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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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roduction

ISO 14708-2:2012, 28.19 requires the clinician’s manual to document the projected service life using
defined settings. Expectations of available power-source energy are not always fulfilled, and changes
in pulse-generator components and assemblies have resulted in an actual service life which is different
from the projected service life. Defined production groups of pulse generators or leads have required
closer follow-up or replacement due to changes in performance exhibited in clinical use.

Programmed settings and differing or changing patient therapy needs might also result in a device
having more or less than the projected service life as defined by ISO 14708-2. In addition, clinical
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INTERNATIONAL STANDARD
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Im

plants for surgery — Cardiac pacemakers —

Part 2:
Reporting of clinical performance of populations of pulse
generators or leads

1
This

poptlation samples of cardiac pulse generators or leads, intended for long-term implantation,

refe]
incly
exp4

Ann
for 4
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popylation under consideration. Annex B gives the rationale for this part of ISO 5841.
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14708-2:2012, Implants for surgery<<ZActive implantable medical devices — Part 2: Cardiac

Scope

part of ISO 5841 specifies requirements for reports on the clinical performance in|

red to as devices. Devices to be reported has to be market approved in,oi€ or more geq
des general requirements for all reports and supplementary requirements for reports on
rience with devices and estimates of future clinical performance for'devices, when app

bx A provides requirements for categorizing devices. It alsocprovides normative re
tatistical calculations, including a discussion of application‘ef the results obtained. Ag
stical methods, the benefit of the analytical methods in this\part of ISO 5841 is limited b

Normative references

following documents, in whole or in part, @re normatively referenced in this docum
pensable for its application. For dated references, only the edition cited applies. H
ences, the latest edition of the referenced document (including any amendments) appli

Terms and definitions

he purposes of this document, the terms and definitions given in ISO 14708-2 and tH
.

sory notification

| device>-any action taken to inform the clinicians concerned by a manufacturer who
re that-a‘device might fail to conform to any claims made relating to effectivene
brmance characteristics, or safety

humans of
hereinafter
graphies. It
cumulative

ropriate.

quirements
with other
y the size of

ent and are
or undated
bS.

pacemakers

e following

has become
s, benefits,

3.2

clinical performance period
calendar period, defined by the reporting party, during which the clinical performance of a specific
population sample of devices is assessed

3.3
com

plaint

any written, electronic, or oral communication that alleges deficiencies related to the identity,
quality, durability, reliability, safety, effectiveness, or performance of a device after it is released for
distribution[13]
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3.4
confirmed

malfunction

malfunction of an implanted device, confirmed by returned product analysis, not including induced
malfunctions

3.5
damaged

<of a device> having characteristics which have changed outside the limits stated by the manufacturer,
due to some external agency

3.6

device
cardiac pulj

3.7

e generators or leads, intended for long-term implantation

device famjily

specified gr
with respe
longevity, s

3.8
follow-up ¢
medical cen
of a device

3.9
implanted
statusofad

oup of device model numbers with the same indications for use and designs that differ
t to parameters not reasonably expected to significantly affect malfunction incideng
ich as pulse generator header differences or lead length

entre
tre, hospital, clinic, or individual responsible for the care of-dpatient after the implants

evice after the surgical incisions are closed (implant pocket closed); if relevant clinical de

are not available to the manufacturer, at least one calendar‘day shall have passed after the implant

in order to

3.10
implant d
damage wh
the implant]

3.11

rlassify the device as implanted

age — leads
ich occurred after opening the lead package and during an attempt to implant the leac
was not completed using the léad in question

induced
device mal
etc.) includi

Note 1 to ent

3.12

unction caused by external factors (e.g. therapeutic radiation, excessive physical dan
g but not limited'to’hazards addressed in product labeling

m{llfunction — pulse generators

ry: Damage teaptilse generator caused by a lead malfunction will be reported as a lead malfung

Ifunction — leads

lead malfurction ‘caused by use error or other external factors (e.g. scalpel cuts, damage caused du
implant, sufjures applied directly to lead body, explant or after explant etc.) including applications ouf

induced m'j)

only
e or

tion

tails
date

l, i.e.

lage,

tion.

ring
side

oflabeling recommendations or addressed in product labeling as cautions or hazards in product labeling

Note 1 to entry: Damage to a lead caused by a pulse generator malfunction will be reported as a pulse generator

malfunction.

3.13
in service

<of a device> functioning in such a manner as to provide potential medical benefits to the patient

Note 1 to ent

3.14

ry: This term can apply to a device that may be out of specification (see 3.23).

in specification
<of a device> having characteristics within the limits recommended by the manufacturer for clinical use

© ISO 2014 - All rights reserved
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3.15

lead modified — electrically

lead that remains connected to a pulse generator whose function is automatically altered or manually
reprogrammed (e.g. changing from bipolar to unipolar or DDD to VVI mode) in response to a problem
with the mechanical or electrical integrity of the lead

3.16

lead modified — surgically

any mechanical alteration of the lead (e.g. replacing a connector or the rate sensing portion of an ICD
lead) in response to a problem with the mechanical or electrical integrity of the lead

Note[TTo entry: boes notinclude leads that have been successrully repositioned.

3.17
malfunction
failulre of a device to meet its performance specifications or otherwise perform as.intended

Note|1 to entry: Performance specifications include all claims made in the labelling-for the device. The intended
perfgrmance of a device refers to the intended use for which the device is labelled 0¥ marketed.[14]

3.18
malfunction without compromised therapy — pulse generator
pulse generator malfunction that did not compromise pacing ordefibrillation therapy whilg implanted
and |n service

Note|1 to entry: Therapy is not compromised as long as the critical patient-protective pacing and dlefibrillation
therapies are available. This includes changes in device settings that occur as intended by the design and do not
resultinloss of critical patient protective therapies but arethereported reasons for explant. Exampleg include (but
are njot limited to): reversion to a designed "safe mode”, {backup mode”, "power-on reset” or other mpnufacturer-
specjfic terminology, error-affecting diagnostic funetions, telemetry function, data storage, malffunction of a
component that causes battery to lose power quickly enough to cause premature battery depletiop, but slowly
enough that the condition is detected through natmal follow-up before therapy is lost; mechanical pfoblems with

connector header that do not affect therapy.

31

malfunction with compromised therapy
devire malfunction causing comipromised pacing or defibrillation therapy (including complete loss or
partjal degradation) while implanted and in service

3.2
medical reasons
reaspns unrelatedto,the device or its operation

Note|1 to entry: Examples include (but are not limited to): Infection, extrusion, indication for an| alternative
medjcal deviee.(e.g. the replacement of a single-chamber pacemaker in a patient with pacemaker syhdrome with
a dudl-chamber pacemaker), etc.

3.2

normal battery depletion
for pulse generators, the condition when (a) 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 (50 percentile) predicted longevity at default (labeled) settings, or (b) 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 time of product introduction,
calculated using the device’s actual use conditions and settings

© ISO 2014 - All rights reserved 3
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3.22
other cond

itions affecting performance — leads

non-electrical findings which do not affect clinical usage or outcomes, but might, for example, influence
the length of a procedure

Note 1 to entry: Anomalous findings are those occasions where lab analysis reveals a secondary finding on a
returned lead. These findings are not associated with a complaint. Examples include evidence of partial insulation

abrasion, no

3.23

conductor exposed or other cosmetic issues. Lead may have been successfully implanted.

out of service

P2 I
Ot

<of a device

B ST
TTOTPTOVT TIT

g

Note 1 to enffry: A device thus described is not necessarily out of specification (see 3.24) or explanted.

3.24

out of spec
<of a devicd
clinical use

3.25
population
group of de

Note 1 to ent
but other daf

3.26
post-apprao
enrollment

ification
> having one or more characteristics outside the limits established by the-manufacture

sample
Uices that is assumed to be representative of the worldwide pepulation of implanted dey

a sources can be utilized, including, but not limited to remete monitoring and clinical studies.

val surveillance study
pf a sample of patients in identified centers forthe purpose of prospective, active, systen]

scientificallly valid collection, analysis, and interpretation of data, or other information, collectd

reporton d

3.27

post-mark
activity per
returned py

3.28

premature
for pulse ge
in a time pe

3.29

product pe
document f
performang

bvice performance

bt surveillance
formed by a manufacturer te.assess product performance using analysis of complaintg
oducts

battery depletion
herators, the condition when a device is returned and confirmed to have depleted the bat
riod less than4©ormal battery depletion

rformance report
ublished by a pulse generator or leads manufacturer intended to report long term cli
ecof individual products

r for

rices

'y: Typically, devices registered as implanted in the United Statés can serve as the population sample,

atic,
d to

and

tery

nical

3.30

production group
population sample of devices designated by the manufacturer on the basis of a particular parameter

EXAMPLE

3.31

Such a parameter may be, for example, time or place of manufacture or a change in the
manufacturing process or components.

prophylactic explantation
explantation for reasons based on the anticipated performance of the device or other medical reasons
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3.32

recommended replacement condition

condition in which the device exhibits characteristic(s) identified by the manufacturer as signalling that
the device should be taken out of service

EXAMPLE Apulse generator that exhibits the maximum allowable changes in the battery-condition indicators
stated by the manufacturer is in a condition where replacement is recommended.

3.33
registered explant
registered implant for which the date of explantation is known by the reporting party

3.3
registered implant
implanted device for which the date of implantation is known by the reporting party

3.3
registered implant month
one month of operation by a registered implant

3.364

repgrting party
indiyidual or organization publishing clinical pacemaker data orthe analysis thereof

4 [General requirements

4.1 | Frequency of publication

Eacl manufacturer shall publish an updated petformance report at least semi-annually. The report shall
inclyde data for the most recently completed-clinical performance period.

4.2 | Method of publication

Product performance reports shall be publicly available on the manufacturers’ website.

4.3 | Report organization

The product performarice report shall be organized so that data are presented for each model or device
family within the scope’of this part of ISO 5841 that meet the inclusion criteria given in 4.4.

4.4 | Criteria for inclusion and removal of reported models and device families

Models ordevice families shall be included in the product performance reportat or before 50() worldwide
sales.

Models or device families can be removed from the report when the earlier of the following occurs:

— fewer than 500 of the devices in the sample population are estimated (following corrections for
under reporting) to remain in service;

— 20 years have elapsed since first market approval of the sample population.

4.5 Source of performance report data

Performance data can be obtained from various data sets, including, but not limited to post-market
surveillance, registries, clinical studies, and remote monitoring. As a minimum, manufacturers shall
utilize data obtained from post-market surveillance.

© IS0 2014 - All rights reserved 5
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4.6 Product performance report — Required content

4.6.1 Textual and numeric data

For each model or device family being reported, the following data shall be provided in the product
performance report:

a) model designation(s);

b) sources of the data and the methods used to collect them;

c) samplepizeamdthow the populatiomrand poputatiomsampte are defimed; if the manmufacturerthooses
to proviide results segregated by sub-populations (e.g. production group, header differenges;|etc),
the repprt shall explain the basis on which the sub-populations are established;

d) forthe population described initem c), the number or percentage of devices that have been retufned
and andlysed;

e) criterid for including and excluding data;

f) the clinlical performance period;

g) units of time of the data;

h) categor]y assigned to the device, in accordance with Annex A;

i) for devjces subject to an advisory, the advisory description’and associated recommendations ghall
be inclyded if the number of devices susceptible to the anomaly described in the advisory is greater
than 2(0. For these devices, the number of confirmed malfunctions for the affected sub-populgtion
shall bg provided;

j) explanation of methods used to adjust for any _sources of bias known to be present (see Annex A);

k) each report shall explain the presentation ©f the information and any methods of analysis usg¢d to
calculate numerical expressions of performance. Any generalizations or inferences from data $hall
be qual[lfied as to assumptions, limitations, and associated confidence levels;

1) the maufacturer shall disclogeltheir level of conformity with this part of ISO 5841. Any pon-
conforrpities shall also be disclesed.

4.6.2 Estimated device survival probability

For each mddel or devicéfamily being reported, an estimate of the cumulative device survival probabhility
derived thijough actuarial analysis using the method described in Annex A shall be provided.| The
results shall be presented in both graphical and tabular form. Graphical results shall be presented ysing
consistent qcales\and sizes.

The report thall include in addition to survival statistics either effective Q:lmp]p size data foreachktime
interval, or confidence limits, or both.

When the survival performance of a sub-population of devices subject to an advisory diverges from the
population sample, survival curves for the sub-population should be shown separately.

Data for survival estimates can be collected using a prospective clinical study, remote monitoring, post
market surveillance, or a combination of these or other methods.

The population for which cumulative survival probability is estimated for any given lead model or device
family can be chosen by the manufacturer.

Manufacturers shall select methods that properly categorize devices in order to avoid problems affecting
accuracy described in A.3.2.

6 © ISO 2014 - All rights reserved
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Two methods of estimating device survival probability are detailed in this part of ISO 5841, either of
which can be utilized. A methodology using data obtained solely from remote monitoring, while feasible,
is not described in this part of ISO 5841. However, manufacturers can use remote monitoring data to
augment the results of the two methods described below. In this case, manufacturers shall provide a
description of how such data has been used.

These methods should not be construed as equivalent alternatives, nor should these methods be
construed as the only methods available to the reporting party.

Manufacturers shall indicate the data collection methods used in preparing its reports and, thus, the
nature of any bias that might be present.

4.6.2.1 Survival probability using data from a post approval surveillance study

If a thanufacturer chooses to estimate survival probability using data from a post approval gurveillance
studly, study design should include provisions to ensure meaningful data arencollected for survival
repdrting. These provisions include

— pufficient number of enrolled subjects to support survival probability ¢alculation,

— pufficient diversity among participating centers to reduce bias due-to centre or physician selection
hnd to promote a sample representative of the total population

— procedures to ensure all active devices are regularly followed by the study centre,

— pvaluation of centre compliance with study protocel through regular clinical monitofing at each
study site, and

— procedures designed to promote consistent adjudication of events over long periods of tjme (years).

The freport shall include a description of the study approach taken. The following shall also|be included
with the survival probability data:

— humber of devices enrolled in the'study as of the date of the report;

— humber of devices active in the study as of the data cutoff date of the report;

— fumulative months of follew-up accrued;

— pualifying complications observed and the number of each type of complication;
— pffective sample'size at the annual intervals.

A styidy-based reportable event or device complication is said to have occurred when

a) ptleastorne of the clinical observations described in Table 2 has been reported (in accordance with
Lhe study protocol) or a returned device malfunction was confirmed, and

b) hadauvica
eV

e

— was modified either electrically or surgically to remedy the situation, or
— was leftin use based on medical judgment despite a known clinical performance issue.

While post approval surveillance studies represent a well-controlled and prospective surveillance
method, there are limitations related to measuring device performance. For example, such studies might
not identify the mechanism or root cause of the complication reported. This can lead to over-reporting
or misclassification of certain complications due to device malfunction as opposed to physiologic
changes related or unrelated to the device condition. Enrollment rates at the study centres might not
be commensurate with of the rate of implantation across the general population and might not fully
represent the general population.

© ISO 2014 - All rights reserved 7
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4.6.2.2 Survival probability using returned product analysis and complaint information

If a manufacturer chooses to estimate survival probability using returned product analysis and
complaint information, the manufacturer shall include both device malfunctions identified by analysis
and reported device complications.

Complications (as defined in Clause 5) should be used in conjunction with returned malfunction analysis
as an adjustment to better represent survival probability in a broader population than either method
would independently.

This methodology can be subject to under-reporting. Manufacturers should analyse sources of under-

le of

reporting a
a source of

4.7 Adju

Manufacturn
reduce bias

pulse g
leads r¢

pulse g
known

pulse g
up or r¢

pulse g

Where surv
used to pe
for not doi

5 Partidular reporting requirements

5.1 Repa

This subcla
Annex A.

Reporting d

a)

all-caug
malfun

rrflgrm the adjustments. If the manufacturer chooses not to adjust survival fractions, a ratia

A ors 4 4 LA | pa £ o i + £, +1a n + 4 3 4
I qLLCllllJL LU Pl UVIUCT unuDLlllCllLO LU LUITCTUULUIUL LTI INCITTULU TTIUITILUTL llls IS5 dll CAallll‘

Hata used to make such adjustments.

stment for underreported events

ers shall consider the need to adjust the calculated survival fraction atieach interv
due to underreporting. Manufacturers shall consider underreporting of

bnerators removed from service due to malfunction,
moved from service due to malfunction or complication,

enerators or leads removed from service due to patient-death, where such deaths arg
to be associated with device performance,

bnerators or leads removed from service while in specification (such as devices lost to fg
moved due to changes in patient condition), and

bnerators removed due to normal battery depletion.

ival fractions have been adjusted, manufacturers shall describe the techniques and ratig

so shall be provided.

rting pulse generator performance

ise elaborates,on’the reporting for pulse generators for category C devices as describg

f survival probability of pulse generators (see 4.6.2) shall include

e device survival curves (comprising devices exhibiting normal battery deple

h] to

not

llow

nale

nale

bd in

tion,

Ction with compromised therapy, and malfunction without compromised therapy),

b)

compromised therapy and malfunction without compromised therapy), and

the number (presented in tabular form) of devices classified as exhibiting

— normal battery depletion,

— confirmed malfunction with compromised therapy, or

confirmed malfunction without compromised therapy.

confirmed malfunction-free survival curves (comprising devices exhibiting malfunction with

This methodology can be subject to under-reporting. Manufacturers should analyse sources of under-
reporting and attempt to provide adjustments to correct for them. Remote monitoring is an example of
a source of data used to make such adjustments.

8
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5.2 Reporting lead performance

This subclause provides additional requirements when applying Annex A in regard to calculating
cumulative survival probability for implanted leads.

Performance reporting of cardiac leads shall include the results of returned product analysis for lead
malfunctions (described in 5.2.1), lead complications based on complaint information for chronic lead
complications (described in 5.2.2), acute lead complications (described in 5.2.3), and cumulative survival

probability calculation (described in 5.2.4).

5.2.1 Reporting malfunctions — Leads

Rety
requ
a)
b)
Lead
proH

lead
iden

rned product analysis data in product performance reports shall include, in additioh.to
ired in 4.6, the following for each product family:

the number of leads reported in 4.6 shall include full and partial leads returned;
humber of confirmed malfunctions, post-implant.

s which are classified as having a confirmed malfunction arezin€luded in all-cau
ability and shall be reported within one of the categories listed in Table 1. Only
malfunction shall be reported per lead. In those cases where(imore than one lead m
Fified, the malfunction most closely related to the clinical coemplaint shall be reported

Table 1 — Categories of confirmed malfunctions for leads

those items

se survival
e primary
Ifunction is

Category Description of malfunction
Congluctor fracture Conductor break with completelor intermittent loss of continuity that could|interrupt
current flow (e.g. fractured g¢onductors). This type of malfunction includes gny conduc-
tor fracture such as those associated with clavicle flex-fatigue or crush dampge.
Insullation breach Any breach of inner or outer lead insulation. Examples include: proximal abrasions
associated with lead-on-lead or lead-on-PG contact in the pocket; mid-lead ipsulation

in the region of v€in insertion; and distal region wear due to lead-on-lead (i
lead-on-heartwvalve, or lead-on-other anatomy contact.

damage caused by, clavicle flex-fatigue or crush, suture or suture sleeve, inslr

lation wear
tracardiac),

Crirﬁps, welds, and Any interruption in the conductor or lead body associated with a point of copnection.

bondgls

Othgr [feludes lead malfunctions related to specific proprietary mechanical attriutes or con-
nectors.
Examples of this category include, but are not limited to lead sensors, connefctors (such
as IS-1, DF-1, IS-4, DF-4), and seal rings.

5.2.2 Reéporting chronic lead complications based on complaint information

Chranie’lead r‘nmp]ir‘m—innc shall be included in the calculation of survival prnh;\hili‘rv when survival

probability is based on return product analysis and complaints data.

A chronic lead complication (occurring more than 30 d after implant) is said to have occurred when

a)
b)

at least one of the lead observations in Table 2 has been reported, and
the lead was

— modified either electrically or surgically to remedy the situation, or

— left in use based on medical judgment despite a known clinical performance issue, or

— removed from service and returned for analysis, where analysis was inconclusive because
only portions of the lead were available, or the returned lead was damaged by the explantation
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process, or where returned product analysis could not determine an out of specification
condition.

NOTE An example of a lead left in use based on medical judgment is (at a pulse generator replacement) an
atrial lead that has low impedance and only a marginal safety margin for capture at an output level not causing
pocket stimulation. Such a lead might be left in place in a dual chamber pacing mode if the patient’s condition
precludes safe replacement of the atrial lead.

Manufacturers shall include the number and category of chronic lead complications. Where more
than one lead complication is identified, only one complication using the observation with the highest
placement in the hierarchy shown in Table 2 shall be reported per lead in those cases.

The methods for identifying lead complications shall be described in the product performance rep(|>rt.

Tjable 2 — Categories of lead observations (in descending hierarchical order)

Lead jobservation Description

Penetration of the lead tip through the myocardium, cliniealy suspected ajnd

confirmed by chest X-ray, fluoroscopy, echocardiogram,'or visual observatjon,
which results in clinical symptoms, typically degradation of pacing/ICD lead
electrical performance (high thresholds), chest pain; or tamponade.

Cardiac perforation

A mechanical break within the lead conductef,(ificludes connectors, coils dnd/

Conductor facture or electrodes) observed visually, electrically,jor radiographically.

Radiographic, electrical, or electrocardiographic evidence of electrode
Lead dislodgement displacement from the original implantsite or electrode displacement that
adversely affects pacing and/or lead performance.

Intermittent or complete failuréto achieve cardiac stimulation (atrial or
ventricular) at programmed:etitput delivered outside of the cardiac refractory

period.
Failure to cqpture
Sudden and significantincrease in the pacing threshold value (elevated

thresholds compared.to previous measured value) at which 2:1 safety marjgin
can no longer be.achieved.

Misinterpretation of cardiac or non-cardiac events as cardiac depolarizatipn,
Oversensing [e.g. T-waves, skeletal muscle potentials, and extra cardiac electromagnetif
interference (EMI)].

Intermittent or complete loss of sensing or failure to detect intended intrigsic
Failure to sgnse (undersensing) |eardiac signals (atrial or ventricular) during non-refractory periods at prof
grammed sensitivity settings.

A disruption or break in lead insulation observed visually, electrically, or

Insulation bfeach radiographically.

Pacing impedance is typically considered abnormal if a measurement is
Abnormal pscing impedance <200 Q or >3000 Q. (based on lead model and measurement range of the
device).

Defibrillation impedance is tvpically considered abnormal if 3 measuremeht
Abnormal defibrillation imped- |iS <20  or>200 (. (based on lead model and measurement range of the
ance device).

Including high or low shock impedance when attempting to deliver a shock.

Clinical observation of inadvertent nerve/muscle stimulation other than car-

Extracardiac stimulation .
diac muscle.

Specific proprietary attributes of a lead such as sensors which affect a lead’s

Other ability to perform as designed or remain in service.

5.2.3 Reporting acute lead complications based on complaint information

Lead performance in the first 30-days post-implant (acute) can be subject to anumber of factors, including
patient-specific anatomy, clinical conditions, and/or varying implant conditions/techniques. Therefore,
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acute lead observations (those occurring within the first 30-days post implant) shall be reported
separately in performance reports as acute lead complications. Those complications might or might not
be attributable directly to lead design and therefore are not included in lead survival probability.

An acute complication (occurring within the first 30 d after implant) is said to have occurred when

a) atleastone of the lead observations in Table 2 has been reported, and

b) thelead

— was modified either electrically (see 3.15) or surgically to remedy the situation, or

— was left in use based on medical judgment despite a known clinical performancejissue, or

— was removed from service and returned for analysis, where analysis was ingoncludive because
only portions of the lead were available, or the returned lead was damaged,by the explantation
process, or where returned product analysis could not determine an’out of specification
condition.

Manpfacturers shall include the number and category of acute lead complications. Where mare than one
lead|complication is identified, only the complication highest in the higrarchy shown in Table 2 shall be
repdrted per lead in those cases.

5.2.4 Reporting leads cumulative survival probability

This|subclause provides additional requirements for reporting cumulative survival probability of leads
in relationship to 4.6.2.

Leads shall not be considered for inclusion in lead survival probability calculations in those ¢ases where
the lead implant was attempted but failed, lead.damage was induced, or there were findings|that did not
affe¢t the electrical function of the lead (e.g. discoloration, cosmetic).

5.2.4.1 Lead survival probability using data from post market surveillance

Whegn manufacturers choose to estimate lead survival probability using post market survefllance, they

shal] include complication categories and return product analysis malfunction categorization as shown
in Tdble 3.

Tablp 3 also describes whichr events shall be included in survival probability estimations.

© ISO 2014 - All rights reserved 11
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Table 3 — Summary of leads performance reporting criteria

Lead complications

Lead return product
analysis (RPA)

Leads events not
included in survival
probability

Acute

Implanted <30 d

at time of observation

Chronic
Implanted >30 d

at time of observation

While implanted

and

and

Reported oll)servation and lead was removed from ser-
vice (surgfically or electronically), but not returned

Returned with a complaint

Returned or not retatjned

insulatiojn breach;

abnorm]l pacing impedance;

abnorm

extracarfliac stimulation.

| defibrillation impedance;

— other.

or and of
Reported gbservation and lead returned where mal- . . Induced'damage or fot
: S : : Regardless of implant time
functionfanalysis is inconclusive or unconfirmed lead related
Do notinclude inlead |Include inlead survival | Include in lead survival | Do notinclude in lead
survival probability probability probability survival probability
and and Induced damage exaniples
Complicatiops shall be reported as one of the following — scalpel cuts;
observation|categories: Malfunctions confirmed
— no suture sleeve (use
— cardiac gerforation; through RPA shalkbe error);
’ reported as pneof the fol- !
— conductqr fracture; lowing categories: — twiddler syndromg¢;
— lead dislpdgement; — conduetor fracture; — infection;
— failure tq capture; — inmsulation breach; — pt. outgrows lead.
— oversenging; —"crimps, welds, and
. bonds;
— failure tq sense; Not lead related examples

— implant damage;
— non-electrical;

— secondary findingg.

12
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Annex A
(normative)

Statistical method for survival analysis and discussion
application of results obtained

A1l

This
perf]
anal
theil

Introduction

annex illustrates the application of actuarial analysis to obtaining the expression
brmance for population samples of devices. It is intended only as an introduction to
ysis for users of this part of ISO 5841, who might be unfamiliar with stich statisticg
application to clinical experience with devices. For a further understanding of the a

of

b of clinical
this type of
1l tools and
ssumptions,

methods and use of actuarial techniques, the reader is encouraged to refer, to the more comprehensive

disc

The
tob
data
of dg
of aq
infol
unit

A.2

A.2.

Each
follo

1ssions contained in the Bibliography.

main advantage of actuarial methods is that no underlying statistical distribution of thg
e assumed. As such, actuarial techniques are suitable for,use with a wide variety of {
arising from clinical experience with devices. It is becau§e'of this wide applicability in
vice data that this annex presents an outline of thesesmethods. This annex demonstr
tuarial methods on a hypothetical set of data on implanted devices. It is assumed th
mation is available on the classification status.anid on the important dates associate

Statistical method for device performance reporting

1 Categorization of devices
wing criteria and accordingto the best evidence available.

hnalysis.

Category B: Device removed from service for reasons not related to the functioning of th
romplication recorded or malfunction confirmed by returns analysis.

Category(1: Devices with a malfunction confirmed by returned product analysis or |
Feported complication.

data needs
he kinds of
the analysis
ites the use
ht complete
1 with each

implanted and explanted deyice shall be assigned the appropriate category in accordamce with the

Category A: Device that is'in service. No complication recorded or malfunction confirmed by returns

e device. No

pads with a

Category C2: Pulse generator battery depleted. No malfunction confirmed by returns aj

NOTE

A.2.

halysis.

Category D: Patient has died. However, the death, as far as can be verified, is unrelated to the

functioning of the device. No complication recorded or malfunction confirmed by retur

ns analysis.

Category L: Device is lost to follow-up. No complication recorded or malfunction confirmed by

returns analysis.

Devices subject to an advisory are subject to the same criteria as non-advisory devices.

2 Organizing the data

There are three pieces of data about a device that are needed to proceed with an actuarial analysis:

a)

the date of implantation;

© IS0 2014 - All rights reserved
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b) the assigned category;
c) the earlier of the following dates:

— the date that a confirmed device malfunction or a lead complication was reported to have
occurred (category C1);

— the reported date of battery depletion (category C2);
— the date of explant;

— the date of patient’s death;

— thedate of return;
— thedate a device was deemed to have been lost to follow-up (category L).

For units stfill in service (category A), the dates above will not apply, in which case, the end date of the
clinical performance period described by a particular report shall be used.

The associgted time to categorization is calculated as the difference betweenthe’date associated with
categorizatjon and the implant date.

Figure A.1 dhows the implant lifetime, according to calendar time, of a hypothetical group of 24 devjices.
The conclugion of the clinical reporting period in this example is taken to be at the end of year #. In
accordance|with Annex A, the letters A, B, C, D, or L are assignedto general categories to faciljtate
analysis of the population sample.

14 © ISO 2014 - All rights reserved
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gathered up to the end of year 4. The dot (¢) denotes the beginning of year 4.

Itis
repg
in sy
the ¢
com

A.2.

Figure A.1 — Implant lifetimes, according to calendar time, for a sample data s
24 pulse generators

mportant to note that.categories are assigned on the basis of the best information ava
rting party. For some-devices, the reporting party can have information that they are
ecification (or aut of specification). If all that is known is that a device has been impl]
reneral categoty)A is assigned. A.3 describes how the bias that arises from this assumy
bensated forinpart.

3 Cumulative experience reports

A.2.

1] experience

et of

lable to the
functioning
anted, then
tion can be

.1’ Actuarial analvsis

This subclause presents the steps involved in performing an actuarial analysis for the purpose of
preparing a report on cumulative experience.

Figure A.2 shows the implant lifetime of the sample data set on a scale measuring the length of implant
time for each pulse generator. The notation remains the same as that defined for Figure A.1.
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ure A.2 — Length of implant, in months, forithe devices in the sample data set
as in Figure’A.1

The focus of this discussion is the actuarial data presented in Table A.1. The sample data set show

Figures A.2
the other cq

time. Thus,
of a time ix
estimates u

— Numbe

— Survivg

and A.3 is given numerically in Table A.1 in columns N, 4, D, E, and C. These variables
lculated quantities shown are dés¢ribed below. Each of the variables is actually a functi
for example, the quantity N ean be represented as N(t). In the example above, the sele
terval of three months wasrarbitrary. Manufacturers shall calculate survival probak
sing one-month intervals.

I entering N(t): Thenumber of category A devices entering the given time interval (t).

the clinfical reportingperiod, falls within the given time interval (t).

—  Withdr

bwn foranon-product related reasons E(t): Number of category D, L, and B devices wit]

associated time to categorization within the given time interval (t), such that:

If the s

'n in
and
bn of
tion
ility

rs A(t): The number of category A devices whose implant duration, calculated at the end of

h an

irvival calculations are being performed for leads or pulse generators where non-sury

yival

includes normal battery depletion

E(®) = D(®) + B(®) + L(t)

(A1)

If the survival calculations are being performed for pulse generators where non-survival excludes

normal

battery depletion

E(t) =D(6) + B(6) + L(®) + C2(8)

16

(A.2)
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Non-survivors C(t): Number of category C1 or C2 devices with an associated time to categorization

within the given time interval (t).

If the survival calculations are being performed for pulse generators where non-survival includes

normal battery depletion

C(6) = C1(8) + C2(8)

(A.3)

If the survival calculations are being performed for leads or pulse generators where non-survival

excludes normal battery depletion

[(6) = C1(1)

Units at risk U(¢): The effective number of devices in service that are subjectto a change
during the given time interval.

V(t)=N(t)-

A(t)+E(t)
2

hormally to the end of the given interval.

c(e)

(A4)

in category

(A.5)

Survival fraction (P): The estimated probability that a dévice entering the interval yill operate

Plt)=1-———= (A.6)
— [umulative survival (S): The estimated probability of a device surviving from the time df implant to
the end of the given interval.
$(£)=P(t)xP(t-1)x...P(1) (A7)
That is, the product of the survival fractions P(1)...to P(t).
Table A.1 — Actuarial analysis of sample data set for use in preparing
a cumulative experience report
® ) (4 D) (E) © () P $)
. Cumula-
.Impiant . Incom- . Withdrawn Withdrawn . . tive
intekval Lengthef time Number lete Patient or lost to out of Units Survival survival
mohths entering pe death specifica- atrisk fraction -
lifetimes follow-up tion probabil-
ity
0<t<3 24 0 0 0 0 24,0 1,000 0 1,0
St st 24 4 1 1 o 2540 180440 1,000 0
3 6<t<9 22 0 0 0 1 22,0 0,954 5 0,954 5
4 9<t<12 21 0 1 1 0 20,5 1,000 0 0,954 5
5 12<t<15 20 0 0 1 0 19,5 1,000 0 0,954 5
6 15<t<18 19 0 0 1 0 18,5 1,000 0 0,954 5
7 18<t<21 18 0 0 0 0 18,0 1,000 0 0,954 5
8 21<t<24 18 0 0 0 0 18,0 1,000 0 0,954 5
9 24<t<27 18 2 0 0 2 17,0 0,882 4 0,842 3
10 27 <t<30 14 2 0 0 1 13,0 09231 0,777 5
1 30<t<33 11 2 0 0 0 10,0 1,000 0 0,777 5
12 33<t<36 9 1 0 0 1 8,5 0,882 4 0,686 1
© ISO 2014 - All rights reserved 17
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Table A.1 (continued)
® (V) (4) D) (E) &) ) (P) )
. Cumula-
Implant . Incom- . Withdrawn | Withdrawn . . tive
interval Length of time Number Patient out of Units Survival .
. plete orlostto Lo . R survival
months entering e death specifica- atrisk fraction .
lifetimes follow-up tion probabil-
ity
13 36<t<39 7 2 0 1 0 55 1,000 0 0,686 1
14 39<t<42 4 1 0 0 0 3,5 1,0000 0,686 1
15 42 <t<45 3 1 0 0 0 2,5 1,0000 0,686 1
16 45<t<48 2 2 0 0 0 1,0 1,000 0 0,696 1
Total 13 2 4 5 224,5
NOTE I1} this example, category C includes both subcategories C1 and Cp, and category E includes’categpries
B, D, and L.
The information in column (S) of Table A.1 is presented in graphical form in Figure/A.3.

A.2.3.2 Co¢nfidence limit

Those part
cumulative
standard et
would aid g
confidence

Cumulative survival probability

(=]

—_

(=4

es reporting cumulative survival statistics shall provide for-each monthly interval the
survival probability (S), the effective sample size data<or* each interval (U), and 945 %
ror (as calculated by Greenwood’s method). Confidencelimits (for example, 90 %, 95 %)
reatly in interpreting the data. For the statistical techniques involved in preparing such
imits, the reader is referred to the Bibliography.

0
—r——
0+
0
0
r—r——

0 ! ! ! ! ! ! ! ! ! ! !

0 3 9 12 15 21 24 21 30 33 36 39 L5 48

Length of implant time, months

Figure A.3 — Plot of cumulative survival probability against length of implant time, in months
[Values taken from column (S) in Table A.1]
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A.3 Discussion of application of results obtained

A.3.1 Limitation of the example

It should be noted that the proportion of devices assigned to general category C is highly exaggerated to
illustrate the method. Such a rate of performance change should not be expected in actual data unless
a pulse generator is having serious problems or it has passed the recommended replacement condition.

A.3.

ane
to ej

Prod
requ
repg
peri

Pass

2 Problems affecting accuracy

ulation sample reflects the population as a whole. More specific to implanted device
bles is the fact that some patients are lost to follow-up. Some of these can return to foll
ktended absence. The population sample can reflect only those devices which furction |
iter a follow-up programme, thus causing earlier events to be under-represented,

uct performance reports can be based on data collected actively, passively, or both. Actiy
ires the existence of procedures to verify all data relating to the clinical performance g
rted. Such procedures can include determination of the status of-all devices during t
bd or assurances that all changes in device status are reported as‘they occur.

ive data collection, in the absence of such verification-procedures, leads to the ne

assumptions about the status of devices for which no data have been received during

perf]
knoxy

Such
of a
gend

Acti

brmance period being reported. Typically, the assumption is that the devices retaing
vn status.

assumptions are not always correct. With passive data collection, failure to report the €
W out-of-warranty pulse generator, for example, will lead to a biased conclusion thg
rator is still implanted.

e data collection is preferred fox-clinical performance reporting. However, ecq

admjinistrative constraints dictate that\while it is likely that a clinical group will collect d

ma

Any
repa

Asw

facturers usually have to rely, on‘passive collection.

reporting party has a respoisibility to indicate the data collection methods used in p
rts and, thus, the naturé of any biases that might be present.

ith other statisticabmethods, the benefit of the analytical methods in this part of ISO 581

by the size of population under consideration.

A.3.

Und
devd
in tH

3 Adjustment for under-reported events

er-reporting of events is a persistent problem, particularly when clinical performan|
lopeddfrom a passive data-collection system. One methodology for correcting the surviv.
edlife table procedure was developed by the Health Industry Manufacturers’ Associat

haracterize
be to which
population
pw-up after
ong enough

e collection
eriod being
he relevant

bd to make
the clinical
d their last

xplantation
t the pulse

nomic and
hta actively,

reparing its

11 is limited

ce data are

hl estimates
ion (HIMA)

Pac

TITaReT TasK Force statistical Working Group: T his methodotogy adjuststhe survivate

timates by

deriving a correction factor from a yearly random sample of patients. Data from the “active” component
is used to adjust the survival estimates when significant under-reporting of follow-up events, such as
patient deaths, devices withdrawn in specification, and devices withdrawn out of specification, are
suspected.

If bias due to under-reporting exists, some adjustment to both numerator and denominator of
Formula (A.6) should be considered. Assume that through some method, such as a random audit, the
following reporting rates, bounded between 0 and 1 (i.e. 0 < II < 1), are found:

[1¢ is the fraction of devices withdrawn out of specification that are reported;

[1p is the fraction of deaths actually reported;
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The corrected estimates for C, D, and E can be obtained from the following relationships:

[1g is the fraction of devices withdrawn in specification or lost to follow-up that are reported.

C(t)= == A8
(¢) . (A.8)
. D(t
D(t) :ﬁ (A9)
I,
. E(t
E(t)= 1) (A.10)
I
The above formulae assume that [1¢, I1p, and [1g are independent of implant time ¢. This assumptipn is
a practical pne if these parameters are estimated from a small audit samples. The number of deyices
withdrawnout of specification, patient deaths, and devices withdrawn in specificatiotin a small sample
are quite small. Thus, the probability of detecting the time dependency of Il¢, I1pand I1g is very low.
On the oth¢r hand, if reporting rates are to be estimated from a larger audit sample, then the fime
dependencyf of the reporting rates can be estimated with relatively high precision. Assuming that [I¢(),
IIp(), and Ifg(y represent time-dependent reporting rates for devices-withdrawn out of specificafion,
deaths, and devices withdrawn in specification that can be estimated from a large sample, then
Formulae (4.8), (A.9), and (A.10) can be rewritten by substituting F¢(), [1g), and Ip in place of [g, Ip,
and I1g
The total number under-reported in time interval t can be expressed as:

At) = é(t)+l§"(t)]— [C(t)+E(t)} (A.11)
Correctiong are also required for A(t) and N(t) to:reflect the corrections made in Formulae (A.8), (A.9),
and (A.10).

Correction pf A(t) and N(t) requires the following additional definitions:

— n(t) is the number of devices implanted during the tth time interval prior to the closing date of the
study.

— N'(t) is[the number of devices implanted by time, ¢, prior to the closing date [see Annex C for a

graphidal descriptionf7i(t) and N'(t)].

Then the fo]lowing relationships exist:
maxt

N'(1)= ¥ n(i) (A.12)

i=1
t-1

N'(¢)=N"(1)= Y n() (A13)

i=1

Also note that A(t) comes from the cohort group n(t). A(t) are those patients remaining from the cohort
n(t) that have not experienced a device withdrawn out of specification, death, or loss to follow-up.

20
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The corrected estimate A(t) shall account for the under-reported events from n(t). le(t) can be

esti

mated from the following relationship:

A(t)=A(t)-AA(t)

where

2
AA(t) accounts for the correction needed for the cohort group n(t) and the above derivation e
T T
Da(i)=324(t)
=1 i=1

where T represents the maximum time interval in the life table.

Forrhula (A.14) allows N(t - 1) to be correctly adjusted as:

Also} the units at risk U(f) from Formula (A.5) can be carrectly adjusted as:

(A.14)

“‘(*)’HY} .~ )}*ZN e J
SN’(;‘)—Q "(t)—n(t

N (e+1)=N'(t)-[C"(t)+E'(t)+ A'(¢) ]

A(t)+E'(t)

V'(t)=N'(t)- 5

survival fraction (P) and the cumulative survival (S) can be calculated using Formuld

(A.15)

hsures that:

(A.16)

(A.17)

(A.18)

e (A.6) and
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