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Incidence of Inappropriate ICD Shocks

Clinical trial Patient Follow-up| Inapproprate | Appropriate ATP yesmo Outcome
number (months) | Rx. (%) Rx. (%) measure

AVID [12] 449 22 21 68 % yes n.a.

Pain Free II [8] 582 11 15 33 yes (50 %) n.a.

MIRACLE ICD [13] 978 10 14 - 30 %* |23 % - 31 %** yes n.a.

MADIT-II [9] 719 20 12 21 Yes mortality
SCD-HEFT [11] 811 46 17 23 No mortality
ALTITUDEICD[14]  39.396 28 16 23 Yes mortality
ALTITUDE CRT-D [14] 29.904 28 17 23 Yes mortality
Leiden [10] 1.544 41 18 n.a. Yes mortality

* 30 % in primary prevention patients, 14 % in secondary prevention patients
** 23 % in primary prevention patients, 31 % in secondary prevention patients

KUDH Kutyifa V et al. Curr Cardiol Rep. 2014;16(6):496.




Inappropriate ICD Shocks in Yeungnam Province

Table 4. Rate of shock therapies and the clinical outcomes in the patients according to the indication for the device implantation

Total (n=146) Primary prevention (n=36) Secondary prevention (n=110) p
Shock therapy 0.006
Yes 6(16.7) 51 (46.4) 0.002
Appropriate shock 5(13.9) 35(31.8) 0.456
Inappropriate shock 1(2.8) 16 (14.5)
No 29 (80.6) 56 (50.9)
ATP 1(2.8) 3(2.7)
Duration, first shock after device implantation (days) 422.33+351.16 302.17+450.81 0.533
Hospitalization 11 (30.6) 55 (50.0) 0.042
Death 10 (27.8) 26 (23.6) 0.617
Cause of death 0.763
Cardiac 6(16.7) 17 (15.5)
Non-cardiac 4(11.1) 9(8.2)
Mode of death 0.491
Sudden 1(2.8) 5 (4.5)
Non-sudden 5(13.9) 12 (10.9)

Data are expressed as mean+standard deviation or number (%). ATP: anti-tachycardia pacing
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Causes of Inappropriate Shocks in MADIT II
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Shock Type Shock Episodes (n) Percent 2
Appropriate 393 66.6 %
Inappropriate 184 312 2
Atrial fibrillation/flutter 81 13.7 &
SVT 67 114 g
Abnormal sensing 36 6.1
Unclassified 13 2.2 X J—
Total 590 100.0 PHRTNEMTS AT bt
AF 719 462 (0.047) 242 (0.055) 94 (0.062)
SVT 719 464 (0.036) 241 (0.047) 92 (0.061)
Inapp. Sensing 719 474 (0.021) 251 (0.026) 98 (0.031)
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Prognosis after Shocks in HF patients

A
Shock Type Hazard Ratio for Death (95% Cl) P Value
=1 App vs. no App ——i 5.68 (3.97-8.12) <0.001
=1 Inapp vs. no Inapp —e— 1.98 (1.29-3.05) 0.002
Both shock types vs. no shock } L 111.27 (6.70-18.94) <0.001

0!5 1{0 2!0 4{0 8!0 16|.0

B
Shock Type Hazard Ratio for Death (95% ClI) P Value
1 App vs. no App —— 3.98 (2.52-6.30) <0.001
=2 Apps vs. no App —— 8.23 (4.64-14.59) <0.001
=2 Apps plus 1 Inapp vs. no shock } . 2 { 15.89 (7.42-34.02) <0.001

| T T T T T 1
0.5 1.0 2.0 4.0 8.0 16.0 320

Figure 1. Hazard Ratios for the Association of ICD Shock with the Risk of Death, According to Shock Type.

Panel A shows the hazard ratios for the association of shock types with the risk of death, adjusted for baseline prog-
nostic factors identified in the trial (age, sex, cause of heart failure, New York Heart Association class, time since the
diagnosis of heart failure, left ventricular ejection fraction, distance covered on a 6-minute walk, systolic blood pressure,
presence or absence of diabetes, use or nonuse of angiotensin-converting—enzyme inhibitors, use or nonuse of digox-
in, presence or absence of mitral regurgitation, renal sufficiency or insufficiency, presence or absence of a history of
substance abuse, baseline electrocardiographic intervals, and score on the Duke Activity Status Index’). Panel B shows
the adjusted hazard ratios for the risk of death according to the number of appropriate or inappropriate shocks. App
denotes appropriate defibrillator shock, Cl confidence interval, and Inapp inappropriate defibrillator shock.
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Summary of Sensing-Detection-Therapy
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Reducing ICD Shocks : Evidence Based Programming

1. Detection rate
2. Detection duration
3. Antitachycardia pacing (ATP)

4, Algorithms that discriminate SVT from VT

5. Minimize the sensing of noise




[CD Programming to Reduce ICD therapy

Clinical trial Patient  Follow-up Programming arms Primary/ secondary ~ Syncope Mortality Inappropriate Appropriate Rx.
number (months) (HR, 95 % CL p) (HR, 95 % CI, p) Rx. Reduction Reduction (HR,
(HR, 95 % CL p) 95 % CL, p)
EMPIRIC [33] 900 12 EMPIRIC: 150- 200 bpm VT Primary/ secondary ~ No difference No difference 0.95 (0.74 - 1.23),
16 beats detection, 200-250 p=0.0016 Combined
VT 18/24 beats, ATP shock, end point
> 250 bpm shock, Tailored:
physician custom settings
PREPARE [29] 700 12 PREPARE: > 182 bpm 30 of 40 Primary Morbidity index 057 (0.29 - 1.11), 038 (0.16 - 0.86), 0.58 (0.30 - 1.12),
beats with discriminators and including syncope p=0.10 adjusted p=0.02 adjusted p=0.11 adjusted
ATP, shock, Control: is reduced p=0.003
EMPIRIC + MIRACLE ICD
patients
MADIT-RIT [34+] 1.014 17 Arm A: conventional, VT zone Primary 132 (0.71 - 2.47), 0.45 (0.24-0.85), 0.21(0.13-034), AmB9 % vs.
Armm B vs. Arm A =170 bpm, and VF zone p=0.39 p=0.01 p=<0.001 A 22 %,
=200 bpm Arm B: high-rate p=<0.001
cut-off with therapy =200 bpm
MADIT-RIT 1.000 17 Arm A: as above, Arn C: VT Primary 1.09 (0.58 — 2.05), 0.56(0.30-1.02), 024(0.15-040), AmC6 % vs.
[34+] Arm C vs. zone =170 bpm with 60 sec p=0.80 p=0.06 p<0.001 A 22 %,
Am A delay, 2200 bpm with 12 sec p=0.001
delay, VF zone >250 bpm with
2.5 sec delay
ADVANCE-I [38] 1.903 12 30/40 interval vs. 18/24 interval Primary/ secondary ~ No difference No difference 0.63 (0.51 - 0.78),
detection p<0.001 Combined
end point
PROVIDE [37, 39] 1600 12 Control: 3 zone, 150-180, Primary Not published Not published Not published Not published

180-214, > 214 bpm 3.
programming, 12 beats
detection; Experimental:

2 zone, 180-214 bpm 25 beats
detection, > 214 bpm 18 beats
detection

Kutyifa V et al. Curr Cardiol Rep. 2014,;16(6):496.




PREPARE Study

PREPARE VT/VF Programming Parameters

Detection Threshold Beats to Detect Therapies
VF On 250 beats/min 30 of 40 30 to 35 J (max output) X 6
VT via VF 182 beats/min 30 of 40 Burst (1 sequence), 30 to 35 J (max output) X 5
VT Monitor 167 beats/min 32 Off

ICD Detection and Therapy Programming

PREPARE (n = 700)* Combined Control (n = 689)
Treated rate threshold,i beats/min, median (25%, 75%) 182 (182, 182) 176 (162, 188)
VF number of intervals to detect, n (%)
12 of 16 7 (1%) 397 (58%)
18 of 24 4 (<1%) 291 (42%)
24 of 32 0 1(<1%)
30 of 40% 687 (29%) 0
SVT discriminators ON, n (%)} 690 (99%) 518 (75%)
Therapy
At least 1 ATP attempt for ventricular rates, n (%)
In VT zone§ 1(<1%) 203 (29%)
In FVT zonef 693 (>99%) 171 (25%)
First VF therapy, J, n (%)
<20 1(<1%) 82 (12%)
20 to 29 10 (1%) 187 (27%)
30 to 35% 687 (28%) 420 (61%)
o™
hY A (N

[ T11h) iy l Se®

|/ KUDH Wilkoff BL et al. ] Am Coll Cardiol. 2008;52:541-50..




s

0o [\
|/ KUDH

PREPARE Study
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Wilkoff BL et al. ] Am Coll Cardiol. 2008,;52:541-50..




MADIT-RIT

ArmA Arm B Arm C
(Conventional) (High-rate) (Duration-delay)

Zone 1: Zone 1: Zone 1:

>170 bpm, 2.5s delay 170 bpm >170 bpm, 60s delay

Onset/Stability Detection Monitor only Rhythm ID® Detection
Enhancements ON Enhancements ON

ATP + Shock ATP + Shock
SRD 3 min initial SRD Off
Zone 2: Zone 2: Zone 2:

>200 bpm, 1s delay >200 bpm, 2.5s delay >200 bpm, 12s delay

Quick Convert™ ATP Quick Convert™ ATP Rhythm ID® Detection
Shock Shock Enhancements ON
ATP + Shock

SRD Off
Zone 3 :

>250 bpm, 2.5s delay
Quick Convert™ ATP + Shock

Moss A] et al. N Engl ] Med. 2012;367:2275-83.



MADIT-RIT

0.607 Unadjusted P<0.001
0.60+ .
> 0.50 Unadjusted P=0.03
Eof E
E §2 0.0 8 0.50-
E ag 0.30 ‘E
,S 6 a Conventional therapy E 0.40
%E gt 0.20 Af’_'_r'—l_'i 3
L. ‘ 7 =
Eu g .E 0.30
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' Delayedtherapy 2 0204
e T High-rate therapy % ’ Delayed therapy
0'000 0 os 10 s 20 2 =S Conventional therapy
. . . . . . E 0.10- - : I.'
Years of Follow-up O _'_/‘_,_._‘:_-’_‘ T
No. at Risk 0.00 == :-hgh-rate thnlerapy
Cor:‘ventional 514 420 (0.13) 305 (0.18) 149 (0.22) 56 (0.25) 8 (0.29) 0.0 0.5 1.0 1.5 2.0 25
therapy
High-rate therapy 500 454 (0.03) 339 (0.04) 191 (0.05) 70 (0.06) 17 (0.06) Years of Follow-up
Delayed therapy 486 445 (0.03) 342 (0.05) 177 (0.06) 82 (0.06) 13 (0.06)
No. at Risk
Figure 1. Cumulative Probability of First Occurrence of Inappropriate Therapy ‘:{E";Z:;;nal e 4901(0.02) 352 003 219¢0.07) &9 {0.10) 14 {0.13)
According to Treatment Graup. High-rate therapy 500 478 (0.01) 372 (0.02) 221 (0.03) 90 (0.05) 21 (0.05)
The values in parentheses are Kaplan—Meier estimates of the cumulative Delayed therapy 486 471 (0.01) 375 (0.02) 205 (0.04) 99 (0.07) 14 (0.09)
probability of a first occurrence of inappropriate device-delivered therapy
in patients randomly assigned to therapy programmed for delivery at a heart , . . .
rate of 170 beats per minute or higher (conventional therapy), at a heart rate Figure 2. Cumulative Probability of Death According to Treatment Group.
of 200 beats per minute or higher (high-rate therapy), or at a heart rate of The values in parentheses are Kaplan—Meier estimates of the cumulative
170 beats per minute or higher with longer tachyarrhythmia monitoring probability of death.
(delayed therapy).

|/ KUDH Moss AJ et al. N Engl ] Med. 2012;367:2275-83.




ADVANCE II1

Figure 2. Treatment Effect Regarding the Primary End Point and Its Components

Incidence Rate Ratio Favors : Favors
Therapy (95% CI) Long-Detection Interval | Standard Interval P Value
Antitachycardia pacing and shocks  0.63 (0.51-0.78) —a— <.001
Shocks 0.77 (0.59-1.01) + .06
Antitachycardia pacing 0.58 (0.47-0.72) —a— <.001
0.4 0.6 0.8 1.‘0 1.2 1.6 2.0

Incidence Rate Ratio (95% CI)

Figure 3. Kaplan-Meier Estimates of Time to the First Implantable Cardioverter-Defibrillator Therapy and to the First Inappropriate Shock in
Each Group

Iﬂ Time to first therapy @ Time to first inappropriate shock

30+ 304

Interval of detection b
Standard (18 of 24 intervals) Log-rank test: P=.03
------ Long (30 of 40 intervals)

20 20

_______

104 e

Cumulative Probability of
Inappropriate Shocks, %

Log-rank test: P<.001

Cumulative Probability of Therapy, %

0 3 6 9 12 15

No. at risk No. at risk
Interval of detection Interval of detection
Standard 891 777 707 639 438 Standard 891 831 781 728 496
Long 876 812 752 686 462 Long 876 848 798 741 501

Gasparini M et al. JAMA 2013,;309:1903-1911.




ADVANCE III : in 2ndary Prevention

7
0.26 { st
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0.22 1
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0.18 1
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log-rank test: p=0.16

Cumulative Probability of Therapy, (%)

0.06 4
0.04 1
0.02 4
0.00 4
0 3 6 9 12
Months
NID 18"2':"’2'2';' i 183 170 150 100 Table 3 Appropriate and Inappropriate Delivered Therapies as Separate End Points According to Intention-to-Treat
NID 30/40 212 187 77 152 102 Analysis
No. of Therapies Therapy Rate per 100
End Point Detection Window NID  (No. of Treated Episodes) Patient-Years IRR (95% ClI) PValue
Appraopriate delivered therapy
Overall 18/24 191 (112) 89.7 (77.4-103.4) 1 0.029
30740 135 (80) 67.7 (56.8-80.2) 0.77 (0.60-0.97)
ATP 18/24 112 (102) 52.6 (43.3-63.3) 1 0.37
30/40 79 (71) 39.6 (31.4-49.4) 0.87 (0.64-1.18)
Shock 18/24 79 (47) 37.1(29.4-46.3) 1 0.018
30/40 56 (50) 28.1 (21.2-36.5) 0.64 (0.45-0.93)
Inappropriate delivered therapy
Overall 18/24 53 (21) 24.9 (18.7-32.6) 1 0.014
30/40 29 (9) 14.5(9.7-20.9) 0.55 (0.34-0.89)
ATP 18/24 24 (21) 11.3(7.2-16.8) 1 0.050
30/40 11(9) 5.5(2.8-9.9) 0.48 (0.23-1.00)
Shock 18/24 29 (20) 13.6 (9.1-19.6) 1 0.15
30/40 18 (6) 9.0 (54-14.3) 0.64 (0.35-1.18)

ATP indicates antitachycardia pacing; CI, confidence interval; ICD, implantable cardioverter-defibrillator; IRR, incidence rate ratio; and NID, number
of intervals to detect ventricular fibrillation.

Kloppe A et al. Circulation 2014;130:308-314.




Tachycardia Detection Evidence

Short detection Prolonged detection
Study Participants (N) controls intervention Findings
PREPARE 1391 12 of 16 (58%) 30 of 40 Reduction in inappropriate shocks
Nonrandomized 18 of 24 (42%) (SVT), avoidable shocks (VT),
Primary prevention and "morbidity index”
RELEVANT 324 12 of 16 30 of 40 Reduction in inappropriate shocks
Nonrandomized (SVT), avoidable shocks (VT),
Primary prevention and HF hospitalizations
MADIT-RIT 1500 2.5 5 (170-199 bpm) 60 s (170-199 bpm) Reduction in first inappropriate
Randomized 1s (=200 bpm) 12 5 (200-249 bpm) therapy, first appropriate
Primary prevention 2.5 5 (=250 bpm) therapy, appropriate ATP,
and inappropriate ATP;
improved survival
ADVANCE-III 1902 18 of 24 30 of 40 Reduction in overall therapies,
Randomized inappropriate shocks, and
Primary & secondary all-cause hospitalizations
prevention
PROVIDE 1670 12 beats 25 beats (180-214 bpm) Reduction in all-cause shock rate;
Randomized 18 beats (214-250 bpm) improved survival

Primary prevention

12 beats (=250 bpm)

Y

NN
o : i 000000

{ KUDH

Wilkoff BL et al. Heart Rhythm. 2016,;13:e50-86.




Meta-Analysis : All-cause mortality

Stud Relative Risk Weight %
Y (95% Confidence Interval) (random effects)
EMPIRIC — T 0.82 (0.49, 1.38) 11.01
PREPARE —a 0.56 (0.37, 0.84) 17.98
RELEVANT 4———» 0.98 (0.20, 4.76) 1.19
MADIT-RIT delay — 0.65(0.38, 1.11) 10.64
MADIT-RIT high rate <+ 0.48 (0.27, 0.87) 8.83
ADVANCE Il —_— 0.87 (0.60, 1.25) 21.67
PROVIDE — 0.75 (0.54, 1.03) 28.68
Overall (12 = 0%, 95% Cl 0% to 75%) ’ 0.70 (0.59, 0.84) 100.00
T T
01 Favors Therapy 10
Reduction gg:?rlgl

Programming

Study

EMPIRIC
MADIT-RIT combined €————

——,———

ADVANCE il
— 1

PROVIDE

Overall (12 = 0%, 95% CI 0% to 79%) ’

Relative Risk Weight %

(95% Confidence Interval) (random effects)

T
0.1
Favors Therapy
Reduction
Programming

0.82 (0.49, 1.38) 14.51
0.57 (0.36, 0.89) 19.14
0.87 (0.60, 1.25) 28.56
0.75 (0.54, 1.03) 37.79
0.74 (0.61, 0.91) 100.00
T
10
Favors
Control

Wilkoff BL et al. Heart Rhythm. 2016,;13:e50-86.




Meta-Analysis : Risk of Syncope

Study Relative Risk Weight %
(95% Confidence Interval) (random effects)
EMPIRIC ¢ 0.68 (0.11, 4.06) 2.32
RELEVANT - * 0.65 (0.11, 3.84) 2.35
MADIT-RIT delay * 1.01 (0.57, 1.79) 22.68
MADIT-RIT high rate —— 0.98 (0.56, 1.74) 22.66
ADVANCE Il — 1> 1.44 (0.73, 2.83) 16.14
PROVIDE —T T 1.16 (0.73, 1.86) 33.85
Overall (12 = 0%, 95% Cl 0% to 75%) ’ 1.09 (0.83, 1.44) 100.00
I |
01 Favors Therapy 1 Favors 10
Reduction
Control

Programming

|/ KUDH Tann VH et al. Circ Arrhythm Electrophysiol. 2014;7:164-70.




ATP in Rapid VT : PainFREE RX II

ATP Failed
28%

Spontaneous
Termination
(No Shock)

34% Shocked

64%

ATP Success
72%

Shock Arm ATP Arm
(n=147 episodes) (n=284 episodes)

Figure 2. Terminating therapy for FVT episodes in each arm.
Percentages are adjusted by generalized estimating equations.

TABLE 2. Outcomes Related to Patient Safety

Outcomes Related to Patient Safety ATP Arm Shock Arm
Acceleration (episodes), n (%) 4 (2) 2(1)
Arrhythmic syncope (episodes), n (%) 2(0.7) 1(0.7)
Median episode duration, s 10.0 9.7
Mortality (patients), n (%)
Al 32 (10) 24 (7)
Sudden cardiac 1(0.3) 2 (0.6)

o 00
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I
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|/ KUDH Wathen MS et al. Circulation. 2004;110:2591-6.




SVT-VT Discrimination

ANALYSIS OF DELIVERED ICD THERAPY FROM I

TORED ELECTROGRAMS AND
CORRESPONDING ANNOTATED MARKERS.

¥

Stored & Clinical Data
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KUDH Stroobandt RX et al. ICD Step by Step - An illustrated Guide




Single Chamber Discriminators

@ VENTRICULAR STABILITY : discriminates monomorphic VT from AF
based on regularity of the RR interval.

VT => RR = constant AF => RR = variable

VEGM q q q q time VEGM l\ ’ l\ : q : q ’ time

@ SUDDEN ONSET : discriminates VT from ST by withholding therapy from
tachycardias in which the rate increases gradually.

opInr) pajeasniy t

VT => Rate increases suddenly ST => Rate increases gradually

VEGM4P qP A A A A A“!ﬂ!e VEGMqP 4P 4’5 4P 4P 4P time

@ MORPHOLOGY : discriminates VT from any SVT based on morphologic differences
between electrograms in sinus rhythm (template) and tachycardia
(using near-field EGM - St Jude).
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abd Ul \ NO MATCH !=»> VT
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4 large and the % match

v score is low.

TEMPLATE
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(NSR)

KUDH Stroobandt RX et al. ICD Step by Step - An illustrated Guide
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The Stability Criterion

VEGM
fa N AdA N In n ,
’ ! / time
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Abbreviations : VEGM = ventricular electrogram ; TDI = tachycardia detection interval ;
NID = number of intervals needed to detect ; AF = atrial fibrillation ; F|g 6.04
VF = ventricular fibrillation ; VT = ventricular tachycardia ;

Stroobandt RX et al. ICD Step by Step - An illustrated Guide




The Sudden Onset Criterion
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Rhythm ID™ Vector Timing & Correlation

Timing Alignment

R
< J\,‘ NSR template is acquired

Shock '\ and stored
Rate A

T SVT shock signal is very
ﬂi‘/\{./__ similar to NSR shock signal
Rate

VT shock signal is very
Shock [ % different from NSR shock signal
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Compares the Surface Areas of the Peak

@ MORPHOLOGY : discriminates VT from any SVT based on morphologic differences
between electrograms in sinus rhythm (template) and tachycardia

(using near-field EGM - St Jude).

AREA OF
DIFFERENCE

TEMPLATE
(NSR)

NO MATCH !=» VT
' Area of difference is
large and the % match

\\/ score is low.

Fig. 6.03
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Stroobandt RX et al. ICD St@p byStep - An illustrated Guide




Wavelet Template Matching - Marquis VR
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Wavelet Template Matching - Marquis VR
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Dual Chamber Discriminator

(1) ATRIAL & VENTRICULAR RATE COUNTING :

| VT =—» V-rate >A-rate|

opInn pojeaisn|

Al II If i i time
v il | NN

T T T T 7

S s S s s

s = : A dual chamber ICD makes
VT with 1:1 AV relationship & constant PR the diagnosis of VT whenever

presents the most difficult chalenge in SVT| the V rate exceeds the A rate.
vs VT discrimination. Fortunately this occurs com-
T T T T monly during VT (in more

S S S s i i ) than 90% of VTs) !
Al f f f ne
v

-
- ==
-

n—==

&
S

ATRIOVENTRICULAR ASSOCIATION :
An AV association discrimina-

| A flut —» stable 2:1 AV association l tor monitors the stability of
the PR or RP intervals during

T T T i T T 15 T

S S s s s s & 3 tachycardia.
ARl 0 0 I ﬁ L i ime Methodology varies according
v || | i to the manufacturer.
| A flut + VT —» AV dissociation | w
A time
v Fig. 6.13
Y 3 ¥ 1 37 £ 1 £ T 7% g.o.

S S S S S S S S S S

(3 DETAILED ANALYSIS of P/QRS RELATIONSHIP :

o™, Medtronic’s PR Logic algorithm classifies tachycardias with 1:1 AV relationship
...:‘:-:’ [ vsnone as sinus or AV junctional according to the location of the AEGM in the VV interval.
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ingle vs. Dual Chamber ICD

TABLE 1 Baseline Characteristics of the Study Population
A Kaplan-Meier analysis of the time to first inappropriate
Dual-Chamber Single-Chamber shock
Setting Group Setting Group 100% p o
- -
Variable (n = 230) (n = 223)
Age (yrs) 62.6 =10.9 63.8 £10.0 00%
Men 186 (85.3%) 189 (86.7%) g
Implantation indication 'é .
Primary prevention 168 (73.7%) 171 (76.7%) E’i
Secondary prevention 60 (26.3%) 52 (23.3%) %
& 70% =
NYHA functional 16%/62/21% /1%  14%(67%/18%/1% £ p=0.012
class I/1i/mi/v § == == Dual-chamber setting group (DC)
LVEF (%) 29.7 + 85 283+76 60%
Cardiac disease = Single-chamber setting group (5C)
ardiac di
Coronary 173 (75.5%) 173 (77.6%) 50%
. 0 5 10 15 20 25 30
Cardiomyopathy 79 (34.5%) 84 (37.7%) Patients at risk Time (in months)
QRS duration (ms) 1.0 £25.1 m2=283 bc 230 215 201 184 175
) ) 5C 223 206 189 170 159
Conduction disorders
AV block 41 (17.9%) 32 (14.3%)
Bundle-branch block 36 (15.7%) 43 (19.3%) B Kaplan-Meier analysis of the time to first occurence of all-cause
Atrial rhythm disorder 100% death or cardiovascular hospitalization
Paroxysmal atrial flutter 11 (4.8%) 2 (0.9%)
Atrial tachyeardia 2 (0.9%) 6 (2.7%) §°”
Paroxysmal atrial 24 (10.5%) 25 (11.2%) 3
fibrillation g 80%
Associated conditions s
Arterial hypertension 85 (37.1%) 96 (43.0%) ?csn 70% p < 0.001 for equivalence
Diabetes 48 (21.0%) 53 (23.8%) % = = Dual-chamber setting group (DC)
2 60%
[Bejs s Single-chamber setting group (5C)
Beta-blockers 186 (84.9%) 173 (82.0%)
inhil 50%
ACE inhibitors/ARBs 178 (81.3%) 164 (77.7%) o - 0 = 20 25 20
Spironolactone 57 (26.0%) 45 (21.3) Patients at risk Time (in months)
Class 11l antiarrhythmic 26 (11.9%) 24 (11.4%) Dc 230 216 202 187 170
agents sC 223 210 194 174 155
Values are mean + SD or n (%). Differences between the groups were not FIGURE 2 Time to First Inappropriate Shock and to First Occurrence of
statistically significant. All-Cause Death or Cardi ular Hospitalization
ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker;
AV = atrioventricular; LVEF = left ventricular ejection fraction; NYHA = New York ) . X X X X
Heart Association. Kaplan-Meier analysis of (A) time to first inappropriate shock and (B) time to first
occurrence of all-cause death or cardiovascular hospitalization in patients with dual-
chamber (DC) settings (blue dotted line) and single-chamber (SC) settings (red line).

Kolb C et al. JACC Heart Fail. 2014;2:611-9.
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Single vs. Dual Chamber ICD

TABLE 4 Reasons for Inappropriate Shocks in the 2 Treatment Groups

Dual-Chamber Single-Chamber
Total Setting Group Setting Group
Variable (n = 453) (n = 230) (n = 223)
Number of inappropriate shocks 106 24 82
SVT 78 (73.6%) 7 (29.2%) 71 (86.6%)
Lead failure/oversensing 27 (25.5%) 17 (70.8%) 10 (12.2%)
Reason unknown 1 (0.9%) 0 1(1.2%)

Values are n (%).
SVT = supraventricular tachyarrhythmia.

Kolb C et al. JACC Heart Fail. 2014;2:611-9.



Oversensing

Stored & Clinical Data [——

v

y
IDocumented shockl I [Phantom shock]
|

| TACHYARRHYTHMIA | +
L OVERSENSING
A v (No tachyarrhythmia)
SVT VTIVF
(inappropriate (appropriate
detection) detection) . / y
\ / Intracardiac Extracardiac
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—| Discriminators |
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R-
Morphology | double ¢
counting - Noln. w
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Interval Stabilityl AL L
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i Fig. 10.03
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Oversensing of Intracardiac Signals

g P-wave oversensing in sinus rhythm g T-wave oversensing

R} r

proximal \ time
HV-SVC

T Tl T T T T
I 07 447 4
RR intervals usually alternate, but the
maghnitude of alternation may be small

-
S

g Far-field R-wave oversensing

venfricular blanking (VB)

typical “railroad track” on interval
plots (long-short alternation)

» time A 7 S
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Oversensing of Intracardiac Signals

g External electromagnetic interference (EMI)

HV time g Lead / Connector problems

RV time |
e i gt

tir;e Li_/
NEEE A A A A
§s§ I8¢ s |s s |5 tme
1111 | ] [ 1]
FF TF VT % VE T
SS S5'S S S S SSS
g Myopotential oversensing
RV(tipcoil) | fdtinortie
time Fig. 10.05
Shockl _ | time
Vv Vv vV g
N
o.:::"-f'j J!;,.-....-
! KUDH
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Lead Fracture : Noise sensing & Shock

Device: Protecta XT DR D354DRG
Serial Number: PSC606091S

Treated VT/VF Episode #1138

Episode #1138 - VF
Chart speed: 25.0 mm/sec l

[EGM1: Atip to Aring

[EGM3: RVtip to RVring
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RV Lead Noise Discriminator

» Lead noise oversensing is typically isolated to the near-field sensing signal
* Analyzing far-field EGM to validate near-field sensing

* Timeout setting: 45sec (85% episode<45sec)

Near Field: V;;, to V;

ring

Far Field: Can to RVcoil [\/_,,___J‘: i J‘\

measured in 200 ms

%:-Q-—;. (

ﬁ
ca-®™11

! \

Peak-to-peak amplitude / -

window .
T F ¢ TEFIE T ¢ R v oE
8' 0-2 s b 8’ ?1 ei 8~2 81 s ~ s ,31 3' 8 ~5 . P 51. .2
4 B 4 22 3 7 |4 3 7 3 {8 1 9 8 3 2
0 o ° oo of ‘0 ‘o 0 it w0 & bl -5 L A M

Y

12 VT/VF evenis sensed between Viip and Vring

FF: High Amplitude

~ FF: Low Amplitude
\.- i Regular sense due to an R-wave

Oversense due to Noise
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Summary : Recommendations

Detection duration - for at least 6-12 sec or for 30 intervals

Slowest tachycardia therapy zone in primary prevention
- between 185-200 bpm

Slowest tachycardia therapy zone in secondary prevention
- at least 10 bpm below documented rate but not faster than 200 bpm.

Activate discrimination algorithms to distinguish SVT from VT

Activate lead-failure alerts and lead “noise” algorithms

Program more than one tachycardia detection zone

Choose single-chamber ICD if the reason for atrial lead is SVT
discrimination

Activate T-wave oversensing algorithms

.-::‘:*-fs \.—'"“"
,{ KUDH Wilkoff BL et al. Heart Rhythm. 2016,;13:e50-86.




Summary : Recommendations

 Activate ATP therapy for all detection zones

« Atleast 1 ATP attempt with minimum of 8 stimuli and
a CL of 84%-88% of TCL

« Burst ATP therapy in preference to ramp ATP therapy

 Activate shock therapy in all therapy zones

* Program initial shock energy to the maximum available energy in the
highest rate detection zone

CUDH Wilkoff BL et al. Heart Rhythm. 2016,;13:e50-86.




Thanks for your attention !!




