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ummary of Recommendations
he Heart Rhythm Society believes that patient and physi-
ian knowledge, confidence, and trust in cardiac rhythm
anagement devices can be enhanced and strengthened

hrough:

Greater transparency in post-market surveillance, analy-
sis, and reporting of information,
Enhanced systems to increase the return of devices to
manufacturers and to improve the analysis and reporting
of device performance and malfunction information, and
Cooperation among industry, the Food and Drug Admin-
istration (FDA), and physicians in an effort to prevent
injuries and deaths due to device malfunctions.

Specific recommendations for industry, FDA, Center for
edicare & Medicaid Services (CMS), Congress, physi-

ians, and others follow.

evice Performance and Communication of Device
erformance

ecommendations
ndustry: The Heart Rhythm Society recommends that
anufacturers establish and make publicly available in their

roduct performance reports, expected standards of perfor-
ance for their devices and the key components including

ulse generators, batteries, and leads. Manufacturers should
rovide standardized device performance reports semiannu-
lly in hard copy and in a format available to the public on
he Internet. The reports should be presented in an unbiased
anner in a consistent, usable, and understandable format

nd should include all device information pertinent to pa-
ient care. The reports should include malfunction rates for
ach device type (i.e., pacemaker, defibrillator, or lead) and
odel, comparing documented device malfunctions (nu-
erator) to the number of each device that currently is

mplanted and active in patients (denominator).
Physicians: In addition to informing patients of proce-

ural risks and device benefits, physicians (and other med-
cal personnel who participate in informed consent) should
nform patients of expected device performance, including
attery life and potential malfunction rate, prior to initial
evice implantation and before replacement.

urveillance

ecommendations
ndustry: The Heart Rhythm Society recommends that car-
iac rhythm management device manufacturers develop and
tilize wireless and remote monitoring technologies to:
Identify abnormal device behavior as early as possible,
and
Reduce underreporting of device malfunctions by deter-
mining the functional status of an implanted device more
frequently and more accurately.

FDA: Changes to the current post market surveillance
ystem are required to improve the timely identification of
ardiac rhythm management devices that do not perform
ccording to expectations and that may pose a danger to
atients. The Heart Rhythm Society recommends that the
DA enhance the Manufacturer and User Device Experi-
nce (MAUDE) database by:

Utilizing a specialized form for cardiac rhythm manage-
ment devices to permit better and more precise reporting
of adverse events,
Tracking devices that are returned to manufacturers for
analysis and updating publicly available adverse event
reports with root cause analyses, and
Facilitating links to data from international sources.

General Recommendation: The Heart Rhythm Society
ecommends that the National Cardiovascular Data Registry
NCDR) ICD Registry, administered by the Heart Rhythm
ociety and the American College of Cardiology, be mod-

fied to:

Collect detailed device-specific longitudinal performance
data, including a report of device performance at the time
of device replacement or death; and
Collect data regarding adverse device events, date of the
event, and the outcome of the event or cause of each
patient’s death.

his adjunctive information can assist in tracking device
erformance and the consequences of malfunctions.

Implementation of this recommendation will require ad-
itional funding and resources from the federal government,
rivate payers, device manufacturers, and hospitals.

Congress: The Heart Rhythm Society urges Congress to
ecognize that post-market surveillance, analysis, and re-
orting of ICD and pacemaker performance is a high pri-
rity for ensuring patient safety. Additionally, Congress is
rged to recognize and address the issue that the FDA does
ot currently have adequate resources to perform this func-
ion. The enhancements to the surveillance system that the
eart Rhythm Society recommends, particularly those to

he MAUDE database and the NCDR ICD Registry, will
equire additional resources. The Heart Rhythm Society
ecommends that Congress ensure that the FDA receives the
esources and funding necessary to enhance the MAUDE
atabase and provide improved post-market surveillance of
acemakers, ICDs, and leads as described in this section. By
roviding such resources, Congress will enable the FDA to
chieve its mission, enhance the lives of the rapidly growing
umber of Americans with these devices and their families,
nd may decrease costs associated with delayed identifica-
ion of device malfunction.
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Physicians: All devices should be returned to the man-
facturer for analysis after explantation. This includes re-
urning devices to the manufacturer at the time of replace-
ent, whether the replacement is for expected battery

epletion or because of an advisory notice or device mal-
unction. The Heart Rhythm Society recommends the fol-
owing actions in order to achieve this goal.

Post-mortem device interrogation, explantation, and re-
turn to the manufacturer should be strongly encouraged,
particularly in cases of sudden or unexpected death.
The Heart Rhythm Society should work to educate phy-
sicians, nurses, allied health care professionals, patients,
families, pathologists, and morticians regarding the im-
portance of notifying the physician following the device
immediately after the patient dies and returning the de-
vice to the manufacturer.
Whenever possible, patients should be asked to consent
for post-mortem ICD evaluation including interrogation
and removal. This consent should be legally binding.
In the absence of prior discussion with the patient, family
members should be asked to consent to device interroga-
tion, removal, and return to the manufacturer after the
patient’s death.

Other Recommendations: Physicians should be com-
ensated appropriately for post-mortem evaluation of car-
iac rhythm management devices and reporting of device
dverse events. CPT codes should be established for these
ctivities.

nalysis of Data—Roles of Industry, FDA, and
hysicians

ecommendations
he Heart Rhythm Society recommends that experts who
re not full-time employees of industry or the FDA should
nalyze device performance data and provide advice on a
egular basis and when potentially life-threatening device
alfunctions are identified. These committees should ad-

ise when and what action is appropriate, including physi-
ian and patient notification and the necessity of retrieving
rom the sales force and from hospital inventories devices
hat are not implanted in which the malfunction has not been
orrected or addressed adequately.

Industry: Device manufacturers should establish inde-
endent standing committees of experts (including physi-
ians and representatives of other disciplines such as engi-
eering, statistics, risk assessment, and ethics) to analyze
ata (including semiannual device performance reports and
egistry information) regarding cardiac rhythm management
evice performance. These committees should meet on a
egular basis (at least semiannually) as well as on an ad hoc
asis and quickly when a life-threatening device defect has
een identified. The committees should act much like the
ata safety and monitoring board for a clinical trial and
hould advise when and what action (if any) is appropriate,
ncluding physician and patient notification and the neces-
ity of retrieving from the sales force and from hospital
nventories devices that are not implanted and in which the
alfunction has not been corrected or addressed adequately.
he committees could be organized according to device

ype (e.g., pacemaker, ICD, leads) and could be either in-
ustry-wide or manufacturer specific. The committees
hould, whenever possible, utilize common rules, defini-
ions, and processes to analyze and advise on device per-
ormance. Furthermore, the committees should be assessed
eriodically to determine if adjustments should be made to
mprove the process further.

FDA: The FDA should establish standing post-market
dvisory committees that meet on a regular basis (semian-
ually) and in a timely fashion on an ad hoc basis to analyze
ata regarding cardiac rhythm management device perfor-
ance and to advise when and what action should be taken

o address device malfunctions that are identified. The FDA
ould accomplish this also by extending the scope of the
irculatory System Devices Panel to the post-market pe-

iod. The Heart Rhythm Society should assist the FDA in
dentifying individuals who can serve in this capacity.

erminology and Threshold for Activation of
evice Recalls and Advisory Notices

ecommendations
ndustry and FDA—Terminology: Device manufacturers
nd the FDA should use identical terminology to classify
evice malfunctions and communicate them to the public.

Industry: Device manufacturers should continue to pro-
ide the FDA with data regarding device performance at the
ime that certain problems are identified, as well as in the
orm of semiannual product performance reports. A mal-
unction that is due to a systematic problem, for which there
s reason to suspect that it could occur in other patients, and
s associated with a significant risk for death or serious
njury merits early review by the aforementioned industry
dvisory committees. Examples of circumstances that,
eeting these criteria, would require early notification of

he FDA and its post-market surveillance advisory commit-
ee include:

. Devices that fall outside of FDA-approved labeling or
the standards of performance,

. Devices that fail to treat an arrhythmia, pace the heart, or
provide inappropriate and potentially life-threatening
therapy, and

. Devices that are unexpectedly inactive (no telemetry
and/or unable to be interrogated, or no output for reasons
other than normal battery depletion).

FDA: The FDA should establish a simple and more
ntuitive nomenclature to communicate important informa-
ion about device malfunction or failure of a device to
erform according to specifications. Specific recommenda-
ions for changes in nomenclature include:

. Eliminate the term “recall” in public communications
regarding implanted devices.
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1253Carlson et al. Recommendations from the Heart Rhythm Society Task Force
. Change the term “Class I recall” to “Class I advisory
notice or to Class I safety alert.” Class I advisory notices
would be those in which device replacement should be
considered because of the reasonable probability that the
malfunction could result in death or significant harm.

. Change Class II and III recalls (non–life-threatening
malfunctions or potential malfunctions) to “advisory no-
tices or safety alerts.”

Threshold for Action: The threshold for activation of an
dvisory notice may vary depending on the frequency of the
evice performance problem and the clinical implications of
he malfunction. A single event, if it is associated with a
ignificant risk for death or serious injury, is due to a
ystematic problem, and for which there is reason to suspect
hat it could occur in other patients, merits notification of the
forementioned industry advisory committees. In the case
f a malfunction that is associated with significant risk for
atient harm, devices that are not implanted and in which
he malfunction has not been corrected or addressed ade-
uately should be retrieved from the sales force and from
ospital inventories.

The Heart Rhythm Society considers it inadvisable to
etermine a fixed percentage of device malfunctions or to
ttempt to classify all of the particular types of malfunction
hat would automatically trigger a notification or advisory.
ather, data should be reviewed on a regular basis by the
ommittees identified in the previous section, in order to
etermine when a pattern of inadequate device performance
xists.

ommunication After Device Malfunction is
dentified

ecommendations
ndustry: In addition to physician advisory notification
etters, the Heart Rhythm Society supports the use of a
tandardized Physician Device Advisory Notification for-
at for all manufacturer advisories to physicians regarding

otential device malfunction. In addition, industry should
se the Patient Device Advisory Notification letter format to
ommunicate directly with patients. The standardized phy-
ician and patient notifications should reside on the manu-
acturer’s website and should be linked to the Heart Rhythm
ociety website, to FDA enforcement reports, and to other
otifications to facilitate easy access to all components of
ach individual device advisory. Product advisory notices
ould also appear on the website of Heart Rhythm, the
fficial journal of the Heart Rhythm Society. Updates to
hese notifications can be communicated in a similar manner
nd in the manufacturer’s Product Performance Reports.

Manufacturers should make a good faith effort to contact
ffected patients using the patient’s registration information
btained at the implant center at the time of the implant
rocedure. The definition of “good faith” should be deter-
ined by the FDA and industry according to guidelines

lready in place for advisory communications. Whenever
ossible, physicians should be notified first and patients
hortly thereafter. In addition to historical communication
ethods, physicians and patients could be notified by email

o increase the timeliness of communication.
Advisory notices should include general information re-

arding the potential clinical implications and appropriate
linical recommendations and should acknowledge that
anagement decisions ultimately should be made by the

atient in consultation with his or her doctor.
FDA: The Heart Rhythm Society supports a central-

zed, rather than the current regional, system for commu-
ication of device advisory notifications to promote a
roader and more inclusive interpretation of the advisory
ssues. In addition, the unique and specialized nature of
ardiac rhythm management device advisories requires a
entralized, rather than regional, intake mechanism to
nable accurate interpretation of data on an ongoing basis
y key knowledgeable FDA staff and by other parties
uch as a post-market physician advisory panel. The
eart Rhythm Society believes that a centralized system
ill facilitate timely FDA classifications and urges the
DA to classify all advisory notifications and include

hese data on the Physician Device Advisory Notification
orm within 30 days.

Physicians: The Heart Rhythm Society urges physicians
o utilize the standardized Physician Device Advisory No-
ification format to aid in the objective assessment and
haracterization of all device advisory communications.
his format can be used to facilitate quick reference and

dentify key aspects of the advisory to help guide patient
anagement decisions in an ongoing fashion.

ecommendations for Clinicians Managing Device
dvisory Notices

ecommendations
hysicians:

Physicians and the facilities where ICDs and pacemakers
are implanted should monitor local outcomes and adverse
events associated with pacemaker and ICD system im-
plantation and removal. Participation in the NCDR ICD
Registry will facilitate obtaining this information.
Physicians should consider the risk of device removal and
reimplantation when making clinical decisions and rec-
ommendations to patients who have a device that has or
may have a malfunction.
Physicians should consider, when appropriate, alterna-
tives to device explantation (reprogramming, enhanced
monitoring, etc.) that may mitigate the consequences of
device malfunction and decrease patient risk.

uidelines for Decisions on Device Recalls and Notifica-
ions

. Consider device/lead replacement if:

the mechanism of malfunction is known and is potentially
recurrent,
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the risk of malfunction is likely to lead to patient death or
serious harm, and
the risk of replacement is less than or at least not sub-
stantially greater than the risk of device malfunction.

. Consider device/lead replacement in:

patients who are pacemaker-dependent,
patients with an ICD for secondary prevention of sudden
death, and
patients with an ICD for primary prevention of sudden
death who have received appropriate device therapy for a
ventricular arrhythmia.

. Consider device replacement if the predicted end of life
(EOL) is approaching.

. Consider conservative management with periodic non-
invasive device monitoring when the rate of device mal-
function is very low in:

patients who are not pacemaker-dependent and
patients with an ICD for primary prevention of sudden
cardiac death who have not required device therapy for a
ventricular arrhythmia.

. Provide routine follow-up for patients with a device
malfunction that has been mitigated or corrected by
reprogramming the software.

. Consider conservative management with periodic non-
invasive device monitoring in patients where operative
intervention risk is high or in patients who have other
significant competing morbidities even when the risk of
device malfunctions or patient harm is substantial.

eclaration of International Principles Related to
acemaker and ICD Performance
he International Coalition of Pacing and Electrophysiol-
gy Organizations (COPE) was established by the Heart
hythm Society to enhance collaboration between the in-

ernational electrophysiology and pacing organizations.
urrent COPE members include the Asian-Pacific Cardiol-
gy Society, European Heart Rhythm Association, Euro-
ean Cardiac Arrhythmia Society, Heart Rhythm Society,
nd Latin American Society of Pacing and Electrophysiol-
gy.

ecommendations
he Heart Rhythm Society and COPE recognize that device
erformance and recall issues are global in their scope.
OPE believes that patient and physician knowledge, con-
dence and trust can be enhanced and strengthened through
reater transparency in post market surveillance, analysis,
nd reporting of information; development of systems to
ncrease the return of devices to manufacturers, independent
istributors, or to a government agency engaged in post-
arket surveillance; and cooperation among industry, phy-

icians, government authorities, and national health care
ystems in an effort to reduce the risk of injuries and deaths
ue to device malfunctions.

NTRODUCTION
he benefits of pacemakers and implantable cardioverter
efibrillators (ICDs) have been demonstrated and confirmed
y numerous clinical trials.1-18 Use of these devices has
xpanded dramatically; ICD implants tripled between 2000
nd 2005 and over 250,000 are expected to be implanted
orldwide in 2006.19 Thousands of lives have been saved,

nd many more have been improved by these devices. But
s is true for all man-made devices, pacemaker and ICD
alfunctions have and will continue to occur. Timely de-

ection and communication of malfunctions that have the
otential to be widespread, particularly those malfunctions
hat are life-threatening, are critical to patient safety and to
ngoing device improvement.

Recent events have raised important questions about
urrent systems for post-market surveillance and analysis of
acemaker and ICD performance and the communication of
hat performance to physicians and patients. Recalls or ad-
isories issued by the three largest pacemaker and ICD
anufacturers during the last year, and the untimely death

f a patient with a device malfunction, have focused atten-
ion on the system and the need for reform. On July 18,
005, the Institute of Medicine released a study, “Safe
edical Devices for Children,” which identified shortfalls

nd recommended changes in the U.S. Food and Drug
dministration (FDA) post-market monitoring system for
edical devices.20 Although that report highlighted many of

he shortcomings of current systems for overall device
afety, cardiac rhythm management devices present unique
ssues due to their life-saving nature, their life-long use, and
heir implantation in the body.

On September 16, 2005, the Heart Rhythm Society, the
nternational leader in science, education, and advocacy for
ardiac arrhythmia professionals and patients, and the FDA
onvened a national Policy Conference on Pacemaker and
mplantable Cardioverter Defibrillator Performance in

ashington, D.C.21 The complexities of post-market device
urveillance and the management of device recalls have
een recognized by the Heart Rhythm Society for some
ime. The North American Society for Pacing and Electro-
hysiology (subsequently Heart Rhythm Society) convened
Consensus Conference and published reports in 1993 and
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1255Carlson et al. Recommendations from the Heart Rhythm Society Task Force
996 on post-market surveillance and the management of
ardiac device recalls, respectively.22,23 However, the re-
ent Policy Conference in Washington, D.C., was more
omprehensive in scope and provided an unprecedented
pportunity for the major stakeholders—industry, the FDA,
ardiac electrophysiologists, nurses, and patients—to dis-
uss challenges, concerns, and opportunities for improving
he current system. Participants discussed device perfor-
ance, post-market surveillance and analysis, communica-

ion of device performance to physicians and patients, and
linical decision-making when a malfunction is identified.
nderlying many of these issues were three unifying

hemes: knowledge, confidence, and trust.
Physicians and patients need timely, accurate, and un-

erstandable information regarding device performance in
rder to make appropriate decisions regarding medical care.
hey want confidence that the implanted device has been
anufactured using state-of-the-art materials and tech-

iques and that it will perform reliably. Furthermore, pa-
ients need to trust that physicians, industry, and the FDA
ill act with the best interest of patients in mind.
The policy conference provided the foundation for future

iscussions and for the creation by the Heart Rhythm So-
iety of a task force that was charged with developing
olicy recommendations for post-market pacemaker, ICD,
nd lead surveillance, analysis, and performance reporting
nd guidelines for clinicians when a device malfunction is
dentified. The task force included cardiac electrophysiolo-
ist and nurse Heart Rhythm Society members as well as a
epresentative from the American College of Cardiology
nd the American Heart Association. This document is the
eport of the task force’s findings, recommendations, and
uidelines. It includes comments and an endorsement of
rinciples from the International Coalition of Pacing and
lectrophysiology (COPE) organizations.

The Heart Rhythm Society believes that patient and
hysician knowledge, confidence, and trust in cardiac
hythm management devices can be enhanced and strength-
ned through:

. Greater transparency in post-market surveillance, analy-
sis, and reporting of information,

. Enhanced systems to increase the return of devices to
manufacturers and to improve the analysis and reporting
of device performance and malfunction information, and

. Cooperation among industry, the FDA, and physicians in
an effort to prevent injuries and deaths due to device
malfunctions.

Specific recommendations for industry, the FDA, the
MS, Congress, physicians, and others, follow. The recom-
endations address device performance and communica-

ion of device performance, post market surveillance, anal-
sis of data—the roles of industry, FDA, and physicians,
erminology and threshold for activation of recalls and ad-
isory notices, communication after device malfunction is
dentified, and recommendations for clinicians managing
evice advisory notices.

EVICE PERFORMANCE AND COMMUNICATION
F DEVICE PERFORMANCE

ecommendations
ndustry: The Heart Rhythm Society recommends that
anufacturers establish and make publicly available in their

roduct performance reports standards of performance for
heir devices and the key components, including ICD and
acemaker pulse generators, batteries, and leads.

evice Performance
espite continual efforts to improve permanent pacemak-

rs, ICDs, and leads, these devices remain subject to mal-
unction from a variety of mechanisms, some well-defined
nd understood at the time of device design and manufac-
ure, others recognized only later, and still others that, de-
pite rigorous analysis, elude complete understanding. Data
ompiled between 1990 and 2002 from FDA annual reports
ndicate that the incidence of confirmed device malfunctions
esulting in device explantation indexed to the number of
evices implanted in the same year ranged between about
.4 and 9.0 per 1000 implanted pacemakers and between
bout 7.9 and 38.6 per 1000 implanted ICDs.24 During this
ame time frame, the mean incidence of confirmed device
alfunction indexed to the number of devices implanted

uring the same calendar year resulting in device replace-
ent was about 4.6 per 1000 for pacemakers and about 20.7

er 1000 for ICDs. It is important to note that these data
ompare the number of device malfunctions reported in a
alendar year to the number of devices implanted in the
ame calendar year. No data are available to compute mal-
unction rates over the expected average implant duration of
evices or that compare the number of malfunctions ob-
erved per year to the number of active or total implanted
evices. Furthermore, these data are not available to assess
he malfunction rates for leads.

Device performance can be defined as the percentage of
evices that are in service and functioning appropriately in
iving individuals over time. Overall, device performance
epends not only on the characteristics of the device but
lso on the skill of the implanting physician, the expertise of
he physician(s) and other caregivers following the device
nd managing the patient, and the ability of the patient to
omply with recommendations. Devices that are no longer
n service may have been removed or deactivated for rea-
ons unrelated to device performance, may have been func-
ioning normally when a patient expired, or may have failed.

A device malfunction occurs when it is implanted and in
ervice and fails to meet the performance specifications
including all claims in labeling) or otherwise perform as in
ended (Table 1). Whenever possible, device malfunction
hould be confirmed by laboratory analysis. Devices may
alfunction due to relatively infrequent mechanisms that

ccur as a result of either prospectively understood or sub-
equently elaborated mechanisms. These malfunctions have
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efinitions
. Device Malfunction: Failure of a device to meet its performance specifications or otherwise perform as intended. Performance

specifications include all claims made in the labeling for the device. The intended performance of a device refers to the intended
use for which the device is labeled or marketed (FDA Regulations 803.3(n)). Whenever possible, device malfunction should be
confirmed by laboratory analysis.
A. Device Malfunction with Compromised Therapy: A device (pulse generator or lead) that has malfunctioned in a manner that

compromises pacing or defibrillation therapy (including complete loss or partial degradation). Some examples include: sudden
loss of battery voltage, accelerated current drain such that low battery voltage is not detected before loss of therapy, and
sudden malfunction resulting in non-delivery of defibrillation therapy.

B. Malfunction without Compromised Therapy: A device that has malfunctioned in a manner that does not compromise pacing or
defibrillation therapy. Some examples include: error affecting diagnostic functions, telemetry function, data storage; malfunction
of a component that causes battery to lose power prematurely but in a time frame that is detectable during normal follow-up
before normal function is lost, and mechanical problems with connector header that do not affect therapy.

C. Induced Malfunction: A malfunction caused by external factors (e.g., therapeutic radiation, excessive physical damage, etc.)
including, but not limited to, hazards that are listed in product labeling. Damage to a pulse generator caused by a lead
malfunction is considered to be a lead rather than a pulse generator malfunction.

D. Normal Battery Depletion occurs when:
1. a device is returned with no associated complaint and the device has reached its elective replacement indicator(s) with

implant time that meets or exceeds the nominal (50th percentile) predicted longevity at default (labeled) settings, or
2. a device is returned and the device has reached its elective replacement indicator(s) with implant time exceeding 75% of the

expected longevity using the longevity calculation tool available at the time of production introduction, calculated using the
device’s actual settings.

echanisms of Malfunction
evice Malfunction Due to a Non-Repetitive Mechanism
ften called random component malfunction, statistically independent, usually rare, and non-systematic event. Examples include, but
are not limited to:

. Non-battery pulse generator failure may be caused by:
a. Electronic component malfunction, including the sensor(s)
b. Electrical overstress* in ICDs
c. Housing defects resulting in loss of the hermetic seal, short-circuiting, or connector malfunction
d. Software abnormalities
e. Connector malfunction due to inability to position the set screw

. Battery failure may be caused by:
a. Premature depletion due to

1) defects in battery manufacture or design, or
2) an electromechanical defect not associated with battery depletion

. Lead failure caused by:
f. Disrupted or degraded insulation
g. Conductor fracture or crush
h. Electrode corrosion or metal migration
i. Terminal pin defect or connector mismatch

. Electromagnetic Interference (EMI): EMI may cause device malfunction in susceptible models.
j. Improperly grounded electric appliances
k. Radiation
l. Electrocautery
m. External defibrillation
n. MRI

linical Complications Affecting Device Performance
xamples include, but are not limited to:
. Procedure-related

a. Lead displacement, including malposition and perforation
b. Phrenic nerve or extracardiac muscle (including diaphragmatic) stimulation
c. Pericardial effusion
d. Pocket complications, including erosion, migration, and infection
e. Tricuspid valve regurgitation
f. Other

. Physiologic
a. Exit block
b. High defibrillation threshold
c. Undersensing
d. Post-procedural atrial fibrillation
e. Oversensing cardiac or extracardiac electrical activity

*Electrical overstress: a term used to describe the damage to electrical components caused by high voltages or currents that develop and arc within the

ulse generator
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ecome less common as manufacturing techniques have
mproved; however, the rate is not likely ever to reach zero.
he clinical implications of device malfunctions may vary
epending on the type of malfunction and the implication of
malfunction for a particular patient’s clinical condition. It

s important to recognize that devices can malfunction with
r without compromising therapy to the patient (Table 1).

Devices may cease to function appropriately due to well-
efined mechanisms that are not considered “device mal-
unction” including “wear and tear” and factors external to
he device. Pacemakers and ICDs are expected to “cease to
unction” over time as a result of normal depletion of the
attery energy. Leads are expected to cease to function over
ime due to wear and tear. There is a range of intervals
measured in years) during which batteries and leads may be
xpected to cease to function. For batteries, this range de-
ends not only on characteristics of the device but also on
atient characteristics including the frequency of use (per-
entage of beats that are paced, pacing and defibrillation
hresholds, and the number of arrhythmia episodes that
equire shock therapy).

Devices can malfunction due to physical and mechanical
actors or as a result of software or firmware failures and
nomalies. Physical and mechanical malfunction mecha-
isms of the pulse generator can occur in components, such
s the housing (header, can, and feed-through), circuitry
substrate, microprocessor, crystal oscillator), sensor, anten-
ae, telemetry, and battery. These mechanisms may result in
alfunctions that are relatively innocuous, or they may

ause the device to provide insufficient or inappropriate
herapy that could threaten the patient’s life. Physical or
echanical malfunction mechanisms of the lead can occur

n components, such as the insulation, conductors, terminal
in, or stimulating electrode. Software or firmware failures
nd anomalies can occur in either the programmer or the
ulse generator. In addition, there are clinical complications
such as high pacing capture or defibrillation thresholds)
hat may be associated with the clinical implementation of
he device but are not clearly directly related to a shortcom-
ng of the device. A list of definitions and examples of
alfunction mechanisms appears in Table 1.
In addition to mechanisms that are intrinsic to the device,

xtrinsic factors (trauma that damages the device, electro-
agnetic radiation, lead displacement, etc.) may cause

CDs and pacemakers to provide insufficient therapy. Ab-
ormal device function that is the result of such extrinsic
actors is considered to be an induced malfunction (Table
). Furthermore, devices may function normally but provide
nsufficient therapy, inappropriate therapy, or need to be
emoved as the result of external factors, including patient
actors or actions during or after implant. These circum-
tances are not considered to be a device malfunction. Ex-
mples include a pulse generator that has been removed due
o infection or erosion, unless it is shown to be the result of
ontamination or another defect in manufacturing, connec-
or problems that result from insufficient tightening of set
crews, lead perforation, programming arrhythmia detection
nd therapy parameters, and changes in the patient’s re-
ponse to therapy (increased defibrillation or pacing thresh-
lds). There may be clinical circumstances under which a
atient wishes to have the device deactivated, for example,
n end-stage heart failure or terminal cancer. A pulse gen-
rator that is functioning normally, has been removed or
bandoned as the result of a manufacturer’s safety alert or
ecall, and has been shown to be free of the defect that led
o the safety alert or recall, should not be considered to have
alfunctioned.
There are multiple obstacles to estimating prospectively

he reliability of a pulse generator or lead. This is difficult to
o in a time frame that is germane to the patient during the
ife cycle of a particular device model. However, to interpret
he performance of currently implanted systems, it is im-
ortant to understand the historical performance and mal-
unction rates of similar devices. There are several data
ources from which to make an estimate of reliability for
ulse generators and leads. In Denmark, where all pulse
enerator device implantations are entered into a longitudi-
al registry, pacemaker generator and pacemaker lead reli-
bility data are available from 1965 to 2004. During that
eriod, the pacemaker generator reliability was 96.7% at 10
ears and 95.3% at 15 years.25 Pacemaker lead reliability at
0 years for leads implanted since 1993 was reported as
7% (unipolar) and 97.9% (bipolar) (97%). This changes
he reliability of 96.9% (unipolar) and 92.3% (bipolar) for
eads at 10 years if all leads implanted after 1965 are
ncluded. Although ICDs, cardiac resynchronization de-
ices, and ICD lead malfunctions were reported to the
egistry, an actuarial analysis of the data was not calculated.

There are two other registries that reported device reli-
bility/malfunction rates: the national registry in the United
ingdom reporting pacemaker malfunction rates from 1983

hrough 2004 and the Bilitch registry reporting pacemaker
1974–1993) and ICD (1988–1993) malfunction rates.26,27

meta-analysis of the data from these three registries
stimates the pacemaker and ICD malfunction rates indexed
o the number of devices at risk for malfunction.28 These
ata parallel the data analysis from the manufacturer’s pace-
aker and ICD annual reports submitted to the FDA as

eported by Maisel et al.24 From these data, the historical
revalence of devices requiring replacement for malfunc-
ion is estimated to have been approximately 1.4% for
acemakers and 2.65% for ICDs but has not been calculated
or pacemaker and ICD leads or cardiac resynchronization
evices.

Based on analysis of returned products, the AdvaMed
ubcommittee on ICD and Pacemaker Performance esti-
ated the malfunction rate for ICD generators to be slightly

ess than 1 in 100 (�1%) over five years. The subcommittee
stimated the returned products malfunction rate for pace-
aker generators to be on the order of 0.25% over five years

ut cautioned that both of these malfunction rates are un-
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erstated because not all devices with malfunctions are
xplanted and returned to the device manufacturer.

The differences in the estimates provided by Maisel et al
nd by the AdvaMed subcommittee could be due to differ-
nces in the methods used to collect the data. Nevertheless,
hese two sources provide a range of prevalence of ICD and
acemaker generator malfunction. Furthermore, the dispar-
ty amongst the estimates and the absence of data regarding
eads and cardiac resynchronization devices points to the
eed for ongoing and improved data collection and report-
ng.

OMMUNICATION OF DEVICE PERFORMANCE

ecommendations
ndustry: Manufacturers should provide standardized de-
ice performance reports semiannually in hard copy and in
format available to the public on the Internet. The reports

hould be presented in an unbiased manner in a consistent,
sable, and understandable format and should include all
evice information pertinent to patient care. The reports
hould include malfunction rates for each device type (i.e.,
acemaker, defibrillator, or lead) and model comparing doc-
mented device malfunctions (numerator) to the number of
ach device that is currently implanted and active in patients
denominator).

Physicians: In addition to informing patients of proce-
ural risks and device benefits, physicians (and other med-
cal personnel who participate in informed consent) should
nform patients of expected device performance, including
attery life and potential malfunction rate, prior to initial
evice implantation and before replacement.

anufacturer Product Performance Reports
roduct performance reports should focus primarily on pro-
iding information that will enable physicians to make clin-
cal decisions and recommendations to patients. The report,
r a summary of the report, also should be presented in a
orm that can generally be understood by the lay public,
ncluding patients, their caregivers and families. Graphic
epresentations of performance data over time can be useful
nd a computer-based report with referential links to useful
orroborative information is essential. The report should be
ndexed and formatted to place the data in the context of
ther similar devices. Additional referential links should
pecifically connect to any appropriate field action letters or
mportant communications sent either by the manufacturer
r FDA. The product performance reports should be up-
ated at least semiannually. It is understood that the Man-
facturer and User Device Experience (MAUDE) database
nd other sources of device performance information may
e updated in the interim and that this interim information
ill be included in the subsequent semiannual report.
A list of data that the Heart Rhythm Society recommends

o be included in the semiannual product performance re-
orts appears in Table 2. All currently marketed devices,
nd all discontinued models, must be included until fewer
han 500 implanted devices remain. Once a device is
ropped from the active report, it should be included in an
rchival report of retired devices. The denominator for the
tatistical evaluations within a report should be the number
f device implantations within the United States; however,
he number of devices implanted worldwide should also be
eported. The data should be reported with and without the
ormal battery depletion events included to clarify the rate
f unexpected malfunction mechanisms. In addition, the
eport should include the number of devices from each
amily of devices that have been returned to the manufac-
urer.

The Heart Rhythm Society recommends that the product
erformance report be publicly available directly on the
ebsites of the manufacturer and that the report, or a link to

t, be emailed to physicians who implant or follow pace-
akers and ICDs. The websites of the Heart Rhythm Soci-

ty and other relevant national societies and of the FDA and
ther equivalent governments’ agencies should be linked to
he product performance report. In addition, the Internet
eport could be linked to the MAUDE database and other
elevant national device databases, to other published com-
unications from the manufacturer or FDA, and to other

overnments’ agency safety alerts and updates. Consider-
tion should be given to publishing the information in Heart
hythm, the official journal of the Heart Rhythm Society.

hysician Communication with Patients
n order to make informed decisions, patients should be
nformed, not only of the benefits and risks associated with
evice-related therapy and procedures but also of the ex-
ected performance of the device that they are to receive,
ncluding battery life, lead performance, and the expected
ate of component and device malfunction. Knowledge of
hese factors will facilitate informed decisions and appro-
riate expectations for therapy by physicians and patients.

urrent Practice
ndustry: Until very recently, the manufacturer’s product
erformance reports were provided annually and only in
ard copy. The content and appearance of the information in
hese reports have, to a large extent, been dependent on the
anufacturer. Following the Heart Rhythm Society/FDA
ational Policy Conference on Pacemaker and Implantable
ardioverter Defibrillator Performance,21 the three largest
anufacturers of devices agreed to provide semiannual

roduct performance reports in hard copy and on their
ebsites.
Physicians: Physicians typically discuss procedural risks

nd the expected longevity of the device battery and leads at
he time of device implant or replacement. However, it has
ot been standard practice for physicians to discuss overall
evice performance, including the rate of unexpected and
npredicted component malfunctions with their patients. It
s recommended that such information be included as part of
he pre-procedure discussion or decision-making process.
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urveillance

ecommendations
ndustry: The Heart Rhythm Society recommends that car-
iac rhythm management device manufacturers develop and
tilize wireless and remote monitoring technologies to:

Identify abnormal device behavior as early as possible,
and
Reduce underreporting of device malfunctions by deter-
mining the functional status of an implanted device more
frequently and more accurately.

FDA: Changes to the current post market surveillance
ystem are required to improve the timely identification of
ardiac rhythm management devices that do not perform
ccording to expectations and that may pose a danger to
atients. The Heart Rhythm Society recommends that the
DA enhance the Manufacturer and User Device Experi-
nce (MAUDE) database by:

Utilizing a specialized form for cardiac rhythm manage-
ment devices to permit better and more precise reporting
of adverse events,
Tracking devices that are returned to manufacturers for
analysis and updating publicly available adverse event
reports with root cause analyses, and
Facilitating links to data from international sources.

able 2 Recommended elements in manufacturer product perfo

y Model
Number of implants
Estimated number of devices that remain implanted
Number of devices explanted that have been received by the m
Reason for explant (or reason for out of service if device not e
Œ Normal battery depletion
Œ Device upgrade
Œ Complication related to another system component or a clin
Œ Other (not a malfunction of the explanted device)
Œ Device malfunction

� Specific confirmed failure mechanism (or clinical observa
� Time from implant to malfunction
� Critical therapy (pacing and shock function) not availab
� Number of units cumulative observed with this malfunct
� Rate of malfunction for observed mechanism and overall

compromised only)
Life table survival curves
Device advisories
Œ Models affected
Œ Root cause of abnormality (if known)
Œ Number of units with malfunction
Œ Number of units at risk
Œ Observed rate of malfunction
Œ Projected rate of malfunction
Œ Mitigating factors
Œ Advisory update since last report
Œ Number of units explanted due to advisory
Œ Analysis of Explanted Returned Product
Overview of device manufacturing changes made in response to
General Recommendation: The Heart Rhythm Society
ecommends that the NCDR ICD Registry, administered by
he Heart Rhythm Society and the American College of
ardiology, be modified to:

Collect detailed device-specific longitudinal performance
data, including a report of device performance at the time
of device replacement or death, and
Collect data regarding adverse device events, date of the
event, and the outcome of the event or cause of each
patient’s death.

his adjunctive information can assist in tracking device
erformance and the consequences of malfunctions.

Implementation of this recommendation will require ad-
itional funding and resources from the federal government,
rivate payers, device manufacturers, and hospitals.

Congress: The Heart Rhythm Society urges Congress to
ecognize that post-market surveillance, analysis, and re-
orting of ICD and pacemaker performance is a high pri-
rity for ensuring patient safety. Additionally, Congress is
rged to recognize and address the issue that the FDA does
ot currently have adequate resources to perform this func-
ion. The enhancements to the surveillance system that the
eart Rhythm Society recommends, particularly those to

he MAUDE database and the NCDR ICD Registry, will
equire additional resources. The Heart Rhythm Society

reports

turer or confirmed to be taken out of service
ed) if known

ndition such as infection

r leads taken out of service but not returned)

ompromised
chanism (therapy compromised only)
vice model and whether restricted to a certain “batch” (therapy

ct that did not meet performance expectations
rmance

anufac
xplant

ical co

tion fo

le or c
ion me
for de

produ
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ecommends that Congress ensure that the FDA receives the
esources and funding necessary to enhance the MAUDE
atabase and provide improved post-market surveillance of
acemakers, ICDs, and leads as described in this section. By
roviding such resources, Congress will enable the FDA to
chieve its mission, enhance the lives of the rapidly growing
umber of Americans with these devices and their families,
nd may decrease costs associated with delayed identifica-
ion of device malfunction.

Physicians: All devices should be returned to the man-
facturer for analysis after explantation. This includes re-
urning devices to the manufacturer at the time of replace-
ent whether the replacement is for expected battery

epletion or because of an advisory notice or device mal-
unction. The Heart Rhythm Society recommends the fol-
owing actions in order to achieve this goal.

Post-mortem device interrogation, explantation, and re-
turn to the manufacturer should be strongly encouraged,
particularly in cases of sudden or unexpected death.
The Heart Rhythm Society should work to educate phy-
sicians, nurses, allied health care professionals, patients,
families, pathologists, and morticians regarding the im-
portance of notifying the physician monitoring the device
immediately after the patient dies and returning the pa-
tient’s device to the manufacturer.
Whenever possible, patients should be asked to consent
for post-mortem ICD evaluation, including interrogation
and removal. This consent should be legally binding.
In the absence of prior discussion with the patient, family
members should be asked to consent to device interroga-
tion, removal, and return to the manufacturer after the
patient’s death.

Other Recommendations: Physicians should be com-
ensated appropriately for the significant time and effort
ssociated with post-mortem evaluation of cardiac rhythm
anagement devices and reporting of device adverse

vents. CPT codes should be established for these activities.

ncreased Utilization of Wireless and Remote
onitoring Technologies
he development of remote, automated, wireless, or Inter-
et-based cardiac rhythm device monitoring systems offers
he opportunity to enhance post market surveillance by:

. identifying abnormal device behavior earlier, and

. automatically and accurately determining the status of
certain implanted device functions, thereby decreasing
the reliance on reporting by patients and physicians.

The outcomes of this increased monitoring that are re-
ated to device performance should be incorporated into
anufacturers’ Product Performance Reports.

AUDE Database Enhancement
he current MAUDE system utilizes one form for all med-

cal devices. The Heart Rhythm Society recommends that a
pecialized form be developed for cardiac rhythm manage-
ent devices to permit better, more complete, and more
etailed reporting of adverse events. Efforts to design and
mplement a more robust system for reporting device mal-
unctions could overcome many of the MAUDE database
hortcomings and strengthen the current voluntary reporting
ystem by:

Facilitating the reporting of all unexpected device mal-
functions (pacemaker and ICD pulse generators and
leads) by health care professionals caring for device pa-
tients. Normal battery depletions and non–device-related
malfunctions would not be included.
Tracking devices returned to manufacturers for analysis.
The system could allow individuals (and the public) to
track device analysis through the process online, analo-
gous to tracking the delivery of an overnight package.
Including in the database the adjudication of root cause
analysis.
Including data from international sources, which may
permit earlier detection of device malfunction for the
many devices marketed first in countries other than the
United States.
Employing an Internet-based reporting system with user-
friendly format to encourage submission of reports by
health care providers.
Including data elements standardized and modeled after
data bases currently in use (UK, Danish, and
Hauser)25,26,29 and those recommended by the Global
Harmonization Task Force30 for each device malfunction
such as manufacturer, model and serial numbers, dates of
implant and failure, signs of failure, clinical consequence,
and presumed/actual cause of failure.30

Including the number of implants by device model and
timely results of engineering analyses to allow determi-
nation of malfunction rates.
Sharing the data publicly on the Internet.
Including a search engine available for public use.
Providing an annual report and semi-annual updates.

CDR ICD Registry
n October 2005, the Center for Medicare and Medicaid
ervices (CMS) announced that the ICD Registry developed
y the American College of Cardiology (ACC) and the
eart Rhythm Society, based on the ACC’s National Car-
iovascular Data Registry (NCDR), would become the re-
ository of ICD information for all hospitals in the United
tates where these devices are implanted in Medicare ben-
ficiaries for primary prevention of sudden cardiac arrest. In
rder to provide information that can be used to assess
verall quality, hospitals and physicians are encouraged
trongly to enter all patients receiving ICDs and not just
edicare patients receiving ICDs for primary prevention

ndications. It is expected that data from over 100,000
atient implants will be entered annually. The registry will
nclude the clinical characteristics, indication for ICD im-
lantation, and in-hospital, procedure-related outcomes of
atients receiving ICDs in order to determine if these are
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1261Carlson et al. Recommendations from the Heart Rhythm Society Task Force
imilar to those of patients involved in the randomized
linical trials. Data from the NCDR ICD Registry may
ltimately be merged with data from several other national
ources including the CMS Death Indices and Medicare
laims Data.

As it is currently configured, several important limita-
ions preclude the use of the NCDR ICD Registry as an
ffective PM and ICD post market surveillance tool:

The registry is mandated only for Medicare patients re-
ceiving ICDs for primary prevention indications.
Whereas hospitals are encouraged strongly to enter all
ICD implants (not just those mandated by CMS), this is
not required.
The NCDR ICD Registry is designed to include only
those patients receiving ICDs. It does not specifically
include pacemakers or leads.
A goal of the NCDR ICD Registry is to determine
whether primary prevention ICD implants are appropriate
for Medicare beneficiaries covered by the agency’s na-
tional coverage determination. As such, the registry fo-
cuses on indications for device implantation and short-
term outcomes. Detailed device malfunction data are not
currently collected. CMS has established a goal to de-
velop longitudinal follow-up and merging databases. It is
unclear if or when in the process of developing longitu-
dinal follow-up CMS would prioritize additional device
performance data. A registry that monitors PM and ICD
performance needs to identify and track device malfunc-
tions and thus requires more comprehensive longitudinal
device performance and patient follow-up. To satisfy the
need for a longitudinal PM and ICD surveillance registry,
data collected should include information on subsequent
hospitalizations related to adverse device events, date and
cause of a patient’s death, and a review of device perfor-
mance at the time of device replacement or patient death.
CMS has indicated that it will require registry informa-
tion only until its questions are addressed that may re-
quire two to three years. In addition, whereas the current
CMS leadership actively supports the ICD Registry, this
level of support may not continue.

The NCDR ICD Registry will provide important infor-
ation on ICD implant populations, complications, and

herapy. NCDR ICD registry data can complement those
hat are available in the MAUDE database. Whereas the

AUDE database has the advantage of including pacemak-
rs and ICDs and may include detailed information regard-
ng adverse events, the NCDR ICD registry will have the
dvantage of including all ICDs implanted for primary pre-
ention of sudden cardiac arrest in the Medicare population.
owever, because of the limitations outlined above, the
CDR ICD database as currently configured is not useful as
device “surveillance” tool. Significant changes would be

equired for the NCDR ICD registry to perform the function
f an effective surveillance instrument.
urrent Practice
he goal of post-market surveillance is to “enhance the
ublic health by reducing the incidence of medical device
dverse experiences.”31 The current surveillance system re-
ies on the FDA, medical device manufacturers, health care
roviders, hospitals and other medical care facilities, and
atients to report device malfunctions. Post-market surveil-
ance, as currently configured, is designed primarily to iden-
ify uncommon, but potentially serious, device-related ad-
erse events. The FDA uses several different methods to
onduct post-market surveillance including spontaneous re-
orting systems, analysis of large health care databases,
cientific studies, registries, and field inspection of facilities.

The FDA depends primarily on a passive adverse event
eporting system, relying on patients and the health care
ndustry to identify and report adverse events including rare,
erious occurrences. Manufacturers are required to report to
he FDA any medical device-related event or malfunction
hat may have caused or could cause a serious injury or
eath. Hospitals, nursing homes, and other medical facilities
re required to report device-related serious injuries to the
anufacturer and device related deaths to both the manu-

acturer and the FDA.
The FDA annually receives more than 160,000 adverse

vent reports regarding medical devices of all types, includ-
ng some that involve pacemakers, ICDs or leads. The vast
ajority of reports are provided by manufacturers; fewer

han 10,000 come directly from medical facilities.32 Post-
ortem device interrogation is rarely performed.33 Health

are professionals and patients are encouraged, but not re-
uired, to report suspected device-related adverse events via
he FDA program, MedWatch. Suspected events may be
eported by telephone, fax, mail, or over the Internet
www.fda.gov/medwatch). The FDA receives only several
housand reports via MedWatch each year, and physicians
n particular rarely report events (8% of reports).34

The MAUDE database was established to assist with
dverse event reporting and information dissemination for
edical devices of all types.35 It contains hundreds of thou-

ands of adverse event reports, including voluntary reports
ince June 1993 and manufacturer reports since August
996. Selected information from this database is publicly
earchable via the Internet. However, because submitted
dverse event reports are often cryptic or incomplete, it is
ften difficult to determine if a true device malfunction or
atient injury has occurred. Furthermore, updated informa-
ion following manufacturer device analysis is often not
ncluded in the publicly available reports. In addition, mul-
iple reporting (for example, by physician, manufacturer,
nd patient) could result in three reports documented for a
ingle event. FDA analysts use the MAUDE database to
etect patterns or events that may warrant further investi-
ation. This surveillance method was never intended nor
onfigured to be utilized for tracking device malfunction
ates.

http://www.fda.gov/medwatch
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edical Products Surveillance Network (MedSun)
pontaneous reporting systems have several additional im-
ortant limitations. Manufacturers must report those events
f which they become aware, but they are not required to
ctively seek out device malfunctions. Importantly, as noted
n the recent Institute of Medicine Report, “Safe Medical
evices for Children,” there is significant underreporting of
evice-related adverse events.20 Studies comparing passive
ersus active surveillance suggest that less than half of
alfunctions may be reported.36 Recognizing this short-

oming, the FDA has established the Medical Products
urveillance Network (MedSun). This active surveillance
ystem utilizes individuals specially trained in device ad-
erse event reporting at a number of medical facilities
primarily hospitals and nursing homes) to identify prob-
ems in both device function and user error in the clinical
etting. Because MedSun includes only selected facilities
nd does not include data submitted by manufacturers, de-
ection of relatively rare device performance issues via this
urveillance method is difficult. In addition to MedSun,
acemaker and ICD manufacturers are required to submit
annual reports” detailing the number of device implants
nd the number and type of reported device malfunctions.
he malfunctions contained in these reports, however, re-
ain subject to the shortcomings of spontaneous reporting

ystems.

ther Systems
he FDA may also utilize other methods of post-market
urveillance. For example, it may conduct or commission a
tudy to further investigate any issue in more detail. This
dditional surveillance may take the form of an analysis of
omplaint information, a field inspection of a manufacturing
acility, the initiation of a device registry, or some other
nvestigation. In general, the FDA has the authority to
equire that manufacturers conduct additional post-market
urveillance on any device, when it is deemed appropriate to
o so.

lternatives
enmark and England have established comprehensive reg-

stries that track the vast majority of, if not all, cardiac
hythm management devices implanted in those countries.
n the United States, such a system would

Include all patients who receive cardiac rhythm manage-
ment devices.
Mandate that all implanted devices be returned to the
manufacturer after explant or death of the patient.
Collect information from all implanted pacemaker and
ICD pulse generators and leads and not solely on device
failure related events.
Include data elements used by registries of proven suc-
cess such as the Danish Registry25 and the Hauser
Registry.29

Although a single comprehensive cardiac rhythm man-
gement device registry has several advantages, the Heart
hythm Society recognizes that the establishment of such a
ystem is unrealistic at this time due to the significant
esources it would require. The recommendations put for-
ard here provide a mechanism for optimizing available

egistries and databases so as to achieve many of the ben-
fits of a comprehensive registry without investing signifi-
antly in additional infrastructure.

NALYSIS OF DATA—ROLES OF INDUSTRY,
DA, AND PHYSICIANS

ecommendations
he Heart Rhythm Society recommends that experts who
re not full-time employees of industry or the FDA should
nalyze device performance data and provide advice on a
egular basis and when potentially life-threatening device
alfunctions are identified. These committees should ad-

ise when and what action is appropriate, including physi-
ian and patient notification and the necessity of retrieving
rom the sales force and from hospital inventories devices
hat are not implanted and in which the malfunction has not
een corrected or addressed adequately.

Industry: Device manufacturers should establish inde-
endent standing committees of experts (including physi-
ians and representatives of other disciplines such as engi-
eering, statistics, risk assessment, and ethics) to analyze
ata (including semiannual device performance reports and
egistry information) regarding cardiac rhythm management
evice performance. These committees should meet on a
egular basis (at least semiannually) as well as on an ad hoc
asis and quickly when a life-threatening device defect has
een identified. The committees should act much like the
ata safety and monitoring board for a clinical trial and
hould advise when and what action (if any) is appropriate,
ncluding physician and patient notification and the neces-
ity of retrieving from the sales force and from hospital
nventories, devices that are not implanted and in which the
alfunction has not been corrected or addressed adequately.
he committees could be organized according to device

ype (e.g., pacemaker, ICD, leads) and could be either in-
ustry-wide or manufacturer specific. The committees
hould, whenever possible, utilize common rules, defini-
ions, and processes to analyze and advise on device per-
ormance. Furthermore, the committees should be assessed
eriodically to determine if adjustments should be made to
mprove the process further.

FDA: The FDA should establish standing post-market
dvisory committees that meet on a regular basis (semian-
ually) and in a timely fashion on an ad hoc basis to analyze
ata regarding cardiac rhythm management device perfor-
ance and to advise when and what action should be taken

o address device malfunctions that are identified. The FDA
ould accomplish this also by extending the scope of the
irculatory System Devices Panel to the post-market pe-

iod. The Heart Rhythm Society should assist the FDA in
dentifying individuals who can serve in this capacity.
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Congress: The Heart Rhythm Society recommends that
ongress ensure that FDA receives the resources and fund-

ng necessary to establish and maintain the FDA advisory
ommittee that is described in this section.

urrent Practice
he current system depends too heavily on industry to
etect and report device performance problems. Industry
nalyzes device performance data and determines initially
hen a malfunction is likely to be recurrent, the potential

requency of the recurrent malfunction, and the likelihood
hat the malfunction could do harm to a patient. Physicians
re not involved systematically in determining if and when
device safety concern exists or the response to a safety

oncern. Device manufacturers sometimes convene ad hoc
xpert advisory committees to analyze data and to provide
dvice regarding action, but this is neither required nor has
t been considered to be standard practice. Furthermore,
hese committees are convened only when industry has
etermined that a significant safety concern exists.

The FDA Center for Devices and Radiological Health
onvenes advisory committees to analyze device informa-
ion and data from clinical trials prior to approval of those
evices for use in patients. These committees are composed
f physicians and others with expertise regarding the device
hat is undergoing evaluation or its use. Candidates are
equired to disclose relationships and efforts are made to
inimize potential conflicts of interest among committee
embers. However, the FDA does not convene standing

ommittees to analyze post-market surveillance data nor to
ecommend action when a malfunction is identified.

The FDA has convened physicians on an ad hoc basis to
eview information regarding specific cardiac rhythm man-
gement devices that have been found to malfunction. These
d hoc groups have reviewed data and provided advice to
DA regarding potential actions that the agency was con-
idering and language in advisories.

ssues/Concerns
ndustry: The current system depends on industry to ana-
yze data, determine, when possible, a root cause of any
alfunctions identified, and to provide recommendations

or action. In many cases, manufacturers are in the best
osition to evaluate their own devices because they know
hem best. However, a concern with this system is that the
valuation of the devices and the recommendations for
ction by those within the company involve an inherent
onflict of interest that could affect the outcome of the
nalysis.

FDA: The FDA depends on industry to provide accurate
nd timely device performance information and analysis.
he FDA provides oversight, assesses the validity of the
onclusions reached by industry experts, and ultimately
etermines what actions should be taken. A valid concern is
hat members of FDA committees have relationships with
ndustry that pose potential conflicts of interest. However,
his is true of the pre-market process, and that system has
orked well. Some also believe that the number and diver-
ity of devices and the volume of data would be too great for
single committee. This could be addressed by establishing

tanding committees to address specific devices (pacemak-
rs, ICDs, CRTs, and leads) and by including select experts
n an ad hoc basis to evaluate specific problems.

lternatives
n independent organization could be appointed to analyze

ll information and provide recommendations to the FDA.
he Heart Rhythm Society does not endorse this approach.
he Heart Rhythm Society believes that the FDA, manu-

acturers, and physicians, working collaboratively, are po-
itioned best to analyze and evaluate device performance.

erminology and Threshold for Activation of
evice Recalls and Advisory Notices

ecommendations
ndustry and FDA—Terminology: Device manufacturers
nd the FDA should use identical terminology to classify
evice malfunctions and communicate them to the public.

Industry: Device manufacturers should continue to pro-
ide the FDA with data regarding device performance at the
ime that certain problems are identified, as well as in the
orm of semiannual product performance reports. A mal-
unction that is due to a systematic problem for which there
s reason to suspect that it could occur in other patients and
s associated with a significant risk for death or serious
njury merits early review by the aforementioned industry
dvisory committees. Examples of circumstances that,
eeting these criteria, would require early notification of

he FDA and its post-market surveillance advisory commit-
ee include:

. Devices that fall outside of FDA approved labeling or the
standards of performance;

. Devices that fail to treat an arrhythmia, pace the heart, or
provide inappropriate and potentially life- threatening
therapy; and

. Devices that are unexpectedly inactive (no telemetry
and/or unable to be interrogated, or no output for reasons
other than normal battery depletion).

FDA: The FDA should establish a simple and more
ntuitive nomenclature to communicate important informa-
ion about device malfunction or failure of a device to
erform according to specifications. Specific recommenda-
ions for changes in nomenclature include:

. Eliminate the term “recall” in public communications
regarding implanted devices.

. Change the term “Class I recall” to “Class I advisory
notice or Class I safety alert.” Class I advisory notices
would be those in which device replacement should be
considered because of the reasonable probability that the
malfunction could result in death or significant harm.
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. Change Class II and III recalls (non life-threatening
malfunctions or potential malfunctions) to “advisory no-
tice or safety alerts.”

Threshold for Action: The threshold for activation of an
dvisory notice may vary depending on the frequency of the
evice performance problem and the clinical implications of
he malfunction. A single event, if it is systematic and it is
ssociated with a significant risk for death or serious injury,
erits early review by the aforementioned industry advisory

ommittees. In the case of a malfunction that is associated
ith significant risk for patient harm, devices that are not

mplanted and in which the malfunction has not been cor-
ected or addressed adequately should be retrieved from the
ales force and hospital inventories.

The Heart Rhythm Society considers it inadvisable to
etermine a fixed percentage of device malfunctions or
ttempt to classify all of the particular types of malfunction
hat would automatically trigger a notification or advisory.
ather, data should be reviewed on a regular basis by the
ommittees identified in the previous section, in order to
etermine when a pattern of inadequate device performance
xists.

urrent Practice
n most instances, the manufacturer identifies first when a
evice malfunction merits notification of the FDA and the
ublic. The decision by the manufacturer may be made in
onsultation with independent physicians and other experts.
owever, currently no specific standards or guidelines exist

o guide manufacturers on when the FDA and public should
e notified of a device malfunction.21

Manufacturers rarely use the term “recall”; rather, man-
facturers often use the terms “advisory” or “safety alert.”
able 3 lists the current terminology.37 Currently, the FDA
ay classify a malfunction as an advisory, a recall, or a

afety alert. The FDA defines a recall as “an action taken to
ddress a problem with a medical device that violates FDA
aw.” Recalls occur when a medical device is defective,
hen it could constitute a risk to health, or when it is both
efective and a risk to health. Although the FDA evaluates
ll device abnormalities that are reported to it, the agency
ay choose not to comment publicly on device notifications

hat it does not classify as a recall.

able 3 Medical device recalls37

ype of recall Definition

lass I recalls Reasonable probability tha
adverse health consequenc

lass II recalls The use of, or exposure to,
health consequences or in

lass III recalls Comprise situations in whi
adverse health consequenc

afety Alerts or Safety Advisories Linguistically equivalent an
ssues and Concerns
he differences in terms used by manufacturers and the
DA (advisory and safety alert versus recall) contribute to
isunderstandings among physicians and patients regarding

he actions that should be taken to mitigate a device mal-
unction. In addition, the term “recall” suggests to patients
nd physicians that a device should be removed when this
ay not be the case.
The absence of clear guidelines regarding the circum-

tances that trigger notification of physicians and patients of
evice malfunction creates uncertainty.

lternatives
lternative approaches to triggering notification of physi-

ians and patients of device malfunction include:

. Notify physicians of every device malfunction;

. Establish a trigger based on a specific number of device
malfunctions;

. Establish a trigger based on the frequency or rate of
events;

. Provide information deemed by industry to be relevant to
patient care decisions; and

. Keep the old system.38

Option one is sensitive but not specific and might very
ell inundate physicians with data that are clinically insig-
ificant, potentially obfuscating information that is impor-
ant to patient well-being. Likewise, options two and three
o not recognize the clinical significance of a malfunction.
ption four places responsibility for medical decisions with

ndustry rather than with physicians and patients. Option
ve, the current system, has no trigger and has few, if any,
roponents. Thus, the recommendations put forth here out-
ine a trigger for notifying physicians and patients of device
alfunctions that has significant advantages over alternative

pproaches.

OMMUNICATION AFTER DEVICE MALFUNCTION
S IDENTIFIED

ecommendations
ndustry: In addition to physician advisory notification
etters, the Heart Rhythm Society supports the use of a
tandardized Physician Device Advisory Notification for-
at for all manufacturer advisories to physicians regarding

otential device malfunction. In addition, industry should

se of, or exposure to, a violative product will cause serious
eath.
ative product may cause temporary or medically reversible adverse
the probability of serious adverse health consequences is remote.
use of, or exposure to, a violative product is not likely to cause

less significant than class III recalls.
t the u
es or d
a viol

which
ch the
es.
d are
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se the Patient Device Advisory Notification letter format to
ommunicate directly with patients. The standardized phy-
ician and patient notifications should reside on the manu-
acturer’s website and should be linked to the Heart Rhythm
ociety website, to FDA enforcement reports, and to other
otifications to facilitate easy access to all components of
ach individual device advisory. Product advisory notices
ould also appear on the website of Heart Rhythm, the
fficial journal of the Heart Rhythm Society. Updates to
hese notifications can be communicated in a similar manner
nd in the manufacturer’s Product Performance Reports.

Manufacturers should make a good faith effort to contact
ffected patients using the patient’s registration information
btained at the implant center at the time of the implant
rocedure. The definition of “good faith” should be deter-
ined by the FDA and industry according to guidelines

lready in place for advisory communications. Whenever
ossible, physicians should be notified first and patients
hortly thereafter. In addition to historical communication
ethods, physicians and patients could be notified by email

o increase the timeliness of communication.
Advisory notices should include general information re-

arding the potential clinical implications and appropriate
linical recommendations, and should acknowledge that
anagement decisions ultimately should be made by the

atient in consultation with his or her doctor.
FDA: The Heart Rhythm Society supports a centralized,

ather than the current regional, system for communication
f device advisory notifications to promote a broader and
ore inclusive interpretation of the advisory issues. In ad-

ition, the unique and specialized nature of cardiac rhythm
anagement device advisories requires a centralized, rather

han regional, intake mechanism to enable accurate inter-
retation of data on an ongoing basis by key knowledgeable
DA staff and by the other parties such as a post-market
hysician advisory panel. The Heart Rhythm Society be-
ieves that a centralized system will facilitate timely FDA
lassifications and urges the FDA to classify all advisory
otifications and include these data on the Physician Device
dvisory Notification form within 30 days.
Congress: The Heart Rhythm Society recommends that

ongress ensure that the FDA receives the resources and
unding necessary to ensure that centralized notification and
nalysis of pacemaker, ICD, and lead malfunction notifica-
ions, as recommended in this section, is accomplished
ffectively.

Physicians: The Heart Rhythm Society urges physicians
o utilize the standardized Physician Device Advisory No-
ification format to aid in the objective assessment and
haracterization of all device advisory communications.
his format can be used to facilitate quick reference and

dentify key aspects of the advisory to help guide patient
anagement decisions in an ongoing fashion.

urrent Practice
he manufacturer is often the first to issue a public notifi-

ation that a particular device has been found to malfunc- t
ion. In the United States, physician notification of device
alfunction occurs in the form of a letter issued by the

evice manufacturer that may, but is not required to, include
ditorial input from the FDA.21

Physician advisory letters are received by the FDA and
ften are classified regionally without a centralized intake
echanism. Not all manufacturer advisory information is

ommunicated to a central FDA location. The FDA classi-
cation decision typically lags behind the manufacturer
dvisory letter, and not all manufacturer advisories receive
public FDA classification.
When the FDA is aware of an ongoing significant public

ealth problem and believes that the clinical community
ay not otherwise have access to pertinent information

bout the problem, it may issue a Preliminary Public Health
otification, or a Public Health Notification if it believes all

he relevant information regarding the problem is known by
he agency.

If the FDA classifies a manufacturer device malfunction
dvisory as a Recall, it will be reported as part of a separate
DA notification, most often as an Enforcement Report.39

he FDA oversees the Recall to ensure that the actions the
ompany takes are adequate, and it works with the company
o obtain information about the problem, to correct the
roblem, and to conduct audits to make sure the corrective
fforts are appropriate and effective.

ssues/Concerns
he absence of a standardized reporting format for device
dvisory notifications hinders physician and patient under-
tanding of the key clinical issues at stake. The absence of
centralized mechanism designed to receive and interpret

ighly specific and specialized device advisory information
y the FDA hinders an inclusive and adequate understand-
ng of the issues and makes expert internal and external
nalysis of this information problematic. The absence of a
tandard mechanism for FDA classification of all advisories
ay lead to over- or underemphasis on any particular ad-

isory issue.
The physician and patient reporting and notification for-

ats recommended by the Heart Rhythm Society will stan-
ardize the advisories, regardless of manufacturer, facilitate
nderstanding, and inform appropriate action. However,
here is a potential cost associated with standardizing advi-
ory information for physician and patients that includes the
ossibility that key information will not be communicated.
tandardization will also introduce complexity in the sense

hat industry and FDA communications will still be issued,
ncreasing the total amount of material received with any
ingle advisory. In addition, there may be legal implications
o a standardized reporting format.

A centralized intake of implantable cardiac device advi-
ory notifications will improve the quality and interpretation
f advisory data and provide a second interpretation of these
ata other than that available from industry. However, this
ay require significant structural changes in procedures at
he FDA, specific to implantable cardiac devices.
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HYSICIAN DEVICE ADVISORY NOTICE

dvisory Date:
anufacturer(s)
roduct(s) Trade Name Model Number
anufactured on or before (Date)
erformance Failure
oot Cause (if known)
ate Manufacturer Corrected Product Available (if known)
as all affected product been retrieved? Yes No When?

DA CLASSIFICATION STATUS

dvisory classification Class: Decision Pending
LINICAL ACUITY (USA) (Worldwide)
) Total number of units currently implanted
) Estimated number of potentially affected devices of this mode

worldwide
) Estimated incidences of this performance failure over the projected life

of the device
) Total number with observed Performance Failure

% of Performance Failures d/b x 100 �
) Mean age of product in implanted population
) Patient deaths reported Yes No

Number of deaths �
) Patient deaths with probable relationship to device failure Yes No

Number of deaths �

�The data analysis provided in this report was generated by the manufacturer and may be subject to change

EVICE COMPONENTS AT RISK OF PERFORMANCE FAILURE
Battery Failure CRT (left ventricular pacing)
Diagnostic Data Failure Lead Failure
Brady Therapies (lower rate pacing) Hermiticity or internal component
Brady Therapies (runaway pacing) EMI Susceptibility
Tachy Therapies (ATP) Telemetry Failure
Tachy Therapies (shock) Other (specify)

ATIENT MANAGEMENT RECOMMENDATIONS
erify normal device function (at normal follow-up interval) Yes No
erify normal device function (as soon as possible) Yes No

pecific measures to assess:
rogramming changes Required Recommended
f programming changes are required, specify changes:
ccelerated device follow-up Yes No
imeline - months:

CONTACT
Industry Name
Address1
Address2
City, State, Zip
Phone
Fax
Email
Website
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PATIENT NOTIFICATION LETTER
Dear (XX):

Our ongoing surveillance of the performance of (Manufacturer/Device Name/Model/Serial Number) has found that in some
ases the (pacemaker, implantable cardioverter defibrillator, lead) might not be working as expected. Our records indicate
ou have this device implanted. Your (pacemaker, implantable cardioverter defibrillator) identification card will verify that
his is your device model and serial number. (Describe the problem in lay terms.)

Because every patient with a device is unique, appropriate medical decisions can only be made by you together with your
hysician, who knows you and your medical history. We are also sending a copy of this letter to the doctor who implanted
he (pacemaker, implantable cardioverter defibrillator, lead) so that the two of you will have the information you need to
ecide what is in your best interest. If you have not heard from your doctor regarding this matter, we encourage you to contact
im or her to follow up on this notice. We have also notified the Food and Drug Administration, the federal agency that
versees our company and implantable medical devices like yours.

Here are some sources for more information. Of course, you are welcome to contact us with any questions:

Industry Name
Industry Address

The Heart Rhythm Society is the professional medical organization with the most expertise on implantable devices like
ours:

Heart Rhythm Society
1400 K Street, N.W., Suite 500
Washington D.C. 20005
http://www.hrsonline.org/

The branch of the U.S. Food and Drug Administration that oversees devices like yours is:
FDA—Center for Device and Radiological Health
1350 Piccard Drive
Rockville, MD 20850-4307
http://www.fda.gov/cdrh/

We genuinely care that our device performs properly and provides you the health benefits you and your doctor expect. Our
urveillance is continuous, and if the rate of your device not performing as expected changes, we will update you. Please let
s know if we can be of further assistance.

Sincerely,

(Authorized Industry Representative)
G
N

1

●

●

●

2

●

●

●

ECOMMENDATIONS FOR CLINICIANS
ANAGING DEVICE ADVISORY NOTICES

ecommendations
hysicians:

Physicians and the facilities where ICDs and pacemak-
ers are implanted should monitor local outcomes and
adverse events associated with pacemaker and ICD
system implantation and removal. Participation in the
NCDR ICD Registry will facilitate obtaining this in-
formation.
Physicians should consider the risk of device removal and
reimplantation when making clinical decisions and rec-
ommendations to patients who have a device that has or
may have a malfunction.
Physicians should consider, when appropriate, alterna-
tives to device explantation (reprogramming, enhanced
monitoring, etc.) that may mitigate the consequences of
device malfunction and decrease patient risk.
uidelines for Decisions on Device Recalls and
otifications

. Consider device/lead replacement if:

the mechanism of malfunction is known and is potentially
recurrent,
the risk of malfunction is likely to lead to patient death or
serious harm, and
the risk of replacement is less than or at least not sub-
stantially greater than the risk of device malfunction.

. Consider device/lead replacement in:

patients who are pacemaker-dependent,
patients with an ICD for secondary prevention of sudden
death, and
patients with an ICD for primary prevention of sudden
death who have received appropriate device therapy for a
ventricular arrhythmia.

http://www.hrsonline.org/
http://www.fda.gov/cdrh/
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. Consider device replacement if the predicted end of life
(EOL) is approaching.

. Consider conservative management with periodic non-
invasive device monitoring when the rate of device mal-
function is very low in:

patients who are not pacemaker-dependent, and
patients with an ICD for primary prevention of sudden
cardiac death who have not required device therapy for a
ventricular arrhythmia.

. Provide routine follow-up for patients with a device
malfunction that has been mitigated or corrected by
reprogramming the software.

. Consider conservative management with periodic non-
invasive device monitoring in patients where operative
intervention risk is high or in patients who have other
significant competing morbidities even when the risk of
device malfunctions or patient harm is substantial.

ummary
ndustry and FDA recalls or public health notifications re-
arding pacemakers, ICDs, or leads do not necessarily
ranslate into an immediate need for physicians to replace
he devices/leads in question. This must be individualized
or each patient and device problem. Device replacement is
ssociated with a risk for adverse events that is greater than
%. This risk is greater than that associated with the initial
evice implant and is associated with the experience of the
mplanter. Replacement of the device/lead should be con-
idered strongly if malfunction of the device/lead could
esult in patient death or serious harm, and if the risk of
eplacement is not substantially greater than the risk of
evice/lead failure. Alternatively, observation is recom-
ended in situations of low patient risk.

urrent Practice
ollowing notification of a device malfunction, physicians in-

erpret the information provided by manufacturers and the
DA, communicate relevant information to their patients with

he device in question, and, with each patient, determine a
ourse of action. The impact of a particular device malfunction
ay vary greatly among patients depending on individual

linical circumstances, and it is generally agreed that clinical
ecisions should rest ultimately with the patient and the phy-
ician. However, clinical practice and the percentage of de-
ices replaced have varied widely following certain recalls,
uggesting that opportunities may exist to standardize and
otentially improve care.21,40 A low threshold to explant de-
ices may expose patients to unnecessary surgical risks; a high
hreshold may expose patients to a risk for device malfunction
hat exceeds the risk of device replacement.

It is very important for physicians and patients to recognize
hat the term “recall,” as currently used by the FDA, does not
ean necessarily that all of the devices/leads implicated need
o be explanted. Several factors are important in deciding
hich patients can be safely observed versus those who likely
eed to have their device/lead replaced. One must balance the
isk of explantation and reimplantation of the device, lead, or
oth versus the risk of an alternative approach such as soft-
are reprogramming and/or close patient follow-up. This risk–
enefit equation is dependent on the clinical situation and the
xpertise of the implanting physician.

isk of ICD and Pacemaker
mplantation/Explantation
able 4 shows complications associated with PM and ICD

mplantation in a selection of studies. Overall, rates of
nfection ranged from 0.2% to 1.8% for pectoral implanta-
ions and the rates of lead dislodgement from 1.5% to 2.4%.
mong acute complications, pneumothorax occurred at a

ate of about 1% and perforation 0.5%. Adverse events were
ignificantly more common in a recent report of outcomes
ollowing ICD replacement in response to recalls or advi-
ories in Canada.40 Major and minor complications oc-
urred in 31 (5.8%) and 12 (2.3%) of patients, respectively,
ncluding death in two patients after extraction for pocket
nfection.

Several patient-, device-, procedure-, and operator-re-
ated characteristics that increase the likelihood of peri-
rocedural complications have been identified. In younger
atients, the risk of infection seems to increase from 5.5%41

o 7.8%.42 Other patient factors have not been found to be
ignificant. Among device-related factors, dual-chamber
CD implants carry a higher risk of complications than
ingle-chamber.43 Left ventricular lead insertion, for cardiac
esynchronization, is associated with additional complica-
ions, including coronary sinus dissection and cardiac vein
r coronary sinus perforation (4% and 2%, respectively) in
he MIRACLE study.44

Several procedure-related factors have been shown to
nfluence complication rates, such as absence of peri-pro-
edure antibiotics.45 Importantly, complications are more
requent in patients having elective pacemaker replacements
han initial implants, 6.5% versus 1.4%.46 Subclavian inser-
ion sites are associated with a higher risk for lead fracture
han are cephalic.47 Older implant techniques, such as ab-
ominal generator site45 and the subcutaneous patch,47 were
ssociated with an increase in infections. Among operator
haracteristics, operators with lower implantation volume48

nd less experience46 have higher rates of mechanical and
nfectious complications.

Lead extractions pose a substantial risk to the patient.
eads may need to be extracted due to a primary lead
roblem, an infected generator and lead system, or as a
onsequence of damage that occurs during an attempt to
perate on the generator alone. In a study of 161 patients,
CD lead extraction was successful in 98% of cases.49

hereas one smaller study (42 patients) reported no serious
orbidity or mortality,50 another (82 patients) reported ma-

or complications in 7.3% of patients, six experienced tam-
onade requiring emergency thoracotomy, and 2 (2.4%)
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ied.51 Several studies have shown that operator experience
orrelates with outcome.48,51,52 In a multicenter study of
acemaker lead extractions, major complications occurred
n only 0.97% of the more experienced physician group
ersus 1.8% in those with less experience.52

The risk of primary or subsequent surgical intervention
an be estimated by review of the literature and may be
educed by maintaining a high level of compliance with
ppropriate surgical technique. However, the available data
ndicate that complications associated with pacemaker and
CD implantation and removal are operator-dependent and,
ith few exceptions, are not associated with individual
atient characteristics. Importantly, the risk for complica-
ions at device replacement is greater than at the initial
mplant. Thus, each implanter and each facility should mon-
tor, record, and report annually a summary of their proce-
ure outcomes. The complications recorded should include
t least the following elements: infection/erosion, lead dis-
odgement, tamponade, pneumothorax, hematoma, and
ortality. The NCDR ICD Registry operated by the Amer-

can College of Cardiology and the Heart Rhythm Society is
ollecting this information for all implanting physicians and
ill provide quarterly performance reports with benchmark-

ng information to hospitals where the devices are implant-
d.53 These data will aid the physician who must consider
he risk of device removal and re-implantation when making
linical decisions and recommendations to patients who
ave a device that has or may have a malfunction.

haracterization of the Level of Patient Risk due
o Device System Malfunction and
hysician–Patient Communication
ot all device system malfunctions or problems have the

ame safety risk for the patient. Even a similar malfunction
an have a very different risk profile for different patients.
or example, a sudden loss of pacing function in a patient
ho is not pacemaker-dependent is not nearly as worrisome

s it is for a pacemaker-dependent patient. It should be
oted that it is not always easy to determine precisely when
patient is pacemaker-dependent and that this determina-

ion may change over the course of follow-up. Thus, for any
iven Recall or Public Health Notification, it is important to
onsider the device problem on several levels, and then
etermine for each patient the risk–benefit of explanting the
ystem or following the patient.54

Device system problems can be categorized by consid-
ring the following questions:

Will there be a sudden loss of function of either pacing or
shock therapy?
Does the probability of malfunction change with time?
Can the problem be resolved or mitigated by reprogram-
ming the device or altering the software?
Have the component(s) responsible for the problem and
the mechanism for the malfunction been identified?
What is the predicted device malfunction rate, e.g., 1 per
1000 or 1 per 5000?
Will that predicted malfunction rate of a single compo-
nent malfunction be magnified by a domino effect if other
device functionality depends on the failed component?

Similar questions should be addressed with respect to
atient risk if the device malfunctions.

If the device in question is a pacemaker, will the patient
have a subsidiary escape rhythm should the pacing func-
tion cease?
For an ICD, was the indication primary or secondary
prevention of sudden death?
Has the patient received shock or antitachycardia pacing
therapy, and, if so, how frequently and how recently?

Compiling the above data for each patient will provide the
linician a reasonable evaluation of a patient’s risk if device
alfunction occurs. These risks and the risks associated with

evice removal and reimplantation can be used to assess ther-
peutic alternatives and provide recommendations to the pa-
ient. The risk of a major complication explanting the ICD
ystem (generator, lead, or both) is at least 1%, and if the
rojected malfunction rate is 1 in 5000 (0.02%), then not
xplanting the ICD in a patient who is thought to be at lower
isk to receive ICD therapy is reasonable. Likewise, a patient
ho is pacemaker-dependent and who has a pacemaker with a
in 200 (0.5%) malfunction rate would be a good candidate

or a new device. Within this range of relatively straightfor-
ard patient decisions are many patients, and the appropriate

ction may depend ultimately on the patient’s willingness to
ccept short-term risk associated with an invasive procedure
ersus potentially longer-term risk associated with a device
hat might malfunction.

Communication between the physician, allied health per-
onnel, and the patient is critical in these situations. If the
otential malfunction is likely to occur and is potentially
ife-threatening, every effort should be made to contact the
atient quickly to inform him or her of the facts, allay his or
er fears, and plan a course of action. Face-to-face meetings
re preferable if device replacement is contemplated, to
eview data and discuss therapeutic options. It is often
seful for family members or friends to be present who can
iscuss the information with the patient at a later date.
nxiety is often high during such discussions, and it is not
ncommon for the patient to forget important details needed
o make a decision. In less urgent situations, much of the
iscussion can be done by phone or at the next scheduled
ffice visit. Patients also have expressed the desire to learn
bout device malfunction, not just from their physician but
irectly from the FDA and from the manufacturer.

ECLARATION OF INTERNATIONAL PRINCIPLES
ELATED TO PACEMAKER AND ICD
ERFORMANCE
o-Authors from the International Coalition of Pacing and
lectrophysiology Organizations (COPE): M. Cain, MD

Co-Chair); O. Oseroff, MD (Co-Chair); E. Aliot, MD; C.
lomstrom-Lundqvist, MD; A. Curtis, MD; D. Davies,
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D; M. Glikson, MD; H. Hayakawa, MD; C. Lau, MD; J.
ateos, MD; L. Molina, MD; A. Oto, MD; S. Saksena, MD;
. Santini, MD; K. Sethi, MD; C. Simpson, MD; and G.

loman, MD
The International Coalition of Pacing and Electrophysi-

logy (COPE) was established by the Heart Rhythm Society
o enhance collaboration between the international electro-
hysiology and pacing organizations. Current COPE mem-
ers include the Asian-Pacific Cardiology Society, Euro-
ean Heart Rhythm Association, European Cardiac
rrhythmia Society, Heart Rhythm Society, and Latin
merican Society of Pacing and Electrophysiology.
The Heart Rhythm Society and COPE recognize that

evice performance and recall issues are global in their
cope. COPE believes that patient and physician knowl-
dge, confidence and trust can be enhanced and strength-
ned through greater transparency in post-market surveil-
ance, analysis, and reporting of information; development
f systems to increase the return of devices to manufactur-
rs, independent distributors or to a government agency
ngaged in post-market surveillance; and cooperation
mong industry, physicians, government authorities and na-
ional health care systems in an effort to reduce the risk of
njuries and deaths due to device malfunctions. COPE en-
orses the following principles that should be applied
hroughout the world.

rinciples Related to Device Performance and
ommunication of Device Performance

Physicians have the responsibility to inform patients of
expected device performance. In each area of the world,
professional societies, industry, and government should
work together to define the appropriate process for patient
communication.
Professional societies must have access to current infor-
mation on expected device performance from the avail-
able intelligence from manufacturers, independent dis-
tributors, government authorities, and national health care
systems that will enable them to make clinical decisions
and recommendations to patients.

able 4 Complications associated with pacemaker and ICD imp

tudy Device N
Follow-up
(mo)

Total
comp

Death
(%)

Lead
fracture
(%)

Le
di
(%

ron45;
VID1

ICD 539 12 11.5 1† 4/1.5* 1.

old55 ICD 1000 �6 NR 0.5/0.3* 2.

osenqvist56 ICD 778 4 0.8 2.
iviniemi57 PM 446 60 7.2 0 1.

NR � not reported. Not all complications were reported in every repo
Uniform standards of performance for devices and their
key components should be established throughout the
world.
Uniform definitions of device malfunction should be es-
tablished throughout the world.
All device clinical studies should be registered and data
and outcomes made available in a public forum.

rinciples Related to Surveillance and Post-
arket Follow-up

Establish an international registry to collect longitudinal
data on devices and allow reporting of device adverse
event data.
Continue to develop and utilize as soon as possible wire-
less and remote monitoring technologies to identify ab-
normal device behavior as early as possible, and to reduce
underreporting of device malfunctions by determining the
functional status of an implanted device more frequently
and accurately.
Engage in timely and accurate reporting of information in
an understandable fashion.
Demand greater transparency in surveillance, analysis,
and reporting of timely and accurate information.

rinciples Related to Analysis of Data

Establish independent committees (non-industry or gov-
ernment employees) of experts to analyze device perfor-
mance on a regular basis and when life-threatening mal-
functions are identified.
Facilitate links to international sources of cardiac im-
plantable electronic device data.
Develop generally acceptable terminology to permit bet-
ter and more precise reporting of adverse events.

rinciples Related to Terminology and Thresholds
or Activation of Device Advisory Notices

Manufacturers, independent distributors, government au-
thorities, national health care systems, and professional
organizations should use identical terminology when de-
scribing device malfunctions.

on

ment Infection
(%)

Other
pocket
(%)

PTX
(%)

Perforation
(%) Comments

5/1** 1.1 0.4 *Subclavian/cephalic
**Abd/pectoral
†Within 30 days, not

all device-related
0.2 2 *Subcutaneous/

submuscular
0.7 3.5
1.8 1.1 0.7

� Pericardial Tamponade.
lantati

ad
slodge
)

5

3/0.5*

4
6
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A malfunction that is systematic and is associated with a
significant risk for death or serious injury, for which there
is reason to suspect that it will occur in other patients,
merits review, even if it is associated with a single event.

rinciples Related to Communication After Device
alfunction is Identified

Ensure that critical information is provided.
Timely notification of patients. Professional societies
should develop a patient communication process. When-
ever possible, physicians should be notified first and their
patients shortly thereafter.
Enhanced role of COPE in the timely notification of the
international community when a device performance is-
sue is identified in a single (or few) jurisdiction(s).

rinciples Related to Clinician Behavior

Physicians and the facilities where ICDs and pacemakers
are implanted should monitor local outcomes and adverse
events associated with pacemaker and ICD system im-
plantation and removal.
Post-mortem device interrogation, explanation, and return
to the manufacturer or independent distributors should be
encouraged, particularly in cases of sudden cardiac death.
Recognize that every patient is unique and that clinical
decisions should be made by patients in consultation with
their physician.
Physicians should consider the risk of device removal and
reimplantation when making decisions and recommenda-
tions to patients who have a device that has or may have
a malfunction.
Encourage the use of remote monitoring that would be
helpful to determine abnormal device behavior.
Physicians should consider, when appropriate, alterna-
tives to device explanation that may mitigate the conse-
quences of device malfunction and decrease the patient’s
risk.
Provide routine follow-up for patients with a device mal-
function that has been mitigated or corrected by
reprogramming.
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