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Permanent cardiac pacing in pediatrics is uncommon. There has been limited data in Thailand. A

retrospective study of cardiac data and pacing parameters during follow-up periods in patients who under-
went permanent pacemaker implantation at the Department of Pediatrics, Siriraj Hospital, from January 1997
to December 2004 was conducted. There were 31 patients in total who have been followed-up for the median
period of 34.4 (1.07-91.13) months. All patients had atrio-ventricular block prior to implantation. The etiol-
ogy were; post cardiac surgery 38.7%, maternal autoimmune diseases 19.4%, post radiofrequency ablation
3.2%, and unknown 38.7%. Twenty three cases (74.2%) were implanted by epicardial approach, and 18(25.8%
were implanted by endocardial approach. Modes of permanent pacemaker were VVIR 45.2%, VVI 35.5%, and
DDD 19.4%. Age and body sized of the patients using epicardial approach were significantly lower than
endocardial approach. Minor complications occurred in 3 cases (9.6%) i.e. 2 with surgical wound infection,
1 with post pericardiotomy syndrome. Minimum energy threshold, sensitivity, and impedance at implantation
and during follow up periods were not different statistically. There was significantly less in minimum energy
threshold of endocardial lead than epicardial lead. Epicardial lead failure was found in 3 cases (11.5%) at
the median time of 8.9 (7.9-62) months post implantation, but was not significant different from endocardial
leads. Survival of epicardial leads were 82% at 8 years.
Conclusion: Permanent pacemaker implantation in pediatrics was rare (4.4 cases/year). It was feasible in
almost all body size and a rather safe procedure. There was no significant change in pacing parameters at the
medium term follow-up period for both epicardial and endocardial leads. Minimum energy threshold of
epicardial lead was significantly higher than endocardial lead.
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The development of pacemaker technology
has reduced morbidity and mortality from atrio-ven-
tricular block in children. Pediatric patients that require
permanent pacemaker implantation are rare; account-
ing for about 1% of all patients with pacemaker’. The
major indications for this procedure are atrio-ventricu-
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lar block post surgery for congenital HD; accounting
rate around 1%, and congenital or autoimmune com-
plete heart block; occurring rate of 1:20,000 live
births?. Most patients received epicardial lead pac-
ing system because of the small body size and complex
cardiac anatomy. These leads have a shorter longevity
compared to endocardial leads due to increasing stimu-
lation threshold over a period of timeV. Advances in
pacemaker technology allow children to benefit from a
variety of development, i.e., smaller pulse generator,
steroid-eluting epicardial lead, and improved diagnos-
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tic and therapeutic pacemaker algorithms. Permanent
cardiac pacing in children is always a challenge due to
anatomical abnormality, difficulty in accessing to car-
diac chambers, and small patients size. Most children
with permanent pacemaker implantation require pacing
throughout their lives. As a result, consideration for
venous access and future pacing system replacement
is important. In Thailand, there has been limited
cardiac pacing data in children.

Material and Method

Retrospective review of medical records of
every pediatric patient who had permanent pacemaker
implantation and followed-up at Siriraj Hospital,
Mabhidol University, Bangkok, Thailand, from January
1997 to December 2004 was performed. Demographic
data, pacing data at implantation and at each clinic
visit (at 3 months, 6 months, and annually up to 5 years
and the most recent follow-up), complications of im-
plantation, history of leads failure, and end of genera-
tors (batteries) were analyzed. Minimum energy thresh-
old (MET) of cardiac pacing leads was calculated ac-
cording to the previous report® in order to standardize
the measurement of stimulation thresholds.

MET (microjoules) = V2 X pulse width (ms) X 106
Impedance (Ohm) X 1000 ms/s
V = Energy threshold (volt)

Statistical analysis

All values are presented as median (range).
Non parametric test, i.e., Wilcoxon Signed Rank test
was used to analyze the significant difference between
the 2 groups at different follow-up periods. Mann-
Whitney U test was used if the 2 groups were indepen-
dent. Time to lead and battery change after the first
implantation was analyzed by survival technique
(Kaplan-Meier) and the 2 survival curves were tested
for significance by Log-Rank test. A p-value <0.05 is
considered as significant difference.

Results

There were 31 pediatric patients (< 15 years
old) underwent permanent pacemaker implantation from
January 1997 to December 2004 (Figure 1). Boys ac-

*According to the North America Society of Electrophysiology
(NASPE) and the British Pacing and Electrophysiology Group
(BPEG): 4 letters represent chamber paced, chamber sensed, mode
of response, and programmable/rate.
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counted for 64.5%. All of them had atrio-ventricular
block. Presenting symptoms were congestive heart fail-
ure (54.8%), near syncope and syncope (38.7%), and
cardiogenic shock (6.5%). Fifty two percent had con-
genital heart diseases. Etiology of atrioventricular
block were post cardiac operation 12 cases (38.7%),
maternal autoimmune diseases 6 cases (19.4%), post
radiofrequency ablation 1 case (3.2%) and unknown
12 cases (38.7%). Twenty three cases (74.2%) were
implanted by epicardial approach and the rest were im-
planted by endocardial (transvenous) approach. Modes
of permanent pacemaker function were VVI* in 11 cases
(35.5%), VVIR* in 14 cases (45.2%), and DDD¥* in 6
cases (19.4%). There were 26 epicardial leads and 11
endocardial leads implanted. Age, weight, and length
or height of patients who have had epicardial leads
implanted were significantly lower than the ones who
had endocardial leads implanted (p <0.001). Complica-
tions occurred in 3 cases; 2 cases with infected surgi-
cal wound, and 1 case with post pericardiotomy syn-
drome. Minimum energy threshold (MET) of both epi-
cardial and endocardial leads at implantation and fol-
low-up periods as well as sensitivity and impedance
were shown in Figure. 2 and Table 3, respectively. There
were 6 cases who had sinus rhythm resumed at the
median time of 2.5 (0.3-12.0) months (Table 2). In these
cases, the QRS duration on electrocardiogram prior to
implantation, causes of heart block, and cardiac sur-
gery, did not affect in the recovery of atrio-ventricular
conduction (p=0.648,p=0.199, and p=0.522, respec-
tively). Epicardial lead failure was found in 3 patients at
the median time of 8.9 (7.8-62) months post permanent
pacemaker implantation. Eight year survival rate of epi-
cardial lead was 82% (Figure 3) which was not signifi-
cantly different from endocardial lead.

Discussion

Cardiac pacing is a crucial intervention to
maintain adequate hemodynamic status and resulted
in good quality of life. The patients who are benefit
form this procedure are patients with atrioventricular
block, sick sinus syndrome, and some patients with
hypertrophic cardiomyopathy, left ventricular dysfunc-
tion, and with vasovagal syncope. The most important
part of permanent pacing is the appropriate time to
implant, mode of pacing and setting parameters for
each individual patient.

The number of patients requiring permanent
cardiac pacing was about 0.8% of new cardiac patients
in Siriraj Pediatric Cardiology Unit. Every patient had
indication of atrio-ventricular block, and the main cause
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Fig. 1 Number of patients underwent permanent pacemaker implantation per year during 1997-2004

Table 1. Demographic data and pacing parameters at first implantation of pediatric patients

Parameter

Median (min-max)

Age at PPM* implantation (yr)

Age at PPM* epicardium route (yr)

Age at PPM* endocardium route (yr)
Ventricular rate prior to implant (bpm)

Wt at first implantation of epicardium (kg)
Wt at first implantation of endocardium (kg)
Ht at first implantation of epicardium (cm)
Ht at first implantation of endocardium (cm)

Implantation
Threshold of epicardial leads (volt)

Threshold of endocardial leads (volt)
Pulse width of epicardial leads (ms)
Pulse width of endocardial leads (ms)
Sensitivity of epicardial leads (mv)
Sensitivity of endocardial leads (mv)
Impedance of epicardial leads (Ohm)
Impedance of endocardial leads (Ohm)
Setting upper rate (bpm)

Duration follow up (months)

3.77 (0.00-18.00)
2.42 (0.00-11.20)

12.46 (.92-15.00)
51.00 (30-80)
11.00 (2.2-19)
33.25 (21-55)
80.50 (47-122)

140.50 (125-163)

1.00 (0.40-3.40)
0.50 (0.40-1.10)
0.40 (0.12-1.20)
0.45 (0.40-0.58)

10.80 (4.80-25.00)
9.70 (6.8-11.2)

494 (205-760)

537 (384-900)

130 (120-170)

34.4(1.07-91.13)

*PPM; permanent pacemaker
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Table 2. Underlying heart rhythm at implantation and follow-up periods

Underlying At implant | 3 mo 6 mo 1lyr. 2yr. 3yr. 4 yr. Most
No (%) No (%) No (%) No (%) No (%) No (%) No (%) | recent FU.
No (%)
CHB* 24 (77.4) 17(54.8) | 16(51.6) | 12(38.7)| 12(38.7)] 8(25.8) 7(22.6) | 23(74.2)
Mobitz 2 7 (22.6) 1(3.2) 2 (6.4) 1(3.2) - 1(3.2) 1(3.2) 1(3.2)
Sinus rhythm - 7(22.6) 6(19.4) 8(25.8) 5(16.1)] 4(12.9) 2(6.4) 6(19.4)

*CHB; complete heart block
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Fig. 2a  Minimum energy threshold (MET) of epicardial leads at implantation and follow-up periods; * compare to each

other; p value = 0.025

was post cardiac surgery. This was comparable to the
other studies. Other indications for this procedure in-
cluded sinus node dysfunction, after anti-arrhythmic
drugs and reflex anoxic seizure®®. Improved surgical
techniques and better understanding of the anatomy
of the cardiac conduction system have lowered the
absolute risk of post surgical atrio-ventricular block to
1-2%©. Unknown etiology was high (38.7%) in this
study which might be due to delayed presentation and
diagnosis which could have resulted in the disappear-
ance of the real culprit. About eighty percent of our
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patients had single chamber pacemaker (VVI or
VVIR). It had been shown that it was unnecessary to
establish atrial synchrony in young patients who had
intrinsic normal ventricular function”. The majority
of'the patients in this study had epicardial leads (74.2%)
which was also reported in other studies®®. There were
criteria to consider for endocardial lead, i.e., age 4 years
or more, body weight > 15 kg, no right to left intracar-
diac shunt, adequate superior vena cava to right atrium
communication, and no simultaneous cardiac surgery®.
Development of smaller transvenous (endocardial) lead
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Fig. 2b Minimum energy threshold (MET) of endocardial leads at implantation and follow-up periods; there was no
significant difference of MET at each follow-up period
*MET of endocardial leads significantly less than epicardial leads

and pacemaker generator had make the implantation
of'endocardial leads in smaller patient successful with-
out the increase in morbidity, e.g., vein thrombosis,
lead dislocation, fracture and growth related prob-
lems"%!Y, However, there was no endocardial lead for
neonate and infant 2.

This study showed that the minimum energy
threshold of epicardial leads was significantly higher
than endocardial leads, supported by the previous
studies by Kerstjens-Fredrikse MWS® and Sachweh
JS®. Fibrosis, tissue debris, or scar tissue especially in
post cardiac surgery patients were part of the reasons.
However, this study found that the time to end of bat-
tery life was not different between the epicardial and
endocardial leads pacemaker system. The reason was
that the energy depletion depended on many factors
other than minimum energy threshold such as the per-
centage of pacing and sensing, the dual or single cham-
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ber system, the demanding heart rate, etc. Fracture or
insulation break of epicardial lead was found in 3 cases
(9.7%). This complication was reported in 4% in the
study by Horenstein MS."3. Epicardal lead survival in
this study was about 82% at 8 years which was compa-
rable to the other studies®. Steroid eluting epicardial
leads usage in our institution helped improve lead
survival'®. However, better surgical technique may
overcome this problem.

Two cases (6.4%) developed superficial and
deep surgical wound infection but did not require sys-
tem removal. This was closed to the number reported
by other study; 4.9% superficial wound infection, 2.4%
deep surgical wound infection and 0.3% requiring sys-
tem removal!?. Post pericardiotomy syndrome was
also found in 1 case (3.2%). There was a report of 2% in
children who underwent endocardial and epicardial
pacemaker implantation and later developed post peri-
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Table 3. Sensitivity and impedance of epicardial and endocardial leads at implantation and follow-up periods
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* compare at implantation and at the most recent follow-up

cardiotomy syndrome'¥. Prophylactic lead placement
had been shown to be successfully placed and retrieved
in a subset of children who would have required pac-
ing at a later date, e.g., surgical correction for corrected
transposition of great arteries, modified Fontan opera-
tion, etc.!'® This study had 6 cases who had sinus
rhythm resumed at the median post implantation time
of 2.5 months. However, the atrio-ventricular conduc-
tion might not be as efficient as normal. Furthermore,
they still needed cardiac pacing back up especially when
there was an increase in sinus rate due to incomplete
recovery of atrio-ventricular node function.

There has been a concern about left ventricu-
lar dysfunction resulted from chronic asynchronous
contraction of both ventricles from right ventricular
apex pacing'”. Septal site of right ventricular pacing
was demonstrated to have better left ventricular func-
tion!®, Fortunately this problem did not occur within
immediate or medium-term follow-up.

Conclusion

Cardiac pacing in pediatric is quite a safe pro-
cedure and feasible in all age group and in almost all
patient sizes. There was no significant change in pac-
ing parameter of epicardial and endocardial leads at
medium-term follow-up period. Minimum energy thresh-
old of epicardial leads was significantly higher than
endocardial leads. Survival of epicardial leads were 82%
at 8 years.
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