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Defibriiiation Energy Requirements. Introduction: Defibrillation energy requirements
in patients with nonthoracotomy defibrillators may increase within several months alter im-
plantation. However, the stability of the defibrillation energy requirement beyond I year has
not heen reported. The purpose of this study was to characterize the defihrillation energy re-
quirement during 2 years of clinical follow-up.

Methods and Results: Thirty-one consecutive patients with u biphasic nonthoracotomy defi-
hrillation system underwent defibrillation energy requirement testing using a step-down tech-
nique (20, 15, 12. 10, 8, 6, 5, 4, 3, 2, and I J) during defibrillator implantation, and then 24
hours, 2 months, 1 year, and 2 years after implantation. The mean defihrillation energy re-
quirement during these evaluations was 10.9 ± 5.5 J, 12.3 ± 7.3 J, 11.7 ± 5.6 J, 10.2 ± 4.0 ,|, and
11.7 ± 7.4 J, respectively (P = 0.4). The defibrillation energy requirement was noted to have in-
creased hy 10 J or more after 2 years of follow-up in five patients. In one of these patients, the
defihrillation energy requirement was no longer associated with an adequate safety margin, ne-
cessitating revision of the defihrillation system. There were no identifiahle clinical characteris-
tics that distinguished patients who did and did not develop a 10-J or more increase in the defi-
hrillation energy requirement.

Conclusion: The mean defibrillation energy requirement does not change significantly after
2 years of hiphasic nonthoracotomy detihrillator system implantation. However, approxi-
mately 15% of patients develop a 1((-J or greater elevation in the defihrillation energy require-
ment, and 3% may require a defihrillation system revision. Therefore, a yearly evaluation of
the defibrillation euergy requirement may he appropriate. (J Cardiovasc Electrophysiol, Vol. 9,
pp. 916-920. Septemtwr 1998)

defibrillation threshold, implantable cardioverter defibrillator, defibrillation safety margin

Introduction

Defibrillation energy requirements in patients
with nonthoracotomy defibrillators may increase
within several months of device implantation.'^
An acute elevation in the defibriiiation energy re-
quirement may occur with monophasic defibril-

and, to a lesser extent, with biphasic de-
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fibrillation.''''" However, the long-term stability of
the deftbrillation energy requirement has not been
studied. The purpose of this study was to charac-
terize the defibrillation energy requirement during
the 2 years after defibrillator implantation.

Methods

Patient Population

The study population consisted of 31 consecu-
tive patients who underwent implantation of a
biphasic defibrillator and a nonthoracotomy lead



Tokano, et al. Deflbrillation Energy Requirements 917

system. Consecutive patients (mean age 64 + 9
years; 28 men) who underwent device implanta-
tion and were followed for 2 yeius at this institu-
tion were included. Twenty-eight patients had coro-
n;iry artery disease, and three had a nonischemic
cardiomyopathy. The mean left ventricular ejec-
tion fraction was 0.28 ± 0.10. Seven patients were
treated with amiodarone throughout the follow-up
period. Amiodarone therapy was discontinued af-
ter deflbrillator implantation in one patient. Dur-
ing the follow-up period, amiodarone therapy was
initiated in three patients, and sotalol therapy was
initiated in one patient.

Defihrillation System

A deflbrillator with a truncated, fixed-tilt bipha-
sic waveform with a first phase tilt of 60% and a
second phase tilt of 50% (models 1625. 1715, 1720,
and 1740; Cardiac Pacemiiket̂ s. Inc. [CPIl, St. Paul,
MN, USA) was implanted in all patients. The trans-
venous detibrillation lead was equipped with a 617-
mm- proximal electrode and a 316-mm- distal elec-
trode (CPI models 74. 75. and 115). A dual-coil
transvenous deflbrillation lead with a distal elec-
trode of 295 mm- was implanted in one patient
(CPI model 64). A subcutaneous array (CPI model
49) was used in two patients.

Defibrillation Energy Requirement Testing

Alt shocks were delivered directly from the im-
plantable deflbrillator. A step-down protocol was
utilized to determine the defibrillation energy re-
quirement. The deflbrillation energy requirement
was defined as the lowest energy successful at ter-
minating ventricuhu" fibrillation. Shock energies of
20. 15, 12, 10, 8, 6, 5, 4, 3, 2, and I J were de-
livered until ventricular ftbrillation failed to con-
vert. Ventricular fibrillation was induced with a 15-
V pulse delivered evei-y 30 msec, with a duration
of 1.1 msec for 1 to 3 seconds. Shocks were de-
livered after ventricular fibrillation was sensed and
the detibrillator charged. The deflbrillation energy
requirement was determined during implantation,
and then 24 hours, 2 months, 1 yeai, and 2 years
later. The first shock energy during each defibril-
lation energy requirement evaluation was equal
to the previously determined detibrillation energy
requirement. TTie shtx;k impedance, pacing thresh-
old, and pacing impedance also were noted at each
evaluation. An adequate defibrillation safety mar-
gin was defined as a defibrillation energy re-
quirement at least 10 J less than the maximum out-

put of the deflbrillator. During follow-up, the first
shock energy for the treatment of ventricular ft-
brillation was programmed at twice the defibril-
lation energy requirement or at the defibrillation
energy requirement plus 10 J, whichever was less.

Statistical Analysis

Continuous variables are expressed as mean ±
1 SD and were compared using a paired or un-
paired Mest, as appropriate. Multiple continuous
variables were compared by ANOVA, and then by
individual paired /-tests when the ANOVA result
was statistically significant. Nominal values were
compared with contingency table analysis. The re-
lationship between two continuous valuables was
assessed with a linear regression analysis. P < 0.05
was considered statistically significant.

Results

Mean Defibrillation Energy Requirement During
Follow-Up

The mean defibrillation energy requirement at
the time of implantation was 10.9 ± 5.5 J. The mean
deflbrillation energy requirements at 24 hours, 2
months (67 ± 12 days), 1 year (383 ± 82 days),
and 2 years (748 ± 60 days) after implantation were
12.3 ± 7.3 J, 11.7 ± 5.6 J, 10.2 ± 4.0 J, and 11.7
± 7.4 J, respectively (P = 0.4; Fig. 1). The shock
impedance was 43.6 ± 5.5 Q during defibrillator
implantation. 43.0 ± 6.6 Q at 24 hours, 46.9 ± 7.5
n at 2 months, 47.0 ± 7.6 il at 1 year, and 47.8 ±
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Figure 1. The mean defibrillation energy requirement
(DER) in 3} patients during defibrillator implantation, and
24 hours, 2 months. 1 year, and 2 years later. The mean de-
fibrillation energy requirement did not change during this
time (P = 0.4).



918 Journal of Cardiovascular Electrophysiology Vol. 9, No. 9. September I99S

7.0 SI at 2 years after deftbrillator implantation (P
< 0.01). The increase in shocking impedance oc-
curred 2 months after defibrillator implantation (P
< 0.01). The pacing threshold (P < 0.01) and pac-
ing impedance (P < 0.01) increased within 2 months
of detibrillator implantation.

A lO-J or greater increase in the detibrillation
energy requirement occurred in five patients at the
2-year evaluation (Fig. 2). TTie mean deflbrillation
energy requirement at the time of implantation was
11.0 ± 5.5 J among these patients as compared
with 10.8 ± 5.6 J among the remaining 26 patients
(P — 1.0). One of the five patients in whom the
deflbrillation energy requirement increased by 10
J or more required a defibrillation system revision
to achieve a deflbrillation energy requirement that
was at least 10 J less than the detlbrillator's max-
imum available energy. To maintain an adequate
defibrillation energy requirement in the other
four patients, the first shock energy was repro-
grammed from 25.0 ±4.1 J to 31.8 ± 4.5 J.
There was no difference in the pacing threshold or
pacing impedance at implant or during follow-up
in the patients who developed an elevated defi-
brillation energy requirement. There were no sig-
nificant differences in the clinical characteristics
between patients who did and did not develop a
10-J or greater increase in the defibrillation energy
requirement (Table 1).

Discussion

Major Findings

The results of this study demonstrate that the
mean deflbrillation energy requirement usually does
not change within 2 years of deflbrillator implan-
tation. However, in approximately 15% of patients,
the deflbrillation energy requirement may increase
by 10 J or more, and 3% of patients may require
a defibrillation system revision to maintain an
adequate defibrillation safety margin. There are no
identifiable clinical characteristics that differenti-
ate between patients who do and do not develop
an increase in the defibrillation energy requirement
of 10 J or more.

Previous Studies

The deflbrillation energy requirement associated
with epicardiiil monophasic deflbrillation systems is
stable over at least 2 yeiu's.-'''̂ " However, the results
with monophasic nonthoracotomy deflbrillation sys-
tems are not as reassuring.'̂ '̂ '̂  and an increase in

the defibrillation enetgy requirement may occur within
6 months of implantation.'^^ The deflbrillation en-
ergy requirement in patients with nonthoracotomy
biphasic defibrillation systems generally is noted to
be stable for as long as I year.'''''* Among individ-
ual patients, however, the deflbrillation energy re-
quirement may increa.se by as much as 15 J.'-̂ "

Heretofore, the stability of the deflbrillation en-
ergy requirement beyond I ye;ir has not been re-
ported with any type of implantable defibrillation
system, including epicardial or nonthoracotomy
systems. However, there are reports <if elevated de-
fibrillation energy requirements necessitating de-
fibrillation system revision occurring more tban 3
years after device implantation.'-" The results pre-
sented herein suggest that the deilbrillation energy
requirement with biphasic nonthoracotomy sys-
tems is not always stable during the 2 years after
implantation. Approximately 15% of patients may
develop at least a 1()-J increase in the deflbrilla-
tion energy requirement between 1 and 2 years af-
ter device implantation.

Defibrillation Energy Requirement Changes

A variety of factors can affect deflbrillation en-
ergy requirements.'- '̂̂  This study was not designed
to identify the mechanism responsible for changes
of the deflbrillation energy requirement that occur
over time. Although a change in the cardiac sub-
strate or antiarrhythmic drug therapy could affect
the defibrillation energy requirement,- '*•'•''*'̂ •'''•'''
neither of these factors appeared to he responsible
for the changes that occurred in the present study.
Other possible explanations include changes at the
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Figure 2. The individual defibritlation energy requirement
(DER) data from the five patients in whom a 10-J or
greater increase in the defibrillation energy requirement
occurred.
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Number of patieni.s
Age (years)
Gender (tiiale/female)
Heart disease

CAD
NICM

Ejectioii fraction
Al itiiplantation
Al 2 year.-;

Antiiirrhythmic drug tberupy
Amiodarone

Cbronic tberapy (%)
Therapy al 2-years follow-up (%)
Disc<tntiiiued {%)

Sotalol
Therapy at 2-year follow-up (%)
DiscontiiiLiod (%)

TABLE 1
faticnt Characterislics

Total

31
64 ± 9

28/3

28
3

0.28 ± 0.
0.34 ± 0.

7 (23)
10(32)

1(3)

1 (3)
I (3)

DER

•' IO = .| Increase

26
65 ± 10

23/3

23
3

10 0.27 ±0.10
16* 0.34 ±0.17*

6(24)
9(35)
U4)

1(4)
1 (4)

> IO = .| lncrea.se

5
61 ±6

5/0

5
0

n.33 ±0.13
0.36 ± 0.10*

1 (20)
2(20)
0

0
0

P Value

0.4
1.0
1.0

1.0
1.0

6^
0.8

1.0

10

1.0

CAD — eoronaiy aitery disease; DER < IO=J increase = patients in wJKmi DER did not increa.se at least 10 J dudng follow-up;
DER > 10=J increase = patienl-s in whom DER increased at least 10 J during follow-up; NICM = nonischeinic cardiomyopathy.
*P = NS versus ejection fractioti al implantation.

electrode-myocardial interface, or changes in ill-
defined factors that could reduce the probability
of succes.sful defibrillation.

Clinical Implications

Given that an elevation of the defibrillation
energy requirement of at least 10 J may develop
in 15% of patients during tlie first 2 years after de-
fibrillator implantation, periodic reevaluation of the
defibrillation energy requirement may be appro-
priate. This is especially important for patients in
whom the shock energy in tbe ventricular fibril-
lation zone is programmed to an energy associated
with an adequate defibrillation safety mixi'gin. such
as twice the defibriiiation energy requirement,^"-^'
and not the maximum energy. In these patients., a
10-J change in the defibrillation energy require-
ment may mandate a change in tbe programmed
shock energy.-""' However, these data ai-e limited
by the relatively small size. Therefore, additional
studies witb larger numbers of patients are required
to assess stability of the defibrillation energy re-
quirement beyond 2 yeais and to assess the long-
term stability of tbe defibrillation enei^y require-
ment with other detibrillation.
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