications for implantation
roaden and the frequency of device utilization increases,
he management of these patients and their devices has
ecome a distinct and at times complex medical service.
his service diversity spans the entire spectrum of subjects,

ncluding those who are healthy or ill, sedentary or active,
outh or seniors. In addition, since these are implantable
evices, there is an ongoing opportunity and responsibility
o manage both the patient and device. However it is the
urpose of this guidance document to focus on outlining the
anagement of just the CIED from the time just after

mplantation until explantation or the patient’s death. Al-
hough important, the evaluation and management of the
atient and the use of external diagnostic tools not intrinsic
o the implanted device are not the focus of this document
nd will be discussed only as adjunctive issues.

The topic of device follow-up has been long neglected,
nd although widely practiced there is little in the way of
uidance for practicing physicians, hospitals, regulatory
gencies and private and public insurance agencies to pro-
ide these services. In addition, there have been important
nd substantial advances in the diagnostic and therapeutic
ools provided by these devices and in the strategies and
nstruments used for their management. This document is
ritten to describe the medical aspects of these activities, in
ther words what is needed to provide the medically appro-
riate level of care. Despite the relative paucity of previous
ublications on this topic, there is substantial experience,
kill and consensus. It is the consensus of the writing com-
ittee, representing primarily care in North America and
urope that is presented in this document. However, in
rder for patients to receive this level of care there is a need
o develop and implement the technical, logistical and fi-
ancial systems related to CIED follow-up. The implemen-
ation details will vary in differing geographic locations
ith diverse medical and governmental structures, but it is

he intent to provide guidance for universally applicable and
linically appropriate monitoring of CIEDs throughout
orth America and Europe.

efinitions

ardiovascular Implantable Electronic Device (CIED):
ardiovascular implantable electronic devices include the
acemaker (PM), implantable cardioverter-defibrillator
ICD), cardiac resynchronization device (CRT), implantable
oop recorder (ILR) and implantable cardiovascular monitor
ICM). Pacemakers, ICD and CRT devices have been de-
cribed in detail and all of these devices collectively have
een termed cardiovascular implantable electronic devices
CIEDs).,2,3

linically Employed Allied Professional (CEAP):
he diverse group of nurses, physician assistants, technol-
gists, technicians, and engineers who are dedicated to
romoting excellence in the care of patients with CIEDs,
ho have cardiac rhythm or heart failure disorders. The
EAP works in collaboration with and/or under the direct

upervision of a CIED physician and is not employed by a
IED manufacturer.

eart Failure (HF) Care:
or patients with CRT devices or for those who have an
CM in place, some CIED follow-up clinics will also be
esponsible for HF management. In the case of clinicians
roviding care in an HF Clinic, the HF physician may be
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esponsible for acting on device output, such as hemody-
amic data (either in person or remote and in “real time” or
ot). In these cases, there must be an explicit understanding
nd an agreement of responsibilities and scope of care
etween the CIED Clinic physician and the HF physician.

evice Interrogation:
ses telemetry to retrieve information on the CIED pro-
rammed parameters and data stored in the CIED memory.
hese data may be retrieved and stored directly in a CIED
rogrammer, on a dedicated personal computer or retrieved
nd stored remotely on a server to be viewed on an Internet
ebsite.

evice Programming:
s a non-invasive, stable, reversible change in some of the
perating parameters of the CIED that enables the physi-
ian/CEAP to select CIED settings to assess and optimize
he CIED system performance and longevity and to tailor
hese parameters to meet the individual patient’s condition.

ome Monitor/Communicator:
device designed to receive telemetry from a specific

IED and transmit the encrypted data using telephone tech-
ology to a remote-secure monitoring center or file server.
ften the home monitor/communicator is stationary and

onnected to the Internet through an analog telephone line
n a patient’s home, but it can also be mobile/portable unit
nd connected via cellular technology.

mplantable Loop Recorder (ILR):
LRs are CIEDs that store in device memory recordings of
he heart rhythm and data derived from the cardiac rhythm.

mplantable Cardiovascular Monitor (ICM):
CMs are CIEDs that store cardiovascular physiologic data
uch as intracardiac pressure waveforms and other data in
he device memory, but instead of focusing only on heart
hythm, the hemodynamic and cardiovascular physiologic
nformation stored in these devices is used as an aid in
anaging patients with chronic cardiac diseases such as

eart failure.

ndustry Employed Allied Professional (IEAP):
he IEAP has expertise with CIED technology and is em-
loyed by the CIED manufacturer. Although the IEAP may
ave formal credentials of a CIED nurse or EP lab techni-
ian and may be certified by the International Board of
eart Rhythm Examiners as a certified cardiac device spe-

ialist, there are limits on the roles and activities that these
eople can engage. The details are listed in Section 4 and
uoted from the 2001 NASPE guidelines for the “Industry
mployed Allied Professional.”4

rogrammer:
device designed to receive telemetry from a family of

IEDs from a specific manufacturer; will display and print
he information to the operator and temporarily or perma-
ently adjust (program) the behavior of the CIED. Generally
he programmer technology includes a specifically modified
icrocomputer and a programming wand or antenna to

ommunicate with the CIED. The programmer can be
quipped with a printer, storage devices such as hard drives
nd communication connections such as Ethernet, USB,
iFi, infrared and parallel and serial port connections.

ECTION 1: Description of CIED Technology
IEDs have numerous programmable features and can also

tore substantial amounts of diagnostic information related
o device function, arrhythmia frequency, cardiovascular
emodynamic parameters including transthoracic imped-
nce and patient activity. Bidirectional telemetry using en-
oded and encrypted radiofrequency signals allows trans-
ission of information to the CIED from the programmer

nd from the programmer to the CIED. This process permits
eview of the programmed parameters and stored diagnostic
ata and reprogramming of CIED parameters to correct
dentified malfunctions and/or to optimize CIED function.5

he evolution of CIED technology has led to the develop-
ent of specialized CIED follow-up clinics that are staffed

y trained physicians and CEAPs.6–8

In addition to programmer based interrogations, CIED
ollow-up has been expanded with a system of remote
nterrogation tools. These home monitors/communicators
mploy telephone based links to extend the bidirectional
elemetry links into the patient’s home or with cellular
echnology unrestricted by land lines.9–13 In addition to
nformation stored within the CIED, other medical informa-
ion may be transmitted from linked measurement devices
uch as sphygmomanometers or weight scales. Remote
ransmissions may be completed by connecting the trans-
itter to any form of telecommunication network (e.g., both
ired and wireless). While the technology presently exists

o enable remote programming as well as remote interroga-
ion of CIEDs, as of 2008, the programming feature is not
et clinically implemented. The availability of remote mon-
toring and, in the future, remote programming of CIEDs
equires a change in CIED follow-up paradigms and proto-
ols. Remote monitoring technology reduces the need for
ome face-to-face clinic visits and may facilitate, when
eeded, visits triggered by a clinical event. In addition,
emote monitoring and the warehousing of monitoring data
ay facilitate the detection of CIED system performance

ssues and clinical conditions that may lead to the need for
ncreased frequency of in person or remote surveillance.

Wearable defibrillators, Holter monitors, and cardiac
vent monitors are similar to CIEDs but are not included in
his discussion further other than to acknowledge that the
echnologies and systems used to manage these tools over-
ap substantially with the CIEDs discussed in this docu-
ent.

echnology Available for CIED Monitoring:
uring face-to-face evaluations of the CIED, several func-

ional parameters of the implanted device are checked using
specifically designed instrument (programmer) produced
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y the manufacturer of the CIED. The information retrieved
uring the interrogation of the CIED is used to evaluate 1)
he function of the device including the programmed set-
ings and when present 2) physiologic parameters concern-
ng the cardiovascular status of the patient. Whenever ap-
ropriate, it is possible to modify CIED settings and
unctions to optimize the device operation and to customize
he CIED parameters to patient specific and clinically ap-
ropriate values.

During remote interrogation, the measured CIED and
ecorded clinical patient data as well as the programmed
arameters of the device can be retrieved from the CIED.
lthough technically feasible and almost certainly reliable,

mplementation of temporary or permanent remote pro-
ramming has not yet been permitted. Protecting patient
afety is the primary concern and the reason that remote
rogramming is not currently used. This concern is related
o the limited ability to respond to potential changes in the
atient’s condition as a result of the altered CIED parame-
ers. As greater experience with remote monitoring is gained
nd as a secure support system for remote management of
atients is developed, this is likely to be implemented.

The programmer is a computer with specific software
nd associated hardware modifications that provide for the
ighly reliable exchange of the encrypted information and
recise communication with the CIED. The programmer
ses bidirectional telemetry to receive the stored informa-
ion from the CIED and to modify (program), as appropri-
te, the settings of the CIED. Traditionally a “wand,” at-
ached by a wire to the programmer, is positioned on the
ody’s surface over the CIED implantation site to receive
he telemetry signal. However the distance for radiofre-
uency communication has increased from several cm (2–5
nches) to several meters (10–20 feet) and some devices
ommunicate without a wand. The longer distance teleme-
ry is device specific but employs either the Industrial,
cientific and Medical (ISM) band from 902–928 MHz or a
ubsection of the Medical Implant and Communications
MICS) band from 402–405 MHz. Use of telemetry in these
requency spectra allows the telemetric signal to be reliably
nd securely sent directly to and from the programmer and
he CIED, which is more than 10 feet (3 meters) distant.
his is useful during CIED implantation, in the device clinic

using a programmer) and also in the patient’s home as a
art of remote monitoring (remote telemetry device). When
he encrypted data need to be transmitted very long dis-
ances (miles-km) from remote cities (e.g., home), the com-
unication is done via telephone lines or cellular phone

echnology, typically from the home monitor/communicator
o the CIED clinic or data repository.

Programmers have integrated printers to document the
IED settings, but home monitor/communicators and pro-
rammers can also communicate the interrogated data to a
emote printer for a hard copy presentation or be transferred
o a CIED database or Electronic Medical Record (EMR).
o connect to the database or EMR, the data are saved and
ransferred via disc, CD ROM, USB drive, directly by a
etwork cable, Bluetooth or WiFi communication to an
nternet or intranet network connection. The ISM and MICS
adiofrequency communication is used only for connecting
he CIED to the programmer or remote telemetry device and
ot for connecting the programmer to printers, saved files,
he database, EMR or registries.

Remote monitoring systems enable patients with CIEDs
o transmit the stored programmed and measured data stored
ithin the CIED using a remote telemetry device home
onitor/communicator, as mentioned above. These bedside

r handheld communication devices employ either a wand
ith short distance radiofrequency communication em-
loyed by programmers or by the long distance ISM or
ICS band radiofrequency telemetry described above. This

ome monitor/communicator is then linked by telephone to
central (Internet based) data repository where the data are

tored and analyzed and disseminated electronically.14,15

Remote monitoring of pacemakers to a limited degree
as occurred for decades using transtelephonic monitors
sing modem technology. These older style monitors trans-
it the patient’s heart rhythm recording by converting the

lectrocardiographic information into sound and send it
ver the telephone lines to a decoding machine, which
hanges the sound back into the “rhythm strip” on the other
ide. This technique permits the physician to monitor heart
ate, rhythm and battery status. To a limited degree it also
ermits an assessment of sensing and capture function. It is
mportant to consider that the remote interrogation moni-
oring systems, which are progressively being introduced by
ll of the CIED manufacturers, are not to be used in patients
mplanted with some older CIED models.

ECTION 2: Indications, Paradigms, Frequency
nd Content of CIED Follow-up
variety of follow-up paradigms exist, although the previ-

usly published guidelines are no longer accurate and pri-
arily refer to pacemaker follow-up based on earlier gen-

rations of implantable devices. The ideal follow-up
aradigm will be determined for the individual patient by
he follow-up clinic physician(s) and CEAPs. Factors that
ill influence the follow-up paradigm might include patient
references, the patient’s underlying medical condition,
IED-related issues, geographic isolation from direct fol-

ow-up, cost-effectiveness of follow-up paradigms and the
ollow-up clinic resources. In addition, some physicians and
atients for technical, personal and medical reasons may
refer face-to-face evaluations. The role of the Industry
mployed Allied Professional (IEAP) in CIED follow-up is
iscussed in Section 4.

oals of Follow-up
he major goals of CIED monitoring programs can be
ivided into four groups: patient-related, device-related, dis-
ase-related and communication-related objectives. These
nclude providing patient and family education and reassur-
nce, maintaining patient records and institutional data-
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ases, assessing and optimizing CIED system performance
nd safety, in addition to identifying and correcting, if
ossible, any device system abnormalities, anticipating the
eed for and planning elective CIED replacement, when
easible monitoring cardiac arrhythmias and physiologic
arameters, and communicating information related to
IED monitoring to involved physicians and other health
are providers where appropriate. The specific goals of
IED follow-up are summarized in Table 1.

aradigms for CIED Follow-up

n Person Monitoring (Physician and/or CEAP
hysically Present):
raditionally, monitoring of CIEDs has been performed by
trained physician or CEAP in a designated CIED fol-

ow-up clinic, medical institution or physician’s office. The
ompleteness of this in person CIED monitoring session
ay vary depending on the indication for the encounter.

omplete CIED Evaluation:
ncludes interrogation of the device, review of device data
nd device programming parameters and temporary pro-
ramming for assessment of system function such as cap-
ure thresholds and sensing thresholds. Permanent program-
ing changes may or may not be made on completion of the

able 1 Goals of Monitoring CIEDs

atient Related
Optimize the patient’s quality of life
Optimize pacemaker/ICD system function to meet the
patient’s clinical requirements
Identify patients at risk and initiate appropriate follow-up
with field safety corrective action/safety alerts
Triage non–CIED-related health problems and make
appropriate referrals

IED Related
Document appropriate CIED function
Identify and correct abnormal CIED behavior
Maximize pulse generator longevity while maintaining patient
safety
Identify CIEDs approaching end of battery life, to identify
leads at risk of failure, and to organize CIED replacements in
a non-emergent manner

isease Related
Document the nature and frequency of arrhythmias over time
and correlate with patient symptoms and determine the
appropriateness of CIED response to these arrhythmias
Document (where feasible) hemodynamic status, transthoracic
impedance, patient activity and other physiologic parameters
over time as part of chronic disease monitoring in heart
failure
Monitor response to therapy

ommunication
Maintain a patient database
Timely communication to the patient and relevant health care
providers of CIED- and disease-related information
Provide technical expertise and education to colleagues,
patients, and community
 ollow-up visit. This evaluation may be performed by a

hysician or by the CEAP trained in CIED follow-up under
IED or HF physician supervision (Tables 2 and 3). Results
f programming made by the CEAP should be approved by
CIED physician specialist or by a physician with expertise

n CIED management. Complete CIED evaluation should
e undertaken at routine scheduled device follow-up visits
er the recommended schedule for that particular device.

able 2 Factors Determining the Type and Frequency of CIED
ollow-up

atient Related
Stability of rhythm and cardiovascular symptoms
Specific issues requested by the patient, family or local
physician to the CIED clinic
Change in anti-arrhythmic or heart failure therapy
High or unstable pacing thresholds
Frequency of ICD therapies
Patient’s inability to accurately report symptoms
Planned surgeries/medical interventions
Patient distance from follow-up clinic
Other medical/social factors

IED Related
Historical reliability of the CIED system (consider lead and
pulse generator independently, defibrillation thresholds)
Age of CIED
Programmed parameters (factors that influence battery
longevity, pacing thresholds, pacing frequency, frequency of
shock therapy)
Complexity of CIED
Arrhythmia/heart failure diagnostics (including physiologic
monitoring, transthoracic impedance, patient activity)
Medications that may influence pacing or defibrillation
threshold, arrhythmia detection

isease Related
Frequency and severity of symptoms
Changes in cardiovascular therapy

able 3 Minimum Frequency of CIED In Person or Remote
onitoring*

acemakers/ICDs/CRT
Within 72 hours of CIED implantation (In Person)
2–12 weeks post implantation (In Person)
Every 3–12 months pacemaker/CRT-P (In Person or Remote)
Every 3–6 months ICD/CRT-D (In Person or Remote)
Annually until battery depletion (In Person)
Every 1–3 months at signs of battery depletion (In Person or
Remote)

mplantable Loop Recorder
Every 1–6 months depending on patient symptoms and
indication (In Person or Remote)

mplantable Hemodynamic Monitor
Every 1–6 months depending on indication (In Person or
Remote)
More frequent assessment as clinically indicated (In Person
or Remote)

*More frequent in person or remote monitoring may be required for all
bove devices as clinically indicated.
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omplete CIED evaluation may also be required if the
atient develops significant cardiac or arrhythmic symptoms
e.g., shock therapy, worsening congestive heart failure or
ustained palpitations) or if a CIED alert is detected (e.g.,
atient hears an audible alert, or a remote transmission is
riggered by a CIED programmed alert).

nterrogation Evaluation:
nvolves the in person or remote (e.g., from patient’s home)
nterrogation and review of CIED data without additional
evice testing or programming changes. This evaluation
ay be performed by a physician or by the CEAP at a

esignated follow-up site. CIED interrogation without pro-
ramming may be indicated for a number of conditions.
ome examples include monitoring response to antiarrhyth-
ic drug or heart failure therapy, monitoring battery volt-

ge/impedance for indicators of battery depletion or moni-
oring device function if the device is subject to a field
afety corrective action or safety alert.

eriprocedural CIED Evaluation/Reevaluation:
nvolves interrogation and review of specific device data
nd function and possibly temporary reprogramming of a
IED parameter prior to and/or following a scheduled sur-
ery, procedure or test. The programming is designed to
void causing morbidity during the procedure and to pre-
ent damage to the CIED. An example is temporarily pro-
ramming off tachycardia detection or ICD therapies in a
atient undergoing surgery where electrocautery may be
pplied in close proximity to an ICD and reprogramming
he original parameters on completion of the procedure.

emote Monitoring:
ome implantable cardiac CIEDs have the capacity to have

nterrogation evaluations done outside of a medical facility,
sually the patient’s home. Remote monitoring has the
otential to provide timelier and nearly identical informa-
ion on CIED performance as a traditional in person inter-
ogation. Some method for communication of information
etween the patient and the physician and/or CEAP respon-
ible for CIED follow-up is an important component of
emote monitoring.

atient Initiated Remote Transmission:
ncludes interrogation and transmission of CIED and patient
ata. This interrogation and data transmission must be ini-
iated by the patient. This encounter may be a scheduled
IED interrogation planned by the follow-up clinic or an
nscheduled CIED interrogation activated by a patient
ymptom (dyspnea, ICD shock or palpitations) or detection
f a CIED alert (audible tone or vibration).

IED Initiated Remote Transmission:
ncludes interrogation and transmission of device and pa-
ient data. Depending on the CIED, the patient may not have
o apply a wand in proximity of the device but the home
onitor/communicator must be within a certain distance of

he patient/device for a successful link and interrogation.
he trigger for the transmission is either time (scheduled
ate and time) or programmed CIED alerts, e.g., significant
hange in lead impedance, development of persistent atrial
brillation (AF), frequent episodes of nonsustained ventric-
lar tachycardia, delivery of frequent shocks, or changes in
emodynamic status.

ranstelephonic Monitoring without Interrogation:
llows for frequent monitoring of the pacing rate, determi-
ation of the underlying rhythm and timely detection of
attery depletion. This technology is solely limited to pace-
aker follow-up. Each transmission usually includes an

nitial rhythm strip and then a rhythm strip demonstrating
he magnet rate of the pacing system. Telephone transmis-
ions provide only a brief snapshot of the cardiac rhythm
nd thus intermittent problems may not be detected. Given
he limitations of telephone transmissions to detect device
ystem problems, this approach should not be the sole
eans of pacemaker follow-up.6 Telephone transmissions

ave value in monitoring pacemakers approaching battery
epletion and need for planned replacement.

ype and Frequency of CIED Follow-up
he factors determining CIED follow-up type and fre-
uency are summarized in Table 2. In person device mon-
toring with the presence of a physician or a CEAP is
ndicated currently when CIED programming is required or
nticipated. The patient’s medical condition will also deter-
ine whether CIED monitoring is performed in person or

emotely. If the patient’s cardiovascular status is unstable or
requently changing, in person follow-up may be required to
ddress the management of the underlying medical prob-
ems. Since remote device monitoring is not accompanied
y a direct cardiovascular assessment and may not be ac-
ompanied by a cardiovascular history, it is recommended
hat any patient with a CIED be assessed in person at least
nce a year. Remote monitoring of CIEDs is indicated when
he patient’s medical condition is stable and no anticipated
evice programming is required. Remote monitoring has
alue during the maintenance phase of CIED follow-up
stable device function), during accelerated follow-up to
lan elective device replacement and in the case of a field
afety corrective action/safety alert where accelerated mon-
toring may detect a CIED malfunction.

At present, there are wide variations in device follow-up
requency worldwide. Recognizing that the frequency and
ype of device monitoring must be individualized based on
evice- and patient-related factors, the minimal recom-
ended schedule of device follow-up is summarized in
able 3. In person monitoring should be performed for each
atient following implantation but before hospital dis-
harge. Many complications, such as lead dislocation and
erforation, can be seen within 24 hours after implantation.
his assessment should document normal CIED function,
stablish patient specific programming, document initial
elemetry values, ensure the absence of operative compli-
ations, educate and emotionally support the patient and the
amily and provide a CIED identification card to the patient.
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eview of an initial chest x-ray to document electrode
osition in the heart is essential. The first post-discharge
isit may take place in the first 4 weeks after implantation.

second in person follow-up should be performed during
he early surveillance period (4 to 12 weeks post implant).
t the first or second visit, sutures may be removed and at
oth visits the wound is carefully assessed for appropriate
ealing. At the second visit, interrogation of the CIED is
andatory to document appropriate device function and

eview diagnostics. Careful analysis of pacing and sensing
hresholds should be done and device programming should
e performed to optimize the CIED function for the patient
nd to optimize device longevity. For some patients with
ardiac resynchronization therapy, procedures for optimiza-
ion of CRT therapy may be undertaken at this visit. At this
isit, clinical or CIED-related warnings that might trigger a
onsultation should be carefully explained to the patient. If
emote CIED monitoring is available and desired, this
hould be carefully explained to the patient and family.

hen a patient cannot visit the electrophysiologist or im-
lanting physician because of geographic location, physical
r emotional reasons, or there is concern about CIED per-
ormance or a medical problem he or she should visit a local
hysician with CIED expertise.

Either in person or remote follow-up should be planned
very 3–12 months thereafter depending on the patient’s
linical condition and the type of CIED. ICD follow-up
hould usually occur at no longer than 6 month intervals.
ince not all devices with pacing therapies have automatic
eatures to measure pacing or sensing thresholds, an in
erson assessment of these parameters is recommended
very 6–12 months, with the frequency varying based on
he variables described in Table 2.

Intensified (monthly) in person or remote monitoring
hould be considered when the CIED nears its elective
eplacement indicator (ERI). Specific indicators of battery
epletion should be used to initiate a change in surveillance
requency. Intensified in person or remote monitoring (in-
erval tailored to the situation) may also be implemented in
he event of a suspected lead or CIED dysfunction or in the
vent of a field safety corrective action or safety alert.

IED Assessment
he content of a CIED follow-up assessment depends on
linical and technical factors and upon the type of CIED. A
arge number of parameters can be monitored. The content
nd frequency of device encounters are determined by the
actors listed in Table 2 and should be considered the
atient’s prescription. Suggested guidelines for content of
ollow-up are provided in Table 4.

Although remote CIED follow-up has the potential to
ncrease patient safety and convenience, prospective ran-
omized or observational studies of the benefit, content and
requency of remote follow-up have not yet been performed
n large numbers of patients. More clinical information is
eeded to document the magnitude of the clinical benefit of
his new technology, the optimal frequency and intensity of
ts use as well as its economic impact on the health care
ystem and the patient.16–19 A wide range of follow-up
requencies and intensities are recommended in Tables 3
nd 4. The CIED follow-up prescription must be individu-
lized to the patient’s clinical status.

ECTION 3: Data Management Considerations
n the era of electronic data storage and Internet-based data
ransmission, data safety and confidentiality issues have
ecome paramount concerns. There are no uniform world-
ide regulations governing manufacturer tracking or

ecord-keeping requirements. In the United States, there is a
egal requirement for registration and tracking of clinical

able 4 Content for CIED In Person or Remote Monitoring

acemaker or ICD Required Parameters: In Person or Remote
Monitoring: 3–6 Months Suggested
Battery voltage and battery impedance
Magnet rate (for pacemakers)
Charge time (for ICDs)
Update current rhythm diagnosis and pacemaker dependency

acemaker/CRT-P In Person Follow-up: 6-12 Months
Suggested
Battery voltage (and impedance)
Magnet rate
Pacing and sensing threshold(s) for atrium, right and left
ventricles (all leads)
Pacing lead impedance(s) for all leads
Arrhythmias detected by device (e.g., mode switches, high
ventricular rate episodes, etc.)
% of pacing/sensing in each chamber
Review of programmed parameters
Review of any “safety” or automatic device alerts
Review of hemodynamic measurements or recordings of any
other programmed parameters (e.g., heart rate variability,
activity level, etc.) when available

CD/CRT-D In Person Follow-up: 3-6 Months Suggested
Battery voltage (and impedance)
Capacitor charge time
Pacing and sensing threshold(s) for atrium, right and left
ventricles (all leads)
Pacing lead impedance(s) for all leads
Shocking impedances for defibrillation leads
Arrhythmias detected by device
% of pacing/sensing in each chamber
Therapies required for termination of SVT/VT/VF
Review of main programmed parameters
Review of any device triggered alerts
Review of hemodynamic measurements when available

mplantable Loop Recorder In Person or Remote Monitoring:
1-6 Months Suggested
Integrity of sensing system
Arrhythmias (symptomatic) recorded
Arrhythmias (asymptomatic) stored

mplantable Hemodynamic Monitor In Person or Remote
Monitoring: 1 Week–3 Months Suggested
Battery function
Integrity of lead
Hemodynamic measurements of variable(s) being monitored
Arrhythmias detected
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evices, including CIEDs (Safe Medical Devices Act of
99020; amended by the FDA Modernization Act of 1997).
n Europe there is only a requirement for the manufacturer
o keep manufacturing and distribution records of CIEDs
Active Implantable Medical Device Directive of June
990).21 In both North America and Europe, manufacturers
re required to monitor the performance of their device
post-marketing surveillance), to submit reports on adverse
vents to the regulatory authority, and to take appropriate
orrective and preventive actions. However it is a basic
lobal clinical necessity for follow-up physicians, clinics
nd hospitals to maintain CIED registration and to facilitate
imely and effective communication with patients.

Data registration and maintenance (secure and perma-
ent) is the joint responsibility of the CIED manufacturer,
istributor (where involved), implanting center and physi-
ian. The registration must comprehensively document all
ystem elements, patient data and relevant clinical informa-
ion. The system elements include the model and serial
umbers of the CIED, leads, adapters, and any other im-
lanted items. In addition to device data, patient data must
e included with the system registration. The patient data
hould include accurate patient demographics, date of de-
ice implant, communication details such as address and
elephone number and all rhythm diagnoses at the time of
IED implantation or replacement.22 Relevant clinical in-

ormation about device removal or abandonment of a CIED
hould be reported and tracked so that devices no longer in
ervice can be eliminated from the tracking processes in the
vent of future field safety corrective actions or safety alerts.
his permits accurate manufacturer assessment and report-

ng of device reliability and survivability under actual use
onditions. Standardization of implant, removal, deactiva-
ion and abandonment diagnoses facilitates the ability to
nderstand the causes of CIED failure and other reasons
ontributing to intervention as recently emphasized by state-
ents by HRS and EHRA.23,24

evice Implant Registry
ur “global society” in which patients travel internationally
ould benefit from having a centralized registry to manage
obile patients and such a data source would allow accurate

nformation on device use, removal and abandonment. As it
urrently stands, companies, governments and/or health
are providers independently store device-related data and
here is no method to consolidate these data in case of need
uch as quality monitoring and safety alert/field safety cor-
ective actions. The optimal solution is a single, centralized,
nternational device registry collating and reconciling all
nformation on every patient but it is the fact that today such
n ideal is unachievable as the barriers are numerous.

Currently, each country is required to maintain its-own
egistration and tracking data. However laws governing the
eed for submission and storage of the data required to care
or patients and to allow for notification in case of a field
afety corrective action or safety alert are incomplete and
ften incompatible between nation states. Governments,
ealth care systems, manufacturers and professional associ-
tions must commence a process that can lead to interna-
ional agreement on the optimal level of data storage and
ccess (for clinical use, research and health care-planning).
his must particularly address the prohibition of data pro-
ision with patient identifiers to repositories outside of
ne’s own national borders as this greatly limits the data
uidity necessary in the global health care environment.

In order to be most effective, the registry data must be as
omplete as possible.22 It should be mandatory by law that
egistration data be submitted at the time of implant, explant
r abandonment of any device. To further complete the
ntegrity and completeness of such a registry, it would be
ossible to leverage other data sources, such as the National
eath Index from Medicare (USA), and other European and
orth American data sources. Linking to the National Death

ndex would provide an opportunity to bring “closure” to a
atient file. It may even be possible to query the physician
f record as to the cause of death to be stored as an
dditional data element. Other registry options with atten-
ant advantages and disadvantages are noted in Table 5.

It should be noted that a number of device registries and
atabases currently exist. Many of these collect similar data,
ut are based in different countries or are run by people with
roprietary interests. A listing of these entities is provided in
ppendix I.
State of the art security is mandatory to maintain confi-

entiality for patients and protect proprietary interests of
evice manufacturers with facilitated access for health care
roviders to expedite patient care. Often data sets without
atient identifiers are useful to create benchmarks analyzing
emographics and temporal trends to improve care without
ompromising privacy. Having access to the registration
ata allows the best management of patients who may not
e able to provide device information when presenting
mergently.

ollow-up Data Management
he responsibility for follow-up data should be delegated to

he implanting/follow-up physician or institution. However,
atients should be able to access their own implant and
ollow-up data to verify and request an update if appropri-
te. By participating in the maintenance of their own data,
eeping accurate records of demographics would be made
asier and more accurate.

It is recognized that different device models may provide
arious types and degrees of data. The follow-up is best
anaged using longitudinal stored and measured CIED

ata. Both single data point information, graphs and trended
ata facilitate CIED and patient disease and comorbidity
anagement. Both registration data and follow-up clinical

ata are best managed in a database. The basic elements that
hould be collected have been discussed in Section 2 (sum-
arized in Table 4).
Key to the usefulness of a database is the accuracy of the

ata being placed into it. Manual data entry should be
iscouraged as it creates the opportunity for error. Univer-
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ally accepted data output and exchange formats need to be
efined by the manufacturers to facilitate accurate and ef-
cient data transfer from the programmers to the database.
database that directly communicates with the registration

ystem would automatically update patient demographics
nd contact information, as well as correctly identify the
IED follow-up physician.

The recent advent of highly sophisticated technologies
hat facilitate “remote” data acquisition and transmission is
evolutionizing the processes of device data collection.
inking of CIED data acquisition to patient disease and
omorbidity management data may be best achieved by
emote CIED data retrieval. Thus a “remote management”
trategy will become the standard of care in the immediate
uture and perhaps by the end of this decade. It is in the area
f disease management that this development has created a
ew set of opportunities and problems. The opportunities
nclude the ability to collect huge amounts of data over time
ia remote monitoring services. The ability to interrogate,
ransmit and store these data provides access to a large

able 5 CIED Registry Options

) Option 1: Manufacturer stores own data
a) Advantages

i) Implant data obtained at time of surgery
ii) No additional cost to the health care system (they

already have databases to manage these data)
b) Disadvantages

i) Lack of coordination with other manufacturers’
databases

ii) Incomplete and inaccurate data due to abandonment
and change-out with other manufacturer’s device

iii) Lack of a universal system to access data
(1) Need to call multiple manufacturers to obtain

required data
) Option 2: Government run database

a) Advantages
i) Consolidation of data into one site

ii) Allows data comparison and conflict resolution
b) Disadvantages

i) Each government would have to run a database
(1) More expense
(2) Lack of coordination between databases

ii) Redundancy of effort with increased overall expense
and duplication

) Option 3: Health care providers store data
a) Advantages

i) Protection of patient data at the source
ii) Potentially most compliant with restrictive privacy

laws
b) Disadvantages

i) Widely dispersed data without ability to search or
notify

ii) Completely unworkable in case of a field safety
corrective action or safety alert

iii) Data gathering for reliability nearly impossible
iv) Patient mobility makes finding implant and follow-up

information extremely difficult
umber of patients and their devices. Significant concerns
ave been raised regarding where remotely collected data
re stored relative to the country where the device is regis-
ered. Again, the “globalization” of follow-up and of patient
obility makes it virtually impossible to keep the data
ithin the borders of a single country. Patients currently

ransport their data across national boundaries within the
IED. Remote interrogations make the data available and

tored securely on the Internet, thus available across na-
ional boundaries. These issues must be addressed by gov-
rnments in order to provide the legal framework for effec-
ive and efficient patient and device management.

afety Alert and Field Safety Corrective Actions
t must be reiterated that access to patient registration data
ecomes most critical when a field safety corrective action,
afety alert or “recall” is issued.23 A central registry point
reatly simplifies notification of the follow-up physician
nd the patient. Until a global device registry becomes a
eality, national and regional registries must develop infor-
ation technology solutions that can serve as a centralized

esource and act as the conduit for manufacturers and reg-
latory agencies.

ECTION 4: Responsibilities and Roles of
ersonnel

t is important to realize that all parties involved in CIED
onitoring must be responsible for specific aspects of the

rocess in order to achieve optimal success from moni-
oring. Parties that have specific responsibilities include
he patient, caregivers (which includes the referring phy-
ician and the physician and authorized CEAP that do the
ctual monitoring), the device manufacturer and regula-
ory agencies.

Prior to implantation of any CIED that must be moni-
ored and/or is capable of providing monitoring a “care
greement” should be in place that sets expectations for
atient follow-up. This agreement may be formal or infor-
al. For example, it could exist in the form of a letter of

nderstanding or an existing policy that is in force and
elates to the following areas: a) identification of the clini-
ian who is responsible for receipt (including timelines for
cknowledgment of data) of remote monitoring data; b)
dentification of who will initiate the response (and to
hom, patient or other clinicians such as a HF Clinic cli-
ician) regarding the monitored data received; c) the clini-
ian identified in (b) will update the other members of the
are team—especially the primary care provider—and will
tate by which manner (verbal or preferably written).

It should be stated from the outset that there is a great
eal of heterogeneity in the management of many aspects of
onitoring when comparing individual caregivers, hospitals

nd countries. The heterogeneity is particularly striking
hen legal issues are considered. Even though what be-

omes practically allowable or expected in specific environ-
ents will be important “locally,” the discussion of the
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esponsibilities of all parties involved in remote monitoring
ill focus on what is medically appropriate.

atient Responsibilities
hen the CIED is implanted, pre- and/or post-implant, the

atient must be educated regarding the need for the device, the
evice function, any restrictions that apply post-implant, post-
mplant follow-up methods, and schedules. Assuming all ap-
ropriate components of CIED education are offered to the
atient, it is the responsibility of the patient and/or the patient’s
amily to carefully study the information and have a thorough
nderstanding of all components. That is not to say that pa-
ients are responsible for their own education about the device.
owever, it is the patient and/or the patient’s family’s respon-

ibility to review the information, ask more questions if there
s confusion, and be clear about the follow-up schedule and
dherence to the follow-up schedule.

The patient receives an identification card either at the
ime of implant or following implant. It is the patient’s
esponsibility to carry the identification card with him/her to
acilitate care when he/she see a caregiver (especially a new
aregiver or one associated with a new medical condition)
hat may not have medical information related to CIED
mplantation.

If the patient has a change in contact information, e.g.,
hange of address or telephone number, it is his/her respon-
ibility to convey that information to the follow-up person-
el. In addition to the need to contact the patient for regular
ollow-up, there may be other situations when the surveil-
ance clinic will need to contact the patient more urgently,
.g., in the event of an advisory notice. It is critical that the
aregivers be able to easily locate and contact the patient or
he individual responsible for the patient.

Anything related to the patient’s medical condition that
ould potentially have an impact on CIED management
hould be conveyed to the center conducting device follow-
p. Even though there may be other situations/issues that are
ot commonly encountered, Table 6 includes those things
hat the patient should be instructed to report to the fol-
ow-up center.

esponsibilities of Referring/Follow-up Physician
he referring physician usually provides follow-up clinical
ardiovascular care for the patient. In the event the referring
nd follow-up physicians are not the same person, the latter
ould be expected to subsume the responsibilities noted
ere. The referring physician plays an important role in the
rocess of CIED monitoring. There is an important interde-
endent relationship between the referring or primary care
hysician, the implanting center, the implanting physician
nd the CIED follow-up clinic. Discharge reports and im-
lant information and reports from device follow-up should
e sent to the referring and/or primary care physician.

The implanting physician has the responsibility to inform
he CIED clinic and also the referring physician about any
ignificant changes in the patient’s status that might impact
evice care or the patient’s care in general. This may in-
lude definite or suspected potential complications of im-
lantation, frequent therapies from the device, specific pro-
rammed features that could affect symptoms, etc.
ikewise, the referring or primary care physician shall sim-

larly inform the CIED clinic or clinician of significant
hanges in the patient care that might affect interpretation of
ymptoms or device performance. This would, of course,
lso include informing the device clinic of the patient’s
eath and the circumstances of death. The expected form of
ommunication should be written and each clinician should
ocument this in his/her clinical notes. If there are ambigu-
ties of responsibility for care (medication changes, etc.) or
erceived conflicts, direct communication between/among
ealth care providers is required.

ersonnel Roles and Responsibilities

IED Physician:
n the CIED follow-up clinic, responsibilities may be
ssigned to a physician or an authorized CEAP with
xpertise in device management. However, it must be
emembered that the physician in the CIED follow-up
linic whose name is used to sign off on any orders is
ltimately responsible for all aspects of that encounter of
he patient’s CIED management.

The CIED follow-up caregivers are responsible for an
ppropriately timed follow-up schedule as dictated by the
ype of device and type of follow-up. In the case of CRT or
emodynamic monitoring devices, follow-up processes may
nvolve specialists in HF (Table 3). Device follow-up care-
ivers are responsible for maintaining records of the pa-
ient’s follow-up. Components of the stored information
hould include:

able 6 Necessary Patient Information

ENERAL
INFORMATION

Patient contact information
CIED physician contact information

Recurrence of symptoms that existed
prior to CIED implantation

Change in cardiac medications,
specifically antiarrhythmics

Encounter with another follow-up
center, specifically if any
programming was performed

Major medical issues that could in any
way impact CIED management. For
example:

LINICAL
INFORMATION

● Trauma at or near the site of the
implanted device

● Need for therapeutic radiation at or
near the implanted device

● Diagnosis of a terminal illness
● Significant change in mental status
● Development of a new clinical

condition or planned invasive
medical procedure

● Exposure to a “shock” from an
electrical source
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Original device indication and access to patient history
Original implant operative record and implant values
Access to prior transmissions, remote downloads and
in-clinic assessments

There must be a systematic assessment and process for
esponse to downloaded information from patients with
emote access monitoring. At this time remote data may be
elivered in a variety of ways to the physician responsible
or the patient’s device follow-up. A well defined after-
ours process (preferably written) must exist that will reli-
bly provide a physician to respond to “urgent” alerts gen-
rated from remote monitoring.

If a CIED field safety corrective action or safety alert
ccurs, the follow-up physician is responsible for having a
ystem in place that will assure identification of the patients
ith the affected pulse generator or lead and facilitate a plan
f action for managing the advisory. The manufacturer of
he product which is on advisory or recall status may pro-
ide a suggested action plan but it is the physician and
is/her local institution that must ultimately decide how to
anage the patients that they are following.
The CIED follow-up caregivers need to provide direction

or patients with any device-related questions. Questions
ay arise related to sources of electromagnetic interference,

ravel, battery depletion, participation in competitive sport-
ng activities, intimacy and many other issues that are dif-
cult to predict. Although patient care responsibilities may
e delegated to others with significant device experience the
IED physician should be available to handle queries if
eeded by the caregivers to whom clinic duties have been
elegated.

For the HF patients with CRT devices or those who have
emodynamic monitoring in place, some CIED follow-up
linics will also be responsible for HF management. These
esponsibilities include download and interpretation of in
erson or remote hemodynamic data, enacting change in
eart failure treatment plan or device programming, and
cheduling of future clinical and/or device assessments.
egardless of the place of care, monitoring information
ould normally be provided to all caregivers involved.
herapeutic heart failure-related decisions should be made
y the caregivers responsible for HF management. All ther-
peutic decisions related to both device management and
F management should be documented and communicated

n a timely fashion to others involved in the patient’s care.
n particular, in person or remote monitoring data should
sually be made available to the HF Clinic in time for the
ext clinical visit.

The responsibilities of the IEAP have long been debated.
or many years, in many practices, private and academic,

ndustry personnel would take responsibility for a great deal
f patient follow-up. In some situations they were expected
o staff the patient follow-up sessions, and at times do
ndependent programming, i.e., program the patient without
he physician being immediately available. In 2001 the
eart Rhythm Society (formerly the North American Soci-
ty of Pacing and Electrophysiology [NASPE] formed a
orking group that published a statement on the “Industry
mployed Allied Professional”4; an update/revision is ex-
ected to be posted on the Heart Rhythm Society’s website
n 2008. However, it should be repeated that what is in this
ocument refers to the guidelines published in 2001 and that
here is continued debate regarding some of the guidance
ummarized in the list below.

ole of Industry Employed Allied Professional4

he IEAP’s role is to provide technical expertise on the
mplant, use and operation of their companies’ equipment
ith the following stipulation:

. The IEAP’s activities shall be only at the request of the
responsible physician;

. IEAP’s can participate in the implantation procedure but
as a rule should not enter the sterile field unless they have
been granted clinical privileges at the institution

. IEAP’s should perform technical support with the phy-
sician in close proximity (that is, in the same room or
close enough to respond within minutes);

. IEAP’s may provide technical support to allied profes-
sionals employed by the institution that practice “inci-
dent to” the responsible physician. The presence of the
IEAP does not change the required level of physician
supervision of the clinically employed allied profes-
sional (CEAP)

. IEAPs shall not provide technical assistance in a clinical
environment when they are alone and unsupervised

. IEAPs should not provide assistance in a patient’s home
in the absence of a responsible physician or CEAP.
Under rare or emergent circumstances, an IEAP might
assist a patient remote from supervision if under direct
written order from the responsible physician and only to
the extent allowed by the specific order;

. Except in an emergency, an IEAP shall not provide
technical assistance related to a competitive manufactur-
er’s device;

. Patients may not be billed for services provided solely by
an IEAP. A physician or CEAP is not, however, prohib-
ited from billing for services they themselves deliver
with the assistance of an IEAP.

IEAPs shall abide by any and all hospital policies that
ertain to their presence and clinical activity. If such poli-
ies conflict with applicable state, provincial, or federal law
r regulation such as the Health Insurance and Portability
nd Accountability Act (HIPAA), such law or regulation
hall take precedence at all times.

Because remote monitoring was not available in 2001,
he Society’s Guideline did not reference the industry ap-
lied professional’s role for the interaction with this tech-
ology. Some of the principles, however, apply. IEAPs
hould not be asked to routinely go the patient’s home,
ospital or health care facility to perform care based on
erceived need that arises as a result of a remote monitoring
ransmission other than as permitted in the list above.
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esponsibilities of Manufacturer
here are significant differences in the way in which the
IEDs are regulated in the European Union (EU) and the
nited States.25 In the EU, implantable medical devices are

egulated by one EU Directive that has been transposed into
he national laws of each member state.26 The key aspect of

edical device regulation in the EU is that the manufacturer
s responsible for ensuring that devices meet all of the
ssential requirements (i.e., list of requirements regarding
afety and performance, and/or specific technical require-
ents). For medium-to-high risk devices (class IIa, IIb, III)

he manufacturers call on a third party to assess conformity
nd then apply for “CE mark” certification. The CE marking
rocess relies on the individual nations to implement regu-
atory control over the devices. In the United States medical
evices are regulated by a single agency, the Food and Drug
dministration within the U.S. Department of Health and
uman Services. The current normative that deals also with

mplantable devices is the Food and Drug Administration
odernization Act (FDAMA).27 In the United States, dif-

erent than within the European Union, the FDA requires
lass III medical devices to demonstrate efficacy in addition
o safety.

IED Tracking
oth European and North American regulatory agencies

equire manufacturers to perform post-market surveil-
ance and tracking of implantable devices.28,29 Tracking
s intended to facilitate patient notification and device
ecall in the event there is risk to patient health and
equires attention.

Tracking methods must provide certain clinical informa-
ion about the location of a tracked device within a specified
eriod of time. Although most manufacturers use similar
pproaches, the method of tracking is left at the discretion of
ndividual manufacturers. Manufacturers are responsible for
roviding a permanent identification card for each patient.

In addition to tracking the location and status of the
evice, a medical device manufacturer is required to know
pecific information about the patient and the device such
s: device identification (model and serial number), date of
hipment, patient identification, date of implant, prescribing
nd implanting physician, and (when applicable) date and
eason for returned product.

Manufacturers must make sure that the tracking method
eets all requirements legislated by the competent author-

ties within individual European countries and/or by federal
egulatory bodies in the U.S.

Personal health information must be protected at all
imes during the tracking process. Patients may refuse to
ave their device tracked. In that case, the refusal should be
ocumented by the caregiver and the information provided
o the manufacturer.

afety Alerts and Field Safety Corrective Actions
oth in Europe and in North America manufacturers are

equired to institute and keep up-to-date systematic proce-
ures to review experience gained from implantable devices
n the post-production phase and to implement appropriate
eans to apply any necessary corrective actions.26,27

Manufacturers are obliged to report to competent author-
ties all incidents (i.e., events which have led to a death or
erious deterioration in the state of health of a patient, user,
r other person) or near incidents (i.e., events which might
ead to a death or a serious deterioration in health). The
anufacturer has to report on these events within a specified

ime period.
In assessing the link between the device and the incident

r near incident, the manufacturer should take into account
he opinion of health care professionals, the results of its
wn preliminary assessment of the incident, evidence of
revious similar incidents, and other evidence held by the
anufacturer. Safety alerts (recalls) or field safety correc-

ive action notices are issued by the manufacturer directly to
mplantable device purchasers and/or users, usually follow-
ng consultation with the local competent authority in Eu-
ope or with the FDA in the U.S. Regulatory bodies may
lso issue their own advisory notices.

It is important to emphasize that the term “recall” has no
niversal meaning worldwide. In the United States, the
DA uses the term recall to encompass many different
ctions.23 In Europe, terms such as “advisory notice” or
field safety corrective action or FSCA” are used.28 The
ord recall may also miscommunicate the need or urgency

o remove the pacemaker, ICD or lead. This implication
omes from borrowed connotations derived from recalled
ars or children’s toys. It is unusual that an implantable
evice subjected to a recall requires a surgical intervention.
or this reason the Device Performance Task Force of the
eart Rhythm Society urged the U.S. Food and Drug Ad-
inistration to alter the language to describe these events as

afety alerts instead of recalls.23

echnical Assistance
he manufacturer provides both the implanting physician
nd follow-up clinic with technical assistance regarding
mplantable devices. In order to facilitate the follow-up
rocess and improve efficacy, when requested, the man-
facturer or distributor also provides technical and edu-
ational assistance for interpretation of stored data, elec-
ive replacement indicator (ERI), questions regarding
ongevity, etc.

overnment
he government’s responsibility is to ensure that appro-
riate legislation and regulations are in place to permit
he timely, efficient and effective collection and sharing
f data in patients with CIEDs. Effective oversight mech-
nisms are required in order to ensure the above legisla-
ion and policies are followed and that personal health
nformation is protected.

Regulatory Agencies—Regulatory agencies for a specific
country or region are responsible for monitoring device
performance with information submitted by manufacturers
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and keeping abreast of other information gathering centers
such as www.pacerandicdregistry.com and the NCDR
(National Cardiovascular Device Registry)30: http://www.
hrsonline.org/Policy/ICDRegistry/icd_registry.cfm.

Regulatory agencies are also responsible for activating
ppropriate advisory warnings when there is sufficient evi-
ence that patient safety may be a concern. This includes
ictating the required action by a manufacturer when safety
oncerns exist and overseeing the investigation as well as
he approval of new devices.23,24

rofessional Societies
rofessional societies have the primary obligation to de-
elop guidelines in an attempt to provide optimal care for all
atients with a CIED.31 In addition they should provide
ducational venues that allow caregivers to have the most
ecent information regarding CIED management.

ospital and/or Outpatient Facility
esponsibilities exist for the inpatient and/or outpatient

acilities in which the patients receive their care. These
omponents have been addressed in prior guidelines and
eaders are referred to these citations.32,33

ECTION 5: Ethical Considerations
IED Management in Dying Patients
edical decisions near the end of life, the autonomy of

ying patients under medical care, and the withholding or
ithdrawal of life-prolonging medical treatments34–36 are
idely discussed in both the medical and nonmedical com-
unities. There is limited literature that focuses specifically

n CIEDs and associated issues arising in terminally ill
atients. There is not an established set of guidelines.37–42

his section was written to aid practitioners in making
ecisions regarding end of life care of persons with CIEDs.
t should not be construed as legal or medical advice, nor
ictating an exclusive course of treatment or procedure.
ariations in practice are clearly warranted based on the
eeds of the individual patient, resources, and limitations
nique to the institution or type of practice.

ermination of CIED Therapy: The Rationale, the
oals and the Consequences
or a terminally ill patient the nature and function of CIEDs
hould be reviewed and revised in the specific context of the
atient’s underlying condition and prognosis. Pacemakers
nd defibrillators are medical treatments and are subject to
he same ethical and clinical considerations as any other
reatment. The decision to deactivate these devices, even in
articularly extreme cases and after clear instructions from
atients who are competent to decide, is a potentially prob-
ematic event for care providers. The primary aim behind
he rationale for deactivation must always be to respect the
atient’s right to live, or at least to die with dignity, while
imiting any therapeutic action that increases the patient’s
evel of stress, pain, or anxiety.
It is worth re-emphasizing that the nature of pacemaker
herapy, and thus the rationale behind any decision to dis-
ontinue it, is quite different from the equivalent decision in
he case of defibrillator therapy. Pacing, as an on-going
reatment, is not perceptible to the patient and therefore does
ot likely contribute to a patient’s suffering. It is not likely
o unnecessarily prolong life in a patient with terminal
hysiology as pacing will eventually be ineffective in this
atient. Discontinuation of pacing in a pacemaker depen-
ent patient may hasten death which one could argue is
nconsistent with generally accepted principles of palliative
re-terminal care; on the other hand, discontinuation of
acing therapy should be kept distinct from that of eutha-
asia or physician-assisted suicide. ICD shocks can be con-
idered equivalent to applying resuscitative efforts and can
ontribute to suffering that may violate the patient’s or
esignated official’s wishes. The deactivation of ICD anti-
achycardia therapies should be seen as similar to having
do not attempt resuscitation” orders invoked, but in some
ircumstances deactivation of ICD antitachycardia pacing
herapies may be considered independently from deactiva-
ion of ICD shock therapy.

linical Considerations
ore specifically, the main circumstances that may prompt

he patient, his/her family, and/or health care providers to
valuate the possibility of terminating device therapy, could
e summarized as follows:

irst: The patient’s quality of life, as modulated by the
unction of the device.
uality of life is inevitably a subjective matter and must be

ssessed mainly by the patient rather than by the treating
hysician. Patients can usually, on the basis of their indi-
idual preferences and personal philosophy, determine the
ombination of elements that define a valued quality of life
nd can specify which medical intrusions would encroach
pon that quality of life.43

Frequent or repetitive electrical shocks from defibrillator
herapy are acknowledged to have a negative impact on a
atient’s quality of life. If the situation becomes intolerable
egitimate consideration may be given to deactivation of the
evice under the following conditions:

A deterioration of the patient’s cardiac condition which
can lead to multiple episodes of ventricular tachyarrhyth-
mias that are not reversible with pacing algorithms and
require multiple shocks. Of course, leaving the device
programmed off should be a last resort: after all the
possibilities for limiting or eliminating the arrhythmia
have been exhausted—drugs, catheter ablation, and sur-
gical ablation. To date, the number of defibrillator thera-
pies that significantly alters quality of life has not been
determined, nor can such an evaluation be made, depend-
ing as it does on the tolerance level of the individual.
Worsening of the patient’s overall clinical condition as a
result of coexistent diseases (such as cancer, stroke, or de-
mentia). A non-negligible proportion of patients with ICDs

http://www.pacerandicdregistry.com
http://www.hrsonline.org/Policy/ICDRegistry/icd_registry.cfm
http://www.hrsonline.org/Policy/ICDRegistry/icd_registry.cfm
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progressively develop diseases that contribute to the occur-
rence of ventricular tachyarrhythmias and frequent therapeu-
tic interventions by their device. Such patients are usually in
the final stages of non cardiac system failure, with distur-
bances of oxygenation, and/or significant anemia, etc.
Whether or not the arrhythmia is due to the patient’s cardiac
condition or to a coexisting disease, patients in an advanced
stage of suffering, with a short expectancy of survival and a
low quality of life, may consider even one defibrillator shock
as significantly harmful.

econd: Expected survival and status of the patient’s
ife. The futility of therapy
he World Health Organization’s definition of palliative
are44 states that the control of physical, psychological,
ocial, and spiritual suffering is essential in order to achieve
he best possible quality of life for patients with incurable
llnesses and their families. This definition regards dying as

“normal process” that should be watched over with care
nd sensitivity so that it may occur without pain, discom-
ort, or stress, but with dignity.45 Any characterization of a
reatment as futile presupposes that the patient’s condition is
erminal, irreversible, and that death is imminent. Such
utility assessments must be approached with extreme cau-
ion, since subjective judgments of quality of life vary
reatly and depend to a large extent on a physician’s per-
onal values.46–49

In judging the question of futility in the case of patients
ith ICDs we must distinguish two broad categories of

erminally ill conditions. The first refers to terminal condi-
ions of non-cardiac origin, such as severe, hopeless infec-
ions in cancer victims, or vegetative states (strokes, post-
raumatic, etc.). The second concerns the final stages of
ardiac diseases, such as advanced heart failure, which can
e complicated by repeated persistent ventricular tachyar-
hythmias. The concept of futility, especially in the latter
ategory, could be assigned when the ICD is no longer able
o restore a stable cardiac rhythm. Any decision about the
eactivation of an ICD must clearly aim primarily at reliev-
ng the patient’s pain and discomfort.

ethods of CIED Therapy Termination
urrent CIEDs provide extensive programming capabilities,
lthough not necessarily recommended, pacemakers can be
rogrammed into an OOO, ODO, or OSO mode. If these
odes are not intrinsically available, the rate can be lowered

nd output voltage and pulse width adjusted down to a
ub-threshold level, so as to make the device non-func-
ional. A more active approach is the surgical removal of the
evice. Such an approach, however, is likely to cause dis-
omfort and inconvenience to the already suffering patient
nd is not recommended.

In the case of ICDs, the antitachycardia pacing and shock
efibrillator function of the device may be noninvasively
eactivated with appropriate programming or, for most de-
ices, with continuous application of a magnet over the
enerator. It is important to remember that the caregiver,
ogether with the patient or surrogates, should decide
hether the antitachycardia pacing algorithms should be
eactivated, or just the shock therapy. Whether the pacing
unction of an ICD should also be inactivated is a decision
hat should be governed by principles already stated in the
ase of the pacemaker patient. It should also be noted that a
ecision not to replace a pacemaker or ICD device that has
eached its elective replacement indicator or end of life is a
assive approach available for terminating device therapy.

The termination of device therapy, whether a pacemaker
r an ICD, must be distinguished from the deactivation of
he diagnostic or remote-monitoring capabilities of the de-
ice. Under rare circumstances, the patient may not wish to
now (or for others to know) the status of his device or,
lternatively, if any arrhythmias have occurred. Alert fea-
ures may trigger an alarm under a variety of situations, such
s lead or device malfunction, declining battery, or arrhyth-
ia detection. The decision to disable detection and remote
onitoring and/or deactivate alarms requires additional dis-

ussion between the patient and the health care provider.

thical and Legal Considerations
s already stated, there is a medical, bioethical, and legal

onsensus that even a patient who is not terminally ill has
he right to refuse any or all treatment provided the patient
s cognitively competent and aware of the consequences.50

his right is based on the concept of autonomy, a value
ccorded major weight in western societies. Withholding or
ithdrawing treatment on the patient’s instruction is not

quivalent to aided suicide or euthanasia, because the latter
ill cause death irrespective of disease, whereas non-treat-
ent merely allows the progression of a disease from which

he patient already suffers. Apart from ethical and legal
onsiderations, cultural and religious differences may influ-
nce a patient’s decision. This factor must be taken into
ccount by caregivers and the patient’s beliefs should be
iven precedence over their own.

The patient may refuse implantation, and may also re-
uest deactivation or removal of his/her device. Any such
equest will potentially create dilemmas for patients and
aregivers, especially if the patient is pacemaker dependent,
here the interruption of treatment will have an immediate

nd dramatic result. Physicians should not impose their
oral values on their patients. Some patients with malig-

ant tumors may, for example, be resolute in wanting to
eep their ICD activated.51 The decision to inactivate an
CD cannot be made unilaterally by the patient’s medical
rovider.52 On the other hand, caregivers who personally
bject to disabling an ICD should not be compelled to do so
nd the patient should be offered an alternative caregiver.45

Before any alteration or deactivation of an implanted
evice function is considered, a thorough discussion should
e sought with the patient (if able) and his/her family or
fficial designee. In this discussion, the physician must
ommunicate the details of the patient’s medical condition
nd the predicted consequences of any decisions that in-
olve the patient’s implanted device. If the patient chooses
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n option that involves device deactivation, then the follow-
ng must be reflected in the process and the record (a more
etailed description is given in Table 7):

The documentation of the caregiver’s perception of the pa-
tient’s cognitive and psychological state, including the con-
firmation of the patient’s decision-making competence
Documentation of communication with the patient’s family
A written, signed and witnessed consent by patient or
legal representative

It is widely accepted that family members may act as
urrogate decision makers for a patient who is cognitively
ncapacitated. Such surrogates should usually advocate for
he patient’s expressed wishes, if known, or otherwise
hould use their best judgment in determining the patient’s
ost probable choice.
Finally, there is the special category of patients who have

iven a clear prior directive in the form of a “do not resuscitate
DNR)” or “do not attempt resuscitation (DNAR)”.53 Such a
irective prohibits the use of efforts to reverse a cardiac or
ulmonary arrest.50 When there is a DNAR order in force, the
ithholding of CPR or external defibrillation may be extended

o other life prolonging, non-palliative treatments, like an ICD.
n such cases deactivation of the device should be seriously
onsidered. Nonetheless, patients with an ICD who have a
NR directive may still benefit from ongoing ICD therapy if:

The arrhythmias being treated reflect the primary cardiac
condition and not an irreversible secondary medical illness;

able 7 CIED Deactivation: Stepwise Protocol

evel of Intervention Communication and Docu

. Initial approach Preliminary discussion

I. Indications of declining
condition
Progressive cardiac dysfunction
Malignancy
Dementia

More detailed and continu
discussion

II. Patient or legal representative
desires CIED deactivation

May require legal consulta

V(a). Deactivation—Unlikely to
be associated with immediate
death

Details of re-programming
always be reviewed and
documented by the phy

V(b). Deactivation—That will
result in immediate death

Must be performed by a p
Prompt ICD therapy confers the likelihood of added sur-
vival with meaningful quality of life and without post-
arrest disabilities (e.g., cognitive); and the patient concurs
with this approach.45

If the patient’s decision making capacity is judged to be
ompromised or doubtful, or when relatives or other surro-
ates believe the patient to be incompetent, then the correct
ecision making requires the participation of an experienced
rbitrator who is acceptable to all parties. Such a person
ould be someone with a legal background, or a member of
he hospital’s ethics committee.

From the point of view of both patient psychology and
ealth care practice, the timing of the discussion about
evice deactivation is of great importance when the patient
s capable of decision making. It has been demonstrated that
nticipating earlier deactivation of an ICD device as part of
comfort care strategy may result in fewer shocks during

he final days of a patient’s illness.54 It must be stated
ategorically here that, regardless of any advance directives
igned by the patient, device deactivation must be preceded
y a new discussion with the patient and the obtaining of
ritten, signed and witnessed consent.

ECTION 6: Reimbursement Considerations
he implication of this document describing the purpose,
rocess, personnel, equipment and techniques required for
evice follow-up is that the human and financial resources
re available to accomplish the task. Unfortunately the im-

ion Details

● Well in advance of need.
X Patient, family members, caregivers.

● Benefits/risks of deactivation.
● Medical, ethical, legal, religious, cultural aspects.

Discuss disabling of:
X pacemaker function.
X ICD therapies.
X diagnostic capabilities.
X alert and/or remote monitoring capabilities.

● Written documentation of:
X caregiver’s perception of the patient’s cognitive

and psychological state, including confirmation
of patient’s decision-making competence.

X signed and witnessed consent.
X communication with the patient’s family.

● Deactivation may be performed by a suitably trained
person upon the express, written orders of the
physician (e.g., appropriately trained nurse,
physician assistant, or manufacturer’s field
representative).

● Encourage supportive individuals to be present,
including family members and clergy.

n ● Whenever possible, supportive individuals must be
present, including family members and clergy.
mentat

ing

tion

must

sician

hysicia
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lantation of the device has been the focal point of reim-
ursement and the ongoing application of the therapy has
eceived much less attention. In North America there is a
ystem that provides some reimbursement for the time,
quipment and personnel involved in device follow-up, but
his is less consistent in other parts of the world including
ost of the nation states of Europe.
As the technology advances, including the application of

emote interrogation and advanced diagnostics, new models
or reimbursement are required. It is easier to value face-
o-face time than remote interrogations done over a longer
eriod of time, collecting information for 3 or more months.
his transformation of event based follow-up to life moni-

ored follow-up for intervals of time requires new economic
odels and safeguards against abuse. The importance of

emote monitoring as compared to office visits extends
eyond the organizational aspects (e.g., patients do not miss
orking days for going to hospital, physicians and techni-

ians save time reviewing data on the computer). A most
mportant aspect of remote monitoring is that it leaves the
requency of system check up to individual situations. Some
atients require or may individually request more frequent
ystem checkups for a variety of reasons (e.g., recurrence of
rrhythmic events or recently modified parameters for sens-
ng, pacing or therapy, or advisory devices or leads) and
uch a need may be temporary. In such instances the avail-
bility of a remote system for device follow-up becomes a
ay of delivering much better care to patients and may
rove life saving. In Europe the implant rate is lower than in
orth America; however, there is an expected increase in

he near future in relationship to the release of evidence
ased guidelines.55,56 As cardiovascular implantation prev-
lence increases, the value of remote monitoring increases
ubstantially. The availability of remote monitoring seems
o be a fundamental requirement to facilitate patients’ ac-
ess to therapy.

Reimbursement of specialist physicians and hospital/
linics for in-person scheduled CIED follow-up has been
dequate in some regions. However there are many clinical
ituations including perioperative programming that are not
eimbursed. Specific reimbursement has not been generally
vailable for remote CIED follow-up. Discussions are un-
erway in various geographic locations to seek similar in
erson reimbursement for remote CIED evaluations. Cur-
ently, since in many countries there is no reimbursement
or remote CIED follow-up there is a disincentive for adop-
ion of this technology. This negative incentive may delay
he benefits, improved quality of care and eventually the
fficiency gains for health care providers. Without adequate
alue placed on these activities the promise of device ther-
py is hollow.

onclusions
ntrinsic to the implantation of a CIED is the care of the
atient and device after implantation. The purpose of the
evice is not implantation but ongoing therapy. However
he therapy requires monitoring and adjustments, which
mplies the availability of resources, including space, equip-
ent and personnel. With the goal of increasing the length

nd quality of the patient’s life, appropriate monitoring of
evice therapy has the ability to enhance the likelihood that
he patient can pursue his/her life with fewer interruptions
y hospital admissions and operative interventions. Without
ollow-up the therapy is incomplete and without resources
o achieve appropriate follow-up the desired outcome is
nlikely.

Over the last decades there has been an exponential
rowth in the number of implantable devices, their elec-
ronic and software complexity, and widening of their
unction and application. This has led to a distinct and at
he same time complex medical service as represented by
onitoring of CIEDs. Until now, the complexity and

mportance of follow-up care and monitoring of CIEDs
ave been given too little attention by scientists, compe-
ent authorities and third-part payers. This is the first
ttempt to provide an expert consensus document on
onitoring of CIEDs.
As outlined in this document, a few paradigm shifts have

lready occurred but many more are likely to come over the
nsuing years. The large number of implanted devices has
lready put significant pressure on physicians, allied profes-
ionals, institutions and competent authorities for maintain-
ng the high quality, quantity, efficiency and reliability that
his group of patients deserves. Globalization and new In-
ernet-based technologies for monitoring CIEDs are impos-
ng new rules for patient data management and data-sharing.
ompetent authorities, national ministries of health, and
atient organizations need to find practical and easy solu-
ions for physicians to have rapid and complete access to
evice relevant data for delivering the most appropriate
herapy. Moreover during CIED follow-up, new approaches
o the ethical complexities may arise.

Appropriate follow-up monitoring of patients with
IEDs is critical to the achievement of maximal clinical
enefit from their implantation and is essential for the pre-
ention and management of potential adverse outcomes
elated to the device. The monitoring should be done by
rofessionals who are specially trained and dedicated to this
pecial patient population. With the increasing complexity
f devices and the widening array of technologies involved
n monitoring, the device industry, health care institutions
nd physician practices must provide the necessary infra-
tructure and personnel in order for this care to be effective
nd safe. Payers and regulators need to improve their rec-
gnition of the importance of CIED follow-up and develop
dequate reimbursement strategies. There is no point invest-
ng in the device without comparable investment in the
ong-term follow-up and therapy!

ppendix I
urrent standards for implanted device traceability for de-
ices used in (A) clinical trials and (B) standard commercial
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ransactions in the European Union (EU) with reference to
orth America.

) For clinical trials, standard ISO 14155:200357 deals
with traceability, both for the sponsor as well as the
investigator.

Responsibility of the Sponsor (chapter 8.2)
The sponsor shall 8.2.f) supply fully characterized

devices which are the subject of the clinical investiga-
tion 8.2.o) ensure accurate device accountability and
traceability systems

Note: it is not specified how the sponsor should
achieve accountability and traceability, no reference to
any specific systems is made. It is the manufacturer’s
responsibility to develop and maintain a system that
ensures traceability.

Responsibility of the investigator (chapter 10.3)
The investigator shall (10.3.y) ensure that all devices

that are the subject of the clinical investigation are
accounted for. The quantity of the devices received
should be reconciled with the quantities of devices used,
discarded or returned.

) For commercial products, medical device companies
have to comply with the Medical Devices Directive
93/42/EEC,58 which dictates (under Annex V) that the
manufacturer must lodge an application for assessment
of his Quality System with a notified body.

The application must include, amongst several other
tems, the documentation on the quality system:

an undertaking to fulfill the obligations imposed by the
quality system is approved;
an undertaking to maintain the practicability and effec-
tiveness of the approved quality system;
where appropriate, the technical documentation on the
types approved—a copy of the EC type—examination
certificates;
an undertaking by the manufacturer to institute and keep
up to date—a systematic procedure to review experience

gained from devices in—the post-production phase and t
to implement appropriate means to apply any necessary
corrective action.

The ISO 900159 1348560,61 standard fulfils essential re-
uirements with respect to the Quality System, as dictated in
he EU directive (EC directive 93/42). Notified Bodies will
udit medical device companies for compliance with this
uality Standard, ISO 13485: 2003.
The United States has based its revised Quality System

egulation (21 CFR 820, Oct. 7, 1996) on the ISO 9001 and
SO 13485 quality system standards.

Certification by a Notified Body of medical device com-
anies is based on the verification of many parameters
hroughout the production and management chain. The
ompliance of the quality management system implies tra-
itional requirements for quality management such as de-
ign, development, manufacturing, installation and mainte-
ance of medical devices but also more specific ones for
xample design controls, process controls (including envi-
onmental controls), special processes, traceability, record
etention, and regulatory actions, which are critical for the
edical device industry. Such certification is valid for 3

ears while each year surveillance audits are conducted by
he Notified Body.

Under chapter 7 of ISO 13485:2003, traceability is in-
luded as a requirement.

Note: In the EU, contrary to North America where device
egistration exists, medical device companies do not obtain
ny records of the patients who receive a commercially
upplied device. This is due to EU and national privacy
egulations. Traceability therefore means that companies
eed to keep track of all components, raw materials, etc.,
sed for the manufacturing of finished products, and to keep
rack of the customer (name, ship-to address) that receives
he device (serial number/lot number) from the company.
esponsibility of tracking devices to the patient rests with

he purchaser of the device (clinician, hospital or health care
ystem). During clinical trials the patient information is
oded and not known to the sponsor. However, in case of
eed, the investigator can decode this information and iden-

ify the patient.
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