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S Aims The 6.6 Fr. Sprint Fidelis™ lead family may allow multiple t=ad implantation procedures with
reduced risk of veneous obstruction, .
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Methods and results Two prosaective, historically controlled, multi-centre stwdies were conducted in
Europe (80 patients} and Canada {79 patients). The purpose was to assess the ventricular lead-related
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Intraduction

implantable-cardioverter defibrillator (ICD) therapy has
become the standard of care for patients &t risk of life-
threatening ventricular archythimiag,”* Use of transvenous
non-thoracotomy lead systems has substantially decreased
perioperative mortality and marbidity,”

However, system functionality is critically dependent on
high performance transvenous defibrillator leads which
contribute to device lotgevity and allow appropriate arriy-
thinia detection and termination by the ICD. Variaus com-
plications are assoclated with transvenous leads. These
inelude venous occlusion, lead fractures, and isolation
defects causing system malfunction. To facilitate cardiac
resynchronization therapy and uptake of 1CDs for primary
prevention of sudden cardisc death, further ICD lead
destan development i necessary®? Small defibrillation

“ Corresponding  author: Abteilung Kardiolosle/Angiolagle, Eiisabeth-
Krankenhaus, Klara-Kopp-Weg 1, D-45138 Essen, Germany.
Telt 449 201 897 32041 fax: +49 201 288 525.
E-maft address: b_kuepper@elisabeth-assan.de

i “Lead handling; .© - adverss events (LRAES) and performance of the small Models 6948 and 6949 defibrillation |eads,
A Sfgtyi- - L respectively, in patients with a standard indication for an ICD implant. Safsty was assessed by demon-
. Blecleiéal parformance . strating equivatence of the LRAE free rate at 1 mionth to comparable but laresr ieads {Models 942,
: RO 6943, 6944, 8947and 4074). Seventy-five of 80 patients with a 6948 lead (93.8%) remained free of
. LRAEs, Seventy-fuur cut of 79 patients (93.7%) with the 6949 lead remained free of LRAEs, The 95%
i lower confidence bounds were abave the critleal difference limits, Thus, safety of the Sprint Fldelis™
i leads is similar to that of larger leads. Electrical performance through 1-month follow-up proved to
* be accaptable in 2ompatison with other established {eads.
i) Conclusion These multi-centre studies confirm that smaller defibriltation l=ads offer similar safety and
; efficacy features fo widely used larger leads; they have low LRAE rates and defibriltation thresholds,
E‘, A while providing the advantage of a smaller introducer size and reduced venous obsteuction,
5

leads might facilitate multiple lead fmplantation pro-
cedures {when additional (eads are required for multi-site
pacing for dlagnostic purpeses) imprave maintenance of
venous bleed flow and lead longevity by reducing the risk
of subclavian crush syndrome.® The small Sprint Fidelis®
defibrillation tead family (Medtronic), has a 6.6 Fr. isodia-
metric lead bedy, utilizing desisn features gvailable in the
Sprint and Sprint Quattro® %19 jeads (Medtronic), including

- a mulgi-lumen cable tead body construction, passive fixation
and extendable/retractable active fixation, dual- and single
defirillation coil etectrodes, silicone backfilled shocking
electrodes, and steroid elution. With z 23% reduction in
lead diameter, these smaller Sprint Fidelis® leads, together
with a right atrial and left ventricular lead, occupy p to
35% less of the venous tumen when comipared with the
existing lead systems. However, the consequences for lead
clinieal functionality and system longevity by reducing com-
ponent size have not been assessed.

Therefore, two related studies were conducted to
evaluate the safety, operative handling, and acutg chronic
electrical performance of the tined (Model $348) and
scrow-in (Model 6949) 6.6 Fr. dual defibrillation coil leads.
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Methods
Patients

Both studies, one conducted in Europe (12 centrasy and one in
Canada (10 cermires), were progpective, non-randomized, histori
cally cantrotled, multi-centre studles, Both studies comply with

the Declaration of Helsinki and the protacols were approved by

the local ethics committees or institutienal review boards, The
leads were evaluated in 2 eshort of patients with a Class [ or "
indleation for & conventional [CD implant. Ali patients had given
written informed consent. Pattents were an ly to receive a commer-
cially available Medtronic GEM® or Marquis® family ICD devies
together with the right ventricular (Rvy investigational lead. I
Europe all patients reesived the Model 6948, and In Canada patients
were implanted with a Model 6949, An independent advisery com-
mittee reviewed all adverse events and patienk deaths reported
far bath study populations.

Description of the dafibrillation leads studied

The Medtronie ICDs were implantad pectarally using Model 4348 or
Model 6943 lead. Both \eads are new e bipolar sensing,
steroid-eluling, leodiametric, silicorie leads _with dual RV/SVC
{superiar vena cava) defibrillation coils, Madel 6949 has a erew-in
lead tip with an extendable /retractable helix. Model 6948 has a
passive fixation tip with tines. Both leads have an isodiametric
tead body of 6.6 Fr., with polyurethane overlay. They are dasigned
to pace, semse, and deliver cardioversion and defibritlation
therapies.

Control groups

‘Data on the Sprint Quattra® Modet 6944 and Sprint® Mode! £947

defloriliation leads” and the CapSure Sense® Model 4074 pacing
lead'™ ™ were used as historical controls for the lead-retataq
adverse events (LRAFs) rate comparison with the Made! 6948, The
Modet 6944 lead is an (8.2 FL.}, true bipolar, sterold-eluting, ispdia-
wetric, tihed, RY/SVC, sillcane lead with a polyurethane overlay,
The Model 6942 feadisa 7.8 ., Integrated bipolar, steroid-eluting,
tined, RV/SVL, siticone lead. Model 4074 is 3 sterofd-eluting, passive
fixation pacing lead, The lead is ineluded in the safaty comparison
brecause of the similarfty of the lead dp design (2.5 mm?) as the
Model 5948,

Model 624% is based on the technslogy of the commercially
approved Sprint Quattro Secure™ Model 6947 lead. This is a true
bipolar, steroid-eluting, screw-in {extendabla/retractable halix),
RV/SVLC silicone lead with 8.6 Fr. ispdiametric (ead body diameter.
Model 6943 was found ta be appropriate a3 control lead for evaluat-
Ing the LRAE free rate of. Model 6949 hecause of similaritias $h
materjals and design. Model 6943 lead s a bipolar sensing,
steroid-elutiag, screwe-in {heltx), and single coil lead with 2 7.8 Fr.
diameter. Fuble T shaws the characteristics of the leads described
above.

Data collection

Clinical data, electrical meazyrements, and adverse events/deaths
were callected at enrolment, implant, 1-month, and at applicable
3- and g-months followsup visite. Electrical data wove collected
with & Medtromic programmer and included peak-to-peak Rewave
amplitude sensing, ventriculay Pacing threshold (at 1 V), and ventri-
cular pacing and defibrillation impedance. Defibrillation threshold
(DFT) was determined at mplang utilizing the Rinary Search
Protocal.™ Pata on handling characteristics of the iead were col-
lected at implant by means of a questionmairz, in which the implant-
ng physician rated 12 (Model 6948} or 14 (Model 6949) aspects of
lead handling,

Statistics o e

The safety objective was to demanstrate equivalence of the LRAF
free rate &t i-manth to the historical controls. In Table Z,.the
LRAE free rates of the historical eontrols can-be found.. The mean
LRAE was 95.6%; Ehus, $5% was taken as an expected value. For com-
parisons, a critieal difference of 12% was adapted in the protocol,
which is a conventional value ised in.similar studies. Statiztical
aralysis of the safety objective was based on the propoition of
patients free from LRAFe through the 1-menth follow-up. visie
within the protocol defined visit window, of until the close of the
1-manth window if so timely 1-month fotlow-up tock plate. The
analysls used exact binomisl methads with one-sided 5% confi-
dence intervals. Equivalence was demonstrated # the lower limit
of the one-sided 95% confldence hound fur [ RAE free rate- at
1 month was at [east 83%, which & the expected value minus the
eritical difference.

The [eads were also evaluated with respect to DFT, R-wave
sensing, pacing threshold, pacing impedance, and defibrillation
impedence, Tha alectrical parameters are cheervationat and only
descriptive statistics are reported, including mean, minfmum, and
maimum, ‘

Lead handling was summarized by the results of a questionnatre
and categorized as poor, fair, good, vary good, or excellent.
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Results

Patient population and lead Implantation

I Europe B0 patients were enrolied betwesn 24 January
2004 and 31 March 2004. All patients roceived the Modei
6948, Mean follow-up time experience was 63,2 days, with
a range from 29 to 98 days. In Canada 81 patients ware
enralled between 16 December 2003 and 20 April 2004,
with 80 patients receiving the Model 6949, One patient
signed the informed consent, but did not receive the
Model 6949 lead {refusing an fnvestigational lead). One of
the 80 Canadian patients did not meet the inclusion and
exclusion criteria and was excluded from the statisticat
analysis. Mean follow-up duration was 6.1 tnonths, range
from 0.9 to 7.0 months. Patient characteristics did not
differ significantly between the two sudy groups, The
implantation success rate was 100% for both studies. ‘

Adverse events

“Seventy-five out of 80 patients (93.8%) in the European
Model 6948 lead study remaincd free of LRAE: { month post-
implant. The 95% lower confidence bound is §7.3%. Five
tead-related events, of which three required invasive inter
vention, wera reported in fve patients. No life-threatening
situations were cansed by the investigational lead,

in the first LRAE, progressive decrease of Rewave sensing
and increasing pacing threshold was reported. The patisnt
was known to have marked cardiac dilatation due to ischae-
mic heart tisedse. It was the implanting physician’s view
that the passive fixation lead was nappropriate given the
patient's markedly dilated RY. The investigational lead was
replaced by an active fixation lead Model 6947. In the
second case, the DFT was too high, altheugh normal pacing
and sensing values were found, After repositioning of the
lead in the RV apex, normal values were found for pacing,
sensing, and DFT. In two other cases the investigational
lead was explanted due to lead dislodgement and suspicion
of lcad malfunction. In these two cases the investigational
leads were replaced by a Model 5943 and a new fodet

6948 lead. For both cases inspection of the explanted
leads revealed no anomaties and the mechanism of dislodg-
ment/malfunction are unexplained. The last case of LRAE
concerned micro-dislodgement. In this case the lead was
successfully repesitioned.,

Two deaths were reported. One patient died, 92 days
post-implant, of muitiple organ failure as a result of pro-
gressive renal fajlure and hyperhydrosis, resulting in wersen-
ing myocardfal function ang pulmonary nedema. A second
patient died, 168 days post-implant, of renal failure dus
to plasmacytoma, Both deaths were classified as non-system
and non-procedute-related. The investigational leads were
not explarted,

In the Canadian 6949 lead study, 74 of 79 implanted
patients 93.7% were free of LRAFs at 1-month fotlow-up,
The 95% lower confidence bound s 87.2%.

5ix lead-related events were reported in five patients
during the 1-manth follow-up.

Four cases of swollen arm were reported. Gne patient
reparted chest pain during ventricular pacing, After repogi-
tiontng of the 6949 lead, no further cotnplaints were
reported. In a sixth case lead dislodgement oceurred but
after repositioning no further complaints were recorded.

Two deaths were reported. One patient died of cardiac
arrest and asystole caused by anoxie encephalepathy. A
second patient died of sudden cardiac death as a resuit of
acute tespiratory failure. Both deaths were classified as non-
system and non-procedure-related. The investigational
lgads were not explanted.

Short-term electrical performance

The electrical parameters R-wave sensing, pulse width
thresholds (PWT), DFTs, pacing impedance, and defibrilla-
tion impedance were measured at implant and at 1-month
follow-up visits, Electrical measurements are summarized
in Table 3,

Operative lead handling

The overall ease of the 6948 lead placement was rated soud
to excellent op average. Difficulties experienced during lead
placement were mainly associated with patient anatomy in
relation to the lead fixation mechanism and repositioning
of the lead due to unacceptable pacing and sensing para-
meters. These explain the lowest scores for the ahility
to traverse the tricuspid amnulus, the lead placement
time, and fluoroscopy dme.

For the 6949 Study, the lowest scores were found for the
ease and visibility of helix extension, the torque ability,
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and lead stiffness, However, averall, the handling scores
rated good to excellgnt.

Both leads scored high for obtaining acceptahte VF
sensing, acceptable DFTS, and the ease of ingerting the
lead into the vein. '

Discussion

With surface areq feduction of the [ead body, surface areq
of the shacking eoil 5 reduceg &ccordingly. Both the shock-
ing call surface area and the sealing of the spaces of {he
shock coil eould inflyence electrical properties of the leads
in a manner that might fmpact on defibrillation efficacy. in
thase stuces, however, the shack impedance angd clinically

DFY=9 J, and more than 95% = 15 J), suggests that the defi-
britlation efficacy of thase leads kas ap adequate safety
margin,

The mean high valtage impedance values were batween
15 and 200 (a8 measured by & GEM® device) ang SppFOxXi-
mately 45 () (as measured by » Marquis® device).

in ine with the observations of Vollmann et a(,,>'° sprine

there is a higher pacing impedance for the 6548 than for the
6949 lead, M 45 known that a smalfer Up surface ares
(Table 1) incréases the Pacing impedance, reduces pacing
current drain, and could extend battery longevity, How
much the Sprint Fidelis® |eges might contribute to pro-
tonged battary longevity is the subject of further
Tnvestigation.

Despite the reduced tip surface area of the passive fix-
ation lead, there were M unacceptable R-wgye gensing

* values. The results in the European 6948 Study match with

valires reported in the publication by Vollmann er gy, %10
This publication showed that mean R-wave amplitudes in
the 6944 group (9.1 £ 3.1 mV) were smaller than in the

both lead models throushout the T2-month observation
period. Both Volimann and sprint Fidelis® data do not
suppert the idea that R-waves detrease with decreasing
lead area. The active 6949 as well as the passive 6548
teads, with their small surface area and steroid-etuting
depots, show a stable electrical performance.

Patients dropped ot of the studies if the chosen lead's
fixation mechanism Proved 10 be suboptimal for the clinicat
scenarios  emcountered either during implantation ar

idiopathic dilated cardiomyopathy, In these patients an
activae fixation mechanism not only allows selection of atypi-
cal lead positions but alsy facilitates more stable fixatian.

— —_—

The ease of lpad handling was highly rated sy implanting
physieians, Iy particulay, the slim lead design appeared 1o
have clinical advantage at low volymea implant contres,

Studies’ timitations

The timitation of both studies is the retatively smalt number
of patients and the short Post-impiant (1 maonth) follow-up
period. Llong-term perfarmance of both  {eads clearly
requires a longer foliow-up to assess the impact of smaller
lead stz on system longevity,

Although the inline slim body design of the ieads is likely
to reduce ingrowths on the defibrilation colls and insula-
tien, so facilitating lead explantation when necessary,
there was no assessment of this in the stugias’ design,

Summary

We repart the initial clinical experience of a smaller size
(6.6 Fr.} defibrillation (active and passive fixation) leads
intended to facilitate multipte |oad implantation,

These smaller defibrillation leads offered good perform-
ance characteristics whan compared with other established
leads. The slimmer lead body did not Compromise sensing,
pacing, or defibrillation parformance, Both leads show
good pacing performance and their DFT was reproducibly
low. Active fixation leads seern to be a better choice for
patients with cardiomynpathy and therefore reduced trape-
cutarity in the V. n these patients an active fixation mecha-
nism not only allows selection of atypical lead positions but
Al3o facilitates more stable fixation.

The time corridor of this study was short. It will be left to
future studies s contribute to the questions of long-term
electrical performance, lead endurance, handling of the
lead whilg being extractad; and ICD longevity,

Canflict of interest: ¢, . s, raceived honorzria from Medtronic for
spegking engagements, M. W, is a Clinical Rasearch Specialist for
Medtronic, M. H. hatds stack 1n Medtronie, and iz surrently conduet-
Ing research sponsered by Medtronie.
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