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Introduction

To defibrillate with a low amount of energy, the poten-
tial field generated by the defibrillating shock must be
optimized. The potential gradient has been reported to
be closely related to the success or failure of defibril-
lation. The defibrillation threshold (DFT) is known to
depend on parameters of the defibrillation system and
on clinical characteristics of the patient. These para-
meters of the defibrillation system are lead configura-
tion, electrode quality, and shock waveform. The pri-
mary hypothesis of biphasic defibrillation is that the
first phase leaves a residual charge on the membranes
of the myocites, which can then reinitiate fibrillation.
The second phase diminishes this charge, reducing the
potential for refibrillation [9]. Pulse duration, tilt and
amplitude of each phase of the biphasic waveform are

known to influence defibrillation efficacy [6]. Due to
the previous results of a quantitative cellular model the
optimal second phase duration appears to be about 2.5
msec [9]. Experimental studies have shown that bipha-
sic waveform with a second phase of shorter duration
and lower amplitude are more efficacious [1,8,11,18].
Interactions of ICDs and, class III anti-arrhythmic
agents - frequently used in this patient group - are of
great importance. D,l sotalol treatment has been asso-
ciated with a decrease in DFT in both animal and clin-
ical studies [2,19], whereas amiodarone has been
reported to have a variable effects on the DFT. Its
effects differ according to the length, way of adminis-
tration, shock waveform, and lead configuration
[3,4,5,7,10].
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Summary

The biphasic waveform and antiarrhythmic drugs are known to influence defibrillation efficacy. However, the opti-
mal biphasic waveform for 2nd phase duration in man has not yet been defined. In a multicenter, randomized and
prospective study, the defibrillation efficacy of 2 msec vs. 5 msec 2nd phase duration of biphasic pulses using two
100 µF capacitors was compared in 62 patients (age: 54 ± 13 years, male: 74%, CAD: 60%, DCM: 19%, EF: 43
± 17%, amiodarone: 47%, d,l sotalol 13%) with a unipolar pectoral transvenous defibrillation system (RV-E vs.
can; fractally coated SPS-lead vs. Phylax 06 or XM active housing, Biotronik). The 1st phase parameters for both
biphasic waveforms were as follows: charging voltage 100%, switching voltage 40%. Defibrillation threshold
(DFT) was determined in a random order with either 2 msec or 5 msec second phase tested first during ICD
implantation. Results: significant difference was found in stored energy at DFT between 2 msec and 5 msec 2nd

phase duration pulse form (9.5 ± 0.6 vs. 11.3 ± 0.7 p < 0.01). In subgroup analysis in patients treated with class
III drugs, such as amiodaron or d,l sotalol, there was a markedly significant difference between DFTs with shocks
of longer or shorter 2nd phases, but in the control group there was no difference. Conclusions: Chronic amiodarone
treatment increases DFT using biphasic shock only with the longer second phase duration. In patients treated with
class III drugs, DFT is significantly lower with shorter second phase duration.
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The first phase parameters for both biphasic wave-
forms were as follows: charging voltage 100%, switch-
ing voltage 40%. The initial phase was positive, that
means anodal biphasic shocks were delivered.
Defibrillation threshold (DFT) was determined in a
random order with either 2 msec or 5 msec second
phase tested first in each patient (Figure 1).
Ventricular fibrillation was induced using a short burst
of 50 Hz alternating current or a T-wave induction
shock. After 10 seconds of fibrillation defibrillation
was attempted by applying the biphasic defibrillation
shock. Fibrillation-defibrillation sequences were per-
formed every 5 minutes.
DFT determination was performed using a binary
search protocol during ICD implantation. The first test-

The effect of shorter second phase duration of the
biphasic waveform using smaller output capacitors and
unipolar lead configuration in patient subgroups with
different underlying diseases and antiarrhythmic med-
ication has not yet been defined.

Materials and Methods

In this multicenter study the used unipolar lead system
consists of an 11 French tripolar shock-pacing-sensing
right ventricular-electrode (SPS RV-electrode) and the
active housing of the Phylax 06 or XM ICD. The
device can easily be implanted in the left pectoral
region. The surface of our transvenous electrodes is
coated with fractally structured iridium. The fractal
iridium coating enlarges the active surface of the elec-
trodes more than 1000-fold thereby increasing the
Helmholtz capacitance [12,13].
The specific purpose of this clinical study was to eval-
uate the effect of shortening the second phase of the
biphasic pulse form on the DFT applying the clinical-
ly most frequently used unipolar configuration under
different clinical circumstances especially antiarrhyth-
mic medication.

Subjects
The randomized and prospective study was performed
in two centers: in the Department of Cardiovascular
Surgery of the Semmelweis Medical University in
Budapest, Hungary and in the Dept. of Cardiology of
the Medical University of Gdansk, Poland.
The data concerning the 62 patients are shown on
Tables 1 and 2.

Defibrillation protocol
The defibrillation efficacy of 2 msec vs. 5 msec second
phase duration of biphasic pulses using two 100 µF
capacitors was compared using an unipolar pectoral
transvenous defibrillation system.
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Table 1. Patient data I.

Table 2. Patient data II.

Figure 1. Morphologies of the delivered shocks.
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ed charging voltage was 500 V, which equals 13
Joules. DFT was defined as the lowest charging volt-
age or energy effective for defibrillation. If a defibril-
lation shock failed, a rescue shock of 40 J was deliv-
ered. Minimal implantation criteria required two con-
secutive successful conversions of ventricular fibrilla-
tion using 21 Joules or less.
In all patients RV-E vs. active housing configuration in
the pectoral region was used. All implantations were
performed using only transvenous leads without addi-
tional subcutaneous patch or transvenous electrodes.

Statistical analysis
Paired T-test was used to compare defibrillation
thresholds with the shorter and longer second phase
duration. Independent samples T-test was performed to
compare the subgroups.

Results

The overview of the summarized results of the 62
implantations is presented on table 3. The mean shock
impedance was 70 Ω. A significant difference was
found in charging voltage, stored, and delivered ener-
gy at DFT between 2 msec and 5 msec 2nd phase dura-
tion pulse forms using 100 µF capacitance. The mean
charging voltage was 462.9 V using shocks with 5
msec and 423.4 V with 2 msec second phase duration.
The mean delivered energy at defibrillation threshold
was 10.9 J using 5 msec, and 8.7 J with 2 msec second
phase waveforms (Table 3). The subgroup analysis
also showed significantly lower DFTs with the shorter
second phase pulse forms in patient groups with low or
high ejection fraction, low or high shock impedances
and different NYHA classes.
The significant difference was also found in subgroups
with different diseases, eg. CAD or DCM subgroups.
Interestingly, in the patient group without structural
heart disease (primary electrical disease) no significant

difference was found between DFT-s with 2 or 5 msec
second phase shocks. This subgroup mostly had no
antiarrhythmic medication.
The most interesting observation of the subgroup
analysis was that in patients treated with class III
drugs, such as amiodaron or d,l sotalol, there was
markedly significant difference between DFTs with
shocks of longer or shorter second phases (Figure 2).
On the contrary, in the control group (without amio-
darone and sotalol) we have not found any significant
differences (Figure 2). That means lengthening the
repolarisation phase of the action potential and the
refractory period reinforces the beneficial effects of
applying biphasic shocks with shorter second phases.
However, the underlying mechanisms are unknown.
Patients treated chronically with amiodarone had a sig-
nificant higher DFT with the biphasic shock using 5
msec second phase duration than patients without
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Table 3. Charging voltage energy and impedance at DFT in n = 62 patients (mean ± SD).

Figure 2. Defibrillation thresholds of patient subgroups
treated with amiodarone, sotalol and the control group
delivering biphasic shocks with 2 and 5 msec long second
phases.
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antiarrhythmic drugs, but using the shorter second
phase duration there was no significant difference. D, l
sotalol treatment decreased the DFT significantly
using the shorter second phase duration.

Conclusions

Biphasic shocks with either 2 msec or 5 msec second
phase duration applied over endocardial fractally iridi-
um-coated shock electrodes in unipolar configuration
can defibrillate with low total energy. Biphasic wave-
form with shorter second phase duration is more effi-
cient in patients treated with class III AA-drugs [14].
Drugs lengthening the repolarisation phase may rein-
force the beneficial effects of applying biphasic shocks
with shorter second phases. Chronic amiodarone treat-
ment increases DFT using biphasic shocks only with
the longer second phase duration. Our results also sup-
port previous data that D,l sotalol treatment decreases
the DFT. The clinical reports of Natale, Swerdlow and
Swartz can support our results by showing that bipha-
sic waveforms of shorter tilt can provide lower DFT-s
than biphasic waveforms of longer tilt in human
[15,16,17].
The optimization of the shock waveform might offer
the opportunity to extend the battery life of the car-
dioverter defibrillator unit and reduce the time of
charging the shock capacitors and the amount of possi-
ble myocardial damage.
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