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CEVIZ, N., ET AL: Comparison of Mid-term Clinical Experience with Steroid-Eluting Active and Passive
Fixation Ventricular Electrodes in Children. Although active fixation ventricular leads seem to have ad-
vantages over passive fixation leads, this study compares the follow-up results of active and passive fixa-
tion leads in children. We evaluated the implantation and follow-up data of 41 children with active (Ac-
cufix II DEC, group 1) (n = 20) or passive (Membrane E. group 2) (n = 21) fixation, steroid-eluting
ventricularleads. All but one of the patients in group 1 completed the 12-month follow-up. The mean fol-
low-up period in group 2 was 10.4 ± 2.9 months (range 3-12 months, median 12 months). In both groups
the mean pacing threshold was measured as 0.51 ± 0.09 V versus 0.48 ± 0.15 V (P > 0.05) at 0.5-ms pulse
width, mean R wave amplitude as 9.9 ± 2.5 mV versus 9.4 ± 3.2 mV (P > 0.05), and mean impedance as
557 i 92 il versus 664 ± 160 (2 (P < 0.05), respectively, at implantation. After the first week of pacing,
mean threshold values in group 1 were significantly lower than those of group 2 (P < 0.01 and P < 0.05,
respectively). During the follow-up period, lead impedance measurements did not show a significant dif-
ference between the two groups. In one patient from group 1. the lead (by unscrewing) was removed eas-
ily because of pacemaker pocket infection. No lead dislodgement or helix deformation occurred in group
1. Nevertheless, in one patient from group 2, the lead was extracted at 4-month postimplantation because
of lead displacement. We conclude that the steroid-eluting active fixation lead (Accufix II DEC) have ad-
vantages of easier implantation and lower acute and chronic stimulation thresholds compared to the pas-
sive fixation lead (Membrane E). Therefore, Accufix II DEC is superior to Membrane E, and it is a better
first choice in children with an implanted single chamber ventricular pacemaker. (PACE 2000;
23:1245-1249)
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Introduction
The chronic performance of permanent pacing

leads is critically dependent on stable positioning
ofthe electrode. Although early pacing leads were
associated with an unacceptahly high risk of dis-
lodgement, the development of active and passive
fixation mechanisms has dramatically reduced the
need for lead repositioning.^ Additionally, devel-
opment of steroid elution ensured minimal change
in stimulation threshold from implantation to a
follow-up period of several years.^'^ Pacemaker
leads that combine active or passive fixation with
steroid elution have become available. Although
active fixation ventricular electrodes seem to have
advantages over passive fixation electrodes, we are
unaware of any study comparing the acute and
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chronic experiences with active and passive fixa-
tion ventricular electrodes in children. We report
our midterm experiences with two types of
steroid-eluting endocardial electrodes of which
one had active and the other passive fixation
mechanism.

Patients and Methods
Patients

Forty-eight patients, in whom permanent en-
docardial pacemakers with active (group 1) or pas-
sive (group 2) fixation steroid-eluting ventricular
leads were implanted between 1994 and 1997, are
evaluated. Accufix II DEC (Telectronics Pacing
Systems, Inc. Engelwood, CO, USA) leads were
used in group I patients and Membrane E (Pace-
setter AB, Jarfalla, Sweden) in group 2 patients. In
both groups, patients with atrial (n = 2) electrodes
and patients who had < 6-month follow-up peri-
ods [n = 5) were excluded. Twenty patients with
active fixation and 21 patients with passive fixa-
tion steroid-eluting ventricular leads were in-
cluded in the study.
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The group 1 patients had a mean age of 10.6 ±
4.5 years (range 2-18 years, median 10 years) at
the time of implautation. Twelve of the 20 group 1
patieuts were meu. The group 2 patients had a
mean age of 7.7 ± 4.8 years (rauge 1-18 years, me-
diau 7 years). Fifteeu of the 21 group 2 patieuts
were men.

Electrodes
Accufix II DEC (model 033-212) is a veutric-

ular active fixation, bipolar, endocardial paciug
lead with 55D polyurethane inner and outer insu-
lation, an IS-1 counector, and a drug-elutiug col-
lar. The lead is a porous platinum aud/or iridium
electrode with a distal surface area of 6 mm^. The
distal tip diameter is 2.6 mm, aud has an electri-
cally inert active fixation screw with a helix pene-
tration of 1.7 mm. The screw is extended and re-
tracted by rotatiug a fixation stylet. The silicon
rubber drug-eluting collar, impregnated with ap-
proximately 0.7 mg of the steroid d exam et has one
sodium phosphate, is situated adjacent to the dis-
tal electrode.^

Membrane E (1400 T or 1450 T models) is a
ventricular passive fixation, bipolar, straight, en-
docardial pacing lead with a silicone rubber outer
insulation and an IS-1 UNI connector. The elec-
trode tip is made of titanium nitride on titanium
covered by a copolymer membrane that is used as
a steroid (13 .̂g of dexamethasone) carrier. The
distal tip diameter aud surface area are 3 mm^ and
3.5 mm , respectively. The passive fixation mech-
anism comprises four silicone tines. This elec-
trode was used with threshold tracking pacemak-
ers that need membrane electrodes to evaluate the
presence of evoked response signals.*

Implantation Procedure
The leads were implanted in the ventricle un-

der ketamine anesthesia via percutaneous punc-
ture of the subclaviau vein, and Meta III (Telec-
tronics Paciug Systems, Inc.) pacemakers in group
1 and Microny SR+ or Regency SR+ (Pacesetter
AB) pacemakers in group 2 were placed in the
subpectoral area. The voltage stimulation thresh-
old at 0.5-ms pulse width, pacing impedance, and
R wave amplitude were assessed at the time of im-
plantation. Measurements were done with a pac-
ing system analyzer (PSA); Dual Chamber PSA,
model 2401 (manufactured for Telectronics Pac-
ing Systems Inc.) for active fixation leads and Dual
Chamber PSA, model 3100 (SEAMED Corpora-
tion. Redmond, WA, USA) for the passive fixation
leads. Following satisfactory testing, the leads
were implanted in the optimal place that the low-
est threshold values were measured. In group 2,
evoked response and polarization signal measure-
ments were done (APS-2 programmer, Pacesetter)

in the catheterization room, in addition to thresh-
old measurement. The electrodes were implanted
into the ventricular site at which a sufficient
evoked response signal for autocapture function
and an acceptable threshold value were measured.

Patients were discharged between the fifth
and seventh day of implantation.

Follow-Up
Follow-up testing was performed at the sev-

enth day, first month, third month, sixth month,
and every six months thereafter. Evaluation in-
cluded routine clinical examination, electrocar-
diogram, chest X ray, and a full analysis of the
pacing system using the specific analyzers pro-
vided by the manufacturers (Telectronics Pacing
System Analyzer, model 5603 or 9602 for active
fixation electrodes, and Pacesetter, APS-2 pro-
grammer for passive fixation electrodes). Each pa-
tient also underwent 24-hour ambulatory electro-
cardiographic monitoring (Holter), and if the
patient was suitable, treadmill testing was per-
formed when needed.

Pacing thresholds were determined in volts at
0.5-ms pulse width in group 1 and 0.49 ms in
group 2. The lead impedance was measured at
output settings of 5 V and 0.5 ms. Only in a few pa-
tients could R wave amplitude be measured in fol-
low-up visits, because most of the patients were
completely pacemaker dependent and had slow
ventricular escape rates.

Statistical Analysis
Patients with an active fixation lead com-

pleted the 24-month follow-up period, however,
only eight of the patients with a passive fixation
electrode completed the 18-month follow-up pe-
riod. Therefore, only the results obtained at the
end of the first year were compared for each
group. Data are expressed as mean ± SD. A f-test
was used to compare the threshold and
impedance data of group 1 and group 2 for each
follow-up, and one-way analysis of variance was
used to compare data over time for each group. A
P value < 0.05 was considered significant.

Results
Table I shows the indications for permanent

pacemaker implantation and the clinical features
of the patients in the study groups.

All but one of the patients in group 1 com-
pleted the 12-month follow-up period. The re-
maining patient developed pacemaker pocket in-
fection at month 9 of implantation and the
electrode was extracted. In one patient with a pas-
sive fixation electrode, the lead was extracted due
to electrode dislodgement at month 4 of implanta-
tion. Hence, the mean follow-up period in group 2
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Age (years) (mean ± SD)
Rhythm diagnosis

Congenital complete heart block (n)
Surgical complete heart block (n)
Sick sinus syndrome (n)*
Acquired complete heart block (n)

Pacemaker mode (n)
DDD
VVIR

Implantation site (anatomic RV/anatomic

Table 1.
Patient Clinical Characteristics

Group 1 (Accufix II DEC)
(n - 20)

10.6 ± 4.5

5
12

2
1

4
16

LV) 17/3

Group 2 (Membrane E)
(n = 21)

7.7 ± 4.8

7
12
2
0

—
21

21/—

'Patients with ventricular lead implantation; RV = right ventricle; LV = left ventricle.

was 10.4 ± 2.9 months (range 3-12 months, me-
dian 12 months).

in group 1 and group 2, pacing threshold
values (0.51 ± 0.09 V vs 0.48 ± 0.15 V, respec-
tively, P > 0.05), sensing characteristics (R wave)
(9.9 ± 2.5 mV vs 9.4 ± 3.2 mV, respectively, P >
0.05) and impedance values (557 ± 92 H vs 664 ±
160 n , respectively, P < 0.05) were good at
implantation.

In both groups, pacing thresholds increased
in the acute period, and reached maximum values
at the first month after implantation. Mean pacing
threshold at the first month versus that at implan-
tation was not significantly different in group 1
(0.70 ± 0.45 V vs 0.51 ± 0.09 V, P > 0.05). How-
ever, in group 2, there was a significant increase
in mean pacing threshold (1.09 ± 0.68 V vs 0.48
± 0.15 V, P < 0.001) in the same period. A slight
decrease was observed in the following evalua-
tions in both groups (Fig. 1). hi all follow-up mea-
surements, mean pacing threshold values of
group 1 were significantly lower than the values
of group 2 (P < 0.01 and P < 0.05, respectively)
(Table II).

During the midterm follow-up, in the majority
of patients in group 1 (18/20 patients 90%), ven-
tricular pacing could be performed using a pulse
amplitude of 2.5 V at a 0.5-ms pulse width while
maintaining at least a two-fold voltage threshold
safety margin. Patients in group 2 had a pulse gen-
erator with a threshold tracking feature that ad-
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Figure 1. Mean pacing threshold values in group 1
(Accufix II DEC) and group 2 (Membrane E) at
implantation and during follow-up. Imp ^ implanta-
tion; W — week; M = month.

Mean Pacing

Electrode

Accufix II DEC

Membrane E

P

Threshold Values

Implantation

0.51 ± 0.09
(20)-

0.48 ± 0.15
(21)

<0.05

Table II.
(Mean i SD) at Implantation and During Follow-Up for

Difference Between Groups

1st
Week

0.51 ± 0.20
(20)

0.50 ± 0.23
(21)

>0.05

1st
Month

0.70 ± 0.45
(20)

1.09 ± 0.68
(21)

< 0.05

3rd
Month

0.67 ± 0.42
(20)

0.98 ± 0.61
(21)

<0.05

Each Group and

6th
Month

0.67 ± 0.47
(20)

0.94 ± 0.5
(20)

<0.01

the Statistical

12th
Month

0.66 ± 0.46
(19)

0.93 ± 0.54
(16)

< 0.05

* Values in parenthesis reflect the number of observations.
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Table III.
Mean Lead Impedance Values {Mean ± SD) at Implantation and During Follow-up for Each Group and the Statistical

Difference Between Groups

Electrode

Accufix II DEC

Membrane E

P

Implantation

557 ± 92
(20)

664 ± 160
(21)

<0.05

1st
Week

558 ± 83
(20)

588 ± 144
(21)

>0.05

1st
Month

614 ± 124
(20)

591 ± 104
(21)

>0.05

3rd
Month

605 ± 105
(20)

677 ± 127
(21)

> 0.05

6th
Month

601 ± 93
(20)

664 ± 121
(20)

>0.05

12th
Month

570 ± 104
(19)

640 ± 84
(16)

= 0.05

* Values in parenthesis reflect the number of observations.

justs the pulse amplitude automatically by mea-
suring the pacing threshold every 8 hours or after
two GonseGutive losses of Gapture, and adding an
additional 0.3-V "working margin" for additional
safety. During the same period, the evoked re-
sponse signal measurements were sufficient for
autocapture funGtion in all hut three patients.

Mean pacing impedance did not differ signif-
icantly throughout the follow-up (P > 0.05 for
hoth electrodes) in hoth groups. However, in
group 2, mean pacing impedance deGreased at
week 1 of implantation. In the following period,
pacing impedance increased and reached a maxi-
mum level at month 3, and a suhsequent slight
decrease was observed (Tahle III, Fig. 2). After
the first week of implantation, mean pacing
impedance values did not differ significantly he-
tween the two groups.

In hoth groups, no patient developed syncope
or presynGope. Perforation and exit block were not
observed. One patient with an active fixation lead
developed pacemaker pocket infection, and the
pulse generator and the lead (by unscrewing) were
removed easily. Among group 1 patients, no lead
dislodgement or helix deformation occurred. Nev-
ertheless, in one (4.7%) patient with a passive fix-
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Figure 2. Mean impedances in group 1 (Accufix IIDEC)
and group 2 (Membrane E) over time. Imp — implanta-
tion; W = week; M— month.

ation lead, the lead was extracted due to lead dis-
placement, and an active fixation one was im-
planted. In both groups, no sensing or capture
problem was observed during follow-up.

Discussion
Although it has been suggested tbat active fix-

ation endocardial leads offer some advantages
over passive fixation leads in pediatric pa-
tients, '̂ -̂  tbis has not been demonstrated by a
comparative study between two groups with ac-
tive and passive fixation electrodes. Our study en-
ables us to see the positive impact of an active fix-
ation mechanism on the implantation site and
threshold values.

Scar tissue formation due to cardiac surgery
and anatomic variations due to congenital heart
disease may limit available sites for implantation
of passive fixation leads. ̂  We were able to implant
Accufix II DEC into the anatomic left ventricle in
three patients with congenitally corrected trans-
position of the great arteries. This does not seem
possihle with passive fixation electrodes.

Although dislodgement may occur with ac-
tive and passive fixation leads, current data show
that active fixation reduces the incidence of lead
dislodgement.^*^ Lead migration did not occur in
group 1. Whereas, in 1 (4.7%) of 21 patients of
group 2, the lead was changed to an active fixation
electrode due to dislodgement at month 4 of
implantation,

Lower stimulation threshold would allow
confident use of lower amplitude outputs, and
thus would increase the pacemaker longevity. This
is a clear advantage in children.^ New develop-
ments in lead technology provided marked im-
provements in chronic stimulation thresholds
compared with their predecessors. The rise in
stimulation threshold that normally occurs after
lead implantation is a direct result of inflammation
at the electrode-tissue interface on which steroid
elution has a revolutionary role."'' Among limited
reports about steroid-eluting active fixation ven-
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tricular electrodes,'^^ our previous report was the
sole study performed in children.^ Although they
were low when compared to group 1 (patients with
an active fixation lead), the mean stimulation
thresholds in group 2 (patients with a passive fixa-
tion lead) were higher at follow-up measurements,
and the difference was significant after the first
week of implantation (P < 0.01 and P < 0.05, re-
spectively). However, the passive fixation elec-
trode used in our study was specially produced for
threshold tracking pacemakers, and we are not
sure if this special configuration is the reason for
this relatively high stimulation threshold. Despite
the higher threshold values, with the use of thresh-
old tracking pacemakers, energy consumption can
be decreased with Membrane E lead.

Because of different indications (increased
thresholds, muscle stimulation, lead fracture, lead
dislodgoment, infection), lead repositioning or ex-
plantation may be required."^ The passive fixation
devices are rapidly covered by fibrous tissue, mak-
ing later removal of the lead by simple traction dif-
ficult or impossible in as short a time as 3-6

months.^ However, active fixation endocardial
leads can be safely repositioned or explanted.^ Al-
though it can not be generalized to all patients
who need lead explantation, in one of our cases
with Accufix II DEC, the lead was easily removed
by unscrewing at 9-month postimplantation.
None of the patients in group 2 required lead re-
moval. We do not know what surprises are await-
ing us. However, new lead extraction techniques
makes extraction of passive fixation leads as suc-
cessful as active fixation electrodes. Data from the
Cook Pacemaker Corporation multicenter lead ex-
traction registry^^ indicates high complete extrac-
tion rates for active (91.9%) and passive (88.8%)
fixation leads.

In conclusion, our data show that a steroid-
eluting active fixation electrode (Accufix II DEC)
has some advantages (easier implantation, lower
acute and chronic stimulation thresholds) over the
passive fixation electrode (Membrane E). There-
fore, Accufix II DEC is superior to Membrane E,
and it is a better first choice in children with im-
planted single chamber ventricular pacemakers.
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