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KEY TEACHING POINTS

� Using an approximation of the intrinsic
antitachycardia pacing (iATP) formula, the number
of antitachycardia pacing (ATP) pulses required to
reach the ventricular tachycardia (VT) circuit (the
number of pulses required for S1) can be calculated.

� Determining the number of S1 pulses would help
calculate whether the VT circuit can be reached with
the set number of ATP pulses, even for patients
using conventional implantable cardioverter-
defibrillators and cases wherein iATP cannot be
used.

� Knowledge of the minimum number of ATP pulses
necessary (up to the number of pulses in S1 1 2
pulses) may help prevent VT acceleration by ATP.
Introduction
Intrinsic antitachycardia pacing (iATP) is a new implantable
cardioverter-defibrillator (ICD) program for the treatment of
ventricular tachycardia (VT) based on electrophysiological
methods. Although the efficacy of iATP has been reported,1,2

at present, most patients with a previously implanted ICD
cannot use the iATP program because of the limitations of
these models. The iATP program immediately and automat-
ically designs the next antitachycardia pacing (ATP)
sequence based on the postpacing interval (PPI), the interval
between ATP pulse administration for VT and the resump-
tion of VT. Although the full formula is not publicly avail-
able, the most appropriate number of ATP pulses can be
predicted from the approximate formula using the iATP pro-
gram from Medtronic. As the calculation is simple, we
adjusted the ATP pulse number settings of conventional
ICD to the most appropriate pulse number using the formula.
Here we present the case of a patient using a conventional
ICD model that could not use the iATP program; conversion
to an iATP-like pulse number setting calculated by the for-
mula resulted in the effective treatment of VT.
Case report
A 68-year-old man with an implantable cardiac resynchroni-
zation therapy defibrillator (CRT-D) was referred to our hos-
pital with VT storm. At 62 years of age, the patient underwent
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aortic valve replacement and mitral valvuloplasty for severe
aortic stenosis and severe mitral regurgitation. At 64 years of
age, he started hemodialysis for renal failure. Echocardiogra-
phy revealed reduced cardiac function with a left ventricular
ejection fraction of 23% on echocardiography. At the age of
66 years, the patient underwent CRT-D implantation for
repeated episodes of cardiac failure and sustained VT (Claria
MRI Quad CRT-D DTMA2QQ; Medtronic Minneapolis,
MN).

On admission, a 12-lead electrocardiogram showed atrial
and biventricular pacing rhythms with a heart rate of 80 beats
per minute. Electrocardiogram monitoring and device checks
revealed that ATP was frequently but not successfully acti-
vated for VT with a cycle length of 460–500 ms. Eventually,
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Figure 1 Electrocardiography monitoring and device introductions on admission. (Right) Electrocardiography monitoring on admission. Antitachycardia pac-
ing (ATP) was performed on ventricular tachycardia (VT) at 126 beats per minute but was unsuccessful. The VT was accelerated after ATP and then terminated
spontaneously. (Left) Intracardiac data from the device. Frequent VT episodes were being treated. The red dotted line indicates the date of admission.
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the VT self-terminated (Figures 1 and 2). The patient was
already receiving standard therapy for cardiac failure and
20 mg of carvedilol and 200 mg of amiodarone for VT. His
cardiac failure gradually worsened owing to repeated epi-
sodes of VT. Since conventional ATP had no effect on the
VT, the patient was treated with frequent electrical shock
defibrillation. This suggested that the number of ATP pulses
was not appropriate for the VT; therefore, we changed the
number of ATP pulses to that determined using the iATP pro-
gram’s formula.1,3
Figure 2 Before changing antitachycardia pacing (ATP) pulse number setting (in
rather, it accelerates it. The patient’s mean VT cycle length (VTCL) was 487ms, AT
(PPI) was 740 ms. The area highlighted in yellow shows the VT before the applic
indicates VT after the delivery of 8 pulses of ATP.
The initial treatment sequence of CRT-D for VTwas set to
8 pulses at a 78% burst, which seemed effective in the early
phase of treatment after implantation. According to the iATP
program, the propagation time is the PPI minus the VT cycle
length (VTCL) divided by 2 (A); because the ATP-VT wave-
front collision advancement with 1 pacing pulse is the VTCL
minus the ATP interval divided by 2 (B), the number of ATP
pulses required to reach the VT circuit (the number of S1) can
be calculated as A/B. Using this formula, we calculated the
number of pulses needed to reach the VT circuit at 2.4, where
itial ATP pulse number was 8). ATP fails to stop ventricular tachycardia (VT);
P interval was 380ms (burst, %RR5 78% of VTCL), and postpacing interval
ation of ATP, green indicates ATP (8 pulses), purple indicates PPI, and red



Figure 3 After changing antitachycardia pacing (ATP) pulse number setting (initial ATP pulse number was 4). Yellow indicates ventricular tachycardia (VT)
before ATP application, while green indicates ATP (4 pulses). The VT was terminated by the first ATP, followed by the A and V paces. RV5 right ventricular.

Table 1 Difference in antitachycardia pacing efficacy before and
after change to an intrinsic antitachycardia pacing–like setting

Conventional
ATP

iATP-like
setting

Number of initial ATP pulses 8 4
Initial ATP success, n (%) 10 (48) 13 (62)
Total ATP sequence, n 6 SD 2.0 6 3.1 1.5 6 1.4
VT acceleration† by ATP, n (%) 7 (33) 3 (14)

ATP 5 antitachycardia pacing; iATP 5 intrinsic antitachycardia pacing;
VT 5 ventricular tachycardia.
†VT acceleration was defined as a VT cycle length that was 10% faster imme-
diately after ATP than that before ATP.
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PPI was 740 ms, VTCL was 487 ms, and ATP interval was
380 ms. The calculation indicated that at least 3 ATP pulses
were required. In the iATP program, if VT was not termi-
nated by S1, up to 2 pulses (S2 and S3) would be added to
the ATP; thus, in this case, the number of ATP pulses was
set at 3–5. Additionally, the minimum number of pulses in
iATP was 4. Furthermore, this formula does not include a
myocardial conduction delay, so it is possible that a few
more ATP pulses may actually be needed. Therefore, we
set the number of ATP pulses to 4, which was a reduction
from the initial 8 pulses (Figures 2 and 3). After the ATP
pulse number setting was changed, the probability of VT
termination by the first ATP would increase.

To assess the efficacy of the reduction of ATP pulses
from 8 to 4 for VT termination, we compared the effects
of pre-and post-ATP changes, with 8 pulses and 4 pulses,
respectively, on each of the 21 VT episodes. Efficacy was
assessed as follows: the 21 VT episodes that occurred on
the day prior to changing the settings were compared to
the 21 VT episodes that occurred on the day after the set-
tings were changed. The success rate of the initial ATP
tended to increase after the settings were changed compared
to the initial setting. Moreover, the number of ATP se-
quences required for VT termination was reduced in the
period after the settings were changed to 4 ATP pulses.
VT acceleration by ATP was seen in 7 of 21 episodes
(33%) when the number of ATP pulses was 8, and in 3 of
21 episodes (14%) when the number of ATP pulses was 4
(Table 1). VT acceleration was seen in 3 episodes in the
iATP-like setting (ATP with 4 pulses), but the VTCL of
these 3 episodes was as fast as 400 ms, which was much
faster than VT targeted in the iATP-like setting. The
improved control of VT achieved by the new settings
improved the control of cardiac failure, and the patient
was discharged.
Discussion
Recent clinical trials showed that frequent cardiac defibrilla-
tion is associated with increased mortality.4,5 There is also re-
newed focus on delaying the time to ICD detection of
ventricular arrhythmias to avoid treating self-terminating ep-
isodes; therefore, optimal programming of ATP pulses to
maximize efficacy and minimize VT acceleration or degener-
ation to ventricular fibrillation is required.

The automated ATP operates on 2 principles: entry into
the VT circuit (by S1) and termination of VT by closing
the excitable gap (by S2) without accelerating VT (by S1
not being aggressive). In a conventional ICD, depending
on the model, the number of ATP pulses can be set at 1–15
without information concerning the most appropriate number
of pulses. No information on the most appropriate number of
ATP pulses sometimes results in a failure to discontinue VT
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effectively. Moreover, if the number of ATP pulses is more
than necessary to terminate VT, VT may be triggered again
after termination. These findings suggest that unnecessary
surplus ATP pulses after reaching the VT circuit cannot
terminate VT effectively and could sometimes accelerate
VT. However, using the formula of the iATP program, it is
possible to calculate the number of ATP pulses necessary
to reach the VT circuit, even if the ICD model itself cannot
use iATP.

The iATP is programmed to appropriately calculate the
number of S1 ATP pulses required plus 2 when necessary.
Because the iATP program showed a low rate of VT acceler-
ation,1 it was reasonable to consider that up to the calculated
number of pulses to reach 1 VT circuit plus 1 or 2 pulses
might not accelerate VT. In this case, the calculation pre-
dicted that 3 pulses of ATP were required to reach the VT cir-
cuit. Although we used 487 ms as a VTCL for calculation, the
patient’s actual VTCL was 460–500 ms, so we added 1 pulse
to the calculated minimum number as a margin. In this case,
the number of ATP pulses was changed from 8 to 4 (3 plus 1
pulse). As a result, VT termination by ATP becamemore suc-
cessful, and the control of the cardiac failure improved.

As for the fundamental treatment of VT, it is necessary to
consider medications such as antiarrhythmic drugs, control of
cardiac failure, and catheter ablation. Catheter ablation in
particular is effective in acute suppression of electrical storm,
often represents a life-saving therapy, and may effectively
reduce frequent ATP or shock of ICD.6,7 However, in a pa-
tient with VT that is uncontrolled by a conventional ICD, it
may be worthwhile to try resetting the ATP to an appropriate
number of pulses using this formula when the previous pulse
number was suspected to be inadequate. Resetting of the ATP
pulse number in a conventional ICD can be easily and
quickly performed, even in the emergency room.

In our patient, 3 episodes of VT were accelerated by our
modified ATP program, but VTCL before modified ATP in
all 3 episodes was 400 ms, which was shorter than expected.
The iATP was designed to adapt immediately and automati-
cally to the most appropriate ATP pulse number for the next
VT. However, conventional ICDs do not possess this func-
tion. Therefore, even after changing to an iATP-like setting,
if the VT that appears different from the target VTCL, a con-
ventional ICD would not effectively treat it. This problem re-
mains an important limitation of conventional ICD models.
The refractory period of the myocardium is proportional to
the length of the preceding cardiac cycle, and states with a
short preceding cardiac cycle will have a short refractory
period. In the case of the present patient, the cycle length of
VT was relatively long, 460–500 ms; thus, the excitation
gap of VT is also considered relatively long, and for this
reason, it may be possible to stop the tachycardia with S1
alone. Therefore, if the VT cycle length is shorter, it is
possible that the effect of this setting change will be lesser.
Furthermore, in this case the R-S1 setting of ATP therapy
was unusual in that it was a 78% burst, shorter than the con-
ventional setting of approximately 88%; thus, it may have
quickly reached the VT circuit and played a role in closing
the excitable gap. In addition, although there was a marked
therapeutic effect on VT with the change in ICD settings,
the fact that this was a successful case in only 1 patient is
also a limitation. Studies with a larger number of patients
are required.
Conclusion
Changing conventional ICD settings to iATP-like settings al-
lowed us to treat VT more effectively with ATP. In addition,
VT acceleration by ATP also decreased after the pulse num-
ber was changed to an iATP-like setting.
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