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Guidance for the Submission of Research and Marketing Applications for
Permanent Pacemaker Leadsand for Pacemaker Lead Adaptor
510(k) Submissions

This document isintended to provide guidance. It representsthe Agency’s current thinking
on thistopic. It doesnot create or confer any rightsfor or on any person and does not operate
to bind FDA or the public. An alternative approach may be used if such approach satisfies
the requirements of the applicable statute, regulations, or both.

. INTRODUCTION

This guidance document serves adua purpose. Thefirg purposeisto identify important preclinica
tests and clinical design consderations that should be incorporated in the overal evauation of
permanent cardiac pacemaker leadsin order to collect data that will document the devices safety,
effectiveness and clinica utility. This guidance may be useful for the preparation of premarket approva
gpplications (PMAS), invedtigationa device exemption (IDE) applications, premarket notifications
(510(k)) and master files. The second purpose of the document is to describe a means by which
pacemaker |ead adaptor devices may comply with the requirement of specia controlsfor class||
devices. Desgnation of this guidance document as a specid control means that manufacturers
attempting to establish that their device is substantidly equivaent to a predicate pacemaker lead adaptor
device should demongtrate that the proposed device complies with ether the specific recommendations
of this guidance or some dternate control that provides equivaent assurances of safety and
effectiveness.

Pease note that athough the remainder of the document refers exclusively to pacing leads, the testing
described hereinis generdly gpplicable to ng the safety and effectiveness of pacemaker lead
adaptors. FDA acknowledges that nondlinicd testing is usudly sufficient to support substantia
equivalence of a pacemaker lead adaptor in a premarket notification, 510(k) submission.

The development of a guidance document for permanent cardiac pacemaker leads and adaptors is
based on the Divison of Cardiovascular and Respiratory Devices (DCRD) eva uation of numerous
device gpplications, and the establishment of certain criteria necessary to conduct such evauations. This
isadynamic document which will bereviewed periodicdly as device materids, desgns and indications
for use change and technology improves.

The Least Burdensome Approach

Theissuesidentified in this guidance document represent those that we believe need to be addressed
before your device can be approved/cleared for marketing. In developing the guidance, we carefully
consdered the rdevant statutory criteriafor Agency decison-making. We aso considered the burden
that may beincurred in your attempt to comply with the guidance and address the issues we have
identified.



We believe that we have consdered the least burdensome approach to resolving the issues presented in
the guidance document. If, however, you bdieve that information is being requested that is not relevant
to the regulatory decision for your pending application or that there is aless burdensome way to address
the issues, you should follow the procedures outlined in the “ A Suggested Approach to Resolving Least
Burdensome Issues” document. It is available on our Center webpage at:
http:/Aww.fda.gov/cdrivmodact/|eastburdensome . html

II. GENERAL INFORMATION

The Medica Device Amendments of 1976 to the Federa Food, Drug, and Cosmetic Act (the Act)
established three regulatory classes for medical devices. The three classes are based on the degree of
control necessary to assure that the various types of devices are safe and effective. The amendments
define aClass 11 device as one that supports or sustains human life or is of substantia importance in
preventing impairment of human hedth or presents a potentia, unreasonable risk of illness or injury.
Permanent pacemaker leads have been classified as Class 111 devices. Under Section 515 of the Act,
all devices placed into Class |11 are subject to premarket approva requirements. Premarket approval
by FDA isthe required process of scientific review to ensure the safety and effectiveness of Class i
devices.

A preamendments device is one that wasin commercia distribution before May 28, 1976, the
enactment date of the Medical Device Amendments. Manufacturers of Class 11 preamendments
devices are not required to submit a PMA until 30 months after the promulgation of afind classfication
regulation or until 90 days after the publication of afina regulation requiring the submisson of aPMA,
whichever period islater.

At present, no fina regulation requiring the submisson of PMASs for permanent pacemaker leads
has been published.

A postamendment deviceis one that was first distributed commercialy on or after May 28, 1976.
Postamendments devices that FDA determines are substantialy equivaent to preamendments Class 111
devices are subject to the same requirements as the applicant's premarket notification submitted in
accordance with Section 510(k) of the Act. Postamendments devices determined by FDA to be not
subgtantialy equivaent to elther preamendments device or postamendments devices classified into Class
| or Il are"new" devices and fal automaticaly into Class11. Before such devices can be marketed,
they should have an gpproved premarket approva application or be reclassified into Class | (generd
controls) or Class || (standards).

Most permanent pacemaker leads reach the market via a Section 510(k) notification. Leadswith
ggnificantly different technological characteristics and/or indications such that safety and effectiveness
could be affected require premarket approval by FDA before they may be commercidly distributed (an
example of this would be a steroid-eluting lead).
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Clinicd studiesin support of aPMA are subject to the investigationa device exemptions (IDE)
regulations, (refer to 21 CFR 812).

Pacemaker lead adaptors, which were preamandments Class 111 devices, are now Class |1 devices.

[11. NONCLINICAL TESTING

The following seriesis intended to identify issues that need to be addressed to qudify a“new”
pacemaker lead and to identify some of the non-clinical tests which may be used to support a
pacemaker lead submisson. Sponsors should examine this ligting to determine testing appropriate for
their device. For example, if acurrently marketed lead is being dightly modified, only data needed to
qudify that change needs to be provided. Since new lead designs may experience failure modes not
previoudy seen, this guidance document may not reflect the complete battery of non-clinica testing
necessary to qualify al pacing leads/designs. It isthe respongbility of the lead manufacturer to define a
comprehensgive testing methodology for a particular leed design.

A. Biocompatibility

Biocompatibility evauation depends, in part, on the full characterization of dl serilized device materids
in contact with tissue and/or body fluids. In order to accurately identify these materids, the materia
specifications from the manufacturer, and quaitative and quantitative information concerning al
condtituent materids used in the manufacturing of the lead should be provided. Furthermore, dl
protocols, test results and identification of control materials should be provided in order that an
independent eval uation of the study conclusions can be made. Protocols do not need to be submitted if
standard methods are utilized (e.g., USP methods) and complete references for the methods are
provided.

Biocompeatibility testing may not be necessary if a materia has along higtory of usein currently
marketed pacemaker leads. If thereis sufficient knowledge about the biocompetibility/toxicity of every
congtituent of the lead, then it need not be subjected to further biocompatibility tests. It isincumbent
upon the device submitter to provide sufficient evidence to establish that further biocompatibility testing
IS not necessary. A gponsor may submit information and data available in publications or from other
legitimate sources which show that the materia is non-toxic in testsidentica or equivaent to the
biological testslisted below. Any changes in formulation, manufacturing or processing (including
derilization) between the tested and submitted products which might affect biocompatibility should be
identified.

Biocompatibility testing should be conducted in accordance with ODE blue book memorandum #G95-
1 entitled "Use of Internationa Standard 1SO-10993, Biologica Evauation of Medicd Devices Part 1.
Evauation and Testing" (from DSMA at 800 899-0381 or 301 827-0111) which includes an FDA
matrix that designates the type of testing needed for various medica devices. Implantable pacemaker
leads are defined as permanent implant, blood-contacting devices.

The effects of serilization on device materials and potentid |eachables, as wdll as toxic byproducts
resulting from Sterilization, should be congdered when conducting biocompatibility tests. Therefore,
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testing should be conducted on the sterilized final product and any leachable materia from the Sterilized
find product or representative samples. (See CDRH guidance document entitled “510(k) Sterility
Review Guidance (2/12/1990) #K90-1 (blue book memo)” for more information) All

test articles should be sterilized using the same procedure that is to be actudly used in the manufacturing
and gexilization of thefina device. The exact chemica andyss of device extracts (€luant or leachable)
may be omitted if the extracts are subject to toxicity testing. But, as stated above, the quditative and
quantitative description of al condtituent materias in the device before extraction should be provided,
and the materia specifications for the device should be comprehensive.

If any toxic leachables, by-products, or metabolites exist in the extracts from a sterilized device, the
results of the toxicity tests on the extracts should represent the cumulative toxicities from the extracts.
Extraction procedures should be rigorous to ensure that the extract toxicity results are representative of
the toxicity of the devicein actua human use. To provide a safety factor, extractions should be
conducted under worst case conditions as compared to those expected from the natura extraction in
blood and other human tissues.

The method of extraction should be described in detall. If toxic responses are obtained from the
extracts, then chemica anaysis of the extract should be performed to address the identity of the toxic
compound(s). If adevice or its materias are found to be toxic, the sponsor should attempt to find an
dternate materid that is non-toxic.

B. Animal Studies

The purpose of anima studiesisto assess the structurd integrity, biostability, eectrica performance,
biocompetibility, handling characteritics and/or mechanica performance of the fully assembled lead.
Anima studies should be designed to closdy gpproximate the intended use of the device in humans.,
Generdly, the canine modd is considered appropriate to evauate pacemaker leads. A sufficient
number of animas/leads should be implanted so that valid conclusons may be drawn.

Electrica data should consst of measurement of the following parameters:

voltage stimulation thresholds a a 0.5 ms pulse width at implant and & gppropriate intervals
following implant

R and P wave amplitudes a implant and a gppropriate intervals following implant
pacing impedance a implant and a gppropriate intervas following implant
grength-duration (stimulation threshold versus pulse width)

Possible didodgments should be documented by radiography and suspected infections at the lead
implant site should be assessed by culture and identification of potentid pathogens.
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At explant, the heart should be excised intact and examined for any lesions and/or trauma.
Biocompdtibility should be documented via necroscopy and histopathologicad andyss.

Leads should be removed intact and examined for Sructurd integrity and biostability. Biogability of the
insulator should be documented by using a Sate-of-the-art andytica technique(s) e.g., scanning electron
microscopy (SEM), infrared (IR) spectroscopy, molecular weight analysis, stress-dtrain, €etc.

A summary should be provided which describes the pre-operative condition of the animals and includes
generd information on lead handling characterigtics, surgica techniques used and a summary of al post
mortem findings.

In addition to the tests noted above, steroid-eluting leads should be tested in animals with an
appropriate steroid-free control lead, as appropriate, to establish threshold and sensing improvements
aswell as comparétive fibrous tissue encapsul ation.

C. Bench Testing

Electrica and mechanical tests should be conducted on components, subassemblies and/or finished
leads, as appropriate. All tests should be performed on leads fabricated by representative
manufacturing processes and subjected to the final vaidated sterilization procedures intended for the
device. If test samples are subjected to either no serilization or other terilization procedures, the
rationae for the procedure used should be supplied.

An adequate number of samples should be tested. If sample devices of different lead models are tested,
it should be clearly indicated which models were used for each test. The absence of testing on each
model should be judtified by an analys's demondtrating that the results from the tested devices will
accurately predict results for the untested device models.

For any tests that result in unexpected device failure, the failure mode should be completely described.
The sgnificance of any tests that result in failure of a device, component, or subassembly to meet a
performance specification should be discussed. Corrective actions taken to eiminate or minimize further
occurrence of failure should be evauated viaretesting of modified samples.

The performance specifications for al components, subassemblies, and finished devices, and test
conditions and acceptance criteriafor dl tests should be completely explained and judtified. Where
appropriate, testing should be conducted in an environment smulating in vivo conditions. The results of
al tests should be reported in a gatisticaly meaningful formet, i.e., specification of the number of
samples, range of vaues, mean, standard deviation, and an appropriate confidence interva where
aoplicable. A probability messure that is indicative of the Stetistical Sgnificance of any comparisons
made should be provided.

Tedting of leads or subassemblies should be performed after sterilization. Testing should include, but not
necessaxrily be limited to, the following, as appropriate:

1 Verify the dectricd continuity of each conduction path by measuring the DC resistance.
These measurement should comply with the specifications.
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10.

Measure |eakage current during voltage application (after soaking, before drying).

Determine the gtrength of each bond, joint, etc, in the lead (lower 95 percent confidence bound)
aswell asthe composite lead strength. Leads should be subjected to atensile test which
amulaesthe dress it may experience during the implant procedure as well as after implant.
Before pull testing, the lead should be soaked in sdine for 10 days to Smulate any effects of

body fluids on the lead body.

For leads that are hermeticaly sedled at the distal end, verify that the lead is |eak-proof when
immersed in isotonic sdine a 37°C under physiologica pressure for aminimum period of ten

days.

Document the corrosion resistance of al conductors and € ectrode materids in the condition of
the finished lead. Address current pulsing when appropriate.

Evauate the performance of the gtylet intended to be used during lead placement.
Messure the stylet insertion and remova forces.

Fatigue res stance of the conductor(s) should be verified. Intact leads should be used

for thistesting. Loading conditions that are utilized should be able to be extrapolated to worst-
case physiologicd conditions, i.e., ranges of motion, stresses, etc. Different areas of the lead
are subjected to different stresses; this factor should be taken into consideration in the design of
an appropriate test protocol. Test methods designed to accelerate fatigue of conductors should
be shown to be able to produce characterigtic fracture morphologies that may have been
documented previoudy in vivo. Some lead congtructions may be amenable to testing in
accordance with prEN 45502 Parts 2 & 3 CEN/CENELEC, Active Implantable Medical
Devices - Brady and Tachy L ead Tests Draft/Standard. This draft/standard should be carefully
reviewed to determine applicability. Fatigue testing of trandtionsin the dista portion of the lead
were not addressed by the draft/standard. Eva uate the fatigue characteristics of lead trangtion
zones located within the heart, where the CEN/CENELEC tests may not be applicable.

Connectors intended to be used for joining pulse generators and leads should withstand

the mechanical forces that might occur after implantation. Generdly, most lead connectors are
designed to comply with 1SO 5841-3 (IS-1). This standard outlines the appropriate testing for
lead connectors. If aconnector islabeled as"IS-1" compatible, it should meet all 1SO 5841-3
testing and dimensiond requirements.

Evauate the performance of the anchoring deeve packaged with the lead. Testing should
assure that the lead will be held securely in place and not damage the lead body when the
anchoring deeve is sutured according to the Ingructions for Use.

Measure the pressure exerted by lead tip and expressin units of pressure.



11.  Activefixation leads (extendable/retractable) should be tested to quantify the number of
revolutions required to extend and retract the helix. Leads should also be tested to assure
the integrity of the helix sedl.

Tedting specific to STEROID-ELUTING leads includes:

1. In vitro Elution Rate

Diga subassemblies containing the drug € uting component should be immersed in an
appropriate physiologic solution and andyzed at periodic intervals. The amount of steroid
eluted over time should be quantified.

2. Shdf Life

Aged leads should be andyzed to determine whether the drug composition/quantity varies over
the proposed shdlf life of the product. The performance of aged leads with respect to steroid

performance should be demonstrated.

3. Drug/Matrix Sweling

The matrix consgting of steroid and housing materid as used in the finished device should be
examined for the degree of swdling over time. The matrix should aso be examined for any
evidence of degradation.

D. Insulation Characterization and Biostability

At present, most bradycardia pacemaker leads use either silicone or polyurethane asthe insulation

material. Polyurethane was introduced in the late 1970's. Overdl, the clinical results from severd years

experience have been equa or superior to that obtained with slicone. However, a sgnificant rate of
insulation failure in certain lead models due to polyurethane degradation have been reported.

If agponsor is seeking agpprova to market a polyurethane insulated pacing lead, the following factors

will be considered to determine the gppropriate leve of testing for the leed:

1 Does the sponsor currently market a polyurethane insulated lead which isidentica with respect

to materids and wall thickness?

2. For bipolar leads (if gpplicable), are different materias used for the inner and outer insulation?

3. Are the manufacturing parameters, e.g., tubing extruson, lead assembly, materid processing,
and qudity control consistent with those utilized for other polyurethane leads
manufactured by the sponsor?

4, What is the dinica performance (lead surviva) of other smilarly designed polyurethane leads
manufactured by the sponsor? (Discretionary postmarket surveillance study data can be used to

addressthisissue)



A review of the above factors will be made to determine the need for biostability testing for a particular
polyurethane lead modd. If, for example, a company currently manufactures polyurethane leads and
wishes to market another moded using the same materid, smilar wall thickness, and the lead is
manufactured congstent with previous models, then biogtability testing may be omitted.

Two scenarios have been identified which may be applicable to a particular lead design:

the use of a polyurethane which is claimed to be equivaent to Pellethane® 2363
the use of a new polyurethane materia

Thetesting in each of the above scenariosis outlined in the attached draft test protocols. Please refer to
Attachment A (Pdllethane® 2363-Equivaent Pacemaker System Polyurethane Components
Replacement Protocol) and Attachment B (Pacemaker Flexible Polyurethane Replacement Protocol)
for adescription of the specific tests recommended. Attachment C (Pacemaker System Rigid
Polyurethane Components Replacement Protocol) identifies and defines tests necessary to characterize
new polyurethane materias for use in rigid components of pacemaker leads.

V. CLINICAL TESTING

In many cases, clinicd dataare not necessary to support market clearance of permanent pacemaker
leads. However, if the design of the lead is novel enough or new indications/clams are being sought for
the lead, aclinicd tria may be needed. Examples where clinica data may be gppropriate include:

changes to amarketed lead which might dter the handling characteristics
changeinindication from atrid to ventricular pacing
incorporation of an eectrode that has not been approved for use on another lead body

The length of follow-up appropriate in a particular clinical study will be determined by the clinicadly
relevant endpoint that will be measured. It is suggested that sponsors contact FDA early in the process
to discuss appropriate trid design and length of follow-up. The pre-IDE process may be a ussful
mechaniam for this discussion. For example, we recommend 30 day follow-up in astudy designed only
to evauate handling characterigtics. We recommend a randomized trid with a primary effectiveness
endpoint in studying the incorporation of a new eectrode design/materia which could affect the pacing
and/or sensing characterigtics of the lead. (Note that for purposes of definition, "acute" implantation
datarefers to data gathered < 3 months post-implant; "chronic” data refers to data obtained > 3 months

post-implant.)
The success of aclinicd trid is based on the overdl coordination of three steps: the design of the study;

the conduct of the study; and the analysis of the results. The sponsor should carefully consider and
execute each tep of the trid according to theinitid overdl sudy plan.
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The dinicd study should be ultimately cgpable of demongirating the safety and effectiveness of the
devicein terms of:

intended patient population

prescribed, recommended, suggested, and other conditions of use in the labeling or
advertisng

probable benefit to heath weighed againgt any probable injury or illness

reliability of the device (see 21 CFR 860.7(b))

To determine that there is reasonable evidence of the device's safety and effectiveness, FDA must rely
on vaid scientific evidence to determine that the probable benefits to health from the use of the device
for itsintended use and conditions of use outweigh any probable risks and that for its intended use and
conditions of use the device will provide clinicaly sgnificant results. Thisisfurther defined in 21 CFR

860.7(e)(1) and in the ODE Blue Book Memorandum #P91 - 1 available through DSMA.
A. Clinical Study Design
A detailed protocol for aclinicd trid should include:

1. A well-defined, clear question (hypothess) or set of questions that are to be answered
about the lead by the clinica study.

2. A datement of the Study type, i.e., concurrent control, randomized, case control, etc. Historical
controls are the most difficult to assure comparability with the study population and will usualy
entail much more work to validate comparability than concurrent controls. In dl cases, the data
intended to be used as a control should be identified and comparability discussed with repect

to critica study varigbles including inclusorn/exclusion criteria, indications, basdine
characterigtics, outcome variables, and definitions.

3. A sample size of al study groups caculated to demondirate that a sufficient number of patients
will be enrolled to adequately address the study hypotheses. Sample szeis primarily afunction

of the pre-determined leve of significance (i.e, a - the probability of a Type| error) and the
power of the study to detect a treatment effect of a predetermined magnitude (i.e., power

equals 1 - b where b isthe probability of aType Il error). Thereis some variability in sdecting
the probability of Typel and Il errors. Asagenerd rule, a should not be greater than 0.05 and

b should not be grester that 0.20. Any deviation from this range of values should be clearly

judtified. The greater the difference to be detected between trestment and control groupsin the

study, the lower the number of subjects needed, provided thea and b remain unchanged.

Other factors that need to be considered in caculating the sample size include, for example, the

expected lossto

follow-up, the length of the follow-up period and alocation ratio to the trestment groups. Itis

imperative that the ponsor seek the assstance of a datistician familiar with clinicdl trid
methodology in order to develop the protocol and determine the appropriate number of
subjects to be enrolled in the study.
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4, A description of the means to eiminate sdection bias should be included in the protocol.
Sequentia screening of al potential subjects for the study, with arecord of the patients not
enrolled and the reason for non-enrollment is one way of avoiding selection bias.

5. A specification of the outcome variables or dinicaly relevant endpoints that will be measured to
support the study hypotheses. The measure of each primary endpoint should be objective and
concisdy defined.

6. A specification of al basdline and follow-up assessments consistent with the study
objectives. Follow-up assessments should include the alowable time window.

B. Study endpoints
Endpoints commonly used for the evaluation of permanent pacing leads include the following:
1. Effectiveness
voltage simulation thresholds
sensing characterigtics
battery longevity
pacing impedances
2. Sdfety

Lead related adverse events (complications and observations). The following should be addressed
regarding complications and observations:

. Complications are lead-related adverse events that are corrected using invasive
measures to correct or which result in the loss of a significant device function, eg., lead
didodgment;

. Observations are lead-rel ated adverse events which are corrected by non-invasive

measures, eg., reprogramming; and

. deaths, al desths and |ead-related deaths

C. Criteriafor Lead-Related Complications and Failures
WHEN: The following condition occurs.
Conductor Failure

Didodgment
Extracardiac Stimulation



Insulation Breach

Pacing Impedance less than 200 ohms (describe how impedance was measured)
Pacing Impedance greeter than 3000 ohms or beyond the measuring capabilities of the
device (describe how impedance was measured)

Loss of Capture

Oversensng

Perforation

Undersensing/Loss of Sensing

AND: The condition was not:

Caused by a pulse generator mafunction or
Corrected by reprogramming of the pulse generator (except for reprogramming of
mode or polarity)

THEN: The occurrence should be reported adong with the following interventiong/interactionsin
which the lead was:

Abandoned Electricaly

Abandoned Surgicaly

Modified Electricaly

Modified Surgicdly
Removed/Explanted (full or partid)
Tolerated (based on medical judgment)

Definitions of Terms

Conductor Failure: Visud, dectrical, and/or radiographic evidence of mechanica break within
the lead conductor (includes connectors, coils, and/or € ectrodes).

Dislodgment: Radiographic, microdidodgment, eectrical or € ectrocardiographic evidence of
electrode displacement from the origind implant site or eectrode displacement that adversely effects
pacing and/or lead performance.

Extracardiac Simulation: Clinica observation of inadvertent muscle/nerve stimulation other than
cardiac muscle or the sensation of subclinical shocks where the pulse generator has been eiminated as
apossible reason for the problem.

Implanted Lead: A lead is consdered implanted when the surgica incisons are closed.

Insulation Breach: Visud, dectricd, or radiographic evidence of adisruption or break in insulation.

Lead Abandoned Electrically: A lead (atrid or ventricular) that remains connected to a pulse
generator whose function is disabled through reprogramming in response to ether an arrhythmia (e.g.,
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arid fibrillation) in alead with norma mechanica and dectricd integrity or in response to mechanica
of dectricd dysfunction of the lead.

Lead Modified Electrically: A lead that remains connected to a pulse generator whose function is
dtered through reprogramming (e.g., changing from bipolar to unipolar) in response to a problem with
the mechanicd or dectricd integrity of the lead.

Lead Modified Surgically: Any mechanicd dteration of the lead (e.g., replacing a connector) in
response to amechanica problem or displacement of the lead. Leads could be modified to
accommodate cardiac physiology or to ded with expected evolution (e.g., passage of additiond lead

length in agrowing child).

Loss of Capture: Intermittent or complete failure to simulate the heart with stimuli delivered
outside the refractory period a programmed setting previoudy effective,

Oversensing: At programmed settings, faulty discrimination between cardiac Sgnds (e.g., ventricular
repolarization potentia of T wave) or extra cardiac Sgnds (e.g., pacemaker simuli, skeletd muscle
potentials, or eectromagnetic Sgnals).

Perforation: Penetration of the lead tip through the myocardium, clinicaly suspected
(microperforation), or confirmed by chest x-ray, fluoroscopy, echocardiogram, intracardiac
electrogram, and/or visudly.

Removed/Explanted Lead: Any intravascular segment (partid) of alead or whole lead system thet is
removed (extracted) or explanted.

Tolerated (Lead Function): When a physcian determinesthat no corrective action is warranted to
remedy alead -related complication or falure.

Undersensing/Loss of Sensing:  Intermittent or complete loss of sensing or failure to detect the
intended intringic cardiac signds (atrid or ventricular) during non-refractory period at programmed
Settings.

Mortdity information presented should include clear definitions of patient deeth categories and overdl
mortaity rate. All patient deaths should be supported by sufficient documentation.

D. Methods of Lead Safety Analysis
Kaplan-Meer surviva andysis for lead related events (complications and observations) or other

datisticd methods with appropriate judtification for the vdidity of the method proposed should be
provided.
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E. Steroid Pacing Leads

In 1986, the first steroid pacing leads incorporating dexsamethasone sodium phosphate steroid were
approved by FDA. Sincethat time, safety and effectiveness of this steroid in pacing lead applications
has been demongtrated and reported upon extensvely in the medicd literature. Asareault, a
randomized clinicd tria comparing a steroid version of a particular lead to a non-steroid version may
not be appropriate in dl cases. Instead, the use of point estimates may be a valid method by which to
asess safety and effectiveness. The vdidity of the point estimate(s) proposed should be discussed
with FDA prior to the initiation of aclinicad study.

V. POSTMARKET SURVEILLANCE

One of the provisons of the Safe Medicd Devices Act of 1990 (SVIDA) provided for Discretionary
Postmarket Surveillance (DPS) studies. The Food and Drug Administration (FDA) has decided to
use this provison to require the submisson of additiond data about the safety and effectiveness of
permanent implanted cardiac pacemaker eectrodes (leads). FDA has determined that the legdl entity
who has received clearance to market through-submission of the premarket notification (510(k)) or
premarket approva (PMA) application for a particular lead (hereinafter referred to as sponsor) will
have primary responshility for conducting postmarket surveillance of that lead. All otherswho are
involved in the didtribution of these devices will be responsible for ensuring that any data or
information in their possession is made available to the sponsor of a DPS protocol. For example, a
company may be required to provide the sponsor with information on the materid's supplier or sales
and distribution date so that the lead performance may be assessed by the sponsor through patient
follow-up.

The *Guidance to Sponsors on the Development of a Discretionary Postmarket Surveillance Study for
Permanent Implantable Cardiac Pacemaker Electrodes (Leads)" is available through DSMA. This
document provides guidance to sponsors on the design of astudy protocol which needsto be
submitted to the FDA for approvd.

VI. LABELING
Guidance regarding device labeling can be obtained from FDA's publication "Labding: Regulatory

Requirements for Medica Devices' and from ODE's "Device Labeling Guidance G91-1." 'Y ou may
a0 obtain these documents from DSMA.
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Attachment A

Pellethane® 2363-Equivalent Pacemaker System Polyur ethane Components Replacement
Protocol

Purpose: 1dentify and define testing to compare the characteritics of proposed polyurethane equivaents
from aternate vendors to those of Pellethane® 2363.

Pedllethane® 2363 isawd| characterized family of rigid and flexible polyurethanes utilized in pacemaker
systems since 1980. If the proposed equivaent polyurethanes are shown not to be substantialy
different on the basis of chemica compostion from Pellethane® 2363, (as per

|. Materia Characterization, below), then the materid can be shown to be functionaly equivaent to
Pellethane® 2363 via this protocol.

Otherwise, the proposed materia should be characterized according to Attachment B, Pacemaker L ead
Flexible Polyurethane Components Replacement Protocol or Attachment C, Pacemaker System Rigid
Polyurethane Components Replacement Protocol. Pellethane® is a registered trademark of Dow
Chemical Company.

We recommend comparing test results for the new materid to the test results of the materia being
replaced as outlined in the following tables. Also, provide generd therma and processing history of the
materid samples. Analysis techniques noted are supplied as examples. Comparable methods may be
used with appropriate judtification. Include an explanation and interpretation of the experimental
methodology utilized.

Specimen typesin the following tables are abbreviated:

R =redn pellets or American Society for Testing and Materids (ASTM) dog bone.
M = molded piece part exposed to dl manufacturing steps (including sterilization).*
E = extruded piece pat exposed to al manufacturing steps (including serilization).*

NOTE: R, M, and E SPECIMENS SHOULD BE APPROPRIATELY CONDITIONED
BEFORE PERFORMING TESTS.

* |f the molded or extruded piece part geometry can not be adequately evauated per this protocoal, a
suitable dternative geometry (e.g., ASTM dog bone), subjected to al manufacturing steps (including
derilization), can be subgtituted.



Material Characterization

A. Composition R M E  ASTM Standard Test Method
X -

The following information on compogtion istypicdly supplied inaFDA Mager Fle. If aMager Fleis
not accessible, the materia supplier/processor should supply information identifying potentialy toxic
components. We recommend providing dl of the following information in the 510(k).

Complete formulation information including precursor materids. solvents, catalyds,
curing agents, reinforcing agents, crossinking agents, etc.

Composition reaction ratios
Catalyst ratio
Any rdevant literature and patents describing the formulation and characterization of the
replacement materia
B. Mechanica R M E ASTM Standard Test Method
Hardness, Durometer ShoreAorD X D2240
Specific Gravity X D792
Ultimate Tensle Strength, ps X X X D412 or D1708
Ultimate Elongation, % X X X D412 or D1708
Modulus, ps X X X D412 or D1708
Tear Strength, Die C, pli X D624
(not required for rigid materials)
Méelt Index, grams/10 min D1238
C. Electrica R M E ASTM Standard Test Method
Didectric Strength X X D3755 or D149
D. Chemicd R M E ASTM Standard Test Method
My MhM/Mp, (GPC) X X X D3593
Surface Andlyss (ATR-FTIR) X X X -
Tg (DMA or DSC) X X x [E1356, D3418, D5023 or 5026
Therma Stability (TGA) X X X -
Trace Metds Andysis (AA) X X X F1372

Report concentrations of Pb, Cu., Sh, Sb, Hg, As. Cd, Ba, Mg, Se, Si, and compare to
concentrations reported for Pellethane® 2363.
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. Biocompatibility

Perform Biocompatibilty testing per | SO 10993-1 Biological Evaluation of Medical Devices Part 1:
Evaluation and Testing. Consider | SO 10993-12 Biological Evaluation of Medical Devices Part
12: Sample Preparation and Reference Materialsin the preparation of samples.

KEY
AA Atomic Absorption

As Arsenic

ATR-FTIR  Attenuated Total Reflectance FTIR
Ba Barium

Cd Cadmium

Cu Copper

DMA Dynamic Mechanicd Andlyss

DSC Differentid Scanning Calorimetry
FTIR Fourier Transformation Infrared spectroscopy
GPC Ge Permeation Chromatography
Hg Mercury

My Weight Average Molecular Weight
Mp, Number Average Molecular Weight
Mw/Mp Molecular Weight Polydispersity
Mg Magnesum

Pb Lead

Sb Antimony

Se Sdenium

SEM Scanning Electron Microscopy

Si Slicon

Sn Tin

Tg Glass Trangtion Temperature

TGA Thermd Gravimetric Andyss

Specified ASTM Standard Test Methods

D 149 Didectric Breskdown Voltage and Didectric Strength of Solid Electricd Insulation Materids
at Commercia Power Frequencies.

D 412 Vulcanized Rubber and Thermoplastic Rubbers and Thermoplagtic Elastomers Tension.

D 624 Tear Strength of Conventiona Vulcanized Rubber and Thermoplagtic Elastomers.

D 792 Dengty and Specific Gravity (Relaive Dengty) of Plagtics by Displacement.

D 1238 How Rates of Thermoplastics by Extruson Plastometer.

D 1708 Tensle Properties of Plastics by Use of Microtensile Specimens.

D 2240 Rubber Property - Durometer Hardness.

D 3418 Trangtion Temperature of Polymers by Thermd Andysis.
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D 3593 Molecular Weight Averages and Molecular Weight Didtribution of Certain Polymers by
Liquid Size Excluson Chromatography (Gel Permestion Chromatography - GPQ Using
Universal Cdibration. Using DMF solvent and polystyrene standard.
D 3755 Didectric Breskdown Voltage and Didlectric Strength of Solid Electrical Insulating
Materids Under Direct-Voltage Stress.
D 5023 Measuring the Dynamic Mechanical Properties of Plastics Using Three Point Bending.
D 5026 Measuring the Dynamic Mechanica Properties of Plagticsin Tension.
E 1356 Glass Trangtion Temperatures by Differentid Scanning Calorimetry or Differentid Thermdl
Andyss.
F 1372 Scanning Electron Microscope (SEM) Analysis of Metallic Surface Condition for Gas
Digtribution System Components.

19



Attachment B

Pacemaker Lead Flexible Polyurethane Components Replacement Protocol

Purpose: Identify and define testing to characterize new polyurethane materids for usein flexible
components of pacemaker leads.

We recommend comparing test results for the new materid to the test results of the materia being
replaced as outlined in the following tables. Also, provide generd therma and processing hitory of the
materid samples. Analysis techniques noted are supplied as examples. Comparable methods may be
used with appropriate judtification. Include an explanation and interpretation of the experimenta
methodology utilized.

Specimen types in the following tables are abbreviated:

R =resnpdletsor ASTM dog bone.

M =molded piece part exposed to al manufacturing steps (including sterilization).*
E = extruded piece part exposed to al manufacturing steps (including sterilization).*

NOTE: R, M, and E SPECIMENS SHOULD BE APPROPRIATELY CONDITIONED
BEFORE PERFORMING TESTS.

* |f the molded or extruded piece part geometry can not be adequately evauated per this protocol, a
suitable dternative geometry (e.g., ASTM dog bone), subjected to al manufacturing steps (including
derilization), can be substituted.

l. Material Characterization

A. Composition R M E  ASTM Standard Test Method
X -

The following information on compogtion istypicdly supplied inaFDA Mager Fle. If aMager Fleis
not accessible, the materid supplier/processor should supply information identifying potentidly toxic
components. We recommend providing dl of the following information in the 510(k).

Complete formulation information including precursor materids. solvents, catalyds,
curing agents, reinforcing agents, crosdinking agents, etc.

Composition reaction ratios
Catalyst ratio

Any rdevant literature and patents describing the formulation and characterization of the
replacement materia
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B. Mechanica R M E ASTM Sandard Test Method
Hardness, Durometer ShoreAorD X D2240

Specific Gravity X D792

Ultimate Tendle Strength, psi X X X D412 or D1708
Ultimate Elongation, % X X X D412 or D1708
Modulus, ps X X X D412 or D1708

Tear Strength, Die C, pli X D624

Mét Index, gramg/10 min D1238

C. Electrica R M E ASTM Sandard Test Method
Didlectric Strength X X D3755 or D149

D. Chemicd ASTM Standard Test Method
My M M,/M(, (GPC) D3593

Surface Andyss (ATR-FTIR)
Tg (DMA or DSC)

Thermd Stability (TGA) -

Trace Metds Andysis (AA) X F1372

Report concentrations of Pb, Cu., Sh, Sb, Hg, As. Cd, Ba, Mg, Se, Si, and compare to
concentrations reported for Pellethane® 2363.

E1356, D3418, D5023 or D5026

X %X %X X |=m;
X X X X x|z
X X X X x|m

II. In-Vivo Device Testing

Note : If acceptable accel erated testing protocols are available, abbreviated testing may be conducted
per section I1. B. Alternative Submission Strategy. Acceptable accelerated testing should be supported
by documentation that demonstrates that the in-vitro testing can reliably predict in-vivo performance.

A. Submisson Strategy
Implant leads in anima hearts to obtain data on 20 leads at the end of 2 two years

Historica or other suitable controls

B. Alternative Submission Strategy
Implant leads in animd hearts with intent of obtaining data on 20 leads after Sx months

Historical or other suitable controls
Accderated Testing - ESC test12 and MIO test3

Note: If the test materid performs equivaent or better, i.e., better being alower incidence of
falures, than the negative control, and the positive control shows noticeable degradation, then
the test materia has demonstrated acceptable biostahility.

1. Experimental conditions should be set so that the positive control shows a failure
incidence (rate) significantly greater than that expected by pure chance for 20

samples.
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2. The negative control, should be chosen so that its failure incidence (rate) is
significantly less than the positive control failure incidence under the same
experimental conditions. Otherwise, the negative control is not really a negative
control, but just another positive control.

Animd tegting should indlude the following biocompetibility/biostability testing. Perform the following
tests regardless of which submisson strategy isused. Compare properties of explanted polymer
samplesto those of non-implanted controls.

Complete post-mortem on dl animds to include (provide histopathology when abnormadities are
observed):

Heart
Liver
Lungs
Spleen

Bone marrow
Kidneys

Thorough visud ingpection of polymer using light microscopy.

Thorough andysis, where practica, of anomalous areas on polymer. Anomalous areas should
indude:

Discoloration
Cracks

Fissures

Surface irregularities
Holes

Thinning

Bubbles

Bumps

Chemical Properties R ASTM Standard Test Method

Photomicrography

My, Mp, My/Mp, (GPC)
Surface Andlysis (ATR-FTIR)
Tg (DMA or DSC)

E

X -

X D3593
X

X

X X X X |Z

E1356, D3418, D5023 or D5026



Mechanical Properties R M E ASTM Standard Test Method
Ultimate Tendle Strength, psi X X D412 or D1708
Ultimate Elongetion, % X X D412 or D1708
Modulus, ps X X D412 or D1708

[11. Biocompatibility.

A. Perform Biocompatibilty testing per SO 10993.1 Biological Evaluation of Medical Devices
Part 1: Evaluation and Testing. Consider 1 SO 10993-12 Biological Evaluation of
Medical Devices Part 12 : Sample Preparation and Reference Materialsin the

preparation of samples.
KEY:
AA Atomic Absorption
As Arsenic
ATR-FTIR  Attenuated Tota Reflectance FTIR
Ba Barium
Cd Cadmium
Cu Copper
DMA Dynamic Mechanicd Andyss
DSC Differentid Scanning Caorimetry
ESC Environmental Stress Cracking (oxidation)
FTIR Fourier Transformation Infrared spectroscopy
GPC Gd Permeation Chromatography
Hg Mercury
My Weight Average Molecular Weight
Mp Number Average Molecular Weight
Mw/Mp Molecular Weight Polydispersity
Mg Magnesum
MIO Metal 1on Oxidation (auto-oxidation)
Pb Lead
Sb Antimony
Se Selenium
SEM Scanning Electron Microscopy
Si Silicon
Sn Tin
Tg Glass Trangtion Temperature
TGA Thermd Gravimetric Andyss
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Specified ASTM Standard Test M ethods
D 149 Didectric Breskdown Voltage and Didlectric Strength of Solid Electricd Insulation Materias a
Commercia Power Frequencies.
D 412 Vulcanized Rubber and Thermoplastic Rubbers and Thermoplastic Elastomers Tenson.
D 624 Tea Strength of Conventional Vulcanized Rubber and Thermoplagtic Elastomers.
D 792 Dendty and Specific Gravity (Reative Density) of Plagtics by Displacement.
D 1238 FHow Rates of Thermoplastics by Extruson Plastometer.
D 1708 Tensle Properties of Plastics by Use of Microtensile Specimens.
D 2240 Rubber Property - Durometer Hardness.
D 3418 Trangtion Temperature of Polymers by Thermd Andyss.
D 3593 Molecular Weight Averages and Molecular Weight Digtribution of Certain Polymers by
Liquid Size Excluson Chromatography (Gel Permestion Chromatography - GPC) Using
Universal Cdibration. Using DMF solvent and polystyrene standard.
D 3755 Didectric Breskdown Voltage and Didectric Strength of Solid Electricd Insulating Materids
Under Direct-Voltage Stress.
D 5023 Measuring the Dynamic Mechanical Properties of Plastics Using Three Point Bending.
D 5026 Measuring the Dynamic Mechanica Properties of Plagticsin Tension.
E 1356 Glass Trangtion Temperatures by Differentid Scanning Caorimetry or Differentid  Thermd
Andyss.
F 1372 Scanning Electron Microscope (SEM) Andyss of Metalic Surface Condition for Gas
Digtribution System Components.
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Cracking and Metal Catalyzed Oxidation in Implanted Polymers.” In H. Planck, et a (eds),
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Atttachment C

Pacemaker Sysem Rigid Polyurethane Components Replacement Protocol

Purpose : Identify and define testing to characterize new polyurethane materids for useinrigid
components of pacemaker systems.

We recommend comparing test results for the new materid to the test results of the materia being
replaced as outlined in the following tables. Also, provide generd therma and processing hitory of the
materid samples. Analysis techniques noted are supplied as examples. Comparable methods may be
used with appropriate judtification. Include an explanation and interpretation of the experimenta
methodology utilized.

Specimen types in the following tables are abbreviated:

R =resnpdletsor ASTM dog bone.

M =molded piece part exposed to al manufacturing steps (including sterilization).*
E = extruded piece part exposed to dl manufacturing steps (including sterilization).*

NOTE: R, M, and E SPECIMENS SHOULD BE APPROPRIATELY CONDITIONED
BEFORE PERFORMING TESTS.

* |f the molded or extruded piece part geometry can not be adequately evauated per this protocol, a
suitable dternative geometry (e.g., ASTM dog bone), subjected to al manufacturing steps (including
derilization), can be substituted.

[ Material Characterization

A. Composition R M ASTM Standard Test Method
X -
Thefollowing information on composition istypicaly supplied in aFDA Mader File. If aMader Fileis
not accessible, the materid supplier/processor should supply information identifying potentialy toxic
components. We recommend providing dl of the following information in the 510(k).

Complete formulation information including precursor materids. solvents,
catalysts, curing agents, reinforcing agents, crosdinking agents, etc.

Composition reaction ratios
Catalys rtio.

Any rdevant literature and patents describing the formulation and
characterization of the replacement materid.

25



B. Mechanical R M ASTM Standard Test Method
Hardness, Durometer Shore A or D X D2240

Specific Gravity X D792

Ultimate Tendle Strength, psi X X D412 or D1708
Ultimate Elongation, % X X D1708

Modulus, ps X X D412 or D1708

Médt Index, grams/10 min D1238

C. Electrica R M ASTM Standard Test Method
Didectric Strength X D3755 or D149

D. Chemicd R M ASTM Standard Test Method
My M M/Mp, (GPC) X X D3593

Surface Andyss (ATR-FTIR) X X -

Tg (DMA or DSC) X X E1356, D3418, D5023 or D5026
Thermd Stability (TGA) X X -

Trace Metds Andysis (AA) X X -

Report concentrations of Pb, Cu., Sn, Sb, Hg, As. Cd, Ba, Mg, Se, Si, and compare to

concentrations reported for Pellethane® 2363.

[I. In-Vivo Device Testing

Submisson Strategy
Animd testing as gpplicable to the finished product
Higtorical or other suitable controls

[11. Biocompatibility.

Perform Biocompatihilty testing per | SO 10993-1 Biological Evaluation of Medical Devices Part
1: Evaluation and Testing. Consider | SO 10993-12 Biological Evaluation of Medical Devices
Part 12 : Sample Preparation and Reference Materialsin the preparation of samples.

KEY
AA

As
ATR-FTIR
Ba

Cd

Cu

DMA
DSC

Atomic Absorption

Arsenic

Attenuated Tota Reflectance FTIR
Baium

Cadmium

Copper

Dynamic Mechanicd Andyss
Differentid Scanning Calorimetry
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FTIR Fourier Transformation Infrared spectroscopy

GPC Ge Permestion Chromatography
Hg Mercury

My Weight Average Molecular Weight
Mp Number Average Molecular Weight
M/Mp Molecular Weight Polydispersity
Mg Magnesum

Pb Lead

Sb Antimony

Se Sdenium

SEM Scanning Electron Microscopy

Si Slicon

Sn Tin

Tg Glass Trangtion Temperature
TGA Thermd Gravimetric Andyss

Specified ASTM Standard Test M ethods

D 149 Didectric Breskdown Voltage and Didectric Strength of Solid Electrica Insulation
Materids at Commerciad Power Frequencies.

D 412 Vulcanized Rubber and Thermoplastic Rubbers and Thermoplastic Elastomers Tenson.

D 624 Tea Strength of Conventional Vulcanized Rubber and Thermopladtic Elastomers.

D 792 Dengty and Specific Gravity (Reative Dengty) of Plagtics by Displacement.

D 1238 Flow Rates of Thermoplastics by Extrusion Plastometer.

D 1708 Tensle Properties of Plastics by Use of Microtensile Specimens.

D 2240 Rubber Property - Durometer Hardness.

D 3418 Trangtion Temperature of Polymersby Thermd Analyss.

D 3593 Molecular Weight Averages and Molecular Weight Distribution of Certain Polymersby Liquid
Size Excluson Chromatography (Gel Permegtion Chromatography - GPC) Using Universal
Cdlibration. Usng DMF solvent and polystyrene standard.

D 3755 Didectric Breakdown Voltage and Didlectric. Strength of Solid Electrica Insulating Materials
Under Direct-Voltage Stress.

D 5023 Measuring the Dynamic Mechanica Properties of Plastics Using Three Point Bending.

D 5026 Measuring the Dynamic Mechanica Properties of Plagticsin Tenson.

E 1356 Glass-Trangtion Temperatures by Differentid Scanning Calorimetry or Differential

Therma Andyss.

F 1372 Scanning Electron Microscope (SEM) Andysis of Metdlic Surface Condition for Gas

Digtribution System Components.
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