
As of January 9, 2007 the contact information for this document 
has been updated to the following: 
 
For questions regarding the use or interpretation of this guidance 
contact Mitchell Shein at 240-276-4080 or by electronic mail at 
mitchell.shein@fda.hhs.gov
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This guidance was written prior to the February 27, 1997 implementation of FDA's 
Good Guidance Practices, GGP's. It does not create or confer rights for 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. 

This guidance will be up dated in the next revision to include the standard elemnt s of GGP 's . 



IMPLANTABLE PACEMAKER TESTING GUIDANCE 

by Dnonald F. Dahrns 

This guideline describes a general framework for design 
verification testing of a safe and effective implantable cardiac 
pulse generator. The tests are designed t o  reasonably assure safe 
and effective functioning of the pacemaker in the patient, 
according t o  written specifications of performance, and its 
survival under expected environmental conditions in the body and 
during storage, shipping and handling. 

This guideline is intended t o  apply-to bradycardia pacemakers which 
are t o  b e  commercially marketed and are manufactured using standard 
production techniques and methods. It may not apply to devices 
which are used in limited research applications. Major variations 
from these guidelines may be warranted in some cases such a s  the 
latter. Some devices may be qual if ied in whole or in part by 
simi larity t o  previously qual if ied ones. In all cases arguments 
for any variations must be  made based on the nature of the mission 
of the device and on any claimed similarities. 

The testing is that referred t o  in t h e  premarket approval 
regulation 21 CFR Part 8 1 4  and must be reported a s  described in 21 
CFR Part 8 1 4  articles 814.20(b) (3) (v) and 814.2020(b) (6). The 
testing requirements include any and a1 l additional requirements 
imposed or referred t o  in t h e  "Good Manufacturing Practice for 
Medical Devices: General" Regulation (21 CFR Part 820). This 
guideline represents practices which have been developed over 
several years and are generally understood by the pacemaker 
industry. 

T h e  tests are grouped into (A) in vitro component tests, ( 8 )  in 
vi tro device tests, (C) animal tests, (Dl biocompatibili ty tests, 
(E) clinical investigation and (F) Manufacturing. An appendix 
provides a sample protocol for preclinical pacemaker testing. 

A. In Vitro Ccmponent Tests: -- 
Component parts shall b e  tested for design verification by 
the pulse generator manufacturer of its supplier according 
t o  written specifications of performance and testing (such 
a s  Military Standard=. or their equivalent). 



The component p a r t s  r e f e r r e d  t o  s h a l l  inc lude,  bu t  no t  be 
l i m i t e d  to :  

Hybr id  In tegra ted  C i r c u i t  and/or Chip Car r ie r  
Ba t t e r y  
Cannector 
Other components where necessary t o  assure r e l i a b l e  
opera t i  on 

The v e r i f i c a t i o n  t e s t i n g  s h a l l  be appropr ia te  f o r  t he  
component and s h a l l  i nc lude  appropr ia te  operat ional  
environmental, and r e1  i a b i  1  i t y  t e s t s  w i t h  to lerances and 
l i m i t s  compatible w i t h  t he  e n t i r e  system's spec i f i ca t i ons .  

B. In V i t r o  F in ished Device Testing: 

Fu l  se Generators 

Pulse generators b u i l t  f o r  v e r i f i c a t i o n  t e s t i n g  s h a l l  be 
rep resen ta t i ve  o f  t h e  marketable product i n  terms o f  
components and manufacturing processes used. When 
completed (usua l l y  by t h e  t ime o f  app l i ca t i on  f o r  premarket 
approval 1 ,  t e s t s  should be performed on devices 
manufactured from q u a l i f i e d  components us ing va l i da ted  
processes. Where appropr ia te ,  t e s t s  should be performed on 
i n - s p e c i f i c a t i o n  devices which have been subjected t o  a l l  
app l i cab le  post-process techniques (e.g. c leaning, 
s t e r i l i z a t i o n  and f i n i s h i n g ) .  

The f 01 lowing t e s t i n g  s h a l l  be performed: 

E l e c t r i c a l  Charac ter iza t ion  

Th is  t e s t i n g  s h a l l  be designed t o  v e r i f y  t he  proper 
f unc t i on i ng  o f  t h e  pu lse  generator w i t h i n  spec i f i ed  
to le rances i n  t h e  human body dur ing the  device 's  
expected operat ional .  l i f e .  A l l  parameters such as 
r a t e ,  pu lse  amp? i tude, pu lse  width, s e n s i t i v i t y ,  and 
t im ing  cyc les  and per iods; and a l l  f ea tu res  such as 
i n t r aca rd i ac  electrograms, remote measurements,, 
hys teres is ,  r a t e  f a l l b a c k ,  and e l e c t i v e  replacement 
i nd i ca to r s ,  must be charac ter ized f o r  func t ion ing  under 
expected temperatures (30C t o  40C), loads (300 ohms t o  
2000 ohms) , and b a t t e r y  vo2tage's beginning oS. 1 i f e  
(BOL)  t o  end o+ se r v i ce  (EOS). The device s h a l l  he 
programmed t o  each (node and f e a t ~ r r e  and t o  t he  lowest,  
nominal and h ighest  va i  ues o f   pro^!-.ammed parameters. 
Anal y s i . 3  a+ the  ef  f ect.5 o f  w a r s t  case combinations of  
!.mad, t e i n p e r - a t u r e  ani-! batter..:.. vo!. taqe m a s t  b e  made. 



Envi r.onriienta1 

The pulse generator shall be subjected tu a sequence of 
mechanicai ,, and environmental tests to assure that the 
device wi 1 1  meet its labeled specifications after being 
subjected ta condi ti ons that exceed those normal l y seen 
in handling, shipping, storage or clinical use. Test 
shall include: 

Temperature storage or cycling 
Mechanical vibration 
Mechanical shock 

The pacemaker shall be evaluated for effects on its 
functioning and/or programming by external sources of 
interference. Sources of interference can be from the 
general environment, in the clinical setting, 
occupational environments, or from the human anatamy. 
These may include, as appropriate to the device design, 
electromagnetic, electrical, magnetic, mechanical, 
thermal, acoustic, or chemical interference. The 
effects of interference on such features as sensing, 
device algorithms, rate responsive sensors shall be 
characterized. The $01 lowing sources of interf crence 
shall be evaluated +or all devices as appropriate ta 
the specific device design: 

CI Conducted and Radiated Electromagnetic 
Lnterf erence 
o Electrosurgical Units 
o Defibrillation 

The results must be analyzed to assure that the pulse 
generator meets specif icatians and device labeling. 

Reliability -------.-- 

The device must be tested and analyzed frnm a 
reliability standpoint. Testing of the device or, 
where appropriate, its components, must include 
accelerated l if e testing which wi 1 1  demonsti-ate the 
expected real time 1 ongevity performance and .failure 
 ate of the device. An analysis of the results of this 
testing and/or data from the literature shall result in 
a predicted failure rate of the device. 



P~ogrammers built f o r  verification testing shal I. be 
representative of marketable products and s u b j e c t e d  to 
functional, enviranmental, interference, software and 
reliability testing. This testing m u s t  be designed to 
assure its operatian according to written speci+ications in 
conjunction with any and all of its intended pul.se 
generators, under specified, expected environmental 
conditions; and its survival in use as well as i n  starage, 
shipping and handl inq.  

C. Animal Testing: -- . 

Animal testing should be performed where appropriate to 
verify functions, features o~ other characteristics of the 
device. 

biocompatibiLity Testing: 

For a material which has been tested and used previously in 
direct blood contacting devices, a sponsor may submit 
information available in publications or other legitimate 
sources which show that the material is nontoxic i n  tests 
identical or equivalent to those listed below. 

A11 new materials in the non-hermetic portion of the pulse 
generator must pass the tests below to insure safety for 
use in permanent implant. 

The effects of sterilization on device materials and 
potential leachables, as we1 1 as toxic by-products 
resulting from sterilization, should be considered. 
There+ore, testing should be performed on the steri 1 ized 
final product or representative samples therefrom. 
Specific chemical analyses of the ste~ilized final product 
and any leachable material from the final sterilized 
product must be performed before tasicity testing. The 
chemical analyses must be submitted together with toxicity 
data to FDA for review. The analyses and tests for 
leachable materials must be conducted by choosing 
appropi-.iate solvent systems which wi 1 i yield a proper 
extraction of the 1,earhables. Extraction temperature 
should be 50°C which is one of the three temperatures 
recommended.in U.S.P. XXI. The required toxicity tests for 
:imp!ar!.kab?.e c j e v i c : ~ ~ ;  arc? listed as .Fwllaws: 



(U.S.P.1 XXI (Class -- V )  EiologicaL Tests f o r  plastics 
and L'..S,P. X X I  1nt.t-amuscular it~p1ant. te4t5. and L1.S.P. 
X X I  pyrtsgen tests. 

? L. Sensitization assav- -- --A- 

Estimate the potential for sensi ti ration oT: a material 
by using a test such as the guinea pig maximization 
test. 

3. Cytotoxici ty test: 

Determine the lysisi of cells (cell death), t h e  
inhibition of cell grawth, and other toxic effects on 
cells caused by materials and extracts from the 
materials using cef 1 culture trrhnlqucs. 

Determine the degree af red cell lysis and the 
separation of hemoglobin caused by materials in-vi trc. 
Describe the test methodology. 

E. Clinical Investigation: 

The objective of the study must be defined such that the 
study will constitute a demonstration of reasonable 
assurance of the safety and efficacy for the device. The 
study must establish a list of indications and 
contraindications and, if any, warnings and precautions for 
the use o-f the device. Generally, pacemakers must show 
pacing and sensing capabilities with modes, parameters, 
features and logical combinations of these shown to be safe 
and e+fertive within the meaning of the Federal. Food, Drug 
and Cosmetic Act, as amended, 1980. 

Patient Selection 

Patients should be selectecl .For. the clinical studies who 
can be expected tn benefit -from the device's capabilitie~i 
a r i d  wl-lase condi ti c~ns can demonriti-.ate i t s  ef+ectiveness. 
The patient should be psychalagicali y s t a b l e ,  canperative 
and avail.able +or follow-up and have a reasonable life 
expectancy sn that. a proper cl :i.nical. eval.uatian 0 . F  the 
d ~ + v i i r e  ; n i g h t  condutrted. 



Invest i qators .For pacemaker stcrdi es s h c m l  c! be selected who 
are qual if iecl by training or experience i n  cardiovascular 
dir;eases at a minimum. In the case nf devices with specia?. 
.Features, trained physicians wi th special s!.::i l I s ,  shocrld 6~ 
specified in a representative sample o f  the investigatars. 

Dcxsic* of the Study 

The investigational protocol should he clear, simple 
and shall include all pre and post implantation testing 
and include procedures for follow-up. The prntocol 
must show how the data from the study will be organized 
in a manner which will clearly fulfill each of the 
specific study objectives, including the reasozable 
assurance of safety and ef  f esti veness. 

Sensur driven pacemakers must show that t h ~  paced rate 
changes appropriately in response in ths sensor signal. 
The study design will include an identification o+ 
potential patients in whom the use nf the specified 
sen so^-(s) and/or rate pacing is contraindicated so that 
this inf ormation can be included in product labeling. 
Provisions for treadmi l L testing, sensor on/of f testing 
shal I. be included. 

111 Modes or features which are comman?y used or whose 
efficacy has been previousl y evaluated in comparable 
devices may only require limited evaluation or simply 
demonstration to establish their efficacy. New sensing 
or therapeutic modes technical advances, require more 
extensive study and effort to prove safety and 
efficacy. 

Study-Di mensi ons --.- ------ 

The dimensions of a clinical study are the numbers of 
dnvi ces, investigator.;, durations of phases and approval 
requirements are listed below in a table. The choice of 
reqular ar "NASPE" type study or any other options must be  
stated in the protocol. 



The minimum requirements dimensionally f o r  a c l i n i c a l  study 
f o r  the  f i l i n g  of a pacemaker approval app l ica t ion i s  as 
+ c j l  lows. 

The submission of  data and its performance eval.uation 
on 100 devices implanted f o r  a minimum oC 120 days 
each; 

Modi + i ed WASFE: -- 

The submission of data an 30 devices each i n tens i ve l y  
s tudied f o r  30 deys and implanted f o r  a minimum a+ 90 
days and an add i t i ona l  70 devices each implanted +or  a 
minimum a f  30 days. A t  l eas t  t en  inves t iga to rs  must 
have had a hands on study of a t  l eas t  three devices. 

Table af  C l i n i c a l  D i m e n s i ~ k .  

REGULAR Phase I Phase X I  

Number of  
Devi ces 50 

Number of  
Inves t iga to rs  10 

Phase I 1 1  Phase f V  

500 1000 

100 200 

NOTES: 

Monthly Reports t o  FDfi are requ i red dur ing Phase I of  the study. 

For regular stud ies  FDA Approval must be granted t o  proceed t o  
Phase I 1  thraugh an ZDE Supplement conta in ing the performance 
evaluat ion a f  30 devices w i t h  a mean experience o f  30 days. 

For Modi+ied NASFE Studies - A f te r  30 devices have been implanted 
and i n tens i ve l y  s tudied f o r  a minimum of  30 days the  i nves t i ga to rs  
must be given data on a l l  implants and agree t h a t  the study may 
proceed i n t o  the  next phase based upon evaluat ion of  t h i s  data w i t h  
regard t o  safety and ef fect iveness.  The r e s u l t s  of  t h i s  meeting 
must be reported t o  FDA i n  an ID€ supplement. 

FDA Approval must be granted t o  proceed t a  Fhase 1 1 1  based upon the 
fu l . f . i l lment  o+ the mit~imum f ::! l ing requirements .fur a p-emarket 
app~ova l  . 
FDA approval must be qranied t o  proceed t n  !%a::@ i V  based ;[Ison the  
r.e:;~..!l ti of the  C a v d i  ovascul.  a r  D e v i c ~ s  Panel r e v i e w .  

/-- 



Programmers must be shown t o  be capable oC success fu l l y  and 
a c c ~ r a t e l y  chanqing paramete!-% i n  the  pulse generator a n d  
a.F performing a l l .  n ther  designed features,  such as 
te lemet ry  recept ion ,  by medical personnel i n  a c ? ~  i n i  ca l  
env i  ~nnment .  

Fu!. Z. ow-up- ---- 

Follow-ups a t  predischarge, I month, 3 mantks, Ci months, 12 
months and every 6 months the rea f te?  u n t i l  FDA approves a 
PMA a p p l i c a t i o n  shct:-rld be scheduled. A n y  sa fe ty  o r  
e~f.Fertivenees issues should he studied. Follow-up data 
gathered du r ing  t he  fol low-up p o r t i o n  a+ the  study. 
Pa t i en t  d i a r i e s  should be used f o r  recayding symptoms or 
other  events when t h i s  would enhance the  ab jec t i ves  o f  t he  
study. Explant forms should be used t o  record data 
concerning t he  explant  i n c l ud i ng  any circumstances and 
reasons. 

Records Requirements: 

The f o l l o w i n g  data as a minimum m u s t  be recorded and 
repor ted.  Much o f  t h i s  data should be inc luded on 
imp lanta t ion ,  fo l low-up and exp lanat ion  forms. A n y  
comparisons o f  data between devices, groups, o r  c o n t r o l s  o r  
any therapeut ic  success versus f a i l u r e  data must he 
analyzed when appropr ia te  ~ t s i n g  sound s t a t i s t i c a l  methods. 

Descr ip t ion :  

The p a t i e n t  popu la t ion  must be described w i t h  such f a c t o r s  
as age, sex, i nd i ca t i ons ,  associated cond i t ions ,  symptoms, 
ccrncomitant drug therapy and du ra t ion  of implant  included. 
There must be a l i s t  oC i n v e s t i g a t o r s  and i n s t i t u t i o n s  and 
q u a n t i t i e s  implant.& by them. 

Implantation:: 

The f o l l ow ing  data i s  requi red:  

u Elect rodes used - desc r i p t i on  and model number. 
o I n i t i a l  o r  replacement generator 
c. Technical data -- thresholds,  amp1 i tudes, impedances 
o Programmed parameters 
n Telemetered data 
CJ Resul ts  a f  spec ia l  tests such as t a c h y a r r h y t h r n i a  

i nduc t i on  and .termination. 



o Repragl-.ammi ng uf parameters 
o A summarized explafiation of a: 1 adverse experiences, 

cornpl iratf nns, and observations 
n All changes in patient:? condikions su,=h as symptoms, 
drug therapy, arrhythmias, and esercise duration 
o An explanation of all explants including device failures 
and carrective measures, deaths - The cirrurnstances o f  all 
deaths must be explained as campletely as possible and 
device relatedness must be addressed 
a Gdherence to f~llow-up schedule which w l l l  inr?.ude the 
percent mi: +allow-ups being met by each investigator 
o Quantities of successes and failures a f  
anti-tachyarrhythmia devices with a breakdown of data 
relative to age, sex, indications etc.  
o The rcsults of special studies such as retrograde 
conducti an, postural effects, arrhythmia control, hol ter 
manitaring exercise testing or special programmings. 

Manuf acturi nq 

A descriptian of the testing during the manuCacturing process 
must be included in the PMh Application in the section required 
by 21 CFR 814..20(b)4(v). This testing should complement the 
design verification testing to ensure that each manufactured 
unit will operate within the specifications of the design with 
respect to tolerances, envi ranmental considerations, and 
interfaces. Summary descriptions of the f ollawing tests should 
be included: 

Tests 
Component 
screen 
Burn-in 
Aesembl y 
Final Product 
Special DC 
Requal if i cation 

A specification control drawing for the pulse generator must be 
included with the QC tests which ensure the testing a+ 
selected parameters noted. 
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