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Magnet resonance imaging (MRI) has
become an important diagnostic tool
for diagnosis and therapy control of cer-
tain diseases [1]. Patients with cardiac
implantable electronic devices (CIED)
such as permanent pacemakers and im-
plantable defibrillators are usually ex-
cluded from participation of these devel-
opments since the majority of implant-
able devices have a contraindication for
MRI [2, 3]. Some larger series with pace-
maker patients who underwent MRI sug-
gest an acceptable risk-benefit ratio by
taking MRI and pacemaker-related pre-
cautions. [4, 5] Recently, Roguin et al. [2]
summarized the potential adverse effects
of magnet resonance on pacemakers in
their position paper on “Magnet reso-
nance imaging in individuals with car-
diovascular implantable devices.” Poten-
tial adverse effects include direct inter-
ference between the magnetic field and
the hardware (e.g. mechanical forces on
ferromagnetic components, activation of
reed switch with consecutive asynchro-
nous pacing, pacemaker reprogramming
or reset, heating of leads with consecu-
tive heating and possible damage of sur-
rounding cardiac tissue), as well as due to
magnet resonance-induced artifact over-
sensing or undersensing (e.g., rapid atri-
al pacing, radio frequency induced rap-
id ventricular pacing, inhibition of pac-
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ing) [2]. Application of MRI in patients
with CIEDs not compatible to MRI had
remained controversial. The decision to
perform MRI in individuals with CIEDs
must be made on a case-by-case basis
and - if performed - requires certain
precautions [2, 4, 5].

At the end of 2008, the discussion con-
cerning MRI in individuals with pace-
makers changed, since a newly designed
pacemaker system (EnRhythm MRI™ Sur-
eScan™ and CapsureFix MRT 5086 MRI
leads, Medtronic Corp., Minneapolis,
MN, USA) eligible for the use with MRI
became available in Europe. We report
our initial experience concerning lead
performance and re-surgery rates in the
clinical routine use of this MRI safe du-
al chamber pacemaker system in com-
parison to standard pacemakers and leads
used at our institution.

Methods

All patients with successful pacemaker
implantation at our institution from
1 March 2009 to 31 October 2009 were
included in this study. Permanent pace-
makers were implanted according with
current guidelines [6, 7]. The selection of
type and model of a specific pacemaker
system was on the decision of the admit-
ting or implanting physician.
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Since the purpose of our study was to
assess the performance of the magnet-
ic resonance safe lead model CapsureFix
MRT 5086MRI in clinical routine, lead
specific measurements (assessed at im-
plantation, before hospital discharge, and
at the first scheduled out-patient follow-
up) were compared between lead mod-
el 5086 MRI-52 cm and lead model 4592—
53 cm (atrial leads; lead group 1), and be-
tween lead model 5086 MRI-52/58 cm and
lead model 4092-58 cm (ventricular leads;
lead group 2), respectively. Of note, leads
459253 cm and 4092-58 cm are the most
commonly used leads at our institution.

The surgical revision rate was com-
pared between the EnRhythm MRI™
SureScan™ dual chamber pacemaker sys-
tem and all other within the implantation
period with different passive fixation leads
implanted dual chamber pacemaker sys-
tems (“standard dual chamber pacemak-
ers’).

EnRhythm MRI SureScan system

The EnRhythm MRI SureScan system is a
dual chamber pacemaker system designed
for safe use with magnetic resonance im-
aging at 1.5 Tesla. This pacemaker system
is a modified version of the EnRhythm
pacemaker. The system has modified
hardware to reduce the level of energy
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Fig. 1 A Radiopaque indicator (A indicator ring;
B drive mechanism) of screw condition (top he-

lix extended (gap between A and B); bottom He-
lix retracted) [10]

transmitted from the leads to the device.
In addition, the device has a programma-
ble SureScan™ feature, with which MRI-
related oversensing shall be eliminated
when it is activated during MRI scan. Da-
ta collection and monitoring functions of
the device can be temporarily suspend-
ed if the SureScan™ feature is on, where-
as asynchronous pacing is provided if
needed [8]. The pacemaker carries a ra-
diopaque label, identifying it to be MRI
conditional.

The newly designed lead used with the
EnRhythm MRI SureScan system is mod-
el CapsureFix MRT SureScan 5086 MRI,
which is a modified version of CapSure-
Fix® Novus model 5076 lead. Lead model
5086MRI is a steroid eluting, bipolar, sili-
cone insulated lead with an active fixation
mechanism (helix electrode extension is
indicated by a radiopaque indicator). The
lead body diameter is 2.3 mm. Available
lengths are 45, 52, and 58 cm, respective-
ly [9, 10]. Likewise, lead 5086 MRI is also
identifiable by a radiopaque label as being
MRI conditional.

The major differences to model 5076 is
that lead 5086 MRI is eligible for use with
MRI, based on modified internal wiring
composition to decrease the risk of over-
heating during an MRI scan, and, there-
fore, to reduce potentially dangerous heat-
ing at the leads tip [11]. The diameter of
the inner conductor coil of lead 5086 MRI
is larger than of lead 5076 (0.036” vs.
0.026”) to maintain good torque.

In vitro tests have demonstrated con-
siderably reduced heating of lead 5086 MRI
in comparison to a standard lead (Sure-
Fix® model 5072, Medtronic Inc.) when
exposing the leads to MRI at 1.5 Tesla [12].

Meanwhile, safety and effectiveness of the
EnRhythm MRI SureScan pacemaker sys-
tem were proven in an in vivo magnetic
resonance environment [13].

Lead 4592-53 cm and 4092-58 cm

The most commonly used leads with per-
manent pacemakers at our institution are
lead models CapSure SP Novus 4592
53 cm for atrial implantation and lead
model CapSure SP Novus 4092-58 cm for
ventricular implantation. Both leads are
steroid eluting, bipolar, passive fixation
leads with 5.3 Fr diameter. Lead 4592-
53 cm is J-shaped at its distal end, whereas
lead 4092 is straight. Neither lead is MRI
compatible.

Pacemaker implantation

Implantations were performed in the
catheter room by four experienced car-
diologists and two colleagues in training.
All devices have been placed right or left
pectorally. After incision of the skin paral-
lel to the clavicle, access to the subclavian
vein was achieved in all cases using Seld-
inger’s technique. Medtronic 5086 MRI
leads were introduced via 8 Fr peel-away
sheaths, whereas leads 4592-53 cm and
4092-58 cm were introduced using 7 Fr
peel-away sheaths.

The leads were then introduced to the
right ventricle or the right atrium un-
der fluoroscopic guidance. Preferably,
atrial leads were placed at the right atri-
al appendage. Lead 4092-58 cm usual-
ly was placed near the right ventricular
apex, while ventricularly used 5086 MRI
leads were implanted at the right ventric-
ular apex or at the ventricular septum.
After confirmation of acceptable val-
ues for sensing (mV), pacing threshold
(V/o.5 ms), pacing impedance (Q/5.0 V),
and slew rate (V/s) using an external mea-
suring device (Analyzer™, Medtronic
Inc.), leads were fastened to the surround-
ing tissue using suture sleeves. Thereafter
the leads were connected to the genera-
tor, which was then inserted into the pre-
formed pocket (subfascially or subpecto-
rally). Usually, the final generator and lead
locations were documented by a short flu-
oroscopic movie. Finally, the wound was
closed layer by layer. The overall X-ray
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time was documented at the end of the
session. In addition, time of day that the
surgery was performed was assessed (6 h
time periods, beginning at 07:30 a.m.),
and if the operating cardiologist was on
duty on a normal working day, on a day
with night shift or on a day the night shift
has ended in the morning. For the pur-
pose of this retrospective study, fluoro-
scopic movies documenting locations of
5086MRI leads were screened retrospec-
tively for correct helix electrode extension
as indicated by the specific radiopaque in-
dicator (B Fig. 1).

Pacemaker follow-up

The first pacemaker interrogation is usu-
ally performed 1 day after implantation
(1st follow-up) at our institution. The next
(out-patient) interrogation (2nd follow-
up) is usually scheduled at 4-6 weeks after
implantation, then every 12 months. Atrial
and ventricular lead measurements (sens-
ing (mV), pacing threshold (V/o0.4 ms),
and pacing impedance (/5.0 V)) are as-
sessed at every follow-up, and the devices
programming is adjusted to the patient’s
needs.

For the purpose of this study, a tele-
phone follow-up was performed by mid
January 2010 to assess the status of the pa-
tient as well as to exclude external re-sur-
geries in this patient cohort.

Statistical analysis

Data were collected prospectively and
analyzed retrospectively. For the pur-
pose of this study, assessed lead mea-
surements were compared between the
leads of group 1 (atrial leads: 4592-53 cm,
5086 MRI-52 cm) and between leads of
group 2 (ventricular leads: 4092-58 cm,
5086 MRI-52/58 cm). Values are ex-
pressed as mean +standard deviation.
Continuous variables were compared us-
ing the unpaired Student’ t test. Categor-
ical variables were compared using the x*
test, and the Fisher’s exact test, where ap-
propriate. For comparison of the surviv-
al free of surgical revision of any cause,
Kaplan-Meier survival curves using the
log rank test were calculated for the En-
Rhythm MRI SureScan systems and stan-
dard dual chamber pacemaker systems
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Abstract

Aims. We report our experience concern-
ing lead performance and re-surgery rate of
the Medtronic EnRhythm MRI SureScan pace-
maker system (MRI-PM) in comparison to
standard pacemaker (PM) systems and leads
used at our institution.

Methods. All patients (except patients with
transvenous left ventricular leads) with suc-
cessful PM implantation performed at our
institution from 1 March 2009 to 31 Octo-
ber 2009 were included in this analysis and
followed until mid January 2010. Lead mea-
surements (assessed at implantation, pre-
hospital discharge interrogation (1st follow-
up) and at the first scheduled out-patient fol-
low-up (2nd follow-up) were compared be-
tween atrial leads 4592-53 cm and 5086MRI—-
52 c¢m (lead group 1), and between ventricu-
lar leads 4092-58 cm and 5086MRI-52 cm/-
58 cm (lead group 2), respectively. Causes for
re-operations were assessed and compared

between patients with standard dual cham-
ber PM (DC-PM) and the MRI-PM.

Results. A total of 140 patients (VVI-PM:

36 patients; DDD-PM: 102 patients; biventric-
ular PM: 1 patient) were successfully implant-
ed with a PM within the implantation period.
Two patients with transvenous left ventricular
leads were excluded from further analysis. In
an atrial position, lead 4592 was implanted in
51 patients and lead 5086MRI-52 cm was im-
planted in 40 patients, respectively. Ventricu-
lar leads were lead 4092-58 cm (64 patients)
and lead 5086MRI (41 patients), respective-
ly. Patients were followed for 26 + 11 weeks.
Comparison of lead measurements of lead
group 1 showed significant differences for
pacing impedance and pacing threshold at
implantation, and for sensing at the 2nd fol-
low-up. Comparison of lead measurements
within lead group 2 showed significant differ-
ences for pacing impedance at implantation,

for pacing threshold at the 1st follow-up, and
for sensing, pacing threshold, and impedance
at the 2nd follow-up. All assessed mean val-
ues were favorable for all leads at any follow-
up. The number of re-operations was high in
both dual chamber PM groups, but did not
differ significantly between the two groups
(DC-PM: 5 patients, 8.5%; MRI-PM: 5 patients,
13.2%).

Conclusion. Our study demonstrates fa-
vorable lead measurements of lead mod-

el 5086MRI in comparison to lead 4592 and
4092 in a short-term follow-up. The number
of re-operations was higher in the MRI-PM
group, but not statistically different in com-
parison with the standard dual chamber PM

group.

Keywords
Pacemaker, artificial - Magnetic resonance
imaging - Complication - Reoperation

Implantation eines MR-tauglichen DDD-Schrittmachersystems in der klinischen Routine.
Resultate einer retrospektiven Studie zum Verhalten der Medtronic-Elektrode 5086MRI im Vergleich
zu den Medtronic-Elektroden 4592-53 und 4092-58

Zusammenfassung

Hintergrund. Wir berichten unsere initia-

le Erfahrung hinsichtlich Elektrodenverhalten
und Reoperationsrate des Medtronic En-
Rhythm MRI Sure Scan Schrittmachersystems
im Vergleich zu den an unserer Abteilung
benlitzten Standardschrittmachersystemen
und -elektroden.

Methoden. Alle Patienten mit erfolgreicher
Schrittmacherimplantation (aul3er jenen mit
transvenosen linksventrikularen Elektroden)
an unserer Abteilung zwischen 01.03.2009
und 31.10.2009 wurden in diese retrospe-
ktive Studie eingeschlossen und bis Mitte
Januar 2010 nachbeobachtet. Elektroden-
messwerte (erhoben bei Implantation, vor
Entlassung [1. Kontrolle] und bei der 4- bis
6-Wochen-Kontrolle [2. Kontrolle]) wurden
verglichen zwischen den atrial implantierten
Elektroden 4592-53 und 5086MRI-52 (Elek-
trodengruppe 1) und den ventrikuldr implan-
tierten Elektroden 4092-58 und 5086MRI-
52/58 (Elektrodengruppe 2). Griinde fiir Re-
operationen wurden ebenfalls erhoben und
zwischen den Patienten mit Standard-DDD-

Schrittmachern (DDD-SM) sowie den Patient-
en mit dem EnRhythm MRI SureScan Schritt-
machersystem (MRI-SM) verglichen.
Ergebnisse. Im Implantationszeitraum
wurde 140 Patienten erfolgreich ein Schritt-
machersystem (VVI-SM: 36; DDD-SM: 102; biv.
SM: 1) implantiert. Zwei Patienten mit trans-
venosen linksventrikularen Elektroden wur-
den von der weiteren Analyse ausgeschlos-
sen. Rechtsatrial wurde das Elektrodenmodell
4592-53 bei 51 Patienten implantiert, das
Modell 5086MRI-52 bei 40 Patienten. Elek-
trodenmodell 4092-58 wurde bei 64 Patient-
en rechtsventrikular implantiert, Elektroden-
modell 5086MRI bei 41 Patienten. Die Nach-
beobachtungszeit betrug 26 + 11 Wochen.
Beim Vergleich der Elektrodenmesswerte von
Elektrodengruppe 1 zeigten sich signifikante
Unterschiede fiir die Stimulationsimpedanz
und Reizschwelle bei Implantation sowie fiir
die Wahrnehmungsamplitude bei der 2. Kon-
trolle. Der Vergleich der Elektrodenmesswerte
der Elektrodengruppe 2 zeigte signifikante
Unterschiede fiir die Stimulationsimped-

anz bei Implantation, fiir die Reizschwelle bei
der 1. Kontrolle sowie fiir alle drei Parame-
ter (Wahrnehmungsamplitude, Reizschwelle,
Stimulationsimpedanz) bei der 2. Kontrolle.
Insgesamt waren alle Elektrodenmesswerte
bei jeder Kontrolle fiir alle Elektroden akzep-
tabel. Die Anzahl der Reoperationen war in
beiden DDD-Schrittmachergruppen hoch, je-
doch bestand kein signifikanter Unterschied
(DDD-SM: 5 Patienten, 8,5%; MRI-SM: 5 Pati-
enten, 13,2%).

SchluBfolgerung. Unsere Studie zeigt in
dem kurzen Beobachtungszeitraum akzept-
able Elektrodenmesswerte fiir die 5086MRI-
Elektroden im Vergleich mit den Elektroden-
modellen 4595 und 4092. Die Anzahl der Re-
operationen war in der MRI-SM-Gruppe zwar
hoher, der Unterschied war jedoch statistisch
nicht signifikant.

Schliisselworter
Herzschrittmacher - Magnetresonanz
tomographie - Komplikation - Revision
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Tab. 1 Patients’demographics

Num-  Percent
ber
Total patients 138 100
Female 67 49
Age all patients, years 77+10
Pacemaker indication
AVB3 35 25
AVB2 25 18
SSS + brady-tachy syndrome 32 23
Brady AF 30 22
Brady-tachy syndrome 14 10
Other 2 2
Implanted system
Wi 36 26
DDD 102 74
EnRhythm MRI SureScan 39 28
Standard DDD 63 46
Implanted atrial lead 102 100

Medtronic 4592-53 cm 51 50
Medtronic 5086MRI-52 cm 40 39
Other atrial leads? 1 11
Implanted ventricular lead 138 100
Medtronic 4092-58cm 64 46
Medtronic 5086MRI-58 cm 39 28
Medtronic 5086MRI-52cm 1 1
Other ventricular leads? 34 25
Fluoroscopy duration, min 6.1+5.3
Status of implanting car-

diologist

On normal duty 49 36
On duty with night shift 67 49
On duty after night shift 22 16

Time of surgery

07:30 a.m.-13:29 p.m. 68 49
13:30 p.m.—19:29 p.m. 39 28
19:30 p.m.-01:29 a.m. 27 20
01:30 a.m.—07:29 a.m. 4 3

Follow-up duration, weeks 26+11

AF atrial fibrillation, AVB atrioventricular block, PM
pacemaker, SSS sick sinus syndrome ®Medtronic
3830-59 (n=3), Sorin Stelid Il BJF25D (n=5), St.
Jude Medical 1944-52 (n=1), Vitatron ICM09JB-53
(n=2). "Biotronik Selox ST 60 (n = 1), Medtronic
3830-59 (n=1), Medtronic 4076-58 (n=2), Osypka
QT5 10019 (n=14), Sorin TX26D (n=10), St. Jude
Medical 1948/58 (n=2), St. Jude Medical 1648 T
(n=2), Vitatron ICM09B-58 (n=2).

using different passive fixation leads (pa-
tients with a mixture of passive and active
fixation leads were excluded from surviv-
al analysis). A p < 0.05 was considered sig-
nificant. All analyses were performed us-
ing SPSS for Windows statistical software

Tab.2 Lead measurements for atrial leads 592 vs. 5086MRI

Parameter Implantation

Atrial leads 4592 5086 p
MRI

RAsensing(mV) 33%15 27+£15 ns.

RA threshold 0.7+0.3 09+0.5 0.048
(V/0,5 ms)

RAslewrate (V/s) 1.2+0.8 0.9+0.7 ns.
X-ray time (min)* 5.9+4.7 7.1£55 ns.
Time to 2nd

follow-up

36+30 25+23
RAimpedance () 486+92 659+175 <0.001 486+116 528+125 ns. 521+£90 522+87 n.s.
06+04 0.6+02 ns. 08+1.0 0.8+0.3 ns.

1st follow-up 2nd follow-up
4592 5086 p 4592 5086 p
MRI MRI

ns. 3.3+1.8 26+1.1 0.034

6.0+19 6.1£15 ns.

3Exclusively implantations preceded by coronary angiography (4092: n=6; 5086MRI: n=5) n.s. not significant.

package (version 17; SPSS, Chicago, IL,
USA).

Results

Within the implantation period, 140 pa-
tients were successfully implanted with
permanent pacemakers at our depart-
ment. Two patients who had transvenous
left ventricular pacing leads (1 patient with
a CRT-P, 1 patient with VVI PM) were ex-
cluded from further analysis because of
differences in implantation technique and
potentially higher complication rates with
transvenous coronary sinus leads [14].
The demographics of patients included in
this analysis are shown in @ Tab. 1. A to-
tal of 36 patients were implanted with VVI
PM, 102 patients with dual chamber PM,
of whom 39 were implanted with the En-
Rhythm MRI SureScan system. Indica-
tion for pacemaker implantation was in
the majority of patients (43%) higher de-
gree AV block (@ Tab. 1). Thirty-nine pa-
tients were implanted with the EnRhythm
MRI SureScan system, the remaining with
conventional pacemaker systems. Pa-
tients implanted with the EnRhythm MRI
SureScan system were significantly young-
er than patients implanted with standard
dual chamber pacemakers (72 +14 years
vs. 79+ 8 years; p=0.009). Actually, age
was the leading reason for choosing the
MRI safe pacemaker system in specific pa-
tients of this patient cohort.

In an atrial position, lead model 4592-
53 cm was implanted in 51 patients, lead
model 5086 MRI-52 cm in 40 patients, re-
spectively. In a right ventricular position
lead model 4092-58 cm was implanted in
64 patients, lead model 5086 MRI-52 cm
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in 1 patient, and lead model 5086 MRI-
58 cm in 39 patients (B Tab. 1). Statis-
tical analysis of lead measurements as-
sessed at implantation, the 1st follow-up
and the 2nd follow-up was restricted only
to the leads within lead group 1 and lead
group 2.

One patient with an unsuccessful
ventricular implantation attempt of a
5086MRI-58 cm lead received a conven-
tional dual chamber pacemaker in com-
bination with a 5086 MRI-52 cm lead in
an atrial position and a conventional pas-
sive fixation lead in a ventricular posi-
tion. This patient was excluded from sta-
tistical analyses comparing standard du-
al chamber PM with EnRhythm MRI
PM. Another patient with a single cham-
ber pacemaker indication was implanted
with a 5086 MRI-58 cm lead in the ven-
tricular position in combination with a
standard VVI pacemaker system for fu-
ture use of a potentially upcoming MRI
suitable VVI pacemaker system manufac-
tured by Medtronic. Eighteen pacemaker
implantations were performed by the two
colleagues in training.

Patients were followed for a mean of
26+ 11 weeks. Prehospital discharge inter-
rogation (1st follow-up) was performed
1.3+ 0.9 days after implantation, the 2nd
follow-up 6.6 +3.7 weeks after pacemak-
er implantation.

In 1 patient, the first out-patient pace-
maker follow-up was postponed to a lat-
er date due to a prolonged hospital stay,
and another patient has not observed the
scheduled follow-up visit due to his re-
duced general condition.

Eleven patients (8%; 4 women; age
at implantation: 83+ 6 years; implant-
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Tab.3 Lead measurements in ventricular leads 4092 vs. 5086 MRI

3Exclusively implantations preceded by coronary angiography (4592: n=6; 5086MRI: n=5) n.s. not significant.

Parameter Implantation 1st follow-up 2nd follow-up
Ventricular leads 4092 5086 p 4092 50861 p 4092 5086l p

MRI MRI MRI
RV sensing (mV) 113145 10.5+5.5 n.s. 11.8+48 99+49 ns. 141+£50 9.9+5.1 <0.001
RV impedance (Q) 844+215 972+323 0.041 671+£186  688+241 ns. 714+160 560+103  <0.001
RV threshold (V/0.5 ms) 06+0.3 0.8+0.3 ns. 0.5+0.2 0.6+0.4 0.016 06+04 1.0+£0.9 0.008
RV slew rate (V/s) 26+1.0 27+1.1 ns. - - - - - -
X-ray time, min 52+44 6.8+55 ns. = = = = = =
Time to 2nd follow-up 6.5+£3.5 6.9+4.8 n.s.

Tab. 4 Indications for re-surgery

2DDD-PM with active RA and/or RV leads excluded (n=4) n.s. not significan. t

ed pacemaker system: VVI (n=6), stan-
dard DDD (n=4), MRI eligible DDD
(n=1)) died within the observational pe-
riod (mean 8+ 3 weeks after PM implan-
tation). Causes of death were end-stage
heart failure in 3 patients, severe pulmo-
nary disease in 1, end-stage renal failure
in 1, major stroke in 1, and multiorgan
failure in 1 patient. One patient suffered
from sudden cardiac death. The circum-
stances of death remain unknown in 3 pa-
tients.

Lead measurements

Mean values for sensing amplitudes, pac-
ing thresholds and pacing impedances as-
sessed at implantation, prehospital dis-
charge interrogation and at the 2nd fol-
low-up were within clinically accepted
ranges and were favorable at any time for
all analyzed lead models. Since active fix-
ation 5086 MRI leads were compared with
passive fixation leads (4592/4092), differ-
ences of measured values were expected,
but were clinically irrelevant at the end.

Atrial leads

A summary of the assessed measure-
ments of lead 4592 and 5086 MRI are giv-
enin @ Tab.2.

Comparison of lead measurements of
lead group 1 showed significant differenc-
es for pacing impedance (4592/5086 MRI:
486 vs. 659; p<o0.001) and pacing
threshold (4592/5086MRI: 0.7 vs. 0.9;
p=0.048) at implantation, and for sensing
(4592/5086MRI: 3.3 vs. 2.6; p=0.34) at the
2nd follow-up. X-ray time within group 1
was not significantly different when com-
paring the two leads.

With focus on the individual lead, one-
way ANOVA showed a significant differ-
ence (p=0.046) for pacing impedance for
lead model 4592 from implantation to the
2nd follow-up, based on a significant in-
crease (p<o.oo01) of pacing impedance
from the 1st follow-up to the 2nd follow-
up. Lead 5086 MRI showed a significant
difference for pacing threshold (p=o0.001)
and impedance (p <0.001) between the
follow-ups. The t-test revealed a signifi-
cant decrease for sensing (p=0.008), pac-
ing threshold (p <0.001), and pacing im-
pedance (p <o.001) from implantation to
the 2nd follow-up, and a significant in-
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crease of sensing (p=0.009) and pacing
threshold (p <o0.001) from the 1st follow-

Indication Wi Standard EnRhythm MRI All p (EnRhythm vs.
n=36(100%) DDD? SureScan n=138 standard DDD-PM) up to the 2nd follow-up.

n=59(100%) n=39(100%) (100%) Review of fluoroscopic documents
RA dislodgment - 1(1.7%) 1(2.6%) 2(1.5%) ns. of lead positions (not available in 2 pa-
RV dislodgment 1 (2.8%) 2 (3.4%) 4(10.5%) 7(5.1%) ns. tients) showed that in two cases the radi-
Infection = 1(1.7%) = 1(0.7%) opaque indicator of the atrial 5086 MRI
Connector prob- - 1(1.7%) - 1(0.7%) lead was not in the position of a proper-
lem ly extended helix (no gap between A and
Total 1(2.8%) 5 (8.5%) 5(13.2%) 1 ns. B (@ Fig.1,5)).

(8.0%)

Ventricular leads

A summary of the assessed measurements
of lead 4092 and 5086MRI is shown in
O Tab.3.

Comparison of lead measurements
within lead group 2 showed signifi-
cant differences for pacing impedance
(4092/5086 MRI: 844/972; p=0.041)
at implantation, for pacing threshold
at the 1st follow-up (4092/5086MRI:
0.5 vs. 0.6; p=0.016), and for sensing
(4092/5086 MRI:14.1 vs. 9.9; p<0.001),
pacing threshold (4092/5086MRI: 0.6
vs. 1.00; p=0.008), and impedance
(4092/5086 MRI: 714 vs. 560; p <0.001) at
the 2nd follow-up.

X-ray time was statistically not dif-
ferent when comparing ventricular lead
models 4092 and 5086 MRI, but showed
a tendency towards longer X-ray time for
lead model 5086 MRI.

The individual statistical analysis with
one-way ANOVA showed for lead mod-
el 4092 significant differences for sensing
(p=0.023), pacing threshold (p=o0.001),
and pacing impedance (p=0.002) be-
tween the follow-ups. These differenc-
es are based on a significant decrease of
pacing threshold (p < 0.001) and of pacing
impedance (p <0.001) between implanta-
tion and 1st follow-up, and of a significant
increase of sensing (p=0.02) and pacing
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Fig. 5 » Example of properly extended atrial helix (left top gap between A
and B (arrow)) and improperly extended ventricular helix (right bottom no

gap between

threshold (p=0.002) from the 1st follow-
up to the 2nd follow-up.

For ventricular lead 5086 MRI, one-
way ANOVA revealed significant dif-
ferences for pacing threshold (p=o0.014)
and pacing impedances (p <0.001) be-
tween the follow-ups. There was a signifi-
cant decrease (p=0.003) of pacing thresh-
old and of pacing impedance (p <0.001)
from implantation to 1 follow-up. From
1st follow-up to the 2nd follow-up, pac-
ing threshold increased significantly
(p=0.005), pacing impedance decreased
significantly (p=o0.001).

Review of fluoroscopic documents of
lead positions (not available in 2 patients)
showed that in 5 cases the radiopaque in-

AandB).Seealso @ Fig. 1

dicator of the ventricular 5086 MRI lead
was not in the position of a properly ex-
tended helix (no gap between A and B
(8 Fig. 1)). An example of a properly ex-
tended atrial 5086 MRI screw and an im-
properly extended ventricular 5086 MRI
screw is shown in @ Fig. 5.

Irrespective the implant procedures
performed by the two colleagues in train-
ing and implantations preceded by cor-
onary angiography X-ray time dif-
fered significantly between both pace-
maker systems (standard dual cham-
ber PM: 4.5+3.8 min; EnRhythm MRI:
6.9+5.6 min; p=0.031).
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Re-surgeries

Surgical revisions were necessary in 5 pa-
tients of each dual chamber pacemaker
group. Worsening of ventricular threshold
due to micro or macro dislocation of the
ventricular lead led to surgical revision in
5% of all patients (B Tab. 4). One patient
with a VVI pacemaker suffered from lead
dislodgment caused by Twiddler’s syn-
drome, whereas in 6 patients with dual
chamber pacemakers the ventricular lead
had to be re-positioned. Four of these pa-
tients had been implanted with the En-
Rhythm MRI SureScan system. Atrial
lead dislodgment occurred in 1 patient
of each dual chamber pacemaker group.



In one case, there was a connection prob-
lem with the pacemaker’s port for the IS-
1 pin of the ventricular lead. Another pa-
tient who suffered from systemic infection
with multiple vegetations on the leads had
to be explanted. The overall revision rate
was 8%. The log rank test revealed no sta-
tistically significant difference in survival
free of surgical revision between standard
dual chamber pacemakers (n=58) and the
EnRhythm MRI SureScan system (n=39)
as well as for lead groups 1and 2 (B Fig. 2,
3,4). The time of day that the surgery was
performed and the type of duty the oper-
ating cardiologist had had no statistically
significant impact on survival free of re-
surgery. In univariate analysis, only the in-
dication for pacemaker implantation and
the operating cardiologist was a predictor
for re-surgery. In fact, one of the two col-
leagues in training for pacemaker implan-
tations was responsible for five re-surger-
ies (33% of PM implantations performed
by this colleague).

Discussion

The new lead model 5086 MRI showed sta-
ble lead measurements in short-term fol-
low-up. The differences in designs of ac-
tive and passive fixation leads are suggest-
ed to be responsible for the significant dif-
ferences in lead measurements observed
within this patient cohort [15, 16]. Of note,
the differences in measured mean values
for sensing amplitudes, pacing thresholds,
and pacing impedances were clinically not
relevant and were within clinically accept-
ed ranges and were favorable at any time
for all three analyzed lead models.

From a statistical point of view, the
rate of surgical revision of the new En-
Rhythm MRI SureScan system is statisti-
cally not different in comparison to stan-
dard pacemaker systems used with pas-
sive fixation atrial and ventricular leads at
our institution. In fact, 13.2% of implant-
ed EnRhythm MR SureScan systems un-
derwent surgical revision because of lead
dislodgements (n=5, 6.7% of all leads im-
planted with EnRhythm MRI SureScan
PM), whereas “only” 5.1% (n =3, 2.5% of all
leads implanted with standard dual cham-
ber PM) did.

Since standard leads at our institution
are usually passive fixation leads for atri-

al and ventricular pacing, some handling
problems with lead 5086 MRI reported by
all implanting physicians—as well as the
re-surgery rate—may be seen as a con-
sequence of lacking experience with im-
plantation of active fixation leads. The to-
tal percentage of re-operations consider-
ably exceeds previously reported rates of
re-surgeries after pacemaker implantation
[14, 15, 16, 17, 18, 19, 20].

Retrospective review of the fluoro-
scopic movies of the final lead positions
brought to light that in 7 of the 5086 MRI
leads (6 patients, 15% of patients implant-
ed with EnRhythm MRI PM; atrial lead:
2 patients, 5%; ventricular lead: 5 patients,
12.5%) the helix electrode was not proper-
ly extended (in all cases no gap between A
and B (B Fig. 1,5)). Interestingly, none of
the affected leads had to be revised with-
in the observational period of this study
(nor thereafter).

Five of the 11 re-surgeries (2 in patients
with the EnRhythm MRI SureScan sys-
tems) had to be indicated after first im-
plantation performed by one of the col-
leagues in training for pacemaker im-
plantation. Inexperienced operators were
a significant predictor for lead complica-
tions in a recently published large pop-
ulation-based cohort study [14]. Disre-
garding the pacemaker implantations per-
formed by this colleague, the over-all re-
surgery rate would have been 4%, and 8%
for the EnRhythm MRI SureScan system,
respectively.

Eight of the 11 patients with pacemak-
er related re-surgeries were initially im-
planted within the first half of the implan-
tation period, reflecting a learning curve
for pacemaker implantation in general as
well as for experienced implanters using
leads they are unfamiliar with.

The findings of this study may be seen
as an internal quality assessment and may
raise some questions. First of all, why this
complication rate happened without ob-
vious consequences. It is probably the re-
sult of a lacking alert system, based on a
real time quality assessment. The second
question is whether the training for pace-
maker implantations is properly struc-
tured. Third, why a new active fixation
lead (with handling differences even to
other active fixation leads) is introduced
without appropriate training at an implan-
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tation center usually using passive fixation
leads.

Limitations

The major limitation of this study is the
small patient number; therefore, statistics
have only limited power. Another limita-
tion may be or may be not the high re-
vision rate produced by one implanting
cardiologist. The extraordinary high re-
vision rate may lead to distortion of re-
ality. But, actually, it was the feeling of
something is going wrong that triggered
this analysis—including its uncomfort-
able findings.

Conclusion

Our results demonstrate favorable lead
measurements of atrial and ventricu-
lar implanted lead models 5086MRI un-
til the first follow-up after hospital dis-
charge.

The rate of re-surgeries after implanta-
tion of the Medtronic EnRhythm MRI
SureScan system is high, but is statisti-
cally not different compared to standard
dual chamber pacemakers at our insti-
tution.

So far, implanting cardiologists and sur-
geons usually using passive fixation
leads should be aware of differences in
handling the CapsureFix MRI 5086 MRI
leads, especially when implanted in a
ventricular location. It is strongly rec-
ommended to consider lead implanta-
tion recommendations for lead mod-

el 5086MRI given by the manufacturer
[9,10].
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Paul-Ehrlich- und Ludwig-Darm-
staedter-Preis 2011 verliehen

Der Chemiker und Biologe Prof. Cesare Mon-
tecucco aus Padua, Italien, erhdlt den mit
100.000 Euro dotierten Paul-Ehrlich- und
Ludwig-Darmstaedter-Preis 2011 fiir seine
herausragenden Forschungsleistungen auf
dem Gebiet pathogener Erkrankungen. Der
Paul Ehrlich- und Ludwig Darmstaedter-Preis
gehort zu den international renommiertesten
Auszeichnungen, die in Deutschland auf dem
Gebiet der Medizin vergeben werden.

Prof. Montecucco beschaftigte sich mit
Erkrankungen, die durch pathogene Bak-
terien hervorgerufen werden. Montecucco
untersuchte, wie das Tetanus-Neurotoxin syn-
aptische Vesikel daran hindert Neurotrans-
mitter freizusetzen.

Der mit insgesamt 60.000 Euro dotierte
Paul-Ehrlich- und Ludwig-Darmstaedter-
Nachwuchspreis 2011 geht an den Dresdner
Biophysiker Dr. Stephan Grill vom Max-
Planck-Institut fiir molekulare Zellbiologie
und Genetik und dem Max-Planck-Institut fiir
Physik komplexer Systeme. Er wird fiir seine
Beitrage auf dem Gebiet der Zellbiologie aus-
gezeichnet.

Dr. Grill hat eine Methode entwickelt, mit
der mechanische Kréfte, die neben moleku-
laren Mechanismen eine wesentliche Rolle
bei der Zelldifferenzierung spielen, in leben-
den Zellen gemessen werden konnen. Mit
Hilfe eines Lasers kann er bestimmte Zell-
strukturen minimal-invasiv zerstéren. Deren
Fragmente bewegen sich danach vonein-
ander weg, wenn die Struktur unter mecha-
nischer Spannung stand. Auf diese Weise er-
halt der Wissenschaftler einen Uberblick
dariiber, wo in der Zelle mechanische Kréfte
walten.

Quelle: Paul-Ehrlich-Stiftung,
www.paul-ehrlich-stiftung.de



