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Abstract

Introduction: Failure to differentiate supraventricular from ventricular arrhythmias is the most frequent cause of inappropriate implantable
cardioverter-defibrillator (ICD) therapies. We hypothesized that the postpacing interval (PPIl) after overdrive right ventricular pacing may
differentiate ventricular (VT) from supraventricular tachycardia (SVT) such as sinus tachycardia, atrial flutter and atrial tachycardia. This
hypothesis is based on the entrainment maneuver. Reentrant tachycardia circuit for VTs would haveshorter distance to RV apex than SVTs
have, and the conduction time between a ventricular pacing site and the tachycardia origin is expected to be shorter in VTs than in SVTs.

Methods: 220episodes from 38 patients with single chamber ICDs that RV overdrive pacing could not terminate or change the tachycardia
cycle length (TCL) were retrospectively reviewed. Episodes were classified as VTs (h=115) and SVTs (n=105). TCLs, PPIs and PPI-TCL were
compared between groups.

Results: The cycle length of VTs was shorter than SVTs (320.6+30.3 vs 366.5+40 ms, p=0.001). PPl and PPI-TCL of VTs were shorter than
SVTs (504.7+128.3 vs 689.2+121.8 ms, p=0.001, 1841103 vs 322.6+106.6 ms, p=0.001; respectively). ROC curve analysis demonstrated
a 525 ms cut-off value for PPl has 89% sensitivity and 57.4% specificity to predict inappropriate ICD therapies due to SVTs (AUC:0.852).
Similarly, A PPI-TCL <195 ms favored VT as a diagnosis rather than SVT with a 90% sensitivity, and 51% specificity (AUC:0.838).

Conclusions: Analyzing of PPI during overdrive pacing from RV apex may discriminate supraventricular from ventricular tachycardia. This

criterion may have a potential role in implantable devices that use a single ventricular lead.

Introduction

'The most common cause of sudden death in patients with structural
heart disease is scar related reentrant ventricular tachycardial'l.
The implantable cardioverter-defibrillator (ICD) therapy is the
most powerful therapeutic tool in the treatment of ventricular
tachyarrhythmia (VT) and for the prevention of sudden cardiac
death?Bl. Atrial fibrillation or atrial tachycardia/flutter with fast AV
conduction and sinus tachycardia are frequent causes of inappropriate
ICD discharges due to misclassification of the tachycardia'. The rate
of the conducted supraventricular tachycardia (SV'T) may exceed the
upper detection interval at which discriminators and morphology
templates are programmed, leading to inappropriate shocks that
are usually preceded by an episode of anti-tachycardia pacing ¥
Overdrive pacing from RV apex may successfully terminate the
tachycardia in many cases. But if it is unsuccessful it may be expected
to entrain the tachycardia. Entrainment maneuvers are widely used in
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electrophysiological studies to to differentiate between mechanisms
of tachycardia. In a patient with ICD, the conduction time between
a right ventricular apex and the tachycardia origin is expected to be
shorter in VTs than in SVTs ( provided there are no accessory AV
connections ). Depending on entrainment phenomenon, post-pacing
interval (PPI) after unsuccessful ATP for VT should be shorter than
the PPI for SVTs. Therefore, assessment of PPI on device stored
EGMs may help to to discriminate between the VT and SV'T.
Materials and Methods

For this study, we retrospectively analyzed 38 consecutive
patients (30 male, 8 Female) with single lead ICD, who had ICD
and tachyarrhythmia therapies. Events were adjudicated by three
observers (KY, EG, MA) on the basis of arrhythmia onset, EGM
configuration and regularity.Clinical features, tachycardia ECG
if available, electrophysiological study findings were checked
after ICD-EGM analysis were checked to increase tachycardia
discrimination probability. Leads implanted other than RV apical
site were excluded. Tachycardia episodes were classified into V'Ts
and SV'Ts (sinus tachycardia, atrial flutter and atrial tachycardia).
Atrial fibrillation episodes were excluded due to impossibility of
entrainment. Episodes due to any non-physiological condition such
as over-sensing, were excluded. Patients who have evidence of AV
conduction disorder or extranodal conduction were also excluded.
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Table 1: Clinical characteristics (n=38), LVEF: left ventricular ejection
@l fraction, CMP: cardiomyopathy.

Variable Mean+SD or %
Age (years) 56112

Male sex 79%

LVEF 28+17%
Ischemic CMP 63%

Beta-blockers 89%

Amiodarone 73%

Onset and stability parameters were either turned off or programmed
to monitor only to allow delivering ATP therapies to supraventricular
arrhythmias. After first inappropriate shock, stability and onset
parameters programmed on.

PPI was considered as the interval, in milliseconds, between the
last stimulus artifact of the pacing train and the first rapid deflection
crossing the baseline of the first non-stimulated beat, in the ventricular
EGM channel. Difference between PPI and tachycardia cycle length
(PPI-TCL) was also obtained. TCL was determined the average of
five consecutive cycle lengths of the ambient tachycardia rate prior to
ATP. The episode is excluded, if there is 50 ms or greater change in
pre- and post-ATP TCL.

All continuous variables were represented as meantstandard
deviation while categorical variables were expressed as numbers and/
or percentages. Data were analyzed using SPSS software. Kolmogorov
Smirnov test was used to assess statistical distribution.Student t-test
or Mann-Whitney U test were used to assess significance and p value
less than 0.05 was regarded as significant. Receiver operator curves
(ROC) were used to determine cut-off values to discriminate V'Ts
from SVTs.

Results

Thirty-eight patients were enrolled to the study. Demographic data
of the study patients was presented in [ Table 1]. Mean age of the study
patients was 56+12years and 30 were male. Twenty-four patients had
ischemic cardiomyopathy and 14 had nonischemic cardiomyopathy.
Mean LVEF was 28+17%. All the patients underwent single lead
ICD implantation for secondary prevention. All defibrillators were
from the same manufacturer (Medtronic Inc. Minneapolis, MN).
Total 1063 tachycardia episodes that ATP therapy was delivered
were reviewed. Eight hundred thirty-eight of these episodes were
successfully terminated by ATP, and ATP was accelerated the
tachycardia in 5 episodes. For this study, 220 tachycardia episodes that
RV overdrive pacing could not terminate or change the TCL were
enrolled and retrospectively classified as VT or SV'T by experienced
observers [Table 2]. Episodes classified as V'Ts (n=115) and SV'Ts
(n=105). Hundred and five SV'Ts were diagnosed as follows; 25 atrial
tachycardia, 55 sinus tachycardia and 25 atrial flutter.

The TCL of VTs was shorter than SV'Ts (320.6+30.3 vs 366.5+40
ms, p=0.001).PPI and PPI-TCL of VTs were shorter than
SVTs (504.7+128.3 vs 689.2+121.8 ms, p=0.001 and 184+103 vs
322.62106.6 ms,p=0.001; respectively). ROC curves applied to both
PPI and PPI-TCL measurements [Figure 1]. ROC curve analysis
demonstrated a 525 ms cut-oft value for PPI has 89% sensitivity
and 57.4% specificity to predict inappropriate ICD therapies due to
SVTs(AUC:0.852). Similarly, PPI-TCL <195 ms favored VT as a
diagnosis rather than SV'T with a 90% sensitivity, and 51% specificity
(AUC:0.838).Sixty-six of 115 episodes classified as V'T had PP1<525

ms. And sixty-two of the episodes had PPI-TCL than 195 ms cut-off
value.

Discussion

The main finding of our study is PPI and PPI-TCL after failed
ATP based on discrimination seems to be safe and effective in single
lead devieces. Due to inappropriate ICD therapies occur mostly due
to supraventricular arrhythmias 4and affect most of the patients,ICD
programming strategies aimed at reducing inappropriate ICD
therapies result in significant reduction in mortality, with no increase
in the risk of syncopel® 8. This emphasizes the need to improve
ICDalgorithms to minimize inappropriate shocks and to enhance
ATPas first-line therapy. By using the atrial rhythm, dual-chamber
ICDs are expected to discriminate more precisely between SVT/
VTs compared with single-chamber ICDs. Kolp C et al found
that in patients with dual-chamber devices, inappropriate therapies
are lower than patients with single-chamber devices”. The reason
behind the wide usage of dual-chamber ICDs may lie on the benefit
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of them in SVT/VT discrimination. Peterson et al. "%reported that,
in clinical practice patients often receive dual-chamber ICDs, even
without clear indications for pacing. The use of dual-chamber device
compared with a single chamber device was associated with a higher

risk of device-related complications and similar 1-year mortality and
hospitalization outcomes. Dual-chamber devices are costlier for the
initial implant and are associated with a greater risk of generator
depletion. For these disadvantages of dual-chamber ICDs, several
discrimination algorithms have been developed for single-chamber
ICDs.

As onset and stability are nowadays the cornerstone of modern
single-chamber discrimination algorithm, there are several
limitations of the current algorithms. Swerdlow et al.l'showed that
the sudden onset failed to detect 0.5% of spontaneous V' episodes.
Other limitation of the onset criterion is the inability to distinguish
paroxysmal ATs with sudden onset. We hypothesized that the PPI
following a failed episode of ATP for true VT is significantly shorter
than the PPI for SVT and therefore may be used to discriminate
the origin of the tachycardia, and therefore these parameters could
be incorporated into ICDs redetection algorithms or a complement
to the conventional algorithms. These conclusions are based on the
presented statistically significant difference between PPI and PPI-
TCL between V'Ts and SVTs.At first glance, a 90% sensitivity and
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Table 2: An example of a VT episode. ATP: antitachycardia pacing, PPI:
Bl postpacing interval, TCL: tachycardia cycle length.

Variable VT (n=115) SVT (n=105) p value
TCL (ms) 320.6+30.3 366.5+40 0.001
PPl (ms) 504.7+128.3 689.2+121.8 0.001
PPI-TCL (ms) 184+103 322.6+106.6 0.001

57% specificity seem to be still low in this settingand If PPI would be
the sole discriminating factor, a cut-off of 195 ms would potentially
miss one out of ten V'Ts not responding to ATP, falsely labeling it as
SVT and potentially putting the patient in great danger. However,
ATP is not just a discriminator it is also a therapeutic maneuver.
ATP has been reported to successfully terminate V'T in over 90% of
cases, making this a very successful and pain free therapy in ICDs!?.
Therefore, programming strategies now use ATP as initial therapy
even in fast VT episodes if the rhythm is found to be stable*.Shock
reduction can be accomplished with multiple bursts of ATP to treat
fast V'Ts in patients with ICDs. Anguera et al.!'"compared the safety
and effectiveness of a single ATP burst (Group 1) with a strategy
of successive ATP sequences (Group 2) for termination of FVT
episodes before shock therapy. Over a mean follow-up of 35 months,
effectiveness of the 1st burst ATP in Group 1 was 73% and shocks
were required in 27% of episodes. Effectiveness of the 1st burst ATP
in Group 2 was 77%, and this increased to 91% with the 3rd or
successive ATP bursts. Acceleration occurred in 8.9% of treated FV'T
episodes and 56.9% of accelerated episodes required shocks.

Even ATP failed to terminate VT episode, this can still be used to
differentiate SV'Ts from VTs in ICDs. Using the current algorithm
as a discriminator, ATP would terminate 90 of 100 VTs, and our
195 ms cut-off would successfully discriminate 9 of remaining V'Ts
and allow further therapies. This concept of entrainment has been
defined as a basic electrophysiologicalmaneuver to indicate the
proximity of a rovingpacing catheter to a macro-reentrant circuit or
focal tachycardia™!': Consistent with literature, our discrimination
technique based on entrainment maneuver seems to be safe.

Michael KA et al.l)postulated that the PPI and PPI - TCL
would be greater in AT/AF vs. V'T after episodes of failed ATP. They
evaluated patients implanted with dual (DR)/biventricular (BIV)
ICD:s. Cut-offs of 615 ms for the PPI[AUC 0.93; 95% confidence
interval (CI): 0.84-1.00; P<0.01] and 260 ms for PPI - TCL (AUC
0.86; 95% CI: 0.74-0.98; P<0.01) were identified to discriminate
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Figure 2: An example of a VT episode. ATP: antitachycardia pacing, PPI:
Bl postpacing interval, TCL: tachycardia cycle length.

SVTs from VTs.Although their study did not enroll patients with
single-chamber ICDs, they concluded that their results may have
particular relevance in patients with single-chamber ICDs, in which
atrial EGMs are not available for analysis,and in patients with chronic
AF to differentiate rapidly conducted AF from dual tachycardia.Our
results are concordant with the previous studies. Entrainment based
discrimination algorithm has been shown to be effective in single
chamber ICDs.

In our cohort antitachycardia pacing, could terminate or
differentiate the VT from SVT in 904 of 1063 episodes (85%),
but accelerated only 5 episodes 0.4%. Our results confirm both
efficacy and safety of ATP, and gives rise to the rationality of
programming early ATP for both discrimination and therapy. The
role of programming the device to deliver early ATP and combining
it with other discrimination algorithms should be interest of further
research.

Limitation

The sample size of this study is small and our findings need to
be validated in a larger cohort of patients. No patients with dual
tachycardias were included in the study and our findings are not
applicable in this subgroup. Leads implanted to non-RV apical sites
were not included, so the clinical significance of current algorithm
in this population is unclear. Only a single manufacturer’s devices
were used and by this way a homogeneous patient population could
be afforded and observer-related errors could be reduced. Due to
single chamber devices, atrial EGM was not available to see AV
relationship of the tachycardias. Simultaneous surface ECGs of the
episodes was also not available for SVI/VT discrimination.The
EGMs of the episodes were evaluated by experts who were blinded
to study protocol. Due to lack of EP study data and surface ECGs,
this may limit exact discrimination of SVTs and VTs. In patients
with extensive LV scar and epicardial V'Ts may have probably much
farther than the usual RV apical lead, and may cause misdiagnosis.
The study was retrospective and criteria for ATP programming were
not standardized for all patients. Although potentially useful, in our
study onset and stability parameters were turned off or programmed
to monitor only. The question if PPI could improve the already
existing, multi-parametric, discriminating algorithms, should be
further research area. Despite limitations this study is a hypothesis
generating study, and will light to further studies on this field.
Conclusions

Our data strongly suggest that the PPI and PPI - TCL parameters
may have the potential to be incorporated into ICDs as a method
of redetection or dynamic discrimination of the underlying rhythm
and a complement to the conventional algorithms. However, a larger
study to validate this concept is required.

Conflict Of Interests

None.

Disclosures

None.

References

1. de Bakker ] M, van CapelleF J, JanseM ], WildeA A, CoronelR, BeckerA E,
DingemansK P, van HemelN M, HauerR N. Reentry as a cause of ventricular
tachycardia in patients with chronic ischemic heart disease: electrophysiologic and
anatomic correlation. Circulation. 1988;77 (3):589-606

2. Moss Arthur J, ZarebaWojciech, HallW Jackson, KleinHelmut, WilberDavid

www jafib.com Aug-Sep 20171 Volume 101 Issue 2




4 Journal of Atrial Fibrillation Original Research

10.

11.

12.

13.

J, CannomDavid S, DaubertJames P, HigginsSteven L, BrownMary W,
AndrewsMark L. Prophylactic implantation of a defibrillator in patients with
myocardial infarction and reduced ejection fraction. N. Engl. J. Med. 2002;346
(12):877-83

Bardy Gust H, LeeKerry L, MarkDaniel B, PooleJeanne E, PackerDouglas
L, BoineauRobin, DomanskiMichael, Andersonl]ill,
JohnsonGeorge, McNultySteven E, Clapp-ChanningNancy, Davidson-RayLinda
D, FrauloElizabeth S, FishbeinDaniel P, LuceriRichard M, IpJohn H. Amiodarone
or an implantable cardioverter-defibrillator for congestive heart failure. N. Engl. J.
Med. 2005;352 (3):225-37

Washizuka T, ChinushiM, TagawaM, KasaiH, WatanabeH, HosakaY, YamashitaF,
FurushimaH, AbeA, WatanabeH, Hayashi], AizawaY. Inappropriate discharges

TroutmanCharles,

by fourth generation implantable cardioverter defibrillators in patients with
ventricular arrhythmias. Jpn. Circ. J. 2001;65 (11):927-30

Toquero Jorge, AlzuetaJavier, MontLluis, Lozanolgnacio F, BarreraAlberto,
FidalgoMaria

BrugadaJosep. Morphology discrimination criterion wavelet improves rhythm

BerruezoAntonio, CastroVictor, PefiaJosé¢ Luis, Luisa,
discrimination in single-chamber implantable cardioverter-defibrillators: Spanish
Register of morphology discrimination criterion wavelet (REMEDIO). Europace.
2009;11 (6):727-33

Madhavan Malini, FriedmanPaul A. Optimal programming of implantable
cardiac-defibrillators. Circulation. 2013;128 (6):659-72

Moss Arthur ], SchugerClaudio, BeckChristopher A, BrownMary W,
CannomDavid S, DaubertfJames P, EstesN A Mark, GreenbergHenry,
HallW Jackson, HuangDavid T, KautznerJosef, KleinHelmut, McNittScott,
OlshanskyBrian, ShodaMorio, WilberDavid, ZarebaWojciech. Reduction in
inappropriate therapy and mortality through ICD programming. N. Engl. J. Med.
2012;367 (24):2275-83

Tan Vern Hsen, WiltonStephen B, KuriachanVikas, SumnerGlen L, ExnerDerek
V. Impact of programming strategies aimed at reducing nonessential implantable
cardioverter defibrillator therapies on mortality: a systematic review and meta-
analysis. Circ Arrhythm Electrophysiol. 2014;7 (1):164-70

Kolb Christof, SturmerMarcio, SickPeter, ReifSebastian, DavyJean Marc,
MolonGiulio, SchwabJ6rg Otto, MantovaniGiuseppe, DanDan, LennerzCarsten,
Borri-BrunettoAlberto, BabutyDominique. Reduced risk for inappropriate
implantable cardioverter-defibrillator shocks with dual-chamber therapy
compared with single-chamber therapy: results of the randomized OPTION
study. JACC Heart Fail. 2014;2 (6):611-9

Peterson Pamela N, VarosyPaul D, HeidenreichPaul A, WangYongfei,
DewlandThomas A, CurtisJeptha P, GoAlan S, GreenleeRobert T, MagidDavid
J, NormandSharon-Lise T, MasoudiFrederick A. Association of single- vs dual-
chamber ICDs with mortality, readmissions, and complications among patients
receiving an ICD for primary prevention. JAMA. 2013;309 (19):2025-34
Swerdlow C D, AhernT, ChenP S, HwangC, GangE, MandelW, KassR M,
PeterC T. Underdetection of ventricular tachycardia by algorithms to enhance
specificity in a tiered-therapy cardioverter-defibrillator. J. Am. Coll. Cardiol.
1994;24 (2):416-24

Sweeney Michael O, WathenMark S, VolosinKent, Abdallalsmaile, DeGrootPaul
J, OtternessMary F, StarkAlice ]. Appropriate and inappropriate ventricular
therapies, quality of life, and mortality among primary and secondary prevention
implantable cardioverter defibrillator patients: results from the Pacing Fast
VT REduces Shock ThErapies (PainFREE Rx II) trial. Circulation. 2005;111
(22):2898-905

Santini LunatiMaurizio,

Massimo, DefayePascal,

ProclemerAlessandro, del Castillo- ArroysSilvia, MolonGiulio, SantiElisabetta, De

MermiJohann,

SantoTiziana, NavarroXavier, KloppeAxel. Prospective multicenter randomized
trial of fast ventricular tachycardia termination by prolonged versus conventional

anti-tachyarrhythmia burst pacing in implantable cardioverter-defibrillator

14.

15.

16.

17.

patients-Atp DeliVery for pAiNless ICD thErapy (ADVANCE-D) Trial results.
J Interv Card Electrophysiol. 2010527 (2):127-35

Anguera  Ignasi, DallaglioPaolo, Martinez-FerrerJose, RodriguezAnibal,
AlzuetaJavier, Pérez-VillacastinJulidn, PorresJosé Manuel, VifiolasXavier,
FontenlaAdolfo, Ferndndez-Lozanolgnacio, Garcia-AlberolaArcadio,

SabatéXavier. Shock Reduction With Multiple Bursts of Antitachycardia
Pacing Therapies to Treat Fast Ventricular Tachyarrhythmias in Patients With
Implantable Cardioverter Defibrillators: A Multicenter Study. J. Cardiovasc.
Electrophysiol. 2015;26 (7):774-82

Waldo Albert L. From bedside to bench: entrainment and other stories. Heart
Rhythm. 2004;1 (1):94-106

Stevenson W G, SagerP T, FriedmanP L. Entrainment techniques for mapping
atrial and ventricular tachycardias. J. Cardiovasc. Electrophysiol. 1995;6 (3):201-
16

Michael Kevin A, EnriquezAndres, BaranchukAdrian, HaleyCharlotte,
CaldwellJane, SimpsonChristopher S, AbdollahHoshiar, RedfearnDamian P.
Failed anti-tachycardia pacing can be used to differentiate atrial arrhythmias
from ventricular tachycardia in implantable cardioverter-defibrillators. Europace.
2015;17 (1):78-83

www jafib.com Aug-Sep 20171 Volume 101 Issue 2




