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» Takilabilir kardiyoverter defibrilatorler (ICD)
tarafindan uygulanan soklar ventrikller
tasiaritmilerin tedavisinde hayat kurtaricidir.

* Kalp nedenli ani 61um (ani kardiyak
6liim),semptomlarin baslangicindan sonra
bir saat icinde ve kardiyak bir nedenle olusan
6lim olarak tanimlanir.

* Bu dlumler genellikle malign aritmiler
nedeniyle olusur ve %80-90 kadarindan
ventrikdl tasikardisi (VT) veya ventrikul
fibrilasyonu (VF) sorumludur. Diger nedenler
ise bradikardi, asistol ve nabizsiz elektriksel
aktivitedir.

e |CD tedavisi bu hastalarin hem birincil hem
de ikincil korunmasinda yaygin olarak
kullaniimaktadir.

* |CD implantasyonunda ana endikasyonu
primer korunma gelmektedir (%82 ABD, %55
Avrupa)
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1985-FDA'In ICD onayl
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1988- i1k programianabilen insan ICD implantasyonu

a
CASH - Cardiac Arrest Study Hamburg (1994)

AVID - Amiodarone versus Implantable Defibrillator
(1995)

MADIT - Multicenter Automatic Defibrillator
Implantation Trial (1996)

CABG-Patch - Coronary Artery Bypass Graft Patch
Trial (1997)

MUSTT - Multicenter Unsustained Tachycardia Trial
(1999)

CIDS - Canadian Implantable Defibrillator Study (2000)

MADIT Il - Multicenter Automatic Defibrillator
dnlantation Trial (2002)
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* 1988 yilinda ilk bu konu tartisiimaya baslanmais.

* Hayvan calismalarinda elektrosok uygulanmasinin miyokarda etkisi
arastiriimis.



Death and damage caused by multiple direct current shocks:
studies in an animal model &

C. M. WILSON, J. D. ALLEN, J. B. BRIDGES, A_ A J. ADGEY

Abstract [ —

Patients who require multiple defibrillator shocks have a poor prognosis. In healthy grevhounds the acute
mortality increased as the number of transthoracic shocks (400 J) applied increased (one shock 0/6: five
shocks 8/18:10 shocks 12/17 dogs died acutely from asystole or electromechanical dissociation). The
appearance on electron microscopy of the myocardium of these dogs showed few specific abnormal
features to account for the total contractile failure that occurs Iin these dogs. In the survivors, significant ST
segment elevation was recorded from the precordial leads of the dogs receiving five and 10 shocks, but
not those receiving a single shock. At three days there was significantly more macroscopic cardiac
damage in the 10-shock (13.1 =£1.8g) than in the five-shock (7.2 = 2.0) group (P=005). One shock caused
little damage. Hence a single highenergy shock was well tolerated in this model. Multiple shocks caused
cardiac injury and acute pump failure. These studies indicate the need to reassess why patients die
following multiple shocks, and re-emphasise the need for optimized first-shock effectiveness.

-Eksternal defibrilasyon ile enerji bagimli makroskopik miyokardial hasar ve sol ventrikiil sistolik fonksiyonlarinda kisa siireli
azalma oldugunu gostermislerdir.

-Yine bu alanda yapilan deneysel calismalarin sonucunda, sok uygulanmasinin; hiicre membraninda elektroporazizasyona ve
hiicresel nekroza yol actigi, hiicre membran proteinlerinde fosforilasyon ve hiicre ici kalsiyum hemostazinda bozulma, hiicre ici

kalsiyum miktarinda artisa neden oldugu gésterilmistir.




Effect of Ventricular Shock Strength
on Cardiac Hemodynamics

TAKASHI TOKANO, M.D., DAVID BACH, M.D., JASON CHANG,
JAMES DAVIS, M.D., JOSEPH J. SOUZA, M.D., ADAM ZIVIN, M.D.,
BRADLEY P. KNIGHT, M.D., RAJIVA GOYAL, M.D., K. CHING MAN, D.O.,
FRED MORADY, M.D., and S. ADAM STRICKBERGER, M.D.

From the Division of Cardiology. Department of Internal Medicine,
University of Michigan Medical Center, Ann Arbor, Michigan

Ventricular Defibrillation and Cardiac Function. Infroduction: The effect of implantable
defibrillator shocks on cardiac hemodynamics is poorly understood. The purpose of this study was
to test the hypothesis that ventricular defibrillator shocks adversely effect cardiac hemodynamics.

Conclusion: Defibrillator shocks > 9 J delivered during the baseline rhythm or during defi-
brillation energ equirement testine re in a 10% to 70 reduction in cardiac index,
whereas smaller energy shocks do not affect cardiac hemodynamics. The duration and extent
of the adverse effect are proportional to the shock strength. Shock strength, and not ventricu-
lar fibrillation, appears to be most responsible for this effect. Therefore, the detrimental hemo-
dynamic effects of high-energy shocks may be avoided when low-energy defibrillation is used.

(J Cardiovasc Electrophysiol, Vol. 9, pp. 791-797, August 1998)




* Yapilan baska calismalar gostermistir ki, her bir
intrakardiyak sok sonrasi endokardiyal ve
epikardiyal dokulara kadar uzanan miyokardiyal
hasarlar olusmaktadir.

* Her bir intrakardiyak sok sonrasi tiim kardiyak
biyomarkerlarda (troponin, CKMB, miyoglobin)
anlamli yiikselmeler olmaktadir.

*Soka bagli olarak sadece ventrikiiler fonksiyonlar
degil atriyal fonksiyonlarinda etkilendiqgi
gosterilmistir.



Atria are more susceptible to electroporation than ventricles:
Implications for atrial stunning, shock-induced arrhythmia and

defibrillation failure

Vadim V. Fedorov, PhD, Geran Kostecki, Matt Hemphill, Igor R. Efimov, PhD

BACKGROUND Defibrillation shock is known to induce atrial stun-
ning, which is electrical and mechanical dysfunction.

OBJECTIVE We hypothesized that atrial stunning is caused by
higher atrial susceptibility to electroporation vs ventricles. We
also hypothesize that electroporation may be responsible for early
recurrence of atrial fibrillation.

METHODS We investigated electroporation induced by 10-ms epi-
cardial high-intensity shocks applied locally in atria and ventricles
of Langendorff-perfused rabbit hearts (n = 12) using optical

mapping.

RESULTS Electroporation was centered at the electrode and was
evident from transient diastolic depolarization and reduction of
action potential amplitude and maximum upstroke derivative.
Electroporation was voltage-dependent and polarity-dependent
and was significantly more pronounced in the atria vs ventricles
(P <.01), with a summary 50% of Effective Dose (ED50) for main
measured parameters of 9.2 = 3.6 V/cm and 13.6 = 3.2 V/cm in

the atria vs 37.4 = 1.5 V/cm and 48.4 = 2.8 V/cm in the ventricles,
for anodal and cathodal stimuli, respectively. In atria (n = 5), shocks
of both polarities (27.2 = 1.1 V/cm) transiently induced conduction
block and reentry around the inexcitable area. Electroporation-in-
duced ectopic activity was a possible trigger for reentry. However, in
the thicker ventricles, electroporation and resulting conduction slow-
ing and block were restricted to the surface only, preventing complete
block and arrhythmia. The upstroke morphology revealed that the
wave front dived below the electroporated region and resurfaced into
unaffected epicardial tissue.

CONCLUSION We showed that the atria are more vulnerable to
electroporation and resulting block and arrhythmia than the
ventricles.

KEYWORDS Electroporation; Atrial stunning; Conduction block;
Atrial fibrillation; Optical mapping; Defibrillation

(Heart Rhythm 2008;5:593-604) © 2008 Heart Rhythm Society. All
rights reserved.
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Proznostic Imnmportance of IDefibrillator
Shoclks in Patients withh FHeart Failure

B.S . E_.E., Arnmne S. Hellkarmp, NW_.SC,

Jeanmnme E. Poole, M. D, George WW. Johnsorn,
Merritt FH. Raitt, N _[D._,

Jill Andersorn, R.IN., Dawvid J. Callans, N[>,
Ramakota K. Reddy, N _.[D., Framncis E. NMarchlinski, N _.ID., Rayvyrmonmnd Yee, W _[>_,

T hormas Guarmnieri, V.2, DMarico Talajic, NVM_.I[D., DDawvid J. WYWWilber, N[>,
Douglas L. Packer, M1 [2., Daniel B. Zviark, N _.I2>., NWI_P_H _,

Danmniel P, Fishbeirm, NV,
anmnd Gust H. Bardy, N _[D.

Kerry L. Lee, Ph.[D._,

N ENGL ) MED 359,10 WWW.NEJM.ORG SEPTEMBER 4, 2008

CONCLUSIONS
Among patients with heart failure in whom an ICD is implanted for primary pre-

vention, those who receive shocks for any arrhythmia have a substantially hlghTr
risk of death than similar patients who do not receive such shocks.




Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT)

Shock Type Hazard Ratio for Death (95% Cl) P Value
=1 App vs. no App —&— 5.68 (3.97-8.12) <0.001
=1 Inapp vs. no Inapp . 4 I 1.98 (1.29-3.05) 0.002
Both shock types vs. no shock I L ) 11.27 (6.70-18.94) <0.001
| | | | !
0.5 1.0 2.0 4.0 8.0 16.0
Shock Type Hazard Ratio for Death (95% Cl) P Value
1 App vs. no App I | 4 I 3.98 (2.52-6.30) <0.001
=2 Apps vs. no App l ¢ I 8.23 (4.64-14.59) <0.001
=2 Apps plus 1 Inapp vs. no shock I 4 | 15.89 (7.42-34.02) <0.001
| | | | | |
0.5 1.0 2.0 4.0 8.0 16.0 32.0




Shock Type
=1 App vs. no App

=1 Inapp vs. no Inapp

Both shock types vs. no shock

Hazard Ratio for Death (95% Cl)

2.99 (2.04-4.37)

1.57 (0.99-2.50)
4.70 (2.70-8.18)

0.5 1.0

I | | |
16.0

P Value

<0.001
0.06
<0.001

Figure 2. Hazard Ratios for the Risk of Death among Patients Who Survived at Least 24 Hours after a First ICD

Shock.

Table 2. Time from ICD Shock to Death among Patients Who Received at Least One Shock.*

Type of Shock

Any shock
One or more inappropriate shocks only
One or more appropriate shocks

NYHA class Il

NYHA class 111

Ischemic heart failure

Nonischemic heart failure

First shock for ventricular fibrillation

First shock for ventricular tachycardia

All Patients

269
87
182
117
65
93
89
77
105

Patients
Who Died Time from Shock to Death
Median Interquartile Range Full Range
days
77 204 1-630 0-1872
10 294 28-509 0—-735
67 168 1-797 0-1872
31 206 1-977 0-1872
36 168 7—626 0—-1343
49 96 0—443 0-1872
18 622 204—-908 1-1785
33 3 0-622 0-1872
34 258 59-797 0-1785

Kaplan—Meier
Survival Rate
1 Year after Shock

%6
82.5+2.4

94.9+2.5
76.9+3.2
84.0+3.5
64.2+6.1
62.6+5.2
91.6+3.0
74.6+5.0
78.5+4.2




Differences in effects of electrical therapy type for
ventricular arrhythmias on mortality in implantable
cardioverter-defibrillator patients

Michael 0. Sweeney, MD,* Lou Sherfesee, PhD,! Paul J. DeGroot, MS,T Mark S. Wathen, MD,?
Bruce L. Wilkoff, MD, FHRS®

Wathen MMS. DedGroot PJ, Sweeney WO, et al. Prospective randomazed rmalti-
center trial of empirical antitachvocardia pacing wversus shocks for spontaneous
rapid ventricular tachwvcardia in patients with implantable cardioverter defibril-
Ilators.| PanFREE Rx Il Trnal Results., Chirculatiomn 20004 .1 1 0: 2502 2500
Wilkoff BIL.. Ousdigian KT, Sterms LLIY», et al. A comparison of empiric o
Prhysician-tailored programming of implantable cardioverter—-defibrillators: re-
sults from the prospective randomized multicenter | EMPIRIC trial.| J Am Coll
Cardiol 2006 48: 3303390,

Wilkoff BL.. Williamson BD., Sterm RS, et al. Strategic programming of detec-

tion and therapy parameters in implantable cardioverter-defibrillators reduces
shocks in primary prevention patients: results from the |[PREPARE |[(Primary
Prevention Parameters Evaluation) Study. J Am Coll Cardiol 2008:52:541—-550.

METHODS Cox models evaluated effects of baseline characteris-
tics, ventricular tachycardia (VT; =188 bpm), fast VT (FVT; 188 —

250 bpm), ventricular fibrillation (VF; =250 bpm and therapy
tyvpe (shocks or ATP) on mortality among (2135 patients)in four

trials of ATP to reduce shocks.
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Mo VTVE (N=1671) 1584 1472 1355 812
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VT/VFE, ATP, No Shocks (N=253) 247 229 206 126



Discussion

This experiment introduces the possibility that electrical
therapy type may influence mortality risk in some 1CD
patients. The main findings are that (1) patients with VA
episodes and Uygunsuz §oklar mortality (=20% 1n-
creased risk p pu n patients with neither
or patients wi_ masum mu: ___ATP: (2) patients with

more VA episodes and more shocks have higher mortality
than patients with less of both: (3) VA occurrence rates,
durations, and electrical therapy burden of both types were
highest among patients who were shocked and died:; and (4)
inappropriate shocked episodes were not associated with

increased mortality risk.

mortality risk: electrical traurma
from shocks., but mnot AT'P. increases risk;



Survival After Shock Therapy in iImplantable
Cardioverter-Defibrillator and Cardiac
Resynchronization Therapy-Defibrillator
Recipients According to Rhythm Shocked
The ALTITUDE Survival by Rhythm Study

Brian ID. Powell, MID,” Leslie A. Saxon, MDD, John P. Boehmer, MID, T John ID. Day, MID,E
F. Roosevelt Gilliam ITT, MID,|| Paul A. Heidenreich, MO, MS, 9 Paul W. Jones, VIS, #
Matthew J. Rousseau, IMS,# David L. FHayes, MID*™

Charlorre, NorehHh Carolfirza; [.os Angeles 7zl Pa[a Afz‘a Ca:ffb?’nza Hersbey Perrzsyloariia;
Salt I.ake Cizty, Urah; JoresbHore T rzesofea

Conclusions

Altda yatan aritmi
Compared with no IMEkanizmasik llar rhythms and atrial fibrillation had an

increased risk of death. There was no significant difference in survival after inappropriate shocks for sinus tachycardia

or noise/artifact/oversensing. In this study, the adverse prognosis after first shock appears to be more related to the
underlying arrhythmia than to an adverse effect from the shock itself.  (J Am Coll Cardiol 2013;62:1674-9) © 2013
by the American College of Cardiology Foundation




Inappropriate iImplantable
Cardioverter-Defibrillator Shocks

Incidence,

Predictors, and Impact onn Mortality

Johannes B: van Rees, DD, C. Jan VVillerm Borleffs, VI DMihaly K. de Bie, DVAID T

I' heco Stijnen,

Pl Liaesclot van Erxrven, MID, PEaID)."™ Jeiroen J- Basx, MID, Pxal>. ™

NMartin J. Schalij, ™NMID, PeaIDO™*
I ezderz, £Hhe Nezrberleczrzzels

Objectives

Background

Methods

Results

Conclusions

The purpose of this study was to assess the incidence, predictors, and outcome of inappropriate shocks in im-
plantable cardioverter-defibrillator (ICD) patients.

Despite the benefits of ICD therapy, inappropriate defibrillator shocks continue to be a significant drawback. The
prognostic importance of inappropriate shocks outside the setting of a clinical trial remains unclear.

Erom 1996 to 2006, all recipients of defibrillator devices equipped with intracardiac electrogram storage were
included in the current analysis and clinically assessed at implantation. During follow-up, the occurrence of inap-
propriate ICD shocks and all-cause mortality was noted.

A total of 1,544 ICD patients (79% male, age 61 = 13 years) were included in the analysis. During the follow-up
period of 41 = 18 months, 13% experienced =1 inappropriate shocks. The cumulative incidence steadily in-
creased to 18% at 5-year follow-up. Independent predictors of the occurrence of inappropriate shocks included a
history of atrial fibrillation (hazard ratio [HR]: 2.0, p << 0.01) and age younger than 70 years (HR: 1.8, p = 0.01).
Experiencing a single inappropriate shock resulted in an increased risk of all-cause mortality (HR: 1.6, p = 0.01).
Mortality risk increased with every subsequent shock, up to an HR of 3.7 after 5 inappropriate shocks.

In a large cohort of ICD patients, inappropriate shocks were common. The most important finding is the associa-
tion between inappropriate shocks and mortality, independent of interim appropriate shocks. (J Am Coll
Cardiol 2011;57:556-62) © 2011 by the American College of Cardiology Foundation




IE:1 3’ Predictors of =1 Inappropriate Shocks

Univariate Multivariate

HR 95% CI p Value HR 95% CI p Value
Female 0.8 0.6-1.2 0.34
Age <70 yrs 1.7 1.1-2.3 <0.01* 1.8 1.3-2.5 0.01
History of AF 2.0 1.5-2.7 <0.01* 2.0 1.5-2.7 <0.01
History of smoking 1.2 0.9-1.6 0.32
Secondary indication for ICD 1.1 0.8-1.5 0.48
Nonischemic heart disease 1.3 1.0-1.8 0.04*
No statins at baseline 1.4 1.0-1.8 0.03* 1.3 1.0-1.7 0.09
Beta-blocker 0.8 0.6-1.1 0.22*
NYHA functional class lll to IV 1.0 0.7-1.3 0.96
Interim appropriate shocks 1.6 1.0-2.7 0.04~* 1.6 1.0-2.6 0.06




The main findings of the current study on the incidence,
predictors, and outcome of inappropriate shocks can be sum-
marized as follows: 1) the cumulative incidence of inappropri-
ate shocks was 7% at 1-year follow-up, 13% at 3-year follow-
up, and 18% at 5-year follow-up; 2) misdiagnosis of
supraventricular tachycardia was the leading cause (76%) of
inappropriate shocks; 3) age younger than 70 years,
history of AF, no statin use, and interim appropriate shocks
were predictors of inappropriate shocks; and 4) inappropri-
ate shocks were associated with a higher risk of all-cause
mortality.




Systematic Review/Meta-analysis

Predictors of Mortality in Patients With an Implantable
Cardiac Defibrillator: A Systematic Review and
Meta-analysis

3.1.4 Characteristics related to ICD

Inappropriate shocks 0.438 0.093 3 188694 1.55[1.29, 1.86] = =
Appropriate shocks 061 0.127 4 188463 1.84 [1.43, 2.36] =
Any shocks 0.737 0.068 1 185778 2.09 [1.83, 2.39] +
Both shocks 085 0.197 1 185778 2.34 [1.59, 3.44] -

Conclusions: This meta-analysis identified strong reliable mortality
predictors in ICD-HF patients. Age, renal dysfunction, chronic obstruc-

tive pulmonary disease, diabetes, peripheral vascular disease,
decreased left ventricular ejection fraction, and ICD shocks during

follow-up were strong predictors of mortality; ischemic cardiomyopathy




HR | 95% CI P HR | 95% CI P
Baseline variables
History of atrial fibrillation 1.3 | 1.0-1.7 0.11 1.4 | 1.0-1.7 <0.01
Age >70 yrs 2.7 | 2.2-3.4 <0.01 1.9 | 1.5-2.5 <0.01
NYHA functional class >lI 2.0 | 1.6-1.5 <0.01 1.5 | 1.1-19 0.03
Renal clearance <90 ml/min 2.7 | 2.0-3.7 <0.01 1.7 | 1.2-2.4 0.02
QRS duration >120 ms 2.0 | 1.6-2.5 <0.01 14 | 1.1-138 0.02
No use of beta-blockers 1.3 | 1.0-1.7 0.01
Interim events
Inappropriate shock 1.4 | 1.0-2.0 0.07 1.6 | 1.1-23 0.01
Per inappropriate shocks (5) 1.3 | 1.1-1.6 <0.01 1.4 | 1.2-1.7 <0.01
Interim appropriate shocks 2.5 | 1.9-3.3 <0.01 1.6 | 1.2-2.1 <0.01

Van Rees JB et al. J Am Coll Cardiol, 2011,57:556-562
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Systematic Review/Meta-analysis

Predictors of Mortality in Patients With an Implantable
Cardiac Defibrillator: A Systematic Review and
Meta-analysis

Ana C. Alba, MD," Juarez Braga, MD," Mena Gewarges, HBSc, MA," Stephen D. Walter, PhD,h
Gordon H. Guyartt, MD, MSc,” and Heather J. Ross, MD, MHSc"

¢ Hearr Failure/ Tran_iphnr Program, Toronto General H’J_ipz'raf, University Health Nerwork, Toronro, Ontario, Canadea

b g . . . _ . . . . -
Clinzcal Epzafenfzafag and Brostaristics, MeMaster University, Hamilton, Ontario, Canada

Conclusions: This meta-analysis identified strong reliable mortality
predictors in ICD-HF patients. Age, renal dysfunction, chronic obstruc-
tive pulmonary disease, diabetes, peripheral wvascular disease,
decreased left ventricular ejection fraction, and ICD shocks during
follow-up were strong predictors of mortality; ischemic cardiomyopathy

and male sex were not. Further research is needed to study other
potential predictors, particularly biomarkers.




69%) (Supplemental Fig, 12). Any type of shock, including
appropriate, inappropriate, any type of shock, and appropriat

and inappropriate shocks, was an independent predictor, The
comparison of different types of shocks showed thar the
mortahtv sk asocated with approprae shocks (R, 1.84
500 CL, 143-235: F = $1%) was nor significandy differen
( > 0.0) fmm " mortaly rik associated wich inappro-
priate shocks (HR, 1.55; 95 Cl, 129-186; F = 3%,
cletrial storm (HR, 24; 95% Cl, 1.344.31), or appropria
and inappropriate shocks (HR, 234 95% CI; 159-344; F =

(0%). These results are shown in Figure 6. The occurrence of

1.35.1 Inapproprlate vs. no shocks

Bhavnani 2010 0148 02 21.0% 1.16[0.78, 1.72]
Saxon CRT-D 2010 047 0169 291% 1.80[1.15, 2.23)
Saxon ICD 2010 061 0.178 26.3% 1.84[1.30, 2.61]
van Rees 2011 047 0188 23.7% 1.60[1.11,2.31]
Subtotal (95% Cl) 100.0% 1.55[1.29, 1.86)

Heterogeneity: Tau? = 0.00; Chi* = 3.10, df = 3 (P = 0.38); I* = 3%
Test for overall effect: Z = 4.73 (P < 0.00001)

1.35.2 Appropriate vs. no shocks

Bhavnani 2010 0737 013 19.7% 2.09[1.62, 2.70]
Panotopoulos 1997 0329 015 185% 1.39[1.04, 1.86]
Saxon CRT-D 2010 092 0.114 20.7% 2.51[2.01,3.14)
Saxon ICD 2010 0.718 0.143 18.9% 2.05[1.85, 2.71]
van Rees 2011 0.336 0.089 222% 1.40[1.18, 1.67]
Subtotal (35% CI) 100.0% 1.84 [1.43, 2.35]

Heterogeneity: Tau? = 0.06; Chiz = 21.60, df = 4 (P = 0.0002); I* = 81%
Test for overall effect: Z = 4.79 (P < 0.00001)

1.35.3 Both appropriate and inappropriate vs. no shocks

Saxon CRT-D 2010 0.737 0278 502%  2.09[1.21,3.60]
Saxon ICD 2010 0.963 0279 498%  2.62[1.52, 4.53]
Subtotal (95% Cl) 1000% 234 [1.59, 3.44]

Heterogeneity: Tau? = 0.00; Chi* = 0.33, df =1 (P = 0.57); = 0%
Test for overall effect: Z = 4.31 (P < 0.0001)

1.35.5 Any shocks (Appropriate or Inappropriate) vs. no shocks

Saxon CRT-D 2010 0.761 009 57.2% 2.14[1.79, 2.55]
Saxon ICD 2010 0.708 0.104 428% 2.03[1.66, 2.49]
Subtotal (95% Cl) 100.0% 2.09 [1.83, 2.39]

Heterogeneity: Tau? = 0.00; Chi* = 0.15, df = 1 (P = 0.70); I? = 0%
Test for overall effect: Z = 10.85 (P < 0.00001)

o%m
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Canadian Joumal of Cardiology 31 (2015) 270—277
Systematic Review/Meta-analysis

A Systematic Review and Meta-analysis of the Association
Between Implantable Cardioverter-Defibrillator Shocks and
Long-term Mortality

Riccardo Proietti, MD, PhD,*" Christopher Labos, MD, CM, MSc,” Mark Davis, MD,"
George Thanassoulis, MDD, MSc,” Pasquale Santangeli, MD," Vincenzo Russo, MD.“
Luigi Di Biase, MD, PhD,"" Jean-Francois Roux, MD,"* Atul Verma, MD,""
Andrea Natale, MD,“""* and Vidal Essebag, MD, PhD®!

Conclusions: Our analysis showed a significant association between
appropriate and inappropriate ICD shocks and mortality, with a
stronger association for appropriate shocks. Previous trials of ICD

therapy reduction programming have shown a significant reduction of
inappropriate shocks. The management of appropriate shocks is more
challenging and may be optimized by the assessment and treatment
of the underlying ventricular arrhythmias. The role of therapies aimed
at modifying the arrhythmic substrate and the potential impact on ICD
shocks and mortality requires further investigation.



shock. Clinical variables such as EF, NYHA class, type ot
cardiomyopathy, and length of follow-up did not affect pri-
mary outcome in our meta-regression models.

Table 3. Meta-regression of mortality HR for appropriate shock vs no
shock on EF, NYHA class, ischemic cardiomyopathy, and length of

follow-up

Variable B-coefficient 95% confidence interval P value
Ejection fraction (%) —1.72 —0.86 0.51 0.19
NYHA class = III (%) —0.004 —0.45 0.44 0.921
[schemic cardiomyopathy (%) —0.04 —0.48 0.41 0.45

Length tor tollow-up (y) 0.001 —0.05 0.05 0.97



Association of Implantable Cardioverter Defibrillator
Therapy with All-Cause Mortality—A Systematic Review
and Meta-Analysis

ZHIYONG QIAN, M.D.,*, ¥ ZHIYONG ZHANG, M.D.,* JANGHONG GUO, M.D. *
YAO WANG, M.D., Pu.D.,* XIAOFENG HOU, M.D.,* GUANGZHI FENG, M.D.,t

and JIANGANG ZOU, M.D., Pu.D.*

From the *Department of Cardiology, First Affiliated Hospital, Nanjing Medical University, Nanjing, Jiangsu
Province, China; and tDepartment of Cardiology, Taixing People’s Hospital, Taixing, Jiangsu Province, China
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Conclusion: A ppmpriﬂte‘s}] ocks were associated with an increased mortality in ICD patients. However,
whether inappropriate shocks worsened the clinical outcome was controversial, and larger prospective
trials are needed to clarify the issue. (PACE 2016; 39:81-88)



Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV. Random. 95% Cli IV. Random. 95% Cli
1.2.1 Any shock vs. no shock

Jacob 8 2010 -0.21 0.73 0.7% 0.81 [0.19, 3.39] B
Larsen GK 2011 0.44 0,19 105% 1.55[1.07, 2.25] e
Pacifico A 19388 0.64 0.3 4 2% 1.80 [1.05, 3.41] [T
Saxon LA-CRTD 2010 0.71 0.1 37.9% 203167, 247] =
Saxon LA-ICD 2010 0.76 D08 467% 214 [1.79, 2.559] =)
Subtotal (95% CI) 100.0% 2.00 [1.78, 2.26] ¢

Heterogeneity. Tau®= 000, Chi*=3.92, df=4 (P=042), F=0%
Testfor overall effect Z=11.30 (P < 0.00001)

1.2.2 Appropriate shocks vs. no shock

Bhavnani SP 2010 0.74 017 21.9% 210 [1.50,2.92] o
Jacoh S 2010 0.06 038 6.4% 1.06 [0.50, 2.24] =
Saxon LA-CRTD 2010 092 011 338% 2.51 [2.02,311] -
Saxon LA-ICD 2010 0.72 0.14 27.2% 2.051.56, 2.70] b
Streitner F 2013 05 0.28 10.7% 1.65 [0.95, 2.85] [
Subtotal (95% CI) 100.0% 2.07 [1.69, 2.53] 3

Heterogeneity. Tau*=002;, Chi*=6.44, df =4 (P=017), F= 38%
Testforoveralleffect Z=7.11 (P < 0.00001)

1.2.3 Inappropriate shocks vs. no shock

Bhavnani SP 2010 015 0.2 269% 116 [0.79,1.72]
Jacob S 2010 0.49 062 28% 1.63 [0.48, 5.50)
Saxon LA-CRTD 2010 0.47 D17 37.1% 1.60[1.15, 2.23)
Saxon LA-ICD 2010 0.61 0.18 33.2% 1.84 [1.29, 2.62]
Subtotal (95% CI) 100.0% 1.54 [1.25, 1.89]

Heterogeneity: Tau*=0.00;, Chi*=3.02, df =3 (P=0.39), F=1%
Test for overall effect Z=4.13 (P < 0.0001)

1.2.4 Both shocks vs. no shock

T
X

Poole JE 2008 242 0.27 335% 11.25[6.62,18.09]
Saxon LA-CRTD 2010 074 028 333% 210[1.21, 3.63]
Saxon LA-ICD 2010 0.79 0.28 33.3% 2.20[1.27,3.81]
Subtotal (95% CI) 100.0% 3.74 [1.25,11.17]

Heterogeneity: Tau*= 0.86; Chi*= 24.45_ df=2 (P < 0.00001), F=92%
Testforoverall effect Z= 236 (P=0.02)

001 0.1 1 10 100
av F r
Test for subaroup differences: Chi*= 6.96. df= 3 (P = 0.07). F= 56.9% s ohocks) S awenms N0 anoes)
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Peki arma neden 7

* Sok sonrasi kaos ortaminin olusturdugu kardiyak output ve kan basincindaki
azalmalarin, ozellikle oﬂa?c:'ﬂéi Eu"su"lqc EF’li hastalarin tolere edilemedigi

* ICD sok sonrasi n;jyok_ardiyal disfonksiyon gelistigi ve bununda post-sok
elektromekanik disosiasyona yol actigi

* ICD takilan hastalarda gelisen s,gg“ ventrikiiler bradikardi pacing durumunun
hastada; kisa-uzun-kisa sekanslar sonucu ventriktler aritmileri tetikleyebilecegi

* Yine sag ventrikiiler bradikardi pacing sekonder gelisen sag ve sol remodeling,
ejeksiyon frak?izlonunda azalma, sag atriyal basing¢ artisi, pulmoner arter
asinci artisi, pulmoner kapiller kama basinci artislarina neden olmasi

* Lead tip kisminda gelisen endokardiyal fibrozisin reentren halkaya neden olarak
ventrikuler aritmilere neden olabileceqi

» Soklara sekonder gelisen anksiyete ve depresyon durumlarinin mortaliteye katki
sagladigi




* Ablasyon uygulanmasi

* |CD programlanmasi

* Anti-tasikardik pacing

* Farmakolojik tedavi

* Sempatik denervasyon




*Antiaritmik ilaclar
*ACEi/ARB qrubu ilaclar

eStatinler



Antiaritmir ilaclar

* Amiadarone uygun ve uyqunsuz soklari azalttigi

* OPTIC trial de; amiadaronun beta blokerlerden iistiin oldugu

* Sotaloliin amiadarona alternatif oldugu, ancak amiadaron kadar
etkin olmadigi;

gosterilmistir.




FEiffect of Angiotensin-Converting Enzyme Inhibitors and ),
Receptor Blockers on Appropriate Implantable Cardiac o

Defibrillator Shock in Patients With Severe Systolic Heart Failure
(frOl"rl 1thhoe 212 ATYE NWNETzsslticcaommtaosrr Ctancdw )
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18.5% vs 13.2%, 27.5%, and 32.0%; RR — 0.61 [0.43 to 0.86]; p = 0.005). Among patients
with glomerular filtration rate (GFR) >60 and 30 to 60 ml/min/1.73 m-~, those on no-ACEi/
ARB were at 45% and 77% increased rlsk of ICD shock compared w1th those on ACEIi/
ARB respectlvely- i cidence of a ro-

neutral effect in those w1th GFR -=::30 rnlfnunfl ?3 m= © 2015 Elsevier Inc. All rlghts
reserved. (Am J Cardiol 2015:115:924—-931)




Association between statin therapy and
reductions in atrial fibrillation or flutter and
inappropriate shock therapy’

Statinler

Sanjeev P. Bhavnani', Craig I. Coleman'-2, Charles M. White'2, Christopher A. Clyne",
Ravi Yarlagadda', Danette Guertin!, and Jeffrey Kluger'.2*

'Division of Cardiology, Hartford Hospital, 80 Seymour Street, Hartford, CT 06102-5037, USA; and *University of Connecticut
Schools of Pharmacy and Medicine, Storrs and Farmington, CT, USA

Conclusion Among a cohort with ICDs at high risk for cardiac arrhythmias, statin therapy was associated
with a reduction in AF/AFL tachyarrhythmia detection and inappropriate shock therapy.

J Cardiovasc Pharmacol. 2010 Aug;56(2):190-4. doi: 10.1097/FJC.0b013e3181e74d4f.

Reduction in the intensity rate of appropriate shocks for ventricular arrhythmias with statin
therapy.

Beri A1, Contractor T, Gardiner JC, Ardhanari S, Thakur R.

(= Author information

1Division of Internal Medicine, Michigan State University, East Lansing, Ml 48824, USA.

Abstract

Higher rate of implantable cardioverter-defibrillator (ICD) shocks has been associated with increased mortality and morbidity. The
aim of our study was to determine whether statins reduced the intensity rate of appropriate shock therapy for ventricular
tachycardia/fibrillation in patients with an ICD placed for left ventricular systolic dysfunction. In this retrospective single center
analysis, patients with an ejection fraction <or=35% who underwent ICD implantation were divided into treatment and control
groups based on statin use. A zero-inflated negative binomial model was used to compare the intensity rate of appropriate ICD
shocks between the 2 groups. Characteristics associated with shock-free follow-up were assessed using a stepwise logistic
regression model. We found 699 patients eligible for inclusion, with 412 (59%) in the statin treatment group. The adjusted mean
intensity rate of shocks was lower in patients on statin therapy (intensity rate ratio = 0.22; 95% confidence interval, 0.12-0.41; P <
0.001). Statin use was associated with a significantly higher probability of shock-free follow-up (odds ratio = 1.64; 95% confidence
interval, 1.09-2.48; P = 0.019). In conclusion, statins reduced the intensity rate of appropriate shock therapy for ventricular
tachycardia/fibrillation and increased probability of shock-free follow-up in patients with cardiomyopathy. Larger randomized trials
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Sempatik denervasyon

Cardiac sympathetic denervation in patients with
refractory ventricular arrhythmias or electrical storm:
Intermediate and long-term follow-up

Marmar Vaseghi, MD, MS,” Jean Gima, RN, MSN, NP, Christopher Kanaan, BS,
Olujimi A. Ajijola, MD, PhD, Alexander Marmureanu, MD,
Aman Mahajan, MD, PhD, * Kalyanam Shivkumar, MD, PhD, FHRS

CONCLUSION In patients with VT storm, bilateral CSD is more
beneficial than left CSD. The beneficial effects of bilateral CSD

extend beyond the acute postsympathectomy period, with con-
tinued freedom from ICD shocks in 48% of patients and a significant
reduction in ICD shocks in 90% of patients.



The Association Between I1CD Interventions and Mortality is
Independent of their Modality: Clinical Implications

GIANLUIGI BENCARDINO., M.D..”* ANTONIO DI MONACO, M.D..* TERESA RIO. M.D..*
ANTONIO FRONTERA. M.D..* PASQUALE SANTANGELI M.D..i1 MILENA LEO, M.D..*
GEMMA PELARGONIO, M.D..* FRANCESCO PERNA. M.D..* MARIA LUCIA NARDUCCI,
M.D.." FRANCESCA GABRIELLI. M.D.."* GAETANO ANTONIO LANZA. M.D..*
FULVIO BELLOCCI, M.D..* ANTONIO REBUZZI. M.D..* and FILIPPO CREA. M.D.*

Conclusions

Our data show that patients receiving sporadic appro-
priate ICD interventions are at increased mortality risk as
compared to patients without 1CD interventions. indepen-
dently of the modality of treatment. Our data suggest that the
occurrence of any ICD intervention should prompt a care-
ful clinical reassessment to improve antiarrhyvthmic therapy
or 1dentity potentially reversible causes of worsening heart
failure.




Reduction of ICD Shock Burden by Eliminating Back-Up Pacing

Induced Ventricular Tachyarrhythmias
CATHRIN THEIS. M.D.. HANKE MOLLNAU. M.D.. SEBASTIAN SONNENSCHEIN. M.D..
TORSTEN KONRAD, M.D., EWALD HIMMRICH, M.D., KARSTEN BOCK. M.D.,

EBERHARD SCHULZ. M.D., DENISE KAMP_F.\TER- M.D., SIMON GERHARDT., M.D.,
BLANCA QUESADA OCETE. M.D., THOMAS MUNZEL. M.D., and THOMAS ROSTOCK. M.D.

From the II. Medical Clinic, Department of Electrophysiology., University Medical Center, Johannes Gutenberg-University,
Mainz, Germany

pacing-induced VT (PIT)

PIT is a frequent mechanism of VTs in ICD patients resulting in a substantially increased shock burdei
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