So sanh thoi gian hoat dong cac may tao nhip
Tran Thong
18/5/2008 — cap nhat 2/2/2010

Nhan dip dw hdi nghi vé nhip tim, Heart Rhythm Society 2008 & San Francisco, cé mét s6 ban hdi
t6i tim hiéu xem vi sao may tao nhip cta St Jude c6 thdi gian hoat déng 17-20 ndm (theo I1&i cac
dai ly may St Jude tai VN), trong lic cac may tao nhip cla Biotronik, Medtronic chi khoang 10
nam. Tdi c6 lai gian hang ctia StJude, hdi nhan vién StJude vé thoi gian hoat ddng ctia may tao
nhip dong (family) Zephyr, may vira méi dwoc gidy phép lwu hanh cia co quan FDA Hoa Ky. Cé
nhan vién noi la co 2 loai may Zephyr: loai v&i pin nhd (0,55" Ah) va loai vé&i pin Ién (0,95 Ah).
May loai nhé cé thoi gian hoat dong khoang 6 nam. May v&i pin I&én (may XL) thi cé thoi gian hoat
dong 10 -12 ndm khi dung Automatic Capture, nhwng ¢6 néi 10 ndm thi cé thé thuc té hon. Day 13
loai may téi tan nhat ctia StJude. May dang dwoc ban & VN, dong Affinity? (1999), Verity (2003),
Integrity (2003) la 2 thé hé cii hon (trwdc Zephyr (2008) con cé Victory (2006)) nén khéng thé nao
tét hon loai may Zephyr khi cung mét kich c¢& va néi chung khdéng c6 sy khac biét nhiéu vé chirc
nang!

Dwéi day 13 i 1& ton tai (survival probablity) may Affinity DR 5330, Affinity DC 5230, hai may dwoc
ban & VN, dwoc dang trong bao cdo Performance Report ctia cong ty St Jude. Tat ca cac may
trong dong Affinity déu dung pin 0,95Ah.

Affinity® DR (Models 53230 & 5331 Affinity® DC (model 52230)

US Market Relaase (5330) Jan. 1999 Normal Battery Depletion 18,160
(5230 & 5331) June 1999  Malfunctions 199
Registered US Implants 65.474 Malfunctions w/ Compromised Therapy (0 related to Advisory) 15
Estimated Active US Implants 10333 Malfunctions w/o Compromised Therapy (64 related to Advisory) 184
Estimated Longevity 6.3 Years Number of Advisories (see pages 134-139) One

Including Normal Battery Depletion
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Survival Probability S0.81% 90.60% 92.04% 2157% 15.59%
+ 1 standard emor 0.02% 0.03% 0.07% 018% 0.22%

Sample Size 5700 AETO0 31500 144000 =)

Cac may 1 budng clia St Jude ban & VN, nhw Microny Il SR+ 2525T (2001)® (may nay san xuét &
Thuy Dién, ché khdng phai Hoa Ky), Verity ADx XL SC 5056 (2003)* con méi qua nén chua cé
thoi gian hoat dong dai.

' Pign lwong dwa theo cac may doi trwéc clia St Jude, chi diing pin 0,55 Ah v&i cac may nhé va 0,95 Ah véi cac may XL 1on. Vé&
phwong dién nay, may StJude c6 vé dung it dién hon la cac may Medtronic va Biotronik, khi khéng tao nhip. Tuy nhién, ciing vi vay
ma StJude dung pin nhé hon I hai céng ty kia. Néu nhan xét nay ding, thi néu khong can tao nhip cac may StJude cé thé co thoi
gian hoat d6ng bang cac may M & B, mac dau nhé hon. Nhung néu tao nhip nhiéu thi thai gian hoat dong cac may Stlude sé bj rat
ngan rat nhiéu.

2 Nam 2009, khong con dwoc ban & VN. Verity va Integrity 1a cting loai may. Integrity co thém chirc nang AF Suppression. AF
Suppression theo nghien cuu Burden Il (Puglisi, PACE 2008) da té ra khéng cdng hiéu bang tao nhip DDDR!

3 May Microny dung pin 0.35 Ah, thuwdng chi ding vai BN nhi nhd kich thwée nhd.

4 May Verity XL dung pin 0.95 Ah.



Thoi gian hoat ddng dw doan ctia Microny 2525T la 7,5

US Market Release April 2001 nam, nhwng chwa chirng thyc duoc.

Registered US Implants 5,090

Estimated Longevity 7.5 Years

Number of Advisories None

Verity® ADx XL SR (mode 5156l Th&i gian hoat dong dy doan cua Verity ADx XL SC la
Verity® ADx XL SR M/S (Model s157ms); Verity® ADx XL SC (Model 5056)

_US Markat Relese May 2003 | Normal Battery Depletion | | 10’2 ném! nhung Chu’a Chu’ng thl:},c du’o’c'

Verity® ADx XL DR (Model 5356)
Verity® ADx XL DR N/S (Model 5357W/S)
Verity® ADx XL DC (model 5256)

US Market Release May 2003 Normal Battery Depletion

2 Tim trén internet, chung t6i
ittty tsvars| watastmnis o T ¢| knam pha mot s6 mau thuln
wne | QilPa cac trang quang cao va
cac bao cao chinh thirc céng ty
St Jude da dang vé may Identity ADx DR XL 5386 (pin 0,95 Ah) va may Identity ADx DR 5380 (pin
0,55 Ah).
Bai quang cao trén mang vé may 5386 ghi 1a thdi gian hoat dong la 12,3 ndm (& trang 2 quang
cdo). Trong lc trong bao cdo vé thanh tich (performance)® thang 10, 2007, thi lai dung thoi gian
hoat ddng dw doan la 6,9 ndm! Quang céo lac quan géap 1.78x!

Trong hd 5o théu cho chinh ph

Registered US Implants 13,497 Malfunctions

Number of Advisories

US Market Release March 2003 | Normal Battery Depletion 2 Phap, St Jude co6 ghi la thoi gian
Registered US Implants 53,151 Malfunctions 17 ~ > , .
Estimatad Active US implants 46,524 Malfunctions w/ Compromised Therapy (0 related to Advisory) 1 hoat dong Ccua may Identlty ADX
Estimated Longevity 6.9 Years Malfunctions w /o Compromised Therapy (0 related to Advisory) 16 D R 5380 |é 6,7—7’2 ném (trang 8
Number of Advisories (see pages 134-139) One
Identity® ADx DR (Model 5380) trong ho so thau). Trong bao
US Market Release March 2003 Normal Battery Depletion 907 Céo Vé thénh t|’Ch théng 1 0’
Registered US Implants 48,790 Malfunctions 32 N . ~ 1% .
Estimated Active US Implants 39,503 Malfunctions w/ Compromised Therapy (0 related to Advisory) 1 2007 th I Ial d u ng 3’8 nam ' Lal
Estimated Longevity 3.8 Years Malfunctions w/o Compromised Therapy (0 related to Advisory) 31 |aC q uan 1 . 76X'
Number of Advisories (see pages 134-139) One

Vay 1a thoi gian hoat dong trong cac quang céo cta St Jude hdu nhu 14 180% thoi gian trong bao
cao thanh tich cho FDA!

Chung t6i nghi 1a sw khac biét gitra thoi gian quang cdo va thoi gian thuc té do truyén théng ky
thuat (engineering practice) ctia nhéom Marketing. Marketing dung nhirng sb liéu qua lac quan
(optimistic). Thi du khi thtr 10 pin, thi sé c6 pin cé théi gian hoat déng dai, cé pin cé thoi gian
ngan. Nhw vay la St Jude dwa quang cdo trén pin tét nhat 2?2 Trong Performance Report véi FDA
thi chdc dung thoi gian trung binh, vi khéng thé dung thdi gian dai khi co biéu db ti 1é ton tai cac
may !

Coéng ty Biotronik cé bang so sanh gilra cac may Talos, Philos Il (cung loai may, chi khac nhau &
chwong trinh) va cac may Medtronic va St Jude. Kém day la bang so sanh gilra Talos (Biotronik)
va Kappa (Medtronic), Affinity (St Jude).

May Kappa cé pin 1,2 Ah trong lic may Sensia dang dwoc ban & VN c6 pin 0.86 Ah (may 1
budng), 1.2 Ah (may 2 budng), 1,4 Ah (may 2 budng Sensia L DR ... khéng c6 ban & VN). May
Talos v&i tao nhip 100% 1V (khi ngwdng 0,5 V) & that v&i tat ca cac chirc nang chan doan (ké ca
dién tim) dwoc bat 1én c6 thdi gian hoat dong 11,4 (1 budng)/9,7 nam (2 budng) nh& pin 1,3 Ah
May Sensia ngay ca véi tao nhip 0% va voi chirc ndng chan doan téi thidu (khdng cé dién tim®)
chi cé thoi gian hoat ddng 9/9,8 nam! May 2 bubng Sensia c6 thdi gian hoat ddng dai hon nhé pin

® Theo quy dinh clia co quan FDA, céc cong ty ban may tao nhip & Hoa Ky phai cé bao céo thanh tich (Performance
Report) hang nam.

® Khi lwu lai dién tim, may Kappa s& méat 1 ngay hoat ddng cho méi 2 ngay ghi lai dién tim, Nhw vay Ia thoi gian hoat
doéng gidm xubng con 66%.



lon hon! Nhw vay 1a may Sensia khong c6 thoi gian hoat dong dai bang Talos, mac du da tat mot
chirc nang chan doan quan trong la dién tim!

Cac dv doan thoi gian hoat déng cac may cé chinh xac khéng? Theo kinh nghiém ban than cua
t6i, cong ty Biotronik rat dé dat khi tinh thdi gian hoat ddng. Céac ky sw bén Birc phu trach pin, cho
t6i biét 1a ho 14y 10 pin, thtr. Ho dung sé liéu t&r pin v&i thdi gian ngan nhat nén thoi gian hoat
déng ciia may sé dai hon thoi gian dy doan.

T6i ¢6 tim dwoce bai so sanh cac may thwong gap & Canada: Senaratne, PACE 2006. Vi bai nay
dung sé liéu thuc t&, nén chi co thé ban vé cac may doi cii da hét pin. Bai dwoc tém tat & Bang |,
trang 1050. Thoi gian hoat déng dw doan may Medtronic trung thyc. Théi gian dyw doan cac may
St Jude qua lac quan (optimistic) v&i mirc sai trung binh la 27 %!

Két luan

Chung ta hay tré lai nguyén do bai nay, la thdng tin tr cac dai ly StJude & VN la may tao nhip cla
cong ty Stdude cé thoi gian hoat déng “17-20 nam”. Dwa theo 1&i n6i ctia c6 nhan vién StJude tai
HRS va dwa theo bao cao cta StJude v&i co quan FDA, t6i chi co thé néi la cac dai ly & VN quéa
lac quan vé thdi gian hoat ddng cac may tao nhip ... khodng 2x th&i gian thwc té (10,2 nam -> 20
nam)!

Va cac may Medtronic va StJude, vi dung pin nhd, nén th&i gian hoat ddng déu thua tat ca céac
may tao nhip dong Talos cua Biotronik!

Tai liéu tham khao

1. Quang céao Identity ADx ghi thoi 5. So sanh thoi gian hoat dong —
gian hoat déng la 12,3 nam - Biotronik: 3 trang
Stdude 4 trang 6. Thoi gian hoat dong Kappa DR 901
2. Bao céo St Jude vé may ldentity — Medtronic 1 trang
ADx XL DR ghi ré la thoi gian hoat 7. Pin Kappa DR 901 — Medtronic 1
dong dv doan la 6,9 nam - St Jude trang
thang 10, 2007, 1 trang 8. Thoi gian hoat déng Sensia —
3. Hb so thau may Identity DR 5380 Medtronic 2 trang
v&i chinh pha Phap — 4/2/2004, 13 9. Pin Sensia — Medtronic 1 trang
trang. Coé ghi la thdi gian hoat 10.Senaratne et al.. Pacemaker
dong la tr 6,7- 7,2 nam. Longevity: Are we getting what we
4. B&o céo St Jude vé may ldentity are promised? PACE 2006; 29:
ADx DR 5380 ghi ré la thoi gian 1044-1054

hoat dong dw doan la 3,8 nam. St
Jude thang 10, 2007, 1 trang.
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Identity® ADx Pacemaker

Approved for Use: United States & International
This device is approved for use in the United States and internationally.

The Identity ADx pacemaker family, which includes the world's smallest dual-
chamber pacemaker, provides clinicians with the most advanced pacemaker
technology available, including the revolutionary AF Suppression™ algorithm, the
first and only U.S. commercially approved algorithm designed to suppress atrial
fibrillation (AF). The AF Suppression algorithm in the Identity ADx pacemaker
family is combined with the most advanced diagnostic systems and bradycardia
feature set available today, establishing the Identity ADx pacemaker as the
premier product offering in advanced arrhythmia care.

Identity ADx Pacemaker

Maodels: |dentity ADx DR (5380), ldentity ADx XL
DR (5386), ldentity ADx SR {5180), |dentity ADx XL
DC (5286), & ldentity ADx VDR (5480)

The premium ling of Identity ADx devices
collects and interprets critical diagnostic data
for advanced patient management.

& Back I'.'_-'l|'

The Identity ADx pacemakers feature AF management, a suite of therapeutic and
diagnostic capabilities designed to help manage pacemaker patients suffering
from AF. This tool kit includes:

* AT/AF Diagnostic Suite - AT/AF Burden Trend, AT/AF Stored EGM trigger,
AT/AF Histogram, and AT/AF Episode Log

* AF Suppression Algorithm - Clinically proven and designed to suppress AF
before it happens

* AF Suppression Histogram - Allows you to evaluate the success of the AF
suppression algorithm

* Stored Electrograms (EGMs) - Provides a comprehensive overview of patient-
device interactions, especially high atrial rate activity

* Auto Mode Switch (AMS) Log - Stores rate and duration information for mode
switch episodes

*Ventricular Rate Control - Separately programmable AMS base rate for
improved patient comfort

* Physician Commanded Atrial Therapy (NIPS - Non-Invasive Programmed
Stimulation) - Provides the clinician with another option for the treatment of
atrial arrhythmias
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The Identity ADx pacemaker family also encompasses the most advanced
bradycardia feature set, including the exclusive ventricular AutoCapture™ Pacing
Systems, assuring Beat-by-Beat™ capture verification and a projected longevity of
12.3 years.!

Other features available in the Identity ADx pacemaker family include:

* Advanced Hysteresis Response - Manages special rate situations including
abrupt rate drop

* Automatic P & R Wave Measurements - Provides accuracy and speed in
follow-up

* Omnisense® Accelerometer Sensor - Provides appropriate and prompt rate
response for your patient's activity level

* Auto Rest Rate - Provides patient comfort during periods of inactivity and rest

* Cross Sensor AMS - Offers cross sensor mode switching (such as DDDR to
DDI) when sensor is programmed on

* FastPath™ Programmer Software - The FastPath summary screen provides
one-step access to and from all diagnostics and tests. FastPath programmer
software also includes several programmer speed enhancements.

* Onscreen Help - Offers the option of viewing the software reference manuals on
the programmer by selecting the Help button on the programmer console

* Previous Test Results - Records the results from the last sense or capture test
in the pacemaker's memory

* Remaining Longevity Estimate - Gives an estimate of the remaining life of the
device

1Identity ADx XL 5386 DDDR, AutoCapture Pacing Systems on, 100% DDD
pacing, 60 bpm, 0.4 ms, 2.5 V atrium, 1.0 V ventricle, 500 ohms

Models

Select a link below to jump down the page:

* |dentity ADx DR 5380

* Identity ADx XL DR 5386
* |dentity ADx SR 5180

* Identity ADx XL DC 5286
* |dentity ADx VDR 5480

Identity ADx DR 5380

World's smallest dual-chamber, rate-responsive pacemaker
43 x 44 x 6 mm, 18 g, and 8 cc

AF Suppression algorithm

AF Suppression histogram & event counter

AT/AF burden trend

AT/AF histogram & episode log

Stored electrograms (EGMs)

Automatic mode switch (AMS) with AMS log

Programmable AMS base rate

Physician commanded atrial therapy (NIPS - Non-Invasive Programmed
Stimulation)

http://www.sjm.com/devices/device.aspx?name=Ildentity%26%23174%3b+ADx+Pacemake... 5/4/2006


trant
Highlight

trant
Highlight


Devices : Identity® ADx Pacemaker : St. Jude Medical Page 3 of 5

Beat-by-Beat AutoCapture Pacing Systems

Omnisense accelerometer sensor

Auto rest rate

FastPath programmer software enhancements
Automatic P& R wave measurements

Advanced hysteresis response for sudden drops in rate
Autolntrinsic Conduction Search (AICS)

Rate responsive PVARP & rate responsive AV/PV delay
Connector that accepts all unipolar and bipolar 1S-1 3.2 mm short terminal pin
leads

Cellular Tested™

Identity ADx XL DR 5386

Dual-chamber, rate-responsive, extended longevity pacemaker
44 x 52 x 6 mm, 23.5 g, and 11 cc

AF Suppression algorithm

AF Suppression histogram & event counter

AT/AF burden trend

AT/AF histogram & episode log

Stored electrograms (EGMSs)

Automatic mode switch (AMS) with AMS log

Programmable AMS base rate

Physician commanded atrial therapy (NIPS - Non-Invasive Programmed
Stimulation)

Beat-by-Beat AutoCapture Pacing Systems

Omnisense accelerometer sensor

Auto rest rate

FastPath programmer software enhancements

Automatic P& R wave measurements

Advanced hysteresis response for sudden drops in rate
Autolntrinsic Conduction Search (AICS)

Rate responsive PVARP & rate responsive AV/PV delay
Connector that accepts all unipolar and bipolar VS-1 or IS-1 leads
Cellular Tested

Identity ADx SR 5180

Single-chamber, rate-responsive pacemaker

41 x 44 x 6 mm, 17 g, and 8 cc

Stored electrograms (EGMSs)

Beat-by-Beat AutoCapture Pacing Systems
Omnisense accelerometer sensor

Auto rest rate

FastPath programmer software enhancements
Automatic P& R wave measurements

Advanced hysteresis response for sudden drops in rate
Connector that accepts all unipolar and bipolar 1S-1 3.2 mm short terminal pin
leads

Cellular Tested

Identity ADx XL DC 5286
Dual-chamber, extended longevity pacemaker

http://www.sjm.com/devices/device.aspx?name=Ildentity%26%23174%3b+ADx+Pacemake... 5/4/2006
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52 x 44 x 6 mm, 23.5 g, and 11 cc

AF Suppression algorithm

AF Suppression histogram & event counter

AT/AF burden trend

AT/AF histogram & episode log

Stored electrograms (EGMSs)

Automatic mode switch (AMS) with AMS log

Programmable AMS base rate

Physician commanded atrial therapy (NIPS - Non-Invasive Programmed
Stimulation)

Beat-by-Beat AutoCapture Pacing Systems

Auto rest rate

FastPath programmer software enhancements

Automatic P& R wave measurements

Advanced hysteresis response for sudden drops in rate
Autolntrinsic Conduction Search (AICS)

Connector that accepts all unipolar and bipolar VS-1 or IS-1 leads
Cellular Tested

Identity ADx VDR 5480

Dual-chamber sensing, single-chamber pacing, rate-responsive pacemaker
43 x 44 x 6 mm, 18 g, and 8 cc

AT/AF burden trend

AT/AF histogram & episode log

Stored electrograms (EGMSs)

Automatic mode switch (AMS) with AMS log

Programmable AMS base rate

Physician commanded atrial therapy (NIPS - Non-Invasive Programmed
Stimulation)

Beat-by-Beat AutoCapture Pacing Systems

Omnisense accelerometer sensor

Auto rest rate

FastPath programmer software enhancements

Automatic P& R wave measurements

Advanced hysteresis response for sudden drops in rate

Autolntrinsic Conduction Search (AICS)

Connector that accepts all unipolar and bipolar 1S-1 3.2 mm short terminal pin
leads

Cellular Tested

View Indications, Contraindications, Warnings, Precautions & Potential Adverse
Events.

Contact Us | Locations | Web Site Help | Site Map | Glossary | Privacy Policy | Legal Terms  SiAdConnect © 2006

http://www.sjm.com/devices/device.aspx?name=Ildentity%26%23174%3b+ADx+Pacemake... 5/4/2006



Identity® ADx XL DR (model 5386) Identity® ADx XL DC (Model 5286)

US Market Release March 2003 Normal Battery Depletion 2
Registered US Implants 53,151 Malfunctions 17
Estimated Active US Implants 46,524 Malfunctions w/ Compromised Therapy (0 related to Advisory) 1
Estimated Longevity 6.9 Years Malfunctions w/o Compromised Therapy (0 related to Advisory) 16
Number of Advisories (see pages 134-139) One

Including Normal Battery Depletion

100%
80%
60%
40%
20%
0% 1 1 1 1
0 1 2 3 4 5
Years After Implant
Year 1 2 3 4
Survival Probability 99.98% 99.96% 99.94% 99.87%
+ 1 standard error 0.01% 0.01% 0.02% 0.05%
Sample Size 47900 29500 12500 2900
Excluding Normal Battery Depletion
100%
80%
60%
40%
20%
0% 1 1 1 1
0 1 2 3 4 5
Years After Implant
Year 1 2 3 4
Survival Probability 99.98% 99.96% 99.95% 99.90%
+ 1 standard error 0.01% 0.01% 0.01% 0.04%
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COMMISSION D'EVALUATION DES REPUBLIQUE FRANCAISE
PRODUITS ET PRESTATIONS

Avis de la Commission

4 février 2004

Dispositif: IDENTITY ADX DR, stimulateur cardiaque implantable double chambre a
fréquence asservie (DDDR)

Modéle : 5380
Conditionnement: le conditionnement interne comporte :
- le stimulateur a implanter
- un kit de connexion
- une clé dynamomeétrique n°2
- trois clés allen supplémentaires (2, 4, 6) pour la
déconnexion des anciens stimulateurs.
Fabricant : St Jude Medical INC. (Etats-Unis)
Demandeur : St Jude Medical France SAS

Nature de la demande

Demande d'inscription sur la liste des produits et prestations mentionnés a
I'article L 165-1 du code de la Sécurité Sociale

Secrétariat de la Commission : afssaps




| - Caractéristiques du produit ou de la prestation

[0 Marquage CE

Dispositif médical implantable actif (DMIA), notification par TUV Product Service GMBH
(0123).

O Fonctions assurées

Le fonctionnement d'un stimulateur est décrit de maniére globale par un code
international.

La premiere lettre correspond au site de stimulation, la seconde au site de détection :
- S : simple chambre
- A : atrial
-V : ventriculaire
- D : les deux chambres
- /B aucun

La troisieme lettre correspond a la réponse a la détection :
- 1 :inhibé
- T : déclenché
- D : les deux simultanément
- /B aucun

La lettre R en quatrieme position désigne la possibilité de programmer un
asservissement de la fréequence.

IDENTITY ADX DR est un stimulateur multiprogrammable de type DDDR.

Le mode DDD correspond a une stimulation atriale et \entriculaire, une détection atriale
et ventriculaire, une inhibition par les événements atriaux et ventriculaires.

0 Applications

Dans le cadre des indications générales reconnues par les sociétés savantes, les
stimulateurs cardiaques implantables double chambre de type DDDR sont pris en
charge dans les situations suivantes :

- Bloc auriculo-ventriculaire du 2" ou du 3°™ degré nécessitant une stimulation
ventriculaire permanente ou intermittente (si la conduction auriculo-ventriculaire est
préservée) :
- chez le patient ayant une insuffisance chronotrope, lorsque le maintien d'une
activité physique est possible,




- et si l'oreillette est stimulable de facon prédominante,
- Dysfonction du noeid sinusal avec insuffisance chronotrope associée soit a des

pY

anomalies de la conduction auriculo-ventriculaire, soit a une maladie rythmique
atriale.

La fibrillation auriculaire chronique et permanente n'est pas une indication de la
stimulation double chambre DDD(R).

O Modalités d'’utilisation

Les stimulateurs sont implantés sous anesthésie locale dans la région pectorale
abordée par une simple incision ; ils sont reliés a une ou deux sondes endocavitaires

dont les extrémités sont placées au niveau des cavités cardiaques.

Le stimulateur IDENTITY ADX DR doit étre utilisé avec un programmateur modéle
3510/3500 pourvu du logiciel modele 3307/version 4.4 ou plus récent.

Le stimulateur IDENTITY ADX DR est compatible avec les sondes uni/bipolaires I1S1.

O Durée de vie du dispositif

La longévité du stimulateur IDENTITY ADX DR est estimée a 6,7 ans dans les
conditions suivantes : 2,5 V — 0,5 ms — 70 mint — 100% stimulation DDDR — 500 W +

1% (jusqu'a l'indication de remplacement).



Il — Service rendu

1 Caractere de gravité
Il faut distinguer les dysfonctions sinusales et les blocs auriculo-ventriculaires (BAV).

La dysfonction sinusale peut voir apparaitre au cours du temps une fibrillation
auriculaire, avec les complications thrombo-emboliques associées et évoluer vers une
insuffisance cardiaque.

Dans les blocs auriculo-ventriculaires, les symptémes sont fréquents. Ils sont en
relation avec la bradycardie ou l'arythmie ventriculaire (étourdissements, syncopes,
absences). Le pronostic vital peut étre compromis.

La dysfonction sinusale est a l'origine d'une dégradation marquée de la qualité de
vie.
Certains blocs auriculo-ventriculaires peuvent engager le pronostic vital.

2 Rapport performances/risques

Performances

Selon un rapport de 'ANAES?, «les indications de pose de stimulateur cardiaque ne
reposent pas sur des études a fort niveau de preuve. Des études randomisées sont en
cours. Cependant, l'historique de la stimulation cardiaque et l'observation clinique
rendent la réalisation de telles études non éthigues dans les blocs auriculo-
ventriculaires».

«Les patients doivent étre pris en charge sur le plan clinique, malgré les incertitudes
issues de cette analyse de la littérature, selon I'expérience clinique accumulée au cours
des décennies précédentes».

La subdivision en trois classes et trois niveaux de preuves selon les définitions
américaines a été adoptée®. Selon les cas, les indications sont de classe |, lla ou llb ; et
les niveaux de preuves B ou C.

Niveaux de preuves

A : fondé sur des données provenant de plusieurs études randomisées comprenant un grand nombre de patients

B : fondé sur des données provenant d'un nombre limité d'études randomisées comprenant un faible nombre de patients ou de bons
travaux non randomisés ou de registres d'observations

C : fondé sur un consensus des experts consultés

Classes (grades de recommandations)

Classe | : situations dans lesquelles il y a une preuve et/ou un accord général pour dire que le traitement est bénéfique, utile et efficace

Classe Il : situations dans lesquelles il y a des éléments contradictoires et/ou des divergences d'opinion sur I'utilité et I'efficacité du
traitement :

- Il a: le poids des preuves est plutét en faveur de la technique

- Il b : le poids des preuves est insuffisant pour avoir une opinion.

Classe Ill : situations dans lesquelles il y a une preuve et/ou un accord général pour dire que le traitement n'est ni utile ni efficace ou
éventuellement nuisible

Y ANAES, évaluation clinique et économique des stimulateurs cardiaques, mai 1999
2 Gregoratos G et a. JAm Coll Cardiol 1998 ; 31 : 1175-1209



Risques

Les risques présentés ci-aprés sont communs a l'ensemble des stimulateurs
cardiaques. Aucun n’est spécifique au stimulateur IDENTITY ADX DR.

Ainsi, l'implantation d’un stimulateur cardiaque peut entrainer des complications™ :

O liées a I'acte médico-chirurgical (implantation)
- déplacement des sondes : 1,1 a 6 %, souvent précoce, nécessite une
réintervention
- hémorragies et hématomes : 0,5a 1,5 %
- perforation du coerr, de la plévre, des poumons, hémothorax : 0,35a 1,7 %
- infections : 0,23 a4 %
- locales
- générales, parfois tardives, de pronostic sévere (mortalité > 30 %)
- thromboses veineuses symptomatiques ou non

[0 électrophysiologiques précoces ou tardives
- syndrome du pacemaker : 0,2 & 26 %
- reconversion des stimulateurs cardiaques (en dehors du syndrome du
pacemaker)
- fibrillation auriculaire et thromboembolie

[0 liées a la fiabilité et a la sécurité des stimulateurs cardiaques
- interférences électromagnétiques
- autres : sur/sous-détection, batterie hors service prématurément, ...

L'analyse des données! montre que:
- les risques liés a l'utilisation des stimulateurs cardiaques dépendent de nombreux
facteurs dont I'expérience du centre qui semble étre le facteur le plus lié au taux de
réintervention
- la détection d'une complication releve a la fois des méthodes de diagnostic et du
rythme de suivi.

Ces données sont en faveur d'un encadrement de l'utilisation des stimulateurs
cardiaques.

- les interférences électromagnétiques créées par certains appareils contre-indiquent
leur utilisation chez les patients porteurs de stimulateur cardiaque ou nécessitent des
précautions particulieres. Il s'agit des IRM, de la cobaltothérapie, du bistouri
électrique, de la lithotritie extracorporelle, de la défibrillation transthoracique. En
milieu industriel, chaque cas doit étre étudié. En revanche, les risques dans la vie
courante sont négligeables.

Les interférences électromagnétiques potentielles avec de nombreux appareils
dans l'environnement domestique et hospitalier ainsi que la conduite a tenir
doivent étre connues des médecins et des patients.

Au total, le rapport performances/risques des stimulateurs en général est
favorable a leur utilisation.



3 Exposé des alternatives thérapeutiques

Le rapport ANAES® et lanalyse de la littérature montrent quil n'y a pas dautre
alternative thérapeutique dans les blocs auriculo-ventriculaires, et dans la dysfonction
du noed sinusal.

Il n'y a pas d'alternative a I'implantation d’un stimulateur cardiaque.

4 Intérét pour la santé publique

Dans les conditions d’indication, compte tenu de I'absence d’alternative et de la
gravité de I'affection, les stimulateurs cardiagques présentent un intérét en terme
de santé publique.

En conclusion, la Commission d'Evaluation des Produits et Prestations estime
que le service rendu par les stimulateurs cardiagues implantables est suffisant
pour l'inscription sur la liste des Produits et Prestations prévue a l'article L. 165-1
du code de la sécurité sociale.

Néanmoins, la Commission conditionne leur service rendu a des spécifications
techniques minimales et a des conditions de prescription et d'utilisation.



Il — Eléments conditionnant le service rendu

O Indications

Celles retenues pour la ligne générique des stimulateurs cardiaques implantables
double chambre de type DDDR (ligne 3489875).

[0 Spécifications techniques minimales

Celles retenues pour la ligne générique des stimulateurs cardiaques implantables
double chambre de type DDDR (ligne 3489875).

Le stimulateur IDENTITY ADX DR répond a toutes ces spécifications techniques
minimales.

0 Modalités d’inscription et d’utilisation

Celles retenues pour la ligne génériqgue des stimulateurs cardiaques implantables
double chambre de type DDDR (ligne 3489875).

La Commission d'Evaluation des Produits et Prestations s'est prononcée pour un
service rendu suffisant du stimulateur cardiaque implantable IDENTITY ADX DR.




IV — Amélioration du Service Rendu

Comparaison aux spécifications technigues minimales décrites par la ligne
générigue des stimulateurs double chambre de type DDDR (lighe 3489875)

IDENTITY ADX DR est un stimulateur correspondant en tous points aux spécifications
techniques minimales requises pour cette gamme de produit. Néanmoins, il présente en
plus des fonctions thérapeutiques et diagnostiques supplémentaires :

sur _2_canaux : il s'agit d’'une fonction holter embarquée qui permet le diagnostic
automatique et rétrospectif des arythmies. Ces EGMs remplacent des marqueurs
dont on connaissait les limites. L’application d’'un aimant permet en outre de corréler
les symptdmes du patient a la réalité électrocardiographique. Ces véritables
meémoires implantées permettent une meilleure connaissance de I'histoire naturelle
des pathologies présentées par le patient, un diagnostic rapide de
dysfonctionnement d’entrainement ou d'écoute, et une adaptation au mieux du
traitement au patient. En particulier, cette fonction permet de détecter, et de traiter,
des arythmies auriculaires souvent asymptomatiques, bien que graves (1 essai non
comparatif sur 56 patients avec des appareils de génération antérieure d’'une autre
firme®), ce qui rend particuliérement indiqué chez des patients susceptibles d’avoir
des troubles atriaux ou ventriculaires.

D’autres dispositifs possedent une telle fonction avec des enregistrements de

résolution et de durée variables.

teste en permanence le seuil de stimulation du patient, et adapte automatiquement
'amplitude des impulsions. Elle permet d’augmenter la longévité de la pile par rapport
au méme appareil programmé a amplitude fixe en délivrant I'énergie juste
nécessaire*>.

La longévité calculée du stimulateur IDENTITY ADX DR est ainsi égale a 6,7 ans
dans les conditions fixées pour les spécifications techniques minimales, et peut
atteindre 7,2 ans avec cette fonction activee.

Cet allongement de la durée de vie de I'appareil réduit de fait les complications lieées
au changement du boitier, et le rend particulierement indiqué chez les sujets jeunes

ou dépendants de la stimulation.

De plus, cet algorithme améliore la sécurité du patient car il permet de vérifier
I'efficacité de la stimulation (signal de réponse évoqué). A chaque cycle, si la
stimulation ventriculaire n'est pas confirmée par la détection d’'une réponse évoquée,
l'appareil délivre une impulsion de secours afin de garantir une contraction

% Pollak W. et al. Pace 2001 ; 24 (Pt I1) : 424-429
4 Simeon L. et al. Pace 2000 ; 23 (Pt I1) : 1788-1791
® Boriani G. et al. Pace 2000 ; 23 (Pt 1) : 1783-1787
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ventriculaire. La sécurité et les performances de cet algorithme ont fait I'objet de 2
essais non comparatifs publiés®’.

fréquence inférieure a la fréquence de base pendant les phases de sommeil ou de
repos, et donc de mieux respecter le rythme circadien.
Cette fonction est disponible sur la plupart des appareils de derniére génération.

I'activité ventriculaire spontanée et déconomiser une stimulation ventriculaire droite
inutile. Une désynchronisation des deux ventricules qui aurait un effet délétere sur le
plan hémodynamique®, et augmenterait le risque de fibrillation atriale® peut ainsi étre
évitée.

fonction a pour objectif d’'empécher le canal atrial de détecter une dépolarisation
atriale rétrograde et d'initier une tachycardie potentielle par réentrée électronique.

- Une _commutation automatique_de_mode _: cette fonction permet de préserver la
stimulation synchronisée auriculo-ventriculaire.

Les avantages de la commutation de mode sont les suivants'®: les patients
présentant des tachycardies atriales paroxystiques peuvent devenir trés
symptomatiques a cause de la détection de l'arythmie, qui est responsable de
stimulations ventriculaires rapides. Si un mode de non détection atriale permanent
est programmé, ces patients ne ressentiront pas de rythme rapide, mais il n'y aura
pas de synchronisme auriculo-ventriculaire pendant les périodes de rythme sinusal.
La commutation de mode permet a ces patients de bénéficier d’'une stimulation
physiologique pendant les périodes d'activité¢ atriale normale, et détre
asymptomatiques lors des tachycardies atriales (commutation du stimulateur).

En revanche, la sensibilit¢ doit étre assez haute pour assurer la détection des
arythmies atriales. Les tachycardies sinusales peuvent entrainer des commutations
inappropriées. Les criteres doivent donc étre assez rigoureux pour éviter cela. lIs
doivent également éviter qu’il y ait trop de commutations, ce qui peut étre
désagréable pour le patient. Cependant si les critéres sont trop séveres, le patient

® Clarke M. et al. Pace 1998 ; 21 : 1567 - 959

"Lau C. et al. Pace 2000 ; 23 : 953-959

8 Tse HF et al. JACC 1997 ; 29(4) : 744-749

® Sweeney M et al. Circulation 2003 ; 107 : 2932-2937
10 sutton R. et al.. Am J Cardiol 1999 ; 83 : 202D-210D.



pourra éprouver des rythmes ventriculaires rapides prolongés avant que la
commutation ne se produise. Il faut donc faire un compromis dans la programmation.

L’étude de Kamalvand! sur des appareils de différentes firmes, et de génération
antérieure a I'IDENTITY ADX DR a confirmé l'efficacité clinique de la commutation
automatique de mode, et la préférence de ce mode par les patients interrogés.
L’étude comparait 3 modes de stimulation: DDDR avec commutation, DDDR sans
commutation, et VVIR, chez les patients ayant des antécédents de tachyarythmie
atriale. Cependant, dans cette étude, la moyenne de la durée d'exercice et la
fréquence maximale lors d'un test d’effort ne sont pas significativement différentes
entre les modes DDDR avec ou sans commutation.

algorithme d’overdrive auriculaire.

Parmi les patients candidats a la stimulation cardiaque permanente, certains
présentent en plus des troubles du rythme auriculaire. En particulier, la maladie de
I'oreillette se caractérise par une alternance d’épisodes de bradycardie et d’épisodes
de FA. La FA est un trouble évolutif apparaissant de maniere paroxystique pour
devenir permanente en quelques années. |l n'existe pas de facteur prédictif
identifiés. Or ses complications sont graves, allant jusqu'a l'accident vasculaire
cérébral.

Une étude (ADOPT-A) multicentrigue randomisée sur 288 patients utilisant des
stimulateurs antérieurs, a mis en évidence une réduction relative de 25% de la
charge de FA paroxystique ou persistante'?. Cette réduction est significative et se
maintient au cours de temps. Deux études (OASES et INOVA) dont les résultats ont
fait 'objet de communications fin 2003 semblent confirmer l'intérét de cet algorithme.
Cet algorithme est particulierement indiqué pour les sujets présentant une
cardiopathie ou des troubles du rythme atrial.

De plus, le stimulateur IDENTITY ADX DR posséde une taille particulierement réduite,
cependant cette miniaturisation du boitier est au détriment de la longévité de I'appareil.

Comparaison aux stimulateurs double chambre de type DDDR inscrits sous nom
de marque :

Le comparateur retenu par la Commission est le stimulateur IDENTITY DR.

Toutes les fonctions du stimulateur IDENTITY ADX DR sont disponibles sur le
stimulateur IDENTITY DR.
Les différences entre les deux versions du stimulateur DR sont les suivantes :
- amélioration des fonctions mémoires, notamment avec la possibilit¢ de suivre la
charge en fibrillation auriculaire,
- nouveau logiciel de programmation.

Il n'est présenté aucune donnée concernant ces modifications.

1 Kamalvand K. et al. JACC 1997 ; 30 (2) : 496-504.
12 Carlson M. et al. JACC 2003 ; 42(4) : 627-633
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Pour cet ensemble de fonctions, IDENTITY ADX DR est intéressant dans les situations
suivantes :

- sujets dépendants de la stimulation,

- ouU présentant une cardiopathie associée,

- ou présentant des troubles du rythme atrial.

Au total, dans les indications retenues, la Commission d’Evaluation des Produits
et Prestations s’est prononcée pour une absence d’amélioration du service rendu
(ASR V) du stimulateur IDENTITY ADX DR par rapport au stimulateur IDENTITY
DR.

V — Conditions du renouvellement

Le renouvellement sera subordonné a la présentation d’études confirmant la portée
clinique des caractéristiques techniques du stimulateur IDENTITY ADX DR, ainsi que
des données actualisées du suivi des dispositifs implantés confirmant le rapport
performances/risques favorable.

VI - Population cible

D'apres les données 2001 du Programme de Meédicalisation des Systémes
d’'Implantation (PMSI), le nombre total d’'implantations de stimulateurs cardiaques est de
54 526 par an, dont la moitié dans le secteur privé (chiffres obtenus a partir des actes
classants stimulation cardiaque définitive et changement de stimulateur).

Acte ,Ensc-;mble des Part du_sgcteur
établissements prive
Stimulation cardiaque définitive 41 826 48 %
Changement de stimulateur 12 700 58 %
TOTAL 54 526 49 %

D’aprés les statistigues communiquées par les fabricants proposant des stimulateurs en
France, les ventes de stimulateurs atteignaient un total de 54 508 en 20023 si I'on
exclut les boitiers spécifigues pour stimulation biventriculaire. L'utilisation de boitiers
DDDR utilisés avec un adaptateur en Y porte a environ 1 850 le nombre d’'implantations
pour stimulation biventriculaire.

3 Dodinot B. Stimucoeur 2003 ; 31(2) : 126-140
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Type de stimulateur 2002
SSi 6,8 % soit 3 685
SSIR 21,7 % soit 11 841
VDD(R) 5,6 % soit 3 081
DDD 8,9 % soit 4 884
DDDR 56,9 % soit 31 017
TOTAL 100 % soit 54 508

Enfin, d'aprés les données du fichier frangais 2002 du Collége Frangais de Stimulation
Cardiaque®, le nombre dimplantations définitives réalisées par an en primo-
implantation est de 26 065, représentant 77 % des dossiers enregistrés.

Les proportions des différents types de stimulateurs implantés en primo- et ré-

implantation sont les suivantes :

Type de stimulateur | Primo-implantations | Ré-implantations Ensemble
SSI 7% 7% 6,9 % soit 2 369
SSIR 18 % 28 % 20,3 % soit 6 872
VDD(R) 6 % 4 % 5,6 % soit 1 875
DDD 11 % 10 % 10,8 % soit 3 646
DDDR 58 % 51 % 56,4 % soit 19 088
TOTAL 26 065 7785 33 850

Les données du PMSI et les statistiques des fabricants sont cohérentes.

Les chiffres rapportés par le fichier francais, en nombre dimplantations, sont
certainement inférieurs a la réalité puisque basés sur une participation volontaire des
centres.

En revanche, les proportions relatives des différents types de stimulateurs sont
cohérentes avec celles des fabricants.

Au total, la population cible retenue pour le stimulateur IDENTITY ADX DR est comprise
entre 19 088 et 31 017 implantations par an.

Il est & noter une augmentation prévisible dans les années a venir, liée au vieillissement
normal de la population et au pic démographique d’aprés guerre.

14 salvador-Mazeng M. Stimucoeur 2003 ; 31 (3) : 200-204




RECOMMANDATIONS DE LA COMMISSION D’EVALUATION

DES PRODUITS ET PRESTATIONS

NOM :

IDENTITY ADX DR stimulateur cardiaque implantable double chambre
a fréquence asservie de type DDDR

SR:

Suffisant

Eléments conditionnant le SR

Indications

Celles de la ligne générique 3489875

Conditions de prescription et
d’utilisation

Celles de la ligne générique 3489875

Spécifications technigues

Celles de la ligne générique 3489875

ASR :

V (pas d’amélioration du service rendu) par rapport au stimulateur
IDENTITY DR.

Type d'inscription :

Nom de marque

Durée d'inscription :

5 ans

Conditions du renouvellement :

Le renouvellement sera subordonné a la présentation d'études
confirmant la portée clinique des caractéristiques techniques du
stimulateur IDENTITY ADX DR, ainsi que des données actualisées du
suivi des dispositifs implantés confirmant le rapport
performances/risques favorable.

Population cible :

La population cible est comprise entre 19 088 et 31 017 implantations
de stimulateurs DDDR par an (dont la moitié dans le secteur privé).

-13-




Identity® ADx DR (Model 5380)

US Market Release March 2003 | Normal Battery Depletion 907
Registered US Implants 48,790 Malfunctions 32
Estimated Active US Implants 39,503 Malfunctions w/ Compromised Therapy (0 related to Advisory) 1
Estimated Longevity 3.8 Years Malfunctions w/o Compromised Therapy (0 related to Advisory) 31
Number of Advisories (see pages 134-139) One

Including Normal Battery Depletion

100% \
80%
60%
40%
20%
0% 1 1 1 1
0 1 2 3 4 5
Years After Implant
Year 1 2 3 4
Survival Probability 99.98% 99.92% 98.55% 90.06%
+ 1 standard error 0.01% 0.01% 0.06% 0.63%
Sample Size 45200 29600 14000 4100
Excluding Normal Battery Depletion
100% —
80%
60%
40%
20%
0% 1 1 1 1
0 1 2 3 4 5
Years After Implant
Year 1 2 3] 4
Survival Probability 99.98% 99.96% 99.73% 97.19%

+ 1 standard error 0.01% 0.01% 0.04% 0.53%
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Longevity projections
Longevity projections (normal operating life)

Longevity projections (normal operating life)

Table C-1 through Table C-5 show the estimated time from implant to the
Elective Replacement Indicator (ERI) being set at nominal and low output
amplitudes. The estimated time varies based on the lead impedance
(either 500, 600, or 1000 Ohms) and the percent of time spent pacing
(either 50% or 100%).

Note: These longevity projections are based on calculations using
deliverable battery capacity. These values are estimates of projections
from implant to ERI and can help the clinician in understanding the effects
of various pacing conditions on battery longevity. These values should not
be interpreted as precise numbers.

A Caution: When ERI is set, the pacemaker must be replaced within three
months. The time and date when ERI was set is shown on the Significant
Events window.

Models KDR901/903/906, KDR801/803/806, and
KD901/903/906 longevity projections

Table C-1. Implant to ERI projections for Models
KDR901/903/906, KDR801/803/806, and KD901/903/906

Programmed settings Percent Projected longevity (years)
paced at listed lead impedance

Mode: DDDR? 500 600 1000
Lower Rate: 60 min™! Ohms Ohms Ohms

Nominal outputs 100% 6.3 6.6 7.7
Amplitudes: 3.5 V 50% 7.8 8.0 8.8
Pulse Widths: 0.4 ms

Low outputs 100% 7.7 8.0 8.6
Amplitudes: 2.5 V 50% 8.6 8.8 9.2
Pulse Widths: 0.4 ms

Lower ventricular output 100% 8.1 8.3 8.8
A. Amplitude: 2.5 V 50% 8.9 9.0 9.4

V. Amplitude: 1.5V
Pulse Widths: 0.4 ms

2 For models KD901/903/906, the programmed mode is DDD.

C-2 Kappa 900/800 Series Pacemaker Reference Guide



Longevity projections
Battery specifications

Battery specifications

The three type of batteries used in Kappa 900/800 Series pacemakers are
listed in the tables below. Note that the projected deliverable capacity is
the estimated average capacity of the battery.

Table C-12. Battery specifications for models KDR901/903/906, KDR801/803/806,

and KD901/903/906
Type Sigma 263 Lithium-lodine
Voltage 2.8 Volts
Projected Deliverable Capacity 1.2 ampere-hour

Table C-13. Battery specifications for models KDR921, KVvDD901, and

KSR901/903/906
Type Sigma 213 Lithium-lodine
Voltage 2.8 Volts
Projected Deliverable Capacity 0.83 ampere-hour

Table C-14. Battery specifications for models KDR931/933

Type Sigma 303 Lithium-lodine
Voltage 2.8 Volts
Projected Deliverable Capacity 1.4 ampere-hour

Kappa 900/800 Series Pacemaker Reference Guide C-9
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Longevity projections

Projected service life

Projected service life: ADSR01/03/06,

SESRO01, SES01

Table C-4. ADSR01/03/06, SESR01, SES01 Projected service life from implant to RRT/ERI in years

Lead impedance

Pacing Amplitude Pulgtea:l?l’idth 500 © 1000 @
Longevity (years)

SSIR or SSI, 0% 20V 60 ppm, 0.4 ms 9.0 9.0
25V 8.5 8.5

35V 8.8 8.8

SSIR or SSI, 50% 20V 60 ppm, 0.4 ms 8.4 8.7
25V 7.8 8.1

35V 7.4 8.0

SSIR or SSI, 100% 20V 60 ppm, 0.4 ms 7.9 8.4
25V 7.3 7.8

35V 6.4 7.4

SSIR or SSI, 0% 25V 70 ppm, 0.5 ms 8.3
50V 8.2

SSIR or SSI, 100% 25V 70 ppm, 0.5 ms 6.7
50V 41

SSIR or SSI, 100% 5.0V 70 ppm, 1.0 ms 2.9
SSIR or SSI, 100% 5.0V 100 ppm, 1.0 ms 2.2

C-6 Adapta/Versa/Sensia Pacemaker Reference Guide



trant
Highlight

trant
Highlight

trant
Highlight


Longevity projections

Projected service life

Projected service life: VEDRO1,
SEDRO1, SEDO1

Table C-6. VEDRO1, SEDRO1, SEDO1 Projected service life from implant to RRT/ERI in years

Lead impedance

A Amplitude, Rate,
Pacing V Amplitude Pulse Width 500 © 1000 Q
Longevity (years)

DDDR or DDD, 0% 1.5V,2.0V2 60 ppm, 0.4 ms 9.8 9.8
25V,25V 9.3 9.3

35V,35V 9.6 9.6

DDDR or DDD, 50% 1.5V,2.0va 60 ppm, 0.4 ms 9.0 9.4
25V,25V 8.2 8.7

35V,35V 7.4 8.3

DDDR or DDD, 100% 1.5V,2.0Vva 60 ppm, 0.4 ms 8.2 8.9
25V,25V 7.4 8.2

35V,35V 6.0 73

DDDR or DDD, 0% 25V,25V 70 ppm, 0.5 ms 9.0
50V,5.0V 8.9 ----

DDDR or DDD, 100% 25V, 25V 70 ppm, 0.5 ms 6.5
50V,5.0V 3.5

DDDR or DDD, 100% 50V,5.0V 70 ppm, 1.0 ms 24
DDDR or DDD, 100% 50V,5.0V 100 ppm, 1.0 ms 1.7

a For ACM the Minimum Adapted Amplitude is 1.5 V (nominal). For VCM the Minimum Adapted Amplitude is 2.0 V (nominal).

C-8 Adapta/Versa/Sensia Pacemaker Reference Guide
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Longevity projections
Battery specifications

Table C-12. Battery specifications for Models ADSR01, ADSR03, ADSRO06,
SESRO01, SES01

Type Sigma 213 Lithium-lodine
Voltage 2.8 Volts
Projected deliverable capacity 0.86 ampere-hour

Table C-13. Battery specifications for Model ADVDDO1

Type Sigma 213 Lithium-lodine
Voltage 2.8 Volts
Projected deliverable capacity 0.86 ampere-hour

Table C-14. Battery specifications for Models VEDRO1, SEDRO1, SEDO1

Type Sigma 263 Lithium-lodine
Voltage 2.8 Volts
Projected deliverable capacity 1.2 ampere-hour

Table C-15. Battery specifications for Model SEDRL1

Type Sigma 303 Lithium-lodine
Voltage 2.8 Volts
Projected deliverable capacity 1.4 ampere-hour

C-12  Adapta/Versa/Sensia Pacemaker Reference Guide
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Pacemaker Longevity: Are We Getting What We

Are Promised?

JANEK SENARATNE, MARLEEN E. IRWIN, R.R.T., FH.R.S,,
and MANOHARA P. J. SENARATNE, F.A.C.C., Pu.D.
From the Division of Cardiology, Grey Nuns Hospital, University of Alberta, Edmonton, Alberta, Canada

Background: Although pacemaker manufacturers provide projections on longevity, these projections
cannot be relied upon due to the assumptions of output parameters being far in excess of those programmed
in clinical practice.

Objective: The purpose of this review was to compare the actual longevity to the calculated longevity of
pacemakers based on battery cell characteristics taking into account individual programmed parameters,
mode, degree of usage, and percent pacing. This was also compared to the manufacturers’ own projected
longevities.

Methods: Patients who had a pacemaker replaced between 1998 and 2003 were included (n = 124). Cell
characteristics were obtained from manufacturers and programmed parameters were obtained at each
visit. Stepwise calculations were done for each visit to find current drain during each interval, and then
were used in a weighted average to find the total average lifetime current drain. This was subsequently
used to find a calculated longevity for each pacemaker to be compared to the actual longevity observed.

Results: The pacemakers lasted 491 + 92 days (mean + SEM) less than calculated. There was also a
difference between dual- and single-chamber devices (though not statistically significant). Moreover, it
was found that there were significant differences between manufacturers.

Conclusions: There appears to be a significant discrepancy between calculated and actual longevities,
confirming that battery depletion occurs earlier than expected. This suggests that current drain expended
for ancillary functions may be considerable. Another factor may be pre-implantation drain. Vigilance with
programming of outputs, modes, sensors, heart rates, and ancillary functions could potentially extend
longevity and postpone/obviate the need for costly repeat surgery with its attended risk of complications.
Furthermore, the differences between manufacturers seem to parallel the clinical impressions. (PACE

2006; 29:1044-1054)

pacemaker longevity, battery life, current drain, pacemaker ancillary functions, pacemaker

replacement

Introduction

Pacemakers have undergone many signifi-
cant changes since the first battery-powered pace-
maker was implanted in 1958. Since that time,
advances in technology have given clinicians a
host of programming capabilities ranging from ar-
rhythmia review to remote transmission of infor-
mation via satellite communication technology.!
Unfortunately, these added capabilities place an
added drain on the battery. Pacemaker manufac-
turers have traditionally provided estimates on
pulse generator longevity (herein referred to as
“projected longevity”). However, these projected
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longevities are based on voltages, pulse durations,
pacing rates, pacing percentages, and impedances
that are almost always different from that observed
in clinical practice. As a result, the projected
longevities cannot be relied upon, especially con-
sidering that the voltages and pulse durations used
in their calculation are significantly higher than
that required to effectively and safely capture the
patient. For example, several manufacturers report
projected longevities based on voltages as high as
3.5—4.0 volts. Thus, the projections may give a
good picture in terms of the manufacturers keep-
ing to their projected longevity when in reality
it is quite feasible that these pacemakers are not
lasting as long as they should given that they are
programmed at lower settings, which should ex-
tend the lives of these pacemakers. The intention
of this project was to account for the effect of lead
impedance, programmed output parameters, and
the degree of usage of the pacemakers by finding
a calculated longevity to be compared with the
actual longevity observed clinically based on the
time to pulse generator replacement due to battery
depletion. We therefore did not use the pre-defined
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projected longevities provided in the device man-
uals in finding the calculated longevity for each
patient.

Methods
Patient Selection and Data Collection

A group consisting of 124 consecutive patients
who had a pulse generator replaced due to battery
depletion between 1998 and 2003 were included
in the study. Patients who had a pulse generator re-
placed due to reasons other than battery depletion
(e.g., lead malfunction, infection, component fail-
ure, etc.) were excluded from the study. The study
included both single- and dual-chamber devices.
All clinical, investigational, and demographic data
were collected in a prospective manner and en-
tered into a database within the Statistical Package
for the Social Sciences (SPSS) data management
system. The information collected in the pace-
maker clinic was also entered into a pacemaker
data management system (Medtronic Paceart, Ar-
den Hills, MN, USA).

For each type of pulse generator found within
this patient sample, information regarding inhib-
ited current drain (in milliamperes) and cell capac-
ity (in ampere-hours) was obtained directly from
the manufacturers. The inhibited or static current
drain is the drain on the battery when it is in an
inhibited mode (i.e., only sensing with no pacing).

For each patient within this sample, the out-
put parameters were programmed and recorded
at each clinic visit (including the initial implant
visit). These programmed parameters included the
cell voltage, lead impedance, and output of the
pacemaker, which itself consisted of output volt-
age (in volts) and pulse duration (in milliseconds).
The programmed parameters are essentially the di-
rectresult of clinical manipulation of each individ-
ual pacing system and the patient specific output
energy requirements for optimal stimulation.

Also recorded at each visit was information
regarding the degree of usage of each pacemaker.
This involved percent pacing and the mean rate
of pacing in beats per minute. These were ob-
tained for either one chamber or both depend-
ing on the mode of pacing. Whenever the percent
pacing parameter was not available, 100% pacing
was assumed avoiding overestimation of the cal-
culated longevity thus favoring the comparison to-
ward the pacemaker/manufacturer. This occurred
in instances where the percent pacing parameter
was not available in a particular device and rarely
where it was not documented at a clinic visit.

Calculation of Actual and Calculated Longevities

Actual longevity was defined as the time be-
tween pacing system implantation and pulse gen-
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erator replacement. The clinical sequence adapted
for pulse generator replacement (for battery de-
pletion) was as follows. After a pulse generator
was noted to have reached elective replacement
indicator, an increased surveillance was adapted
with quarterly clinic visits. All patients deemed
to have a pacing dependency status of 14 or 2+
(defined as nondependent with prevailing intrin-
sic rthythm) were then followed to the point of end
of (pacemaker cell) life indicator with generator re-
placement arranged at that point. In the case of 4+
dependency patients (defined as full ventricular
pacing during a 60-second period of pacing at a
programmed rate of 30 beats/min), programmed
parameters were adjusted as required to extend
battery life. Follow-up was done at 1-2 month in-
tervals with careful evaluation of battery cell char-
acteristics and the rate of cell depletion. In the 4+
dependent group of patients, pulse generator re-
placement was done following a period of time
after the elective replacement indicator and ex-
tending up to the end-of-life indicator. The timing
of surgery was based on the evaluations as well
as the patient’s ability to comply with the more
frequent follow-up. In general, the practice of the
pacemaker program at the Grey Nuns Hospital has
been to delay pulse generator replacement as far as
practically feasible. Pulse generator replacements
done for reasons other than battery depletion were
excluded. All explanted devices were returned to
the respective manufacturers for analysis and feed-
back.

Estimation of the calculated longevity (done
for all 124 patients individually) required three
separate sets of information: battery cell charac-
teristics (manufacturer-set), programmed parame-
ters (clinic-set), and degree of usage of pacemaker
(patient/lifestyle dependent). The initial step in-
volved the determination of the total current drain
(in microamperes, nA) for the pulse generator. This
was the sum of the inhibited/static current drain
and the pacing current drain.

The value for inhibited current drain was ob-
tained directly from the manufacturer. The pac-
ing current was further split into (patient specific)
mean atrial and ventricular pacing currents, each
of which was calculated independently and then
summed.

Neither mean atrial nor mean ventricular pac-
ing currents could be calculated directly, since
during the lifetime of a pulse generator, pro-
grammed parameters and thus pacing currents
change. First, the atrial and ventricular pacing cur-
rents between two visits for each patient were
found (given that during the time interval between
visits, programmed parameters did not change).
Once the pacing currents were known for each
visit, a mean value over the lifetime of that pulse
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generator was calculated. The physics formulae
used for these calculations were*:

(1) (2)
V=IR E =VIt
(volt) = (ampere)(ohm) (joule)=
(volt)(ampere)(second)

Calculation of atrial and ventricular pacing
currents (for a single visit) involved finding an
energy per beat using the programmed param-
eters (output voltage, pulse duration, and lead
impedance). This represents the amount of energy
expended for each current emitted to stimulate and
capture the heart. The delivered energy is indepen-
dent of the type of pacemaker but affected only
by the output voltage, pulse duration, and lead re-
sistance. The calculation requires both formulae
noted above. To find energy, Formula 2 was used;
but, since current was unknown, Formula 1 was
solved for current and substituted into Formula 2
such that the final equation involved only resis-
tance, voltage, and time (pulse duration):

E=VIt (1)
V=IR (2)
Rearrange(2): I=V/R
Substitute in(1): E = VVt/R
E = V2t/R

(Energy per beat —uJ)

(Output voltage — V)?
(Pulse duration — ms) x 1, 000

(Resistance — 2)

The energy per beat was in microjoules since
both output voltage and pulse duration were found
in volts and milliseconds, respectively, and then
multiplied by 1,000. The second step in calculat-
ing the atrial and ventricular pacing currents in-
volved taking into account the remaining cell volt-
age in the pulse generator as obtained at each visit
along with the degree of usage of the pacemaker.
This calculation involved equation (1), though re-
arranged to solve for current I as was required. In
this case, E was the energy per beat calculated from
equation (1), V was the cell voltage, and the inverse
of time was beats per second. Beats per second
was a product of mean pacing rate (in beats/min)
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and percent pacing (the percentage of time during
which pulse generator was pacing), divided by 60,
in order to convert to beats/sec:

E=VIt (1)
1=E/(Vt)
I=(E)(1/t)/(V)

Rearrange(1):

(A/V Pacing Current —uA)

(Energy per beat — uJ)
(beats per second — 1/s)

(cell voltage — V)

Note:
(Beats per second —1/s)
(mean pacing rate — 1/min)
[ (Percent pacing — %) i|
(60 — s/min)

The atrial and ventricular pacing currents
were determined for each inter-visit period (i.e.,
the time between two clinic visits). Thereafter, the
mean atrial and ventricular pacing currents were
found by multiplying the value for each inter-visit
period with the number of days between that visit
and the next. This was then summed with calcu-
lations for all such visits. The total was then di-
vided by the total number of days between pulse
generator implant and replacement to give final
mean atrial and ventricular pacing currents for
the entire life of the pacemaker. Note that math-
ematically, this was the equivalent of a weighted
average:

Mean A/V current

(A/V current,)(datey;si 1 —dateyisit 2)
+(A/V Currentvisit2)(datevisit2 - datevisit3)+ e

Total number of days between
pulse generator implant and replacement

The mean atrial and ventricular pacing cur-
rents (in uA) were combined with the inhibited
current drains to derive the total current drains.
This value was then used along with the cell ca-
pacity (in ampere-hours) from the manufacturers
to find the calculated longevity in years for each
pulse generator, thus taking into account different
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sized batteries. A unit conversion factor was used
to convert hours and pA into years:3

(Longevity — yrs)
(Ampere — hours — A - h)
_ (1 x 10% — A per A)
a (total current — nA)
(24 x 365 — hours per year)

It should be emphasized that the projected
pulse generator longevities provided by the manu-
facturers were not used in the estimation of the cal-
culated longevity. The manufacturers’ projected
longevities are reported separately, having been
acquired directly from the manufacturers them-
selves.

The energy drain from the pacemaker during
the pre-implantation period (i.e., from the date of
manufacture to the date of implant) was not uti-
lized in calculating longevity. This was due to the
lack of accurate data regarding the energy drain
during this period for all pacemaker models—
manufacturers were contacted regarding this, but
two of the four declined giving out this informa-
tion. However, the available data regarding the
time to implant was pooled to find a mean pre-
implantation period so as to make sure that the
shortfall in longevity could not be explained by
this pre-implantation drain.

Statistical Analysis

The clinical, investigational, and demo-
graphic characteristics, as well as the calculated
and actual longevities, were entered into the
database formulated within the SPSS data man-
agement system. Continuous variables were en-
tered as such and all discrete variables were broken
down into mutually exclusive categories. The re-
sults for continuous variables are given as mean +
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Figure 1. Frequency-distribution of the explanted pace-
makers according to age (at time of implantation) of pa-
tients (n = 124).

Results
Clinical Features

During the period of the study (1998-2003),
there were 124 patients who had pulse generators
replaced for battery depletion. The age of the pa-
tients was 75.7 &+ 1.1 years (mean =+ standard error
ofthe mean). There were 73 males (58.9%; age 76.3
+ 1.3 years) and 51 females (41.1%; age 74.7 £+ 2.1
years). Figure 1 shows the frequency distribution
of the patient sample according to age at the time
of implant. No patients died and/or had syncope
during the increased surveillance period beyond
Elective Replacement Indicator.

The characteristics of pacemakers selected are
outlined in Table I. The mean cell capacity was
1.20 + 0.24 A-h. Seventy-nine devices (63.7%)
were dual chamber whereas 46 (36.3%) were

Table I.

The Frequency-Distribution of the Explanted Pulse
Generators by Pacing Mode and Dual- Versus
Single-Chamber Type (n = 124)

standard error of the mean (SEM). Comparisons be- Frequency Percent
tween continuous variables were made using a stu-

dent’s t-test for unpaired data. A multiple logistic Chamber type

regression analysis was done to determine the vari- Dual chamber 79 63.7
ables that had significant independent influence Single chamber 45 36.3
on the differences between calculated and actual Pacing model

longevities (i.e., shortfall in longevity). The follow- AAIR 8 6.5
ing variables which could be expected to have an VI 11 8.9
influence on the calculated longevity were entered VVIR 26 21.0
in a stepwise manner: age of patient (at time of im- VDD 9 73
plantation), gender, pulse generator cell capacity, DDD 29 24.3
pacing mode (DDD, VVI, AAIR, etc.), pacemaker DDDR 41 33.1
manufacturer, and total current.
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Figure 2. Actual, calculated, and difference between ac-
tual and calculated longevities of the explanted pulse
generators (n = 124). Mean + standard errors of the
mean are given.

single chamber. The breakdown according to im-
planted pacing mode was as follows: AAIR = 8
(6.5%), VVI = 11 (8.9%), VVIR = 26 (21.0%),
VDD =9 (7.3%), DDD = 29 (23.4%), and DDDR =
41 (33.1%).

Overall Longevity of Pacemakers

The results for the actual and calculated
longevities for the entire sample of 124 patients are
summarized in Figure 2. The differences between
actual and calculated longevities are also given.
The negative value for this difference represents
that the pacemaker lasted less than it should have.
The mean actual longevity for the group of pace-
makers was 2,664 + 103 days whereas the mean
calculated longevity was 3,155 + 103 days. The
mean shortfall in longevity (actual minus calcu-
lated longevity) was 491 + 92 days. There were
no significant differences in actual and calculated
longevities between males and females (P > 0.05).

Dual- Versus Single-Chamber Devices

Figure 3 shows calculated and actual longevi-
ties for dual- and single-chamber devices. The
dual-chamber devices lasted a mean of 573 +
109 days less than expected, whereas the single-
chamber devices lasted a mean of 347 + 165 days
less than expected (P > 0.05).

Comparison Between Manufacturers

A review of the differences between manu-
facturers was also undertaken. Figure 4 demon-
strates the frequency distribution (by manufac-
turer) of pulse generator implants and the fre-
quency distribution of pulse generator replace-
ments due to battery depletion from 1998 to 2003.
Guidant (St. Paul, MN, USA) accounted for 56.5%
(70) of replacements and 38.6% (581) of the im-
plants; Medtronic accounted for 19.4% (24) of the
replacements and 32.7% (493) of the implants; St.
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Figure 3. Actual, calculated, and difference between ac-
tual and calculated longevities for the explanted pulse
generators (n = 124) by single- versus dual-chamber
mode. Mean + standard errors of the mean are given.

Jude (St. Jude Medical Ir) accounted for 18.5%
(23) of the replacements and 27.1% (408) of the
implants; and Vitatron (St. Paul, MN, USA) ac-
counted for 5.6% (7) of the replacements and 1.7%
(25) of the implants.

Figure 5 shows a comparison between man-
ufacturers of actual, calculated, and actual minus
calculated longevities. Medtronic pulse generators
(n = 24) lasted a mean of 434 + 268 days more
than expected. The mean actual longevities for
the other manufacturers were less than the calcu-
lated longevities. Guidant pulse generators (n =
70) lasted a mean of 548 + 61 days less than ex-
pected. St. Jude pulse generators (n = 23) lasted
947 + 246 days less than expected while Vitatron
pulse generators (n = 7) lasted 1,595 + 367 days
less than expected. The actual minus calculated
longevity for the Medtronic pacemakers was sig-
nificantly different from all other manufacturers
(P < 0.001).

Table II shows the breakdown of pulse gen-
erators into families within the four companies
studied with corresponding actual, calculated, and
shortfalls in longevity (actual minus calculated).
As shown, the shortfall in longevity with Guidant
and St. Jude pacemakers did not appear to be lim-
ited to a single family of units.

“Older” Versus “Newer” Models

Although this distinction is somewhat arbi-
trary, it was felt that a comparison would be use-
ful. For the purpose of this comparison, the fol-
lowing models were classified as Older models:
Spectrax, Legend, Synergyst, Solus, and Cosmos.
The rest of the models shown on Table II were
classified as Newer models. The cell capacities in
Older (n = 17) and Newer (n = 107) models were
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Figure 4. Frequency-distributions of the new pacemaker implants (n = 1,507) and pacemaker
replacements (n = 124) between 1998 and 2003 by the different manufacturers.

1.15 £ 0.09 A-h and 1.20 £ 0.02 A-h, respectively
(P > 0.05). The mean actual longevities for the
Older and Newer models were 3,767 + 390 days
and 2,489 + 82 days, respectively (P < 0.001). The
corresponding calculated longevities were 3,580
+ 390 days and 3,084 + 102 days, respectively (P
> 0.05). The Older models lasted a mean of 184 4
30 days more than expected while the Newer mod-
els lasted 598 + 91 days less than expected (P =
0.003).
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Figure 5. Actual, calculated, and difference between ac-
tual and calculated longevities for replaced pacemakers
(n = 124) for the different manufacturers. Mean + stan-
dard errors of the mean are given.
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A multiple logistic regression analysis was
done to determine the variables having an influ-
ence on the shortfall in longevity. This demon-
strated that the pacemaker manufacturer was the
only significant variable to have a significant in-
dependent influence (P = 0.003). The standard-
ized coefficient for the regression analysis for the
pulse generator manufacturer variable was 0.266.
The age, gender, cell capacity, and the mode of pac-
ing did not have any significant influence on the
shortfall in longevity. The presence of rate mod-
ulation did not have any significant influence on
the shortfall.

The duration of time that elapsed between the
date of manufacture of the pacemaker and the date
of implantation was available for 71 (57.2%) of the
implanted units. The mean pre-implant duration
was 4.9 £ 0.1 months with no significant differ-
ences noted between the manufacturers.

Projected Longevity

The projected longevities provided by the
manufacturers are outlined in Table II, citing only
the value based on the lower current drain param-
eters where two projected longevities were pro-
vided. This is because the programmed output
parameters in clinical practice are usually closer
to the lower values although often below this as
well. The projected longevities for Guidant and
St. Jude Medical are on average lower than that
for Medtronic, thus making them appear better
in comparison to the actual longevities observed.
However, this is solely due to the fact that the pro-
jected longevities cited by St. Jude and Guidant
are based on higher output parameters compared
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Table II.

The Actual, Calculated, and Actual Minus Calculated Longevities of Replaced Pulse Generators According to Pulse
Generator Families as Well as Manufacturers’ Projected Longevities

Frequency Actual Calculated Actual — Calc. Projected Parameters*
Medtronic 24 3747 £349 3313 4+ 309 434 + 268 3883 + 192
Elite 8 2805 + 261 2579 + 192 227 + 206 2555-4161 2.5/0.5/500/60/100%
Spectrax 2 6315+ 296 7267 + 277 —953 4+ 573 5001 2.5/0.5/500/60/100%
Legend 7 4263 +- 604 3533 + 420 730 4+ 644 4088-4782 2.5/0.5/500/60//100%
Minix 1 3407 £ 0 4092 + 0 —-685+0 4453 2.5/0.5/500/60/100%
Symbios 1 5727 £ 0 3168 £ 0 2559 + 0 2774 2.5/0.5/500/60/100%
Synergyst 1 3083 +0 2190+ 0 893 +0 2227 2.5/0.5/500/60/100%
Thera 3 1959 4+ 488 2083 + 291 —124 4+ 364 2701-3541 2.5/0.5/500/60/100%
Prodigy 1 6925 + 0 3913+ 0 3012+ 0 3541 2.5/0.5/500/60/100%
Guidant 70 2403 + 72 2951 + 80 —548 + 61 2150 + 34
Vigor 15 2097 + 62 2615 4+ 67 —518 + 44 1643-2190 3.5/0.4/500/60/100%
Vista 2 2845 4+ 219 3900 & 35 —1055 4+ 184 1424 3.75/0.5/750/65/100%
Unity 3 2646 + 262 3818+ 195 —1172 4 456 2409 3.5/0.45/500/60/100%
Dash 4 2372 £ 356 2734 + 544 —-362 + 416 2446 3.5/0.45/500/70/100%
Dart 6 2643 4+ 96 3323 + 73 —680 &+ 59 2446 3.5/0.45/500/70/100%
Relay 19 2599 4+ 148 3191 + 159 —-592 4+ 116 2263 3.5/0.45/500/60/100%
Marathon 7 2081 138 2861 + 271 —780 + 180 2300 3.5/0.45/500/60/100%
Discovery 4 1226 + 136 2027 + 382 —801 4 253 1643-2446 3.5/0.4/750/60/100%
Stride 5 2581 +103 2678 4+ 193 —98 + 159 2263 3.5/0.45/500/60/100%
Cosmos 3 3192 + 149 3057 + 189 134 + 257 2190 3.5/0.45/500/60/100%
Quantum 2 3237 £ 357 2966 + 283 270 £ 74 1825 3.5/0.45/500/60/100%
St. Jude 23 2608 + 153 3556 + 355 —947 4+ 246 2465 4+ 96
Paragon 8 3366 + 143 5112 £ 455 —1746 + 445 2811 4.0/0.4/500/70/100%
Trilogy 7 1930 + 161 2146 + 264 —216 £ 191 1825-2811 4.0/0.4/500/60/100%
Synchrony 4 2663 =290 3898 977 —1236 4 781 2920 4.0/0.4/500/60/100%
Solus 4 2228 =101 2568 + 125 —340 + 97 2190 4.0/0.4/500/70/100%
Vitatron 7 1747 £ 104 3342 +376 —1595 4 367 3238 +£ 177
Saphir 7 1747 + 104 3342 £ 376 —1595 4+ 367 2738-3614  2.5-4.0/0.5/500/60/100%

Mean =+ standard errors of the mean are given in days.

*Projected longevities were obtained directly from manufacturers and based on the parameters shown as output voltage (in Volts) /
pulse duration (in milliseconds) / lead impedance (in ohms)/beats per minute / percent pacing. For a few pacemakers, more than one set
of projected longevities were available at different programmed parameters. In such cases, the projected longevity at lower output
parameters was reported given that it is closer to clinical practice. A few families have a range in longevities because different
pacemakers within the family have different projected longevities. Guidant, Medtronic, and St. Jude Medical stated that their projected
longevities are reported at elective replacement indicator whereas Vitatron reports at cell depletion (an interval in between elective

replacement indicator and end-of-life).

to Medtronic as evident in Table II. It should also
be noted that several of the pacemaker reference
guides from some of the manufacturers do not list
projected longevities citing that it would result in
non-equivalent comparisons between pacemakers
due to the variability in parameters used in their
calculation.

The mean total current drain for all pacemak-
ers (used in calculated longevity) was 17.9 £+ 0.8
1A. The mean inhibited current drain was 11.8 +
0.4 pA. As for the manufacturers’ projections, a
mean projected current drain was also found us-
ing the equation for longevity in reverse (i.e., using
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the projected longevity and ampere-hour rating of
each pacemaker to find a mean projected current
drain). This amounted to 20.6 & 0.5 uA.

Discussion

The present study evaluated the clinical im-
pression that current pacemakers seem to have a
shorter longevity than ought to be expected given
that pacemakers are programmed at levels lower
than those used to calculate projected longevities
(provided by the manufacturer). As such, rather
than relying on projected longevity, which is an
estimate on the part of the manufacturer based
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on assumed and constant stimulation thresholds,
output parameters, and degree of usage by the pa-
tient, the expected longevity was calculated. This
allowed for a clinically relevant comparison be-
tween actual and calculated longevities.

Thus, the design of this study was specifically
made with the following goals in mind: (1) to cor-
rect for the effects of clinically programmed out-
put parameters (based on stimulation thresholds,
pacing dependency, and lead impedance) by in-
cluding them into the calculation of longevity; (2)
to correct for the effects of a patient’s physiology
and lifestyle by taking into account the effects of
mean pacing rates (with rate modulated devices)
as well as percent pacing. The results confirmed
the clinical impression of a shortfall of 491 + 92
days in the actual longevity when compared to
the calculated longevity. Given the study design
outlined above, the difference between actual and
calculated longevities was not caused by the indi-
vidual programmed output characteristics or lead
impedance and/or the degree of usage of the pace-
maker by the patient as these were specifically
accounted for in the calculation (unlike the man-
ufacturers’ projected longevities, which have no
corrections for these elements); nor was it due to
the sensing function of the pacemakers (included
in the static or inhibited current drain). Thus, ex-
planations for the shortfall must come from aspects
outside of those variables accounted for in the cal-
culation.

The explanations for the shortfall in longevity
remain speculative. As one does not, for obvi-
ous reasons, wait for complete battery exhaus-
tion prior to replacement, a shortfall in longevity
is inevitable.* However, this would not be ex-
pected to amount to 491 days (the mean shortfall in
longevity observed) based on the information pro-
vided by manufacturers for expected battery life
longevity at signs of battery depletion in the clinic.
Furthermore, the delay of pulse generator replace-
ment (as outlined in the “Methods” section) based
on pacemaker dependency of the patient would
have resulted in minimizing the influence of this
factor although not negating it completely. Though
this is a practice that may not be well accepted in
North America, delaying pulse generator replace-
ment as is done here appears to be a safe and effec-
tive means of extending pulse generator longevity,
thereby getting the most out of the devices.

One of the major influences with respect to
circuit design is the inclusion of many new an-
cillary functions (mode switching, storage of elec-
trograms, etc.). It has been suggested that only
half of the energy expended by a pacemaker is
actually used for pacing while the other half is
expended on sensing as well as these other func-
tions.! The energy expended to enable these an-
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cillary functions was not taken into account in the
design of this study as no reliable data could be ob-
tained from the manufacturers (personal commu-
nications). Two manufacturers estimated the ex-
cess drain for ancillary functions as “minimal”
with no comments on an actual value. Another
manufacturer’s response was that functions such
as storage of electrograms should be used only on
the short term (presumably implying a not so in-
significant drain) but with lack of provision of a
numerical value. One manufacturer was able to
provide an estimate of the magnitude of the en-
ergy drain in the following manner: “if pacing
without ancillary features with average thresholds
provides a longevity of 119 months, activating all
ancillary functions (including electrograms ON)
with 100% pacing would result in a longevity of
85 months.” Thus, the current drain by these ancil-
lary functions may well be much more significant
than generally thought and may be a significant
factor in shortening device longevity. However,
these ancillary functions may assist in improving
patient symptoms as well as in the evaluation and
diagnosis of arrhythmias thus contributing posi-
tively to overall patient care. Nevertheless, given
the results of the present study, it is important to
consider each patient on an individual basis to
judge the benefits of having the ancillary functions
activated in relation to the expected shortfall in
longevity. Activating these ancillary functions ap-
pears to be often based on “how much more infor-
mation” the current pulse generators can provide
as opposed to the clinical usefulness of the addi-
tional functions. This type of approach may be ill
advised on many patients. Further, given a situ-
ation of clinical need, it may often be possible to
turn these functions off after a sufficient interval of
diagnostic review and programming management.

Another aspect of the circuit function that
was not included in the experimental design was
the effect of the pre-implantation current drain.
During this period, some energy drain can be ex-
pected even though the pulse generator is not at-
tached to leads.® This could be considered simi-
lar to the drain observed in an automobile battery
even when the terminals are disconnected (bat-
tery self-discharge). This energy drain may be part
of the reason for the manufacturers’ request that
pulse generators be returned if not implanted by a
pre-specified date although the inability to guar-
antee sterility may also be a factor. Information
was sought from the four manufacturers (associ-
ated with the study patients) with regards to the
magnitude of the energy loss during this period.
The maximum recommended “shelf life” (time
from date of manufacture to date of implant) was
12 months for one manufacturer and 18 months
for the rest. Two of the manufacturers declined to
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provide energy drain values citing the information
as being of proprietary nature with one stating that
the projected longevity will be reduced by approx-
imately 2 months if implantation occurred at the
18 month “Use before” date. The other two man-
ufacturers estimated the loss of cell capacity at 4
and 18 months of “shelf life” at 25 pA-h and 100
1A-h, respectively. Considering an average shelf
life of approximately 4.9 months at this institution,
the influence on the shortfall in longevity would
be expected to be minimal as 27 pA-h (the approx-
imate expected loss based on the above estimate
of a 100 nA-h loss at 18 months) would represent
only 2.3% of the mean cell capacity of 1.2 A-h for
all the pacemakers in the study. Nevertheless, it
would be prudent to keep the in-hospital invento-
ries low, thus reducing the pre-implant duration.
Thus, this mean pre-implant duration would not
be enough to explain for the overall shortfall in
longevity of 491 + 92 days.

Dual- Versus Single-Chamber Devices

Although there was a trend toward a higher
shortfall in longevity of dual-chamber units as
compared to single-chamber units, the difference
did not reach statistical significance. This may
have simply been due to a small sample size.
This may point toward the possibility that dual-
chamber devices are somehow less efficient than
single-chamber devices. Another factor may be
that dual-chamber devices tend to be significantly
more complex both in terms of engineering as well
as in terms of the programmable ancillary func-
tions within the device. The difference is not ex-
plained by the presence of two leads as this was
accounted for in the calculated longevity.

Older Versus Newer Devices

The study suggests that Older devices fared
better than Newer devices with regards to
longevity although the authors accept the lim-
itation that the division is somewhat arbitrary
and done post hoc. Furthermore, the assump-
tion of 100% pacing whenever the percent pac-
ing parameter was not available (more likely in
Older devices) could have led to a bias favoring
Older devices. Nevertheless, lower than antici-
pated longevity with Newer devices is the clini-
cal impression in many pacemaker clinics and this
was an impetus to consider the study. The avail-
ability of many more ancillary functions in newer
devices could account for this difference.

Differences Between Manufacturers

Medtronic pacemakers lasted longer than ex-
pected whereas all the others demonstrated a
shortfall in longevity: Guidant was the next best,
then St. Jude, and finally Vitatron. Although last-
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ing beyond a calculated value could be considered
as not possible from a pure physics point of view,
there are possible explanations. The cell capacity
provided by the manufacturers (and used for the
calculations) was the estimated available cell ca-
pacity as opposed to the total cell capacity. The
estimated available cell capacity may be conser-
vative and the battery may function beyond the
calculated longevity. In addition, as noted in the
Methods, whenever the percent pacing parame-
ter was not available in the chart, 100% pacing
was assumed for the calculation. This could also
lead to a pacemaker lasting longer than the calcu-
lated longevity. The better results observed with
Medtronic pacemakers paralleled the clinical im-
pression of increased longevities observed with
this manufacturer. Further support for this is pro-
vided by the discrepancy in the frequency distri-
bution of the implanted versus replaced pacemak-
ers during the same time period (Fig. 4). Although
Medtronic pacemakers accounted for 32.7% of the
implants, they accounted for only 19.4% of the
replacements. The shortfall in longevity with St.
Jude Medical and Guidant devices was not lim-
ited to one family of pacemakers (Table II). In par-
ticular, families that had given the impression of
early battery depletion in practice (e.g., Vigor fam-
ily from Guidant, Trilogy family from St. Jude)
were not the primary causes for the shortfalls in
longevity. These two families of pacemakers had
a shorter calculated longevity with the shortfall in
longevity being less than that observed with other
families from the same manufacturer. With regards
to the Vitatron devices, there were only seven pace-
makers belonging to one “family” (Saphir) in the
present study. Given the low number, less reliance
could be placed on the large shortfall in longevity.
Other factors could also have contributed. The
company has subsequently disseminated infor-
mation that the replacement indicators for their
devices are in three phases (as opposed to the
customary two phases): intensified follow-up in-
dicator, elective replacement indicator, and end-
of-life indicator. However, this information was
not made available to us at the time of replace-
ment of these devices. This additional phase cou-
pled with the fact that all seven patients who had
the Saphir VDD(R) device implanted had third-
degree heart block with Class 4 dependency could
have possibly led to a somewhat pre-mature re-
placement. Nevertheless, the relatively large short-
fall in longevity would not be totally accounted
for by these factors alone. In addition, there were
no comments made by the manufacturer follow-
ing the factory analysis of the returned explanted
devices with regards to pre-mature replacement.
This was the case with all the manufacturers
where no feedback was received commenting on
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pre-mature explantation during the entire period
of the study.

Although the results parallel the clinical im-
pression, one cannot exclude that the differences
between manufacturers could have been due to dif-
ferences in the reporting of available versus total
cell capacity. In addition, a particularly “good” or
“bad” period with regards to one or more manufac-
turers could also have played a role. A larger sam-
ple size would be beneficial in confirming these
differences between manufacturers.

Projected Longevity

The clinical relevance of manufacturers’ pro-
jected longevities is questionable given the as-
sumed output voltages, pulse durations, and per-
cent pacing, which are in the majority of instances
higher than programmed in clinical practice while
the impedances are lower. Thus, actual clinical cir-
cumstances should result in the longevity being
greater than that projected by the manufacturers
based on their own calculations. The present study
confirmed the significantly lower mean calculated
current drain (based on the programmed values at
clinic visits) compared to the mean projected cur-
rent drains. Another flaw in the projected longevi-
ties is the assumption that the pacing parame-
ters are constant over the lifetime of a pacemaker,
which is never the case. In addition, as there does
not seem to be an industry standard for reporting,
it is even difficult to compare between pacemak-
ers. Regarding a comparison between manufactur-
ers, Guidant and St. Jude Medical performed best
in comparison to their projected longevities. How-
ever, this is simply due to the assumption of higher
programmed parameters in their calculations (see
Table II) resulting in a shorter projected longevity
that could mask a shortfall in longevity when the
pacemakers are programmed at lower levels. In
summary, the clinical relevance of these projec-
tions must be questioned, and little importance
paid to them as no relevant information can be
gained from them. In this regard, many current
generation pacemakers are an advancement pro-
viding a better projection of longevity based on
the ongoing-programmed parameters as well as the
battery loss to date. This current system of “projec-
tions” is very much equivalent to what was done
in finding the calculated longevity in the present
study.

Suggestions for Increasing Longevity

Though the programmed parameters were
taken into account by the design of this study, it is
clear that high-programmed outputs would result
in an overall decrease in longevity (both calculated
and actual). Thus, it is possible to increase device
longevity by setting the programmed parameters at
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levels closer to threshold based on the pacing de-
pendency of each patient.® New features such as
automated stimulation threshold evaluation with
adjustments of outputs would also be helpful.”:8
Moreover, since current is inversely proportional
to resistance according to Ohm’s Law (I = V/R), it
has been suggested that the use of high impedance
leads would produce a clinically relevant increase
in longevity.?

The industry may also need to resist pressure
to continue to decrease pulse generator size for cos-
metic reasons whenever a concomitant decrease in
cell capacity would be expected. Although a sub-
stantial decrease in size compared to the first gen-
eration of devices was clearly desirable, the pen-
dulum might have swung a little too far for a per-
ceived cosmetic need.

Other suggestions for increasing longevity in-
clude reducing on-shelf time, thereby lessening
the impact of any pre-implant drain. Moreover, it
is possible to safely extend the life beyond Elec-
tive Replacement Indicator with increased surveil-
lance of a substantial proportion of patients. Of
course, the other factor that will help to increase
longevity would be the careful evaluation of the
need for long-term activation of the ancillary func-
tions of pacemakers.

The present study is limited by the retrospec-
tive nature of the study design and data collection
which can introduce bias as well a slightly higher
likelihood of imprecision in the data. However,
the data itself had been collected from the time
of pulse generator implantation through the clinic
visits to the time of explantation in a prospective
manner and entered into the Paceart and SPSS
data bases. In spite of these limitations, it is be-
lieved that the present study investigates an im-
portant issue that has been hitherto neglected. A
prospective study to confirm the findings would be
desirable.

Conclusions

Overall, pulse generators appear to have a
shorter than expected longevity. It is necessary
that the industry attempt to explain the discrepan-
cies and correct them. This is especially important
given that there is a direct effect to patients as well
as the Health Care System.!? Repeat surgery has
a small but definite risk to the patient including
a slightly higher risk of infection with dire conse-
quences. Furthermore, there is an additional cost
to Health Care Systems. The results of the study
show that the most probable origins of the short-
fall are the energy drain from ancillary functions as
well as pre-implant drain. It is of interest that since
the completion of the study several advisories have
surfaced from more than one manufacturer with re-
gards to premature unexpected, excessive battery
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depletion with selected families of devices. The
results of the present study in essence highlight
the same, i.e., sooner than expected battery deple-
tion. However, the present study suggests that it
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