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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 ih a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, govern-
mental and non-governmental, in liaison with ISO, also take part in the work.

Draft Internationpl Standards adopted by the technical committees are circulated to
the member bodies for approval before their acceptance as International Standards by
the ISO Council.| They are approved in accordance with ISO procedures requiring at
least 75 % apprqval by the member bodies voting. '

International S{andard IS0 5841/2 was prepared by Technical Committee
ISO/TC 150, /mplants for surgery.

Users should note that all International Standards undergo revisionfrom time to time
and that any reference made herein to any other Internationak Standard implies its
latest edition, unjless otherwise stated.
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INTERNATIONAL STANDARD

1SO 5841/2-1986 (E)

Implants for surgery — Cardiac pacemakers —
Part 2 : Reporting of the clinical performance of

populations-of pulse generators

0 Intrpduction

ISO 5841)/1 requires the clinician’s manual to contain a state-
ment of fhominal pulse generator service life. Expectations of
available [power source energy are not always fulfilled and
changes |in pacemaker components and assemblies have
resulted ih actual service life different from the nominal service
life. Defined production groups of pulse generators have re-
quired clgser follow-up or replacement due to changes in per-
formance exhibited in clinical use.

This expgrience shows the value of maintaining an accurate
and discr|minating view of clinical performance of a population
of pulse generators so as to aid patient management. In order
to do thig, it is necessary to collect implant and explant infor-
mation. ISO 5841/1 specifies the content of forms to report
implant and explant information.

The primfary purpose of this part of 1ISO 5841 is to describe the
reporting| responsibilities in sharing clinical performance infor-
mation for patient management. When clinical"performance
reports djscriminate by production group and focus on recent
experiende, they are of value in patient management.

This parf of ISO 5841 concerns the clinical performance of
pacemakers, not the clinical reasons_fortheir use. It is realized
that reaspns for use can be a guide in the design of future
products

At present, reporting partiés give cumulative clinical experience
informatipn based on .a Variety of assumptions and statistical
techniqugs. This partof ISO 5841 gives, in annexes, a method
for categorizing..pacemakers, guidelines to the statistical
techniqugs thatishould be used to obtain the most benefit from
the data|and“\a' statement of the rationale for this part of

1 Scope and field of application

This part of 1ISO 5841 specifies’requirements fqr reports on the
clinical performance in humans of population gamples of pulse
generators. It includes general requirements fdr all reports and
supplementary requirements for reports on regent experience
and cumulative experience, including specific statistical expres-
sions based onran adaptation of actuarial analysis.

Annex, A provides requirements for categorizing pulse
generators. Annex B provides guidelines fqr statistics, in-
cluding a discussion on application of the results obtained. As
with other statistical methods, the benefit df the analytical
methods in this part of ISO 5841 is limited by the size of popula-
tion under consideration. Annex C gives the rationale for this
part of ISO 5841.

2 Reference
ISO 5841/1, Implants for surgery — Cardiac|pacemakers —

Part 1: Implantable ventricular pacemakers.

3 Definitions

For the purposes of this part of ISO 5841, the definitions given
in ISO 5841/1 and the following definitions apply.

3.1 advisory notification: In respect of a dgvice, any action
taken to inform the clinicians concerned by j[a manufacturer
who has become aware that the pulse generftor may fail to
conform to any claims made relating to effectieness, benefits,
performance characteristics or safety.

Clinicians have emphasized that a pulse generator the per-
formance of which has changed, either expectedly or unexpec-
tedly, is sometimes left implanted due to other medical con-
siderations. Instances exist where the performance of an
implanted pulse generator has changed to stable but out-of-
specification performance which is considered safe and effec-
tive by the attending clinician. This is an important reason why
the term ““failure” is avoided throughout the classification.

“Failure” is not sufficiently specific to express the significance
of a change in performance. In addition, ““failure’” implies a
negative connotation for pulse generators which meet all
longevity claims and cease functioning due to normal power
source depletion.

3.2 clinical performance period: A calendar period,
defined by the reporting party, during which the clinical perfor-
mance of a specific population sample of pulse generators is
assessed.

3.3 damaged: Term used to describe a device the
characteristics of which have changed outside the limits stated
by the manufacturer due to some external agency.

3.4 dysfunction: Term used to describe a device having
some characteristic outside the limits recommended by the
manufacturer for clinical use, except changes due to the ex-
pected battery condition.
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3.5 follow-up centre: A medical centre, hospital, clinic or
individual responsible for the care of a patient after the implan-
tation of a pacemaker.

3.6 in service: Term used to describe a device that is func-
tioning in such a manner as to provide potential medical
benefits to the patient although the pulse generator may be out

of specification (see 3.10).

3.7 in specification: Term used to describe a device having
characteristics within the limits recommended by the manufac-

turer for clinical

3.8 medical
generator or it
threshold, etc.).

3.9 out of sen

viding a medical

not necessarily o

3.10 out of s
having one or ni
mended by the n

designated for

4.2 The report shall specify the sample size and how the
population and population sample are defined.

4.3 The criteria for including and excluding data shall be
given.

4.4 The time period over which the data were acquired shall
be given.

4.5 The units of time of the data shall be given.

ise.

easons: Reasons unrelated to the pulse
operation (e.g. infection, extrusion, high

vice: Term used to describe a device not pro-
benefit to the patient. The pulse generator is
ut of specification (see 3.10) or explanted.

ecification: Term used to describe a device
ore characteristics outside the limits recom-
hanufacturer for clinical use.

he purpose of reporting performance ex-

3.1 populatiIn sample: A group of pulse generators

perience that it a

3.12 producti

sumed to be representative of the population.

pbn group: A particular population sample of

pulse generators] designated by the manufacturer on the basis

of, for example,
manufacturing p

3.13 prophyl
based on expect

3.14
which the pul
allowable chang

the manufacturef.

3.15
date of explanta

3.16

ime or place of manufacture or a change in the
focess or components.

tic explantation: Explantation for reasons
d performance of the pulse genéetator.

generator has exhibited the maximum
s in the battery condition indicators stated by

recomm{;nded replacement condition : Condition in

registerTi explant ;-A\registered implant for which the

ion is known' by the reporting party.

registerjd implant: An implanted pulse generator for

which the date of implantation is known by the reporting party.

3.17

4.6 Each report shall explain the presentation of/theinforma-
tion and any methods of analysis used to calculate qumerical
expressions of performance. It shall be stated in the report that
it has been prepared in accordance with. this’part of 1$0 5841.

4.7 The report shall explain methods used to adjus} for any
sources of bias known to be present (see annex B).

4.8 Any generalizations or inferences from data |shall be
qualified as to assumiptions, limitations and associafed con-
fidence levels.

4.9 Pulse generators referred to in an advisory nofification
shall be identified by means of the serial numbers of the
devices:

410 The report shall state the basis for adjusting r¢gistered
implant months to compensate for unreported mortglity and
unreported explants.

4.11 Pulse generators shall be assigned the appropriate
category in accordance with annex A.

NOTES ON CLAUSE 4

1 Reports applicable to any number of production groups ¢r popula-
tion samples may be included in one document. However, they should
be arranged in an easily distinguishable manner.

2 It is recommended that supplementary information be injcluded in
the report, for instance lower confidence limits (see annex B).

5 Reporting of recent clinical performance
of implanted pulse generators for patient
management

registered implant month: One month of operation

by a registered implant.

3.18

reporting party: An

individual or organization

publishing clinical pacemaker data or the analysis thereof.

4 General requirements (see also annex C)

4.1 The report

shall indicate the sources of the data and the

methods used to collect them.

5.1 A report of this type shall comply with the qualifications
and limitations given in 5.2 to 5.5. (See also annex C.)

5.2 The basis of the report on a specific registered implant
shall be the clinical performance of that production group to
which it belongs.

5.3 The clinical performance period shall fall completely
within a specified 12 calendar month period. The date of the
report shall be within six months of the end of the specified
period.
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5.4 For the production group and clinical performance
period, the report shall compare the number of registered im-
plant months with the number of pulse generators categorized,
in accordance with annex A, as being out of specification (in-
cluding sub-categories). As a minimum, monthly survival rate
and population sample size shall be given.

NOTE — Examples of data sets and analyses are given in annex B.

5.5 The manufacturer of the pulse generator shall provide a
report on the production group at least once a year for as long

request.

6 Repor

ling of cumulative experience with

implanted pulse generators

6.1 A repo
and limitatio

rt of this type shall comply with the qualifications
hs given in 6.2 to 6.5. (See also annex C.)

1ISO 5841/2-1986 (E)

6.2 For a given population sample, the report shall compare
the total number of registered implant months with the total
number of pulse generators categorized, in accordance with
annex A, as being out of specification (including sub-
categories). As a minimum, the cumulative survival probability

for the population sample and population sample
given.

NOTE — Examples of data sets and analyses are given

size shall be

in annex B.

6.3 The report shall state that it is based on cumulative

as there are mmmmmmdmmrmﬂmmmrrem implant
made availatfle to the implanting and follow-up centres at their performance nor reflect differences in performance between

production groups.

6.4 The report shall direct attentionto recen|

reports suitable for patient management purposes.

6.5 The manufacturer shalhprovide a report on ¢
least once a year for as long-as there are devices kr]
service. This report shall‘be made available to th
and follow-up centres,at their request.

t experience

ach model at
own to be in
e implanting
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Annex A

Method for categorizing pulse generators

(This annex forms an integral part of the standard.)

The pulse generator shall be assigned the appropriate category in accordance with figure 1 and according to the evidence available to
the reporting party.

A pulse generatqr shall be classified in that category which best describes its status, use being made of the best information pvailable.

The reporting pdrty should detail the composition of the categories A, B and C, with special attention given to distinguishing units in

categories Cq and C,.

A general categfry (A, B or C) shall be assigned to the generator, in accordance with the following criteria):
— Category A: Pulse generator that is in service and, as far as can be verified, in specification.

— Category B: Pulse generator removed from service for reasons not related to the functigning of the device.

— Category C: Pulse generator that is out of specification.
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IMPLANTED A
In service A
In specification A
Out of specification C
Dysfunction t‘l
Recommended
repla;_:gmpnt C
condition 2
Out of service B
In specification B
Out of specification c
Dysfunctfon c1
Recommeénded
replaf:t.am"nt C
condition 2
Damaged B
EXPLANTED B
In specification B
Medical reasons B
Prophylactic explantation B
Patient died B
Advisory notification B
Out of specification c
Dysfunction c'l
Recommended
replaf:c.ament C
condition 2
Damaged B
Unclassified B
OUT OF SPECIFICATION BEFORE USE E 1

Figure 1 — Assignment of category and general category to pulse generators
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Annex B

Statistical guidelines and discussion of the application of the results obtained

(This annex does not form an integral part of the standard.)

B.1 Introduction

This annex illustra 3 ) the € inical performance slation samples
of pulse generatg type of analysis for users of this part of ISO 5841 unfamiliar
statistical tools gnd their application to clinical experience with pulse generators. For a further understanding of the‘assumptions,
methods and us¢ of actuarial techniques, the reader is encouraged to refer to the more comprehensive discussions.contairjed in the
bibliography listed in clause B.4.

The main advantage of actuarial methods is that no underlying statistical distribution of the data needs to beassumed. As puch, ac-
tuarial techniques are suitable for use with a wide variety of the kinds of data arising from clinical experience'with pulse gengrators. It
is because of thjs wide applicability in the analysis of pulse generator data that this annex presents.an”outline of these methods.
Nothing in this gnnex is intended to preclude the use of additional analytical techniques, which may'be appropriate for spegific data
sets and other r¢porting objectives.

brs. Fora
Clauses 5
h clinical

This part of ISO 841 is aimed at all individuals or organizations who publish reports of clinical experience with pulse generat
manufacturer tobe in compliance with this part of ISO 5841, there are additional requirements for reporting (as discussed in
and 6). Analysis|techniques and actuarial displays are illustrated in this annex. Additional or more detailed analyses of sud
data are, of coufse, not precluded.

This annex will d
that complete in

emonstrate the use of actuarial methods on a hypotheticalset-of implanted pulse generator data. It will be|assumed

formation is available on the classification status and on, the important dates associated with each unit.

B.2 Statistical guidelines

B.2.1 Organjzing the data

In accordance with annex A, the letters A, B or C_are assigned to general categories to facilitate analysis of the populatiom sample.

It is important to| note that categories are assigned on the basis of the best information available to the reporting party. For sqme pulse

generators, the
known is that a
which arises fro

There are three

a) the date

eporting party may have(information that they are functioning in specification (or out of specification). If
pulse generator has béen implanted, then the general category A is assigned. Clause B.3 describes how
m this assumption ¢an'be compensated for in part.

pieces of data about a pulse generator that are needed to proceed with an actuarial analysis:

of implantation;

jall that is

the bias

b) the assignment'of the category (see annex A);

c) the date associated with the assignment.

The date associated with the assignment is the date on which a category is assigned to a pulse generator. This would be, for example,
the date on which a unit was explanted for reasons not related to its function (a “‘B"') or that date (implanted or not) a unit went out of
specification (a *“C”'). For units still in service and in specification (an ““A”), it is the date on which the clinical performance period
described by a particular report ends.

Special consideration is required for those patients with pulse generators who lose contact with the follow-up centre. In an “active”
data system, the units are effectively withdrawn from the population at the moment continuing contact with the patient is broken. If
the pulse generator was performing in specification up until the time, a classification of “‘B” can reasonably be assigned. This would
be the case, for example, if a patient changes address without notification. Assignment of a “B’’ category makes the assumption that
the reason contact was lost was unrelated to the functioning of the generator. If the follow-up centre re-establishes contact with a lost
patient, information about the pulse generator condition can once again be determined. That unit could resume its place with other
units in the population sample being monitored.
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B.2.2 Cumulative experience reports

B.2.2.1 Actuarial analysis

This sub-clause presents the steps involved in performing an actuarial analysis for the purpose of preparing a report on cumulative ex-
perience. Figure 2 shows the implant lifetime, according to calendar time, of a hypothetical group of 24 pulse generators. A group of
units would, in practice, be selected on the basis of some common characteristic, making it suitable to report on their collective per-
formance. The conclusion of the clinical reporting period is taken to be at the end of year 4.

Figure 3 shows the implant lifetime of the sample data set on a scale measuring the length of implant for each pulse generator. The
notation remains the same as that defined for figure 2.

The focus of this discussion will be the actuarial data presented in table 1. The sample data set shown in figuresJ‘Z and 3 is given
numericdlly in the table in columns N, A, B and C. These variables and the other calculated quantities shown, are dlescribed below.
Each of the variables is actually a function of time. Thus, for example, the quantity N can be represented as\NV{t). Tlhe selection of a
time intefval of three months was arbitrary.

Number entering (N): The number of pulse generators entering any given time interval with the \classification “QA"".

Incomplete lifetime (A4) : The number of units in a general category A" the implant time of which at the end of the[clinical reporting
period falls within the given interval.

Withdrawn in specification (B): Number of units classified as ‘“B’’ within the given.interval.
Withdrawn out of specification (C): Number of units classified as ‘‘C"" within\the given interval.

Units at| risk (U): The effective number of units in service which are subject to a change in category during the [given interval :

[A(¢) + B(1)]
2

Ult) = N(t) -
Registeted implant months (M) : The number of months of-éffective pacing during the given interval :
M =|Ult) x n
where nlis the number of months in the given intetval.
(Approximation applicable to large data set; more accurate method is to count implant months.)

Monthly survival rate (R): The monthly survival rate during the given interval :

cu

R(¢) -
Mlt)

Survival| fraction (P) Thé estimated probability of a unit entering the interval operating normally throughout the given interval :
Plt) |= [R(1)]n

where nlis the humber of months in the given interval.

Cumulative survival (5] The estimated pr. i i i given interval :
S(e) = P(t) P(t=1) ... P(1)
i.e. the product of the survival fractions P(1) . . . to P(t).

The information in column (S) of table 1 is presented in graphical form, see figure 4.

B.2.2.2 Lower confidence limit

Those parties reporting cumulative survival statistics are encouraged to present additional information to that in column (S). The ef-
fective sample size data for each interval, column (U), or lower confidence limits (30 %, 95 %) would aid greatly in interpreting the
data. For the statistical techniques involved in preparing such confidence limits, the reader is referred to the bibliography in
clause B.4.
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B.2.2.3 Overall monthly survival rate

Overall monthly survival rate has been used to make generalized expressions of clinical performance. The analysis method is shown
here so that those using this part of ISO 5841 can see the improved discrimination and, therefore, clinical utility afforded by actuarial

analysis as presented in clause B.1.

An estimate of the overall monthly survival rate can be calculated from the data in table 1. Any informative data about specific implant

intervals will be lost in this reduction to a single number estimate.

k
— Total implant months = E U(t) x length of interval

=1

i=1

— Overall monthly survival rate = 1 — -
Total implant months

where k = 16 for the sample data.

For the 24 gene}ators, this results in an overall monthly survival rate of 0,9926 or 99,26 %.

B.2.3 Recent experience reports

This sub-clause|presents the steps involved in performing an actuarial analysis for the‘purpose of preparing a report on fecent ex-

perience. This discussion will focus on table 2. In contrast to the earlier actuarial analysis of cumulative experience, only t

he clinical

experience gained in year 4 of figure 2 will be used (to the right of the circles ““0"/),“To perform this analysis, a new category (N5) has

to be added to the actuarial table.

It will be noted [that during year 4, no clinical experience was gained oniimplant periods of less than 12 months.

Number entering (N,): Defined in the same way as variable (N)-before (see B.2.2.1).

Number added (N,): The number of units the clinical experience of which during the reporting period began in the givgn implant

interval.
Columns A4, B| C: Same definition as before (see B.2.2.1).

Columns M, R, P: Same functional definition.as before (see B.2.2.1).

Units at risk ({/) : Same definition as before, but calculated differently (see B.2.2.2):

N No(¢) 3 [A() )B(1)]
2 2

Ulr) = Nq(a)

NOTE — The definition and calculation of (P) are the same as before.

B.3 Discusfsion of the application of the results obtained

B.3.1 Limitation of the example

It should be noted that the proportion of pulse generators 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.

B.3.2 Problems affecting the accuracy and benefit of analyses

There are a number of practical problems which limit the ability of any population sample to characterize accurately a population of
implanted pulse generators. A fundamental statistical issue is the degree to which a population sample reflects the population as a
whole. More specific to implanted pulse generator population samples is the fact that some patients are lost to follow-up. Some of
these may return to follow-up after an extended absence. The population sample may reflect only those pulse generators which func-

tion long enough to enter a follow-up programme, thus causing earlier events to be under-represented.
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Product performance reports may be based on data collected actively, passively, or both. Active collection requires the existence of

- procedures to verify all data relating to the clinical performance period being reported. Such procedures may include determination of
the status of all pulse generators during the relevant period, or assurances that all changes in pulse generator status are reported as
they occur.

Passive data collection, in the absence of such verification procedures, leads to the need to make assumptions about the status of
pulse generators for which no data have been received during the clinical performance period being reported. Typically, the assump-
tion is that the pulse generators retained their last known status.

Such assumptions are not always correct. With passive data collection, failure to report the explantation of an out-of-warranty pulse
generator, for example, will lead to a biased conclusion that the pulse generator is still implanted.

Active ddta collection is preferred for clinical performance reporting. However, economic and administrative constrgints dictate that
while it ig likely that a clinical group will collect data actively, manufacturers usually have to rely on passive collection.

Any reporting party has a responsibility to indicate the data collection methods used in preparing its reports and, thiis, the nature of
any biasds which might be present.

As with dther statistical methods, the benefit of the analytical methods in this part of ISO 5841, is'imited by the sige of population
under copsideration.

B.3.3 Adjustment for bias
One method for reducing the number of unreported explants is to cross-reference néw implant patient names with regords of existing
patients.|Thus, if a new implant is recorded for a patient who already has a pacemaker, it can be inferred that the previous pulse
generatof has been explanted.
A direct ¢orrection to the data in an actuarial table can be made to correct.for unreported explants and mortality. Firgt, an estimate is
needed df patients who are lost during each implant period due to these causes. One can then subtract this percentage of patients

from colémn (N) for each implant interval and add their number to eolumn (B), the withdrawn units. The actuarial gnalysis can then
proceed |n the usual manner.

B.4 Bibliography
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Figure 2 — Implant lifetimes, according to calendar time, for a sample data set of 24 pulse generators
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Figure 3 — Length of implant, in months, for the pulse generators in the sample data set as in figure 2

(The additonal notation is as defined in figure 2)
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Table 1|— Actuarial analysis of the sample data set for use in preparing a cumulative experience report
(In this example category C includes both sub-categories Cy and Cy)
(2) (N) (A) (B) (C) (U) (M) (R} (P) (S)
. Withdrawn . Cumu-
Implant Length Number h:l::tr:- vx"t::;:xf‘ out of Units R?'glsltae;:d ’::JOrCit\'/‘a'Y Survival lative
interval months entering lifetimes cation scpaet?:)fr'\- at risk months rate fraction p:;’;;;;":'tv
1 <tr< 3 24 0 0 0 24,0 72,0 1,000 0 1,000 0 1,000 0
2 3<t< 6 24 0 2 0 23,0 69,0 1,000 0 1,000 0 1,000 0
3 6<r< 9 22 0 0 1 22,0 66,0 0,984 8 0,955 1 D,955 1
4 <t< 12 21 0 1 0 20,5 61,5 1,000 0 1,000 0 D,955 1
5 12<t< 15 20 0 1 0 19,5 58,5 1,000 0 1,000 0 D,955 1
6 1% < ¢+ < 18 19 0 1 0 18,5 55,5 1,000 0 1,000 0 D,955 1
7 <1< 21 18 0 0 0 18,0 54,0 1,000 0 1,000 0 D,955 1
8 2l <t < 24 18 0 0 0 18,0 54,0 1,000 0 1,000 0 D,955 1
9 24 <t<27 18 2 0 2 17,0 51,0 0,960 8 0,886 9 0,847 1
10 21 <+t < 30 14 2 0 1 13,0 39,0 0,974 3 0,924 9 0,783 4
1" << 3 1 2 0 0 10,0 30,0 1,000 0 1,000 0 D,783 4
12 B << 36 9 1 0 1 8,5 255 0,960 8 0,886 9 P,694 8
13 B <r<3I 7 2 1 0 55 16,5 1,000 0 1,000 0 0,694 8
14 <t < 42 4 1 0 0 35 10,5 1,000 0 1,000 0 0,694 8
15 42 <t < 45 3 1 0 0 25 75 1,000 0 1,000 0 0,694 8
16 45 < t < 48 2 2 0 0 1,0 3,0 1,000 0 1,000 0 0,694 8
Totals 13 6 5
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