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Background. Children requiring permanent pacing
ave a lifelong need for follow-up. Epicardial leads have

raditionally fared worse than endocardial counterparts.
e tested the hypothesis that steroid-eluting epicardial

nd endocardial leads had equivalent outcomes.
Methods. We reviewed medical records of 148 children,
ean age 8.2 � 4.8 years, in whom a dual-chamber

acemaker system with steroid-eluting leads from a
ingle manufacturer was implanted. Primary outcome
as mortality. Secondary outcomes included freedom

rom lead failure and pacemaker system reintervention.
oss of capture-sensing, lead displacement-fracture, exit
lock, and high thresholds constituted lead failure. Re-

ntervention included need for lead revision or generator
hange.

Results. There was no early mortality. Late mortality
ccurred once (0.5 � 0.5 deaths/1,000 patient-months) and
ight times (3.4 � 1.2 deaths/1,000 patient-months) in the

ndocardial and epicardial groups, respectively. The rel-
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tive hazard of endocardial versus epicardial site for lead
ailure was 0.408 (p � 0.038) and for reintervention was
.629 (p � 0.002). Endocardial and epicardial groups
iffered in important ways: concomitant cardiac surgery
% (3 of 61) versus 27% (27 of 99); congenital heart
isease 33% (20 of 61) versus 90% (89 of 99); single
entricle physiology 13% (8 of 61) versus 52% (51/99); and
ge (10.5 � 4.5 years vs 5.5 � 5.2 years). Adjusting for
hese covariants, the relative hazard for freedom from
ead failure for endocardial versus epicardial leads was
.546 (p � 0.360). The adjusted relative hazard for free-
om from reintervention was 0.157 (p � 0.045).
Conclusions. Technologic advances attenuate impor-

ant differences in lead failure rates between endocardial
nd epicardial steroid-eluting pacing leads and thus
ridge the performance gap between these fixation
odes.

(Ann Thorac Surg 2008;85:1412–6)

© 2008 by The Society of Thoracic Surgeons
he strategy for permanent pacing in pediatric popu-
lations is complicated by unique biologic constraints

f growing children, limited vascular access and anoma-
ies of systemic venous connection, complex congenital
eart disease with structural defects requiring multiple
urgical reinterventions for long-term survival, and
hanging pacemaker hardware technology. The univer-
al transvenous approaches, customary in adults, may
ause problems in children with limited endovascular
omain, intracardiac right-to-left shunting, and other
undry complications, including valvular damage, endo-
arditis, and thromboembolism. With heart failure diag-
oses further broadening indications for pacing therapy,

he intracardiac foreign body load looms large in children
equiring life-long pacing that may potentially compli-
ate subsequent lead extraction if need arises. While
voiding these unique problems with transvenous leads
he epicardial route requires more “invasive” approaches

ccepted for publication Dec 31, 2007.

resented at the Poster Session of the Forty-second Annual Meeting of
he Society of Thoracic Surgeons, Chicago, IL, Jan 30–Feb 1, 2006.
subxiphoid, sternotomy, or thoracotomy) and is histori-
ally fraught with higher pacing and sensing thresholds,
ead failure, and earlier battery depletion rates. With the
dvent of steroid-eluting epicardial leads we sought to
est the hypothesis that steroid-eluting epicardial and
ndocardial leads now had equivalent outcomes.

atients and Methods

retrospective review of the medical records of all pediat-
ic patients (�19 years) who underwent permanent pace-
aker (PPM) implantation at our tertiary health care center

rom January 1990 through December 2003 was undertaken.
umerous pacing leads and pulse generators were used
uring this time period and this observational study re-
tricted entry to children receiving hardware from

edtronic, Inc., a single manufacturer, to minimize poten-
ial confounders among differing hardware manufacturers.
he study investigators have no conflict of interest disclo-
ures with Medtronic, Inc., or any other pacemaker com-
any and the study received University of California-Los
ngeles (UCLA) Institutional Review Board (IRB) approval
UCLA IRB #G04-04-008-03) with waiver of patient consent.

0003-4975/08/$34.00
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At the outset, one hundred and sixty children, mean

ge 7.4 � 5.5 years (range, 0.4 to 18 years), with atrial
nd(or) ventricular leads meeting criteria, were identified
nd reviewed. These children were recipients of a PPM
ystem with steroid eluting leads from a single manufac-
urer. The routes of PPM implantation in these children
ere transvenous, subxiphoid, sternotomy, or thoracot-
my. The choice of either endocardial or epicardial sys-
em, transvenous or surgical approach, was dependent
n cardiology and surgeon preference.
One hundred and forty-eight of this group received

oth atrial and ventricular leads, while 11 received only
entricular leads and a single child only an atrial lead.
he primary outcome focused on mortality, both short

erm (30 days postimplantation) and long term. Second-
ry outcomes analyzed included lead failure, lead rein-
ervention, and lead functional parameters at time of
mplantation. For analysis, the patient pool, of 148 with
ual-chamber pacemakers, was split into two groups:
hildren with endocardial versus epicardial PPM leads.
utcome variables were compared between the two

roups.

ultivariable Analysis
multivariable Cox hazard model analysis was created

o neutralize potential cofactors that may have precipi-
ated lead failure and reintervention in the endocardial
nd epicardial subgroups. Because there were not
nough comparable patients with only one lead placed

able 1. Demographics for Lead Failure and Reintervention
nalysis

ariables Endocardial Epicardial p Values

ean age � SD (year) 11.0 � 4.3 5.5 � 5.3 �0.0001
ean weight � SD (kg) 38.1 � 18.1 19.7 � 17.6 �0.0001

ostoperative third degree
heart block

12 (24%) 59 (60%) �0.0001

ongenital third degree
heart block

25 (50%) 16 (16%) �0.0001

ick sinus syndrome 13 (26%) 23 (23%) 0.21
oncomitant cardiac
surgery

3 (6%) 27 (28%) 0.004

ongenital heart disease 17 (34%) 88 (90%) 0.0001
ingle-ventricle
physiology

8 (16%) 51 (52%) 0.0001

Abbreviations and Acronyms

AV � atrioventricular
CHD � congenital heart disease
DILV � double-inlet left ventricle
EP � electrophysiologic
HLHS � hypoplastic left heart syndrome
PPM � permanent pacemaker
TA � tricuspid atresia
e
rior pacemaker 16 (32%) 21 (21%) 0.17
ither in the atria or ventricle, only patients with dual-
hamber pacemakers (both atrial and ventricular leads)
n endocardial or epicardial groups were compared with
ne another. The subpopulation for lead failure and
eintervention analysis of the study was restricted to 148
50 endocardial, 98 epicardial). Refer to Table 1 for
emographic characteristics of this subpopulation.

ofactors
edical records for all children were examined for age,
eight, diagnosis, and indication for PPM implantation.
he typical indications for PPM implantation included
ostoperative atrioventricular (AV) block, complete con-
enital AV block, and sick sinus syndrome. Children with
ingle ventricle physiology (diagnoses of hypoplastic left
eart syndrome [HLHS], double-inlet left ventricle

DILV], tricuspid atresia [TA], and s/p bidirectional cavo-
ulmonary anastomosis or Fontan operation) were iden-

ified. Medical records were further screened for any
istory of congestive heart failure, coronary artery or
alvular disease, arrhythmias, and prior implanted PPM.
efer to Tables 1 and 2 for a comparison of outcome
ariables for the endocardial and epicardial subgroups.

ead Parameter Variables
acing and sensing thresholds were obtained at implan-

ation by the surgeon and cardiologist. Follow-up thresh-
lds obtained as an outpatient were not all available and
herefore insufficient for a comparative study. Thus, only
arameters at time of implant were compared between

he two groups.

utcome Variables
he primary endpoint of the study was early (within 30
ays postoperation) and late mortality. Secondary out-
omes included freedom from lead failure and pace-
aker system reintervention. Lead failure was defined

y loss of capture-sensing, lead displacement-fracture,
xit block, and high thresholds. Reintervention included
he need for lead revision or generator change (Tables 2
nd 3).

tatistical Analysis
he two study groups were compared for continuous
ariables with the Student t test and �2 analysis for binary
ariables. The covariants were analyzed by a propor-
ional hazards (Cox) model to adjust for the aforemen-
ioned covariables. Results are reported as relative haz-
rd ratios between the two groups. Event occurrences are
eported as total occurrences as well as rates/1,000
atient-months to indicate events over time. Kaplan-
eier plots were employed to visualize pacing lead

urvival and freedom from lead reintervention.

esults

ortality
here was no early mortality in either epicardial or

ndocardial pacing groups. Late mortality occurred only
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nce in the endocardial cohort for an overall death rate of
.5 � 0.5 deaths/1,000 patient-months. There were eight
ate deaths in the epicardial cohort for an overall mortal-
ty rate of 3.4 � 1.2 deaths/1,000 patient-months. While
here was a trend favoring greater survival in the endo-
ardial group over 24 months the difference was not
tatistically significant (Fig 1).

There was no pacemaker-related mortality. Late mor-
ality occurred after additional surgery for congenital
eart disease, single ventricle pathophysiology, or after
rthotopic transplantation. The mean follow-up period
or endocardial and epicardial pacing groups was 32.5 �
9.3 (range, 0–110 months) and 23.9 � 22.8 (range, 0–89
onths), respectively.

ead Failure
he endocardial group had five lead failures (out of 50
atients) at a rate of 3.18 � 1.42 failures/1,000 patient-
onths. By contrast, the epicardial group sustained 18

ailures (among 98 children) for a rate of 7.79 � 1.84
ailures/1,000 patient-months. This represents a hazard
atio of 0.408 (p � 0.038). However, after adjusting for the
ovariables of concomitant surgery, congenital heart dis-
ase, single ventricle physiology, and age, using propor-
ional hazards Cox model the adjusted hazard ratio for
reedom from lead failure is 0.055 (p � 0.36) and thus any
ifferences are now insignificant.

ead Reintervention
even reinterventions occurred in the endocardial group

n � 50) for a rate of 4.34 � 1.64 reinterventions/1,000
atient-months. In the epicardial group (n � 98), 16
einterventions occurred for 6.91 � 1.73 reinterventions/
,000 patient-months. The hazard ratio is 0.629 (p �
.0023). The adjusted hazard ratio for freedom from lead
eintervention is 0.157 (p � 0.045) for the endocardial
ersus epicardial group. The number of lead reinterven-
ions is significantly lower in the endocardial group even
fter adjusting for covariates (Fig 2). The causes for

able 2. Reason for Reinterventions

ariables

enerator replacement (rate/1,000 patient-months)
ead revisions (rate/1,000 patient-months)

able 3. Electrophysiologic Lead Measurements at Implantati

ariable Endocardi

trial stimulation threshold (V � SE) 0.74 � 0.14
entricular stimulation threshold (V � SE) 0.49 � 0.07
trial sensing threshold (mV � SE) 4.26 � 0.89
entricular sensing threshold (mV � SE) 13.0 � 1.7
trial lead impedance (� � SE) 594 � 27
entricular lead impedance (� � SE) 644 � 38
� ohms; SE � standard error of the mean; V � voltage.
eintervention in the endocardial group in five instances
ere generator change and in four other cases due to

ead revision. This represents rates of 2.52 � 1.13/1,000
atient-months and 2.02 � 1.01/1,000 patient-months,
espectively, for generator change and lead revision. In
he epicardial group, generator change was the reason
or 9 reinterventions and lead revision, 7. This represents
ates of 3.82 � 1.27/1,000 patient-months and 2.97 �
.12/1,000 patient-months for generator change and lead
evision. There is no significant difference in generator
hanges or lead revisions between the two groups (Table 2).

timulation Threshold
he acute mean stimulation threshold for endocardial
trial leads at time of implantation was 0.74 � 0.14 V. For
he epicardial group, this threshold increased to 1.61 �
.09 V. The difference between the two groups at implan-
ation was 0.87 � 0.24 V (p � 0.0005). Similarly, for
entricular leads, the endocardial group recorded a mean
cute stimulation threshold of 0.49 � 0.07 V compared
ith 1.83 � 0.17 V for the epicardial group (p � 0.0001).

ensing Threshold
he mean acute sensing threshold of endocardial atrial

eads at implantation was 4.26 � 0.89 mV compared with
.49 � 0.60 mV for epicardial leads (p � 0.49). At the
entricular site, the mean sensing threshold at time of
mplant for the endocardial group was 13.0 � 1.7 mV
ompared with 18.5 � 7.7 mV for the epicardial group
p � 0.46).

ead Impedance
he mean lead impedance for the atrial endocardial leads
as 594 � 27 � (ohms) compared with 386 � 26 � for the

picardial group. The mean difference was 212 � 39 �
p � �0.0001). The mean lead impedance for the ventric-
lar position was 644 � 38 and 449 � 34 � for endocardial
nd epicardial groups, respectively (p � 0.0003).

ndocardial Epicardial p Value

2.25 � 1.13) 9 (3.82 � 1.27) 0.57
2.02 � 1.01) 7 (2.97 � 1.12) 0.59

Epicardial Mean Difference p Value

1.61 � 1.09 0.87 � 0.24 0.0005
1.83 � 0.17 1.34 � 0.19 �0.0001
3.49 � 0.60 0.76 � 1.09 0.49
18.5 � 7.7 5.5 � 7.5 0.46
386 � 26 212 � 39 �0.0001
449 � 34 195 � 51 0.0003
E
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omment

he advent of steroid elution has improved lead perfor-
ance and pacemaker longevity in children over tradi-

ional nonsteroid-eluting pacing leads [1–5]. Both atrial
nd ventricular steroid-eluting leads have demonstrated
ower stimulation thresholds one month after implanta-
ion compared with nonsteroid-eluting varieties; while at
he ventricular site, steroid elution has exhibited better
hronic pacing thresholds in the long run [6]. Steroid-
luting leads reduce inflammation at the electrode-tissue
nterface leading to lower stimulation thresholds, and
hus less depletion of battery life [7]. Lead survival has
roven significantly better for steroid-eluting versus
onsteroid-eluting lead [8]. In our series there was no
ignificant difference in mortality between the two pacing
pproaches in children despite epicardial lead recipients
eing younger, smaller in size, and with higher severity
f cardiovascular disease and risk. There was a higher

ncidence of postoperative and congenital heart block in
nfants requiring permanent epicardial pacing. The over-
helming majority of the epicardial cohort had congen-

tal heart disease with over half having some form of
ingle ventricle anatomy and physiology and about a
hird undergoing concomitant open heart surgery; there-
ore, higher disease severity and risk. Conversely, in our
xperience, implantation of endocardial leads in compar-
tively healthier children may explain the statistical
rend toward higher actuarial survival in the endocardial
ubgroup.

There was no important difference in lead failure rate
loss of capture-sensing, lead displacement-fracture, exit
lock, and high pacing-sensing thresholds) between the

wo pacing sites. Thomson and colleagues [8] recently
ound the major causes for lead failure were unreason-
bly increased pacing threshold and lead fracture. Sub-
ptimal pacing, lead displacement, and infection also
layed an important contribution in their experience.
In our series, electrophysiologic lead measurements at

he time of pacemaker implantation showed higher atrial
nd ventricular stimulation thresholds at the epicardial
osition acutely. This finding was correlated with signif-

cantly lower acute lead impedances at the atrial and
entricular epicardial sites. Of note, there was no impor-
ant difference in atrial and ventricular sensing acutely
etween the two groups. Due to incomplete follow-up
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ig 1. Actuarial patient survival.
easurements we were unable to track lead performance F
ong term. The literature supports improvement in stim-
lation threshold with time for the steroid-eluting epi-
ardial leads. A comparison of steroid-eluting leads in
ndocardial and epicardial pacemakers has previously
hown lower ventricular stimulation thresholds for en-
ocardial leads than epicardial leads at the time of

mplant and at a two-year follow-up [9]. However, there
s insufficient evidence demonstrating important reduc-
ions of stimulation threshold in endocardial versus epi-
ardial atrial leads. Furthermore, data showing important
ifferences in impedance and sensing thresholds in epi-
ardial and endocardial pacing in pediatric patients is
acking [10–21].

Lead reintervention (lead revision-replacement or gen-
rator change) occurred less frequently among the group
eceiving endocardial implants. Nine children as op-
osed to five required reintervention for generator
hange due to battery life depletion while seven as
pposed to four (endocardial) underwent epicardial lead
evisions. Significantly younger and smaller children
ith intrinsically higher heart rates and higher stimula-

ion thresholds among recipients of epicardial implants
artially explain increased battery depletion and higher
enerator change and reintervention rates in the epicar-
ial group. Sachweh and colleagues [11] found a similarly
igher reoperation rate in individuals with epicardial

eads due to higher acute and long-term pacing stimula-
ion thresholds. Improvements in lead design technology
nd long-term stimulation thresholds may have neutral-
zed these differences [15, 18, 19, 21].

tudy Limitations
he retrospective and observational study design limited

he scope of data collection, particularly our inability to
btain complete and analyzable long-term chronic pac-

ng parameters. During the study period there was no
ttempt to compare recently improved thin to thick
iameter pacing leads as this feature may have influ-
nced the acute sensing and stimulation thresholds re-
orted in this series. Additional research and data gath-
ring regarding long-term follow-up will be required to
iscern relative performances of various lead types
ithin each lead design (epicardial or transvenous) for a
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iven manufacturer. We were not able to assess, in
etrospect, complications of transvenous systems related
o venous occlusion, thromboembolism, and AV valve
amage. Some of these children remain asymptomatic
ith these subclinical events not detected in the absence
f routine angiography or echocardiography.

onclusions
teroid-eluting epicardial pacing leads appear as safe
nd proficient as their endocardial counterparts in chil-
ren. In light of expanding indications for pacing, bio-

ogic constraints of growing children, and limited endo-
ascular domain, consideration of epicardial pacing
ystems remain an attractive alternative strategy. Contin-
al refinement of pacemaker lead and battery technology
ay increase the attractiveness of the permanent epicar-

ial pacing approach, particularly in light of complica-
ions of long-term endovascular pacing leads and poten-
ial needs for lead extraction.
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