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Abstract

Background: Predischarge defibrillation threshold testing is often performed a few days after
ICD implantation in order to validate defibrillation thresholds obtained at the time of implant.
Ventricular fibrillation is induced with such testing and causes an increase in serum Brain
Natriuretic Peptide (BNP) levels. BNP is an indicator for cardiac stress. We wanted to examine
the feasibility to alter the trend of BNP after predischarge testing in VVI, DDD and CRT ICD's.

Methods: We measured BNP before predischarge testing and 5, 10, 20 and 40 minutes after
predischarge testing in 13 groups with each 20 patients. We evaluated patients without post
shock pacing and patients with a post shock pacing frequency of 60, 70, 80, 90 and 100 bpm and
a duration of 30 and 60 sec as well as a post shock pacing frequency of 80 and 90 bpm and a
duration of 120 sec post shock pacing.

Results: Patients without post shock pacing showed the highest BNP during the follow-up. The
percentage values of BNP increased consistent significantly after 5 minutes compared with BNP
before predischarge testing. The percentage values of BNP trend was significantly lower with a
post shock pacing of 90 bpm and duration of 60 sec. In addition, we excluded a cardiac necrosis
by predischarge testing because of similar values of myoglobin, cardiac troponin I and creatine
kinase during the follow-up.

Conclusions: Our results suggested that post shock pacing with 90 bpm and duration of 60 sec
as the best optimized post shock pacing frequency and duration for VVI, DDD and CRT ICD's.
A reduction of cardiac stress is going to be achieved with the optimization of the post shock
pacing frequency and duration.
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Introduction

The efficacy to treat life threatening ventricular arrhythmias is a generally accepted function of
implantable cardioverter defibrillators (ICD’s) [1-4]. The tested defibrillation threshold during
implantation is usually validated a few days later with predischarge testing [5]. Ventricular
fibrillation is induced and terminated for predischarge testing. During the predischarge testing
the patients are in acute heart failure [6]. In addition the brain natriuretic peptide (BNP) doubled
5 minutes after predischarge testing as a sign of an acute cardiac tension [7].

Increased ventricular wall tension causes a rapid release of messenger ribonucleic of BNP [8].
Furthermore BNP could reflect the pulmonary capillary wedge pressure and denote rapidly
alterations of the cardiac pressure because of the short half-live of 20 minutes [9]. Therefore
BNP is a useful neurohormonal marker for the treatment of heart failure [10].

The Dual Chamber and VVI Implantable Defibrillator (DAVID) Trial showed that a long-term
ventricular pacing impaired the left ventricular function [11]. But it was unclear whether a short-
term ventricular pacing for post shock pacing caused also an impairment.

In our former study we showed a doubling of BNP 5 minutes after predischarge testing with a
heterogeneous post shock pacing frequency and duration [7]. The purpose of our prospective
study was to alter the trend of BNP after predischarge testing by optimising post shock pacing
frequency and duration in VVI, DDD and CRT ICD'’s.

Methods
Study Population and ICD Systems

We included 780 consecutive patients (630 males, 150 female; age 63.5 = 11.6 years) with VVI-
ICD, DDD-ICD or CRT-ICD (260 of each device) during predischarge testing from November
2004 to June 2006. A serum creatinine > 1.5 mg/dl was an exclusion criterion because of
possible influence of BNP [12].

The following ICD systems were used: CRT in 260 patients, DDD in 260 patients and VVI in
260 patients. Several ICD’s were used: Biotronik Kronos (180), Lexos (3), Lumos (36) and
Belos (3); Medtronic Marquis (6), En Trust (201), Sentry (14) and Maximo (6); Guidant Contak
(42), Ventak Prizm (1) and Vitality (48); St. Jude Medical Atlas (240). The transvenous
endocardial leads were inserted via the cephalic or subclavian vein and positioned under
fluoroscopy in subpectoral position in all patients.

Study Design

There existed different company depended post shock pacing frequencies and durations of the
ICD devices. We calculated the lowest common multiple of the post shock pacing frequency as
60, 70, 80, 90 and 100 bpm and of the shock pacing duration of 30 and 60 seconds. We
established 10 groups of patients with a homogenous post shock pacing frequency and one group
without post shock pacing (nonPSP). We first examined the groups (VVI-ICD, DDD-ICD or
CRT-ICD) without post shock pacing. After that we examined the groups (VVI-ICD, DDD-ICD
or CRT-ICD) with post shock pacing frequency of 60 bpm and a shock pacing duration of 30
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seconds. After completion of each group we examined the next group with increased post shock
pacing frequency (60, 70, 80, 90 and 100 bpm). After completion of the shock pacing duration of
30 seconds we repeated this procedure with a shock pacing duration of 60 seconds and further of
120 seconds. We extended the post shock pacing duration to duration of 120 sec in the best two
pacing frequency groups. Thus we achieved 13 homogenous groups with a defined post shock
pacing frequency and post shock pacing duration. On the basis of our previous study [7] we
calculated 20 patients in each group.

BNP (Triage Meter Plus®, Biosite GmbH, Willich, Germany) was measured directly before and
5, 10, 20 and 40 minutes after predischarge testing similar to our previous study [7]. In addition
myoglobin, cardiac troponin I and creatine kinase were also measured with the same equipment.
The normal values were 0 - 4.3 ng/ml for creatine kinase, 0 - 107 ng/ml for myoglobin and 0 -
0.4 ng/ml for troponin I. The detection limit was 1.0 for creatine kinase, 5 ng/ml for myoglobin
and 0.05 ng/ml for troponin I. Blood was taken from a peripheral intravenous catheter.

The local medical ethics committee approved the study protocol and all patients gave written,
informed consent before entering the study.

Predischarge testing

The patients were fasting and received no intravenous diuretic in the morning. We performed a
short-term anaesthesia with propofol and midazolam in all patients. Ventricular fibrillation was
induced by T wave shock. We defined the duration of ventricular fibrillation as interval between
the induction of ventricular fibrillation with T wave shock and the termination of ventricular
fibrillation with biphasic shock of the ICD. We monitored (Siemens SC 7000) the patients with
ECG Holter before and for a period of 15 minutes after predischarge testing. All patients with
CRT-ICD were tested in paced rhythm. Patients with single or dual chamber ICD were tested
with intrinsic QRS. All patients with dual chamber ICD were tested with a long AV interval of
300 msec in order to achieve an intrinsic QRS. We included only patients who were successfully
defibrillated with the first initial delivered shock energy in order to achieve the same condition
for all patients in our study.

Echocardiography

Using a Phillips ultrasonic device (3.5 MHz; model Sonos 5500, Philips Medical System,
Andover, Massachusetts, USA) biplanar left ventricular end-diastolic and end-systolic cavity
volumes were calculated with Simpson's rule [12] from paired apical four-chamber and apical
long-axis echocardiographic images of a minimum of five cardiac cycles. Biplanar ejection
fraction was calculated as: End-diastolic volume - End systolic volume/End-diastolic volume x
100% [13]. Left ventricular systolic and end diastolic diameter of all patients were measured by
M-mode and two-dimensional echocardiography.

Statistics

All data are presented as mean values + standard deviation. Datasets were tested for normal
distribution. Differences between the categorical variables were evaluated for statistical
significance using chi-square test or Fisher’'s exact test, and Student’t test for comparing
continuous variables excepting BNP value, as its distribution was skew. Here, the Mann-
Whitney U test was employed. As a result of the high standard deviation of real BNP values we
calculated the percentage alterations of BNP. The BNP value before predischarge testing was
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equated with 100% for evaluation of percentage alterations. For comparisons of trends of BNP
(%), myoglobin, cardiac troponin I and creatine kinase the Bonferroni-Holm test was performed.
A measuring of the linear association between two variables was evaluated using Pearson
correlation coefficient and all statistical tests were two-tailed. A P value < 0.05 was considered
statistically significant. The statistical package used was SPSS 12.0 for Windows.

Results

All consecutive patients were included in our study. There were no significant differences in
baseline clinical values between the 39 groups. The demographic data were presented in Table
1. Most patients belonged to the NYHA II classification (354 patients) and the predominant
cardiac rhythm was sinus rhythm. The left ventricular ejection fraction was nearly 30% in the 39
groups (Table 2). We observed a bundle brunch block in the ECG of 264 patients (Table 3).

Table 1: Patients characteristic

a) VVI-ICD
Charactenstes MonPSP 6030 40/60 T30 T 20430 0460 BOV120  |90/30 Shfsn 10030 (100060  |90d120
Patients 20 20 20 20 20 20 20 20 200155 20 20 20 20
(males/females) a4y (173 (6d) (173 (173 (s (s (16 (6M) Q73 (155 |(1614)
Age (years) 628+ 625+ 626 |[660% (d4d+ 2.8+ 409+ |64l (G659 % 657+ 627+ 643+ (634
10.3 12.4 13.0 105 11.3 14.5 107 115 24 120 11.8 104 114
EF (%4%) 3.1z 28 9% 298 317 niz 31.8x 1z 301 % oo+ 33.7x 305 JLE & 296
127 9.8 11.7 111 10.3 14.5 141 134 10.5 19.7 16.2 18.2 142
HNYHA
1{n) ] 2 0 1 1 2 1 L 1 2 s 1 1]
11 {n) 1% 17 1% 18 13 17 17 17 18 16 17 17 1%
111 {n) 1 1 1 1 1 1 2 2 1 2 1 2 I
Creatimane (mg/dl) 11203 12204 1040611404 |1.1203 09405 114£04)102£05(10+£04 D9%406 11204 (10&£05(LD£0¢
Rhythm (SR 7 PAF| 13/4/3 127642 134502 14442 156411 15/144 174241 15432 16/3/1 154213 144313 137512 151213
{AF)
Indication for
1CD snplantation
Pomary nfi%) 19 13 19 19 20 19 20 18 19 (95%) 18 20 19 20
(9546  (90%)  (95%4) |(95%e)  |(100%) (95%)  (l00%) | (90%) (90%)  (100%4) |(95%4) |(100%
Secondary nf(%) 105%)  2(10%) 1(5%) |[1(5%%) |0 1¢5%) O 2 (10%) |1 (5%) 2010%) 0 1(5%%) |0
Cardiac disen ses
Coronary heart|13 13 12 15 13 13 13 14 12 (60%) 15 12 13 13
disease ni(%) (6504  (65%4) (609 |(75%6) |(65%)  (65%%) (6599 | (TO%) (75%)  (60%)  [(659€) |(65%6)
Pror CABG nf(%%) [6(30%) 7 (35%) 6 (30%5) [4 (20%0) |6 (60% 5 (25560 6 (305) |4 (20%%) [5(2556)  6{30% 4 (20%) |6 (60%%) |5 (259
Hypertension i} 11 14 15 14 14 12 13 15(75%%) 15 13 12 13
nff%e) (SMma)  (55%)  (70%4) |75 |(TMe)  (T0%)  (60%%) | (65 (7% (65%) |(60%6) |(65%)
LVH nf(%&) 1(5%) 1(5%) 3(15% |0 200080 1(5%) 0 1 (5% [3(15%) 0 1(5%) [10(5%) |l(5%)
DCM nf(%) 6(30%) 7(35%) 6 (30%) |5(25%) |5 (25%%) 6(30%8) 7 (35%) |6(30%) |7(35%) 4(20%) 7(35%) |6 (30%) |6 (30%)
DM nf(96) 5(25%%) 5(25%%) 6 (30%) |6 (30%6) |3(15%6) S(2954) 4 (204) |4 (20%%) [6(30%6) S(25%) 4 (20%%) |5 (25%) |5(25%%)
WIT (n) 11 10 1l 15 13 1 11l 12 12 13 14 14 13
Antenior WI (n) ] 4 9 9 i 9 ] 10 3 9 3 10 7
Postenior W1 (n) 3 G H] 9 5 5 5 6 7 T @ -] 7
Ancurysmnf(%a)  |Z(10%) 1(5%) 4 (20%) |4 (20%) |F(IS%) 4(20%) 2 (10%) |2 (00%) [3(15%)  1(5%) I(19) (10 |2010%)
COPD (%) 4 (20%) 3 (15%) 3 (15%) |5 (25%) |3(I5%) S(25%%) 5 (25 |4 (20%) |2 010%%)  S(25%) 3 (15%) |2 (10%) |5 (25%)
Cither a4 1(5%) 0 2 (10%) |0 20108 1(3%) O 0 1(5%) L3%) 1 (5% |1 (5% |1 (5%)
Medication
B-blockers o/{%%) 18 20 12 17 12 18 20 19 20 19 18 20 19
(B0 (L00%) (959%) |(B5%)  |(95%)  (90%)  (100%) |(95%) |{100%)  (95%)  (90%)  [(100%) |(95%)
Amiodarone of (%) [4(20%) 3 (15%) 5 (25%) |4 (2000 [5(25%) 4 (20%) 5 (25%) |4 (20%) [S(25%)  4020%) 5 (25%) |4 (20%5) |4 (20%%)
Chgtalis nf(3%) BA0%) T (35%) 6 (30%) |5 (25%) [5(25%) 5(25%%) B (dRG) |6 (30%) |5(25%) G(30%) T (35%) |4 (30%) |6 (30%
Ace inhibtor f AT- | 16 20 12 19 17 17 17 19 17 (85%) 19 19 20 17
1-blocker nf(34) (2m4)  (100%) (95%) |(993%) |(37e)  (B5%%)  (B5%%) |(97e) (95%) (95%) [(100%) |(85%)
Dhuretics nf(%) 17 17 18 16 13 14 18 17 16 (80%) 16 18 16 17
(B5%)  (B5%)  (90%) |(B0%6) [(909E)  (BO%)  (50%) | (85%) (80%)  (90%) |(BO%E) | (B5%)
Statine n(¥%) 16 15 1% 1% 17 19 20 18 15 (90%:) 18 14 17 1%
(8% (75%) (90%%) (95%5) (85%)  (95%)  (100%) |(90%) (90%)  (B0%)  |(&5%) (95%%)
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126
of Post-

b) DDD-ICD
Characte nisfics HonPSF |60/30 6060 70630 7060|2030 20060 200120 90630 | 9040 100/30 100460 | 20120
Patients 20 1] 20 20 20 20 2 20 20 1] 20 20 20
(malesiPmales)  (16/4) |(1604) (173 Q78 (&) |64 S5 (6 [T (e Qe (6 |16
Luze (years) 621 |635% |629+ 434+ G41x 623+ 621+ 632 (632 637+ 629 432 |633%
112 10.2 121 104 12.5 123 117 108 10.5 13 115 11.7 119
EF (%) 91+ |28/B: (292 301z 301zl |98+ 301z M¥3% 305+ |[312+ 307+ 304 |W4%
117 10.7 111 113 11.1 12.5 123 127 11.5 113 125 143 13.1
MYH&
Iin) 2 I 0 1 1] a 1 (1] 1 1 2 1 1
in) 17 19 19 18 19 12 17 n 17 17 17 12 18
T {n) 1 1 1 1 1 1 2 1] 2 2 1 1 1
Creatinite (mgfdl) 11202|11+05|10+03 10+£02 11=04|10£03 11+04 10+04|11=02]09+04 1103 1103|1002
Rhythm (SR /PAF [ 1713 1614 1703 1713 1743 173 1604 1212 173 1802 1703 173 1812
AF)
Indication for ICD
inp lantation
Privaaryni(¥o) 19 18 18 19 19 19 18 18 19 18 an 19 18
(95%) (0% |(90%)  (95%)  (95%)  |(95%)  (90%) (PO [{9S%)  |(90%)  (100%) (95%) | {90%)
Secondaryni(%)  1(5%) |2(10%) |2(1004) 1(5%) 1L(5%) |[1(5%) 2{10%) 2(10%) |1(5%) |2(I10%) O 1(5%) |2(10%)
Candiac diseases
Coronary heart 14 13 12 13 14 13 13 13 14 15 14 13 13
disease ni%) (T0%)  |(65%) |(60%4)  (65%) (70043 J(65%4)  (65%) (65w [{T0%) |(75%) (04 (65%)  |(65%)
Prior CABG /(%)  5(25%) [6(30%) [6(3004) 4(20%; 5(25%) [6(300%%) 5{25%) 6(30%) |6({30%) |4{20%) 4Q0%) 6(30%) [6(30%)
Hypertension ni(%.) 14 15 14 14 13 13 15 14 14 13 14 14 13
(0% J(35%)  {T0%)  (T0%)  (65%3 065%)  (75%)  (700%)  L(T0%)  |(65%)  (J004)  (T0%) |(65%)
LVH (%) 1(5%) |1(5%) |0 1(5%) L(5%) [1(5%) 1(5%) O 1(5%) |0 1(5%)  2(10%) [1(5%)
DO ni(%:) 6(30%) |T(35%) |8(d40i4) T(35%) 6(30%) |7(350) T(35%) T(353%) |6(3004 [5(25%) 6Qm) T{35%) |T(35%)
DM i) 5(25%) |4(20%) [4020%) 6(30%) 4(20%) [4(20%) 4(20%) 4(20%) [6(30%) [5(25%) 4Q0%) 6(30%) |5(25%)
M (n) 12 1 13 i1 12 13 11 12 1 13 11 12 12
Aaterior WI (n) B 7 B T 2 9 T 9 7 9 8 8 9
Posterior WI (1) =) 7 [ 4] ] éa 4 5 o 1 4 5 ]
Amewrysm ni(3) 3(15%) [3(15%) (30150 42004 2(10%) [3(15%) 4(20%) 3(15%) |4(2004) |2010%) 3(15%) 3(15%) [2(10%)
COPD ni(%) 3(L5%) [3(15%) |S(25%) (M%) 3(L5%) |3(15%) S(25%) 5(25%) |3(L5%) |5(25%) S5%) 3(15%) |5(25%)
Orther ni %) 0 i 0 0 0 a i] 1{(5%) |1(5%) [0 0 1(5%) |0
Medication
p-blockers nf%.) 20 1] 19 20 19 20 . 19 20 0 20 19 20
(100%) [(100%) [(95%)  (100%)  (95%)  [(100%%)  (95%)  (95%)  |(l00%4) [(100%) (100%)  (95%)  [r100%)
Awdodarore ni{%)  4(20%%) [5(25%) (40200 4(20%) 5(25%) [4(20%) A(20%) 5(25%) |4(20%) |4(20%) 4Q0%) 4(20%) [4(0%)
Digitalisni(%)  6(30%) |6(30%) |5(25%) 6(30%) 6(30%) |[6(30%) S5(I5%) 6(30%) |7(35%) |6(30%) 6Q0%) 6(30%) |6(30%)
Bee inhdbitor f AT- 20 x 19 10 0 20 20 19 20 19 a0 20 19
Ihlockerni(%)  (100%) [(100%) [(@5%)  (95%)  (100%) [(100%) (100%) (95%) |(100%4) [(95%)  (100%) (100%) |(95%)
Dimtics ni%%) 20 1] 19 20 0 0 19 19 20 19 n 20 19
(100%) [(100%) [958 (100%)  (100%) [C100%4)  (95%)  (95%)  [(l00%4) [(95%)  (00%)  (100%) [(95w)
Statme ni( %) 12 19 17 19 20 12 12 19 17 18 1% 19 17
(90%)  [(95%)  |(B5%)  (95%)  (100%) |(90%)  (90%) (&5%)  [{85%) |(90%) &0  (95%)  |(85%)
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¢) CRT-ICD
Charactenistics HonPEP  60/30 a0fa0 F0430 T0/80 8030 80/a0 a0f120  |90/30 Qn/a0 100730 [100/60 [907120
Panents 20 20 20 20 20 20 20 20 20 20 20 20 20
(males/fermales) (16#4) (1644) (17/3) (173) (1664} L6y (1S5) ({164 (173} (16/4) (164 (1664) (16/4)
Age (years) 621+ 635+ 629+ |634x ([dd41x 423+ |d201x [432+ 632 637+ 629+ 632+ |633%
1.2 1.z 121 10.4 12.5 12.3 17 0.8 1.5 11.3 1.5 117 11.9
EF (%) 291+ 288+ 292z |301x |1zl 298z ol |29.3% [305% 312z 3072 |04 |294=
11.7 1.7 11.1 11.3 11.1 12:5 123 12.7 1.5 11.3 12.5 143 131
NYHA
Tin) 2 o 1] 1 0 1] 1 1] | 1 2 1 1
11 (m) 17 1% 1% 13 1% 19 17 20 17 17 17 15 13
11 {n) 1 1 i 1 1 1 2 ] 2 2 1 1 1
Creatinine (mg/d) [1.1£02 1.1205{10£03{10£02|1.1204 10£03(1.1£04|1.0£04|0.1£0.2 0904 1.1£03|1.1x03[10£0.:
Rhythm (SR PAF /| 1T/3 L16/4 1713 1W3 1743 1773 16/4 1872 173 1842 1743 L3 1572
AF)
Indication for [CD
implantation
Primary n/(%%) 12 18 18 19 1% 19 13 18 19 18 20 1% 13
(9554) (90%5) | (90%%) (95%%) (9%%)  (95%) [(90%) | (90%4) (554) (90%)  (100%) |(95%) |(90%%)
Secondary nf(%5) 1(5%)  2010%) |2 (10%:) |1 (5% |[L1(5%) 1(5%) (2 (l0%) |2 (10%) |1(%%) 2(l0%) O 1 {5%%) | 2{10%:)
Cardiac diseses
Coronay heart|14 13 1z 13 14 13 13 13 14 15 14 13 13
dizeage nf(%%) (70%)  (65%)  |(60%) |6 |7 (B5v) |65 [(6®M) (7)) (i) (70w |(65%) (6%
Prior CABG nf(%) |5 (25%) 6 (30%) |6 (30%0) |4 (20%) [5(25%) 6 (30%%) |5 (25%) |6 (30%) |6 (30%) 4 (20%) 4 (20%) |6 (30%%) |6 (30%)
Hyyeftensinnnf{%) 14 15 14 14 13 13 15 14 14 13 14 14 13
(0% (75%) |09 |(Tme)  |(6We)  (65%)  |(75%  |(TmRe) | (TOSA) (65%%)  (T0%M  [(T0%) (6
LVH /(%) 10(5%) 1(5%) |o 1 (5% [105%)  1(5%%) |10 |0 1(5%) O 1 (5% |2 (0% |1 (5%
DOM nf(¥5) 6(30%) T(3I5%%) |8 (40%) |7 (35%) [6(30%) T(33%) |7 (I5%) |7 (35%%) |6 (30%) S5(25%) 6 (30%) |7 (35%) |T(35%)
DM n/(%4%) 50(25%) 4 (20%%) |4 (20%) |6 (30%) |4(20%) 4 (20%) |4 (20%) [4 (20%%) |6 (30%%) 5(25%) 4 (20%%) |6 (30%) |5 (25%)
M1 (o) 12 11 13 11 12 13 11 12 11 13 11 12 12
Anterior W1 (n) & T g £ B 9 T 9 T g g B 9
Posterior W1 (n) 5 7 1] 1] [ ] 4 5 5 iy 4 5 [
Aneurysm n/(%%) 3(15%) 3 (15%) |3 (15%) |4 (20%) [2010%) 3(15%) |4 (20%) |3 (15%6) [4(209%) 2(10%) 3 (15%) |3 (15%) |2{10%)
COPD af(%%) 30159 3 (15%) |5(25%) |4 (20%) [3015%) 3159 |5 (25%%) |5 (25%6) (3015960 5(25%) 5(25%) |3 (15%%6) |5(25%)
Orther n(%) 1] 1] i} 1] 0 1} 0 1 (5%%) 1 (5%4) 1] 1} 1 (5% |0
Medication
B-blockers nf(%4) 20 20 19 20 19 20 29 19 20 20 20 1% 20
(L00%)  (100%%) |(95%) (100%0) |(95%%)  (100%) |(95%)  [(95%) (100%:)  (100%;) (100%%) |(95%) | (100%:)
Amiodarone nf(%) |4 (20%) 5 (25%) |4 (20%%) |4 (20%) |5(25%) 4 (20%9c) |4 (20%) |5 (2596) |4 (20%3) 4 (20%) 4 (20%) |4 (20%) |4 {20%)
Dngtdis nffF) 6(30%) 6 (30%%) |5 (25%) |6 (30%) |6 (30%) 4 (30%) |5 (25%) |46 (30%%) |7(35%0) 6(30%) 6 (30%) |6 (30%) |6 (30%)
Acenhbitor FAT- |20 20 19 13 20 20 20 19 20 18 20 20 13
| -blocker a/(%%) (100%)  (100%) |(95%) (95%) (100%6)  (L0D%) | (I00%E) |(95%) (100%) (95%)  (100%%) [(100%6) |(953%)
Druretics nf[%%) 0 0 19 20 20 el 19 19 20 15 20 20 19
(100%6)  (100%) |(95%) |(100%) |(100%) (100%) |(9s5%  [(es4)  [(1o0%6) (95%a) (100w |(100%) |(95%)
Statine o/ (%) 18 19 17 19 20 13 13 19 17 18 1B 19 17
(90%)  (95%)  |(B5%) |95 [(o0%ey  (@0%) (90 (95 [(BSe)  (90%e) (0% |(95%) ({85

Abbreviation: NonPSP: group without post shock pacing, 60/30 = group with a post shock pacing of 60 bpm and a
duration of 30 sec, 60/60 = group with a post shock pacing of 60 bpm and a duration of 60 sec, 70/30 = group with a
post shock pacing of 70 bpm and a duration of 30 sec, 70/60 = group with a post shock pacing of 70 bpm and a
duration of 30 sec, 70/60 = group with a post shock pacing of 70 bpm and a duration of 60 sec, 80/30 = group with a
post shock pacing of 80 bpm and a duration of 30 sec, 80/60 = group with a post shock pacing of 80 bpm and a
duration of 60 sec, 80/120 = group with a post shock pacing of 80 bpm and a duration of 120 sec, 90/30 = group
with a post shock pacing of 90 bpm and a duration of 30 sec, 90/60 = group with a post shock pacing of 90 bpm and
a duration of 60 sec, 100/30 = group with a post shock pacing of 100 bpm and a duration of 30 sec, 100/60 = group
with a post shock pacing of 100 bpm and a duration of 60 sec, 90/120 = group with a post shock pacing of 90 bpm
and a duration of 120 sec
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Table 2 Echocardiographic parameters

a) VVI-ICD
Characteristics NonPEP 60430 |60/60 T0/30 T0fa0 E0/30 E0/60 | 90/30 /60 100730 100760 8071200 [20/120
Left wentncular ejection 3001 289+ (298+£ 317+ 303x 318+ [311+ |300+ (337 305+ 318% 301& 206z
Frachon % 12.7 93 ik i1 10.3 145 14.1 10.5 19.7 14.2 18.2 13.4 14.2
Le wentncular emd 6772 64.1+ 66T+ 659+ G702 6T7EBE: |66l 676+ |645+ HA4L A5 G66E 65T
10.5 13.0 9.3 15.2 1.3 10.0 13.0 10.3 13.3 13.5 1n.e 11.5 12:3

dastolic diameter (mm)

Left  wventicular end 56.3& 55.2% [S6.1% [55.0+ 542 S44x [556% [570+ [539:+ S54% S556% 67+ 557+
12.5 153|125 93 13.1 124 169 [128 18 4 14.2 1.8 119 13.0

systolic dameter (mm)
Left wentricular end 2269+ 2398 (2384 (2194 12342 23512 2391 2297+ 2283+ 344 2294 2313 |2223:
i T + 838 |Tl6 90.3 .2 T4.9 tE64 (654 0.9 81.5 74 510 768
diastolic volume (ml)
Left  wentricular end 1640+ 1621 |173.5+ |151.3+ 1566+ 1526+ |168.1 (165.6+ |156.6+ 1607+ 1573 161.2+ |162.2=
0.6 £71.2 (666 65.0 9.2 T70.8 852 (578 80.5 64.2 £735 713 20.3
systolic wolume (ml)
Mutral valve imsufficiency 1 (5%) 1 (5%) |2 (10%6) |2 (10%%) 2(10%%) 2 (10%4) |1 (5%) (2 (10%

[1-01° n/(%%)

o
(=)

(0% 1(5%) T (10%) | 2 (10%

{10%4)

b) DDD-ICD

Characteristics MonPSP |60/30 |60460 7030  70/60 |30/30 |806E0 (2030  90W0 100430 (100460 |20A20 904120
Left ventricular ejection 201+ |288+ |292% 301+ 3001+1|298% |300+ |35+ 312+ 307+ [304+ (93 24+
frac tion ¥ 111 10.7 11.1 113 111 125 123 115 113 125 143 12.7 131
Left  venircular end 6562 |[656 |666x 679% 656+ (6472 |650+ |648x 659% 634+ |650% (676 6G60%
Al el ) 102 133 1232 131 128 132 135 119 11.1 126 144 13.1 133

Left  wentncular emd 5742 |[610+ (568 569+ 569+ |574% [5901% |5764 557+ 568+ |[576& (76 569+
123 13.2 12.5 123 141 123 140 122 140 137 13.1 123 134

systolic diame ter (rum)

Left  wentricular end 2208+ |2341 % 2307+ 2274+ 2024|2306+ |231 4% | 2348+ 2248+ 2303+ |2333 & (2375+ 2209:
diastolic vahu (rel) Tig 03 769 793 763 |83 8ls 757 800 717 713 213 812

Left  wentricular end 1620+ |17112 (17184 1612+ 1636% (17224 1604+ |1608+ 1666+ 1677+ 1707+ 1679+ 168.5:

sxtolic volume (mD) Ti9 783 0.6 696 636 (692 92 o6 T52 693 610 T Ta

Mifral vabve insafficiency 1(5%) |2(10%) |2(10%) 2(10%) 2(10%) (1 (3%) |1(5%) [1(3%) 2(10%) 2010%) |2 (10%) |2 (10%) 1(3%)

ILII° (%)
¢) CRT-ICD
Characterishics MonPSP 60730 |6W60 | 70030 70760 80/30 8060 | 90730 | 90/60 100730 | 1OMG0 |8WiZ0 | S0/120
Left ventricular sjection 0.0+ 203 |20.3% |31.1t 207+ 3l4x |304+ |295= |310% 29.1% |00+ |206% |206%
frachon %& 11.3 10.4 12.0 105 1.7 11.3 124 11:5 12.1 12.0 125 12.2 125
Left ventricular end 68.7¢ 71.1% [6932 |4B6+ 68092 694+ [7L1% |69+ |705% 484+ |702% |[dBde |T06e
s 132 i |4 13.8 14.2 136 13.9 134 142 (127 13.1 129

deastolic diameter (mm)

Left wventncular end 603+ 602+ |[612+ [617+ 612+ @624+ |599+ |605+¢ ([619+ 607+ 599+ [617T+ [6l4=%
5 13.1 154 13.7 12.8 134 14.7 12.3 13.8 134 14.4 136 13.2 138
swstolic diameter (mum)
Left wentncular end 2625+ 2652+ |2¥9+ 2658+ 2730+ 2712+ 2615+ |26 2+ |2638+ 2747+ |2629+ [2773% |278.1:
: T71.2 78.2 201 T0.6 Ta.6 T4 6.7 T6.5 L6 50.3 T 67.1 T
dragtolic volume (ml)
Left wentneular end 1792% 1862|1775+ [1826 1759+ (1864 1816+ (1860 1765+ 1874+ [1799+ |182.3+ |1826:
78.2 87.2 T6.6 357 ap.0 7 532 T4 T 534 To.0 T0.6 Tal

systolic volume (ml)

I1tral valve 8 (40%) 6 (30%%) |6 (30%) |9 (45%E) T(35%%) T(35%) |8 (40%) B (40%%) |9 (45%6) 6 (30%6) | & (40%6) |7 (35%) |7 (35%
insufficiency n-fe
nf{(%%)
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Table 3 Findings in ECG
Characteristics NonPSP |60/30 60/60 |70/30 |70/60 80/30 E0/60 |90/30 9/60  100/30| 100F60 [80A120
VVI-ICD
EEE (n) l 0 0 0 1 0 0 1 0 0 0 0
Left BEE () 0 0 0 0 0 0 0 0 0 0 0 0
Right BEE (n) 1 0 0 0 1 o 0 | o o o 0
QRS duration (ms)* |1082+ [1030 1047 [10L1 |107.0 1012 1090 [1040% |1007 1013 [10164% |1058%
72 £81 87 |+100 |84 106 +11.1 [89 |+94 294 |93  [93
DDD-ICD
BEE () ] ] 0 1 0 0 1] 0 ] 0 0 0
LeR BEB (n) 0 0 o 0 0 o 0 0 0 o 0 0
Right BEE (n) 0 0 0 1 0 0 0 0 0 0 0 0
QRS duration (ms) * |1025+ [1020 1015 1028 |1023 1027 1016 |1B26% 1050 1032 |1021+ 1028+
112  [+94 +102[+97 |+79 292 +87 |104 |+98 =103|95 |10l
CRT-ICD
BEB (n) 20 21 20 |20 |20 20 20 |20 FIF TR FT 20
Lef BEE (n) 20 2 20 |19 fz2o w20 |20 20 20 |20 19
Right BEE (n) 0 0 0 1 0 0 0 0 0 0 0 i
QRS duration (ms) * |136.5+ [1336 1347 (1311 1271 1313 1338 [134.2% |130.9 1322 [1366% |1355%
283 |£287 £337[+328 |£333 £207 £380 [331 |£377 2280|304 |314

Ahbresnations * =paced QRS for CRT and intrinsic QRS for single or dual
chamber ICD, BEE = bundle brunch block

Predischarge testing

The result of the predischarge testing was similar between the groups (Table 4). Ventricular
fibrillation was induced in every patient with the first attempt and successfully defibrillated with
the initial delivered shock energy. We did not observe proarrhythmic effects of post shock
pacing during the monitored interval of 15 minutes. All patients with dual chamber ICD showed
an intrinsic QRS pacing during predischarge testing.
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Table 4 Results of predischarge testing

Charete ristics HonFZ @030  &0/E0 70030 70/60 20030 20060 Q0730 P0i@0 1000301005 (200120
F 0

YVIICD

Diefibrillation shock 187+ 189+ 185+ 177+ 179+ 175+ 1836+ |[180+ 187+ 132+ |184+|180+

enerz vl 3E 27 29 4.4 36 3l 23 il 32 36 29 30

Deefibrillation threshold |1 1 1 1 1 1 1 1 1 1 1 1

atternpts per patient (n)

Dpation of venticular |78+ 789+ 79+ 75+ El+ B3+ 77+ |75+ 7Td+ B0+ [T8+ |70+

fibyillation {mec) 02 ne 1.1 02 Nz 1n 07 12 09 ng 09 12

Cyele length of 2107 2103 2139 2092 2120 &S5 2194 (2070 203E 2112 (2023 (2023

wventricular fibrillaton |£110 208 +193 +125 +£143 +150 +129 (£262 +140 +158 |+201 |+147

(rns)

DDD-I1CD

Diefibrillation shock 185+ 186+ 1824+ 18324 178+ 179+ 1824 [1824+ 1824+ 184+ |181+£]|181+

enerzy i) 33 29 34 34 37 39 35 34 34 33 35 37

Deefibrillation threshold |1 1 1 1 1 1 1 1 1 1 1 1

atternpts per patient (n)

Dmrafion of ventricular |79+ 20+ B2+ 72z 79+ TE+ 79+ |79+ T3+ 79+ [B0x |T3x

fibyillation {gec) 09 ne 0s 09 10 09 10 11 1n n9 09 09

Cryele length of 2008 2031 2004 20782 2024 2139 2162 (2144 2054 2221 |21E3 (2079

ventricular fbrillation | E 178 £193 +179 £190 +£203 £180 +105 |£251 +202 =£177 (£213(+19.1

()

CRT-ICD

Deefibrillation shock 185+ 1790+ 1782+ 1244+ 180+ 182+ 183+ [180% 184+ 180+£|179+£]|185+

enzrzy i) 33 is 37 34 34 33 34 3.4 34 33 36 34

Diefibrillation threshold |1 1 1 1 1 1 1 1 1 1 1 1

atternpts per patient (n)

Duration of wenticular |78+ 76+ 81+ 79+ 79+ 77+ 80+ |21+ B0+ 7TEL |79+ (18

fibxillation (sec) 1.0 ne 1.1 09 1.1 09 nEe 0s n9 ne 10 09

Cyle length of 213 MNEs 2ATS N2T7 79 NET 2113 |2186 2150 2104 |2133 (2128

ventriodar fbrillaton 1% 182 £219 £19§ 222 £188 £217 £182 |£181 £18F% =<£184 |£179(£21 0

{ms)

Enzyme trend after predischarge testing

We observed an increase of BNP after five minutes after predischarge testing (309.6 = 86.7 vs.
603.3 £ 78.5 pg/ml, P < 0.0001) followed by a decrease compared with BNP before predischarge
testing in all patients (Table 5). In addition, the trend of BNP in all patients also showed a
significant difference after 10 minutes (309.6 + 86.7 vs. 492.3 + 78.5 pg/ml, P < 0.0001), after
20 minutes (309.6 + 86.7 vs. 394.7 £ 71.1 pg/ml, P < 0.0001) and after 40 minutes (309.6 + 86.7
vs. 334.3 + 67.5 pg/ml, P = 0.042). The trend of BNP was significantly different after 5, 10 and
20 minutes and in some cases after 40 minutes in nonPSP (Table 5). The follow-up of BNP in
the group with a post shock pacing of 90 bpm and duration of 60 sec was significantly decreased
in relation to other 12 groups (Table 5).
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Table 5 Values of BNP, myoglobin, cardiac troponin I and creatine kinase

a) VVI-ICD
MWonFSF | 60/30 6060 TOO30 T0/60 20/30 0460 0/120 |[90430 an/s0 10030 10D/6D 90,120
Befare PT
- BMP (pg/ml) 2449+ |31 24431 (23 5+ (24252 [241.1% 2394+ 2383+ [234.0% (2401 (2466 2424+ 2345+
29.1 27.3 29.2 270 21.0 6.7 23.9 26.6 219 237 227 8.4 294
- BMP (%) 100 100 100 10 100 1o 100 100 100 100 100 Lon 100
Myoglobin (ng'ml) M5+ |91+ 585+ (BELzx |BB3% |[90.5x 903x B33+ (BBS5: |EVEL |8B5x @95z B9.2%

214 26.5 231 21.7 26.2 9.8 29.3 29.1 273 219 301 26.7 4.3
Cardiac tropomn [ {ngfml) | < 0.05 |<0.05 < 0.05 <005 (<005 (<005 <005 <005 (=005 (<005 (<005 <005 <005
Creanne kinage (ngfml) 160516205 14+04|16+05)16205(1607 16206 1.5+04(1.5+04)14+04 16206 1605 1504
E minnies after PT

- BHP (pg/ml) S511% (4674 4677+ |40+ [4578+ 4305+ 3699+ 3700+ |360.Tx [363.1+ (4534 3R25+ 4005+
49.9 43.1% 342%s [389% |39T% |39 6's 383w 3] 2ee |335o [306® (372 FTTes Jhiom

- BMP (%) 214.9+ |188.2= 17912 [1797+ (1757 |1684% 1484+ 1592+ |154.01= [1365+ (1582 1d24+ 1485+
16 .4 13.0% I68= (132% |147% |87k 0= 133 |149= |75 98 I11.§% 1253%

Myoglabin (ng'ml) 913 |93+ 8746+ |8T74x |904% [90.1+ B85+ B31+ [873x |BB3+ |8BO0x BE3x 905+

22.1 220 23.6 24.5 225 2.5 26.5 26.3 29.1 20,2 26.9 20.2 227
Cardiac troponin | (ngfml) [<0.05 |<0.05 <005 <005 [<0.05 |<005 <005 <005 |<005 [<005 (<005 <005 <005

Creanne kinaze (ngfml) 1.5z 16206 14+£04 (1.6 16+ - 1.5% 16+ 1.5+ (T 15 15+ 1.5
0.3 0.5 b4 0.6 04 0.5 0.4 04 0.6 0.5 0.5

10 minntes after PT

- BNP (pg/ml) 4358+ |364.1= 3605+ |36d .6+ (3627 (3600 3174+ 3338+ [311.5+ |300.2+ |3529% 3643+ 3642+
328 226 383's [249% [349% [344' ) 5e= J]Tis |14 (2542 [ 53= 294 T 6

- BMF (%) 1867+ 1553 1460 (148.1+ |[146.1% (1423 1278+ 1408|1350+ [12l.1x (1401 (457 1495%
10.3 17.8% 188% 118% |12d% |149% 134> [24% [129= [134: 97 = 14.1% 106%

Myoglobin (ng'ml) e+ |87 371+ (870 (834 (925 863+ BTT+ (833 (87EX (397% BROX 833

214 26.2 249 271 244 258 26.3 259 272 20.6 26.1 4.6 294
Cardiac troporun | (ng/ml) (<005 |<0.05 <005 |<005 |<0.05 [<005 <005 <005 (<005 [<005 |<0.05 <005 <005
Creatine kinzse (ngiml) 16% 16206 1,505 1.5+ 15% L6 & 15% 1.6+ 1.5 15 16 % 1.5 % 1.5%

0.4 0.5 05 0.6 04 0.5 04 04 0.6 0.5 04
20 minutes after PT
- BNP (pgfml) J36.3+ (3139 2072+ (3066 (3075 |2914+ 2722+ 3122+ |296.5+ |270.2+ (3005 3041+ 3197+
4.7 2.8 % 24.3'= |290% [254 % |[322' 26T 244 |262% |Z215: (262 ZT0's 206
- BHP (%) 42,8 1319 1220 (1247 |1352% (1222 1lddx 1271 = |119.8% (1109 (1229 [224x 1264+
144 15.7+ Fadcte [LEFS LI [ldEds RITW 10.8% [137% 185! 94 = IZa%: TL5M
Myoglobin (ngfml) 918 |90.6:x 362+ (885 (879 |89EB+ 880+ 8BI: |B7TV: [BE2& |8BTx B9.5: B9.2%

0.6 26.3 281 211 274 5.9 26.7 76 275 211 30.3 29.0 244
Cardiac troponin | (ng/ml) [<0.05 [<0.05 <005 |=005 [<0.05 [<005 <005 <005 [<005 [<005 |<0D5 <005 <005
Creatine kinase (ngfml) 1.5+ 15206 1404 1.5+ 15% Lot 1% 1.5% 1.5% 4+ 1.5% 1.5+ 14+

04 0.5 04 0.6 0.4 0.5 0.4 04 05 0.4 0.4

40 minntes afte PT

- BNP (pg/ml) 2787+ |269.0%¢ 267EB4 (2676% (25984 |26054% 25954 26124 |251 4% |25284 (2594 25954 2412+
20.2 14.4 18.0 154 163 21.8 16.9 22.7 16.9 215" 16.3 19.2 20,7

- BNP (%) 1140+ |110.2%¢ 10514 (10704 |[105.3% |I044+ 1073+ 10634 |104.7+ (10044 1063+ |04+ 1071+
7.5 54 K3 4.2 15 54 3.2 5.3 6.7 Si 8.7 4.2 4.0

Mgrng[uhin (ngfm!‘,‘l 9.2+ MEx g6.2 % 878+ |BES+: |09+ B7T+: 891+ |BTAx |75+ (89.1% EE4+ BEOR

0.5 23.3 6.7 22.3 25.2 4.2 29.3 275 287 22.6 23.3 26.8 26.7
Cerdiac tropomn | (ngfml) [<0.05 |<0.05 <003 <005 [<0.05 [<005 <005 <005 [<003 [<005F (<005 <005 <003
Creatine kinage (ngfml) Lix 15206 14£05 |15+ 14 L6+ 15+ 1.5+ L 14+ 15 1.5+ 14
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b) DDD-ICD
WanPEF | 60/30 [i1] T30 TOA60 2030 20160 20120 |90/30 BT 10030 100M60 505120
Befare PT
- BMP (pg/ml) 2369 (2377 2349% 2452+ (2388 (2345% 2394+ 2372+ |2381x [2394+% [M34+ 2389+ 23534 2
28.5 3.7 21.2 324 224 23.5 23.1 28.3 21.2 304 4.2 20.8 29.3
- BMP (%) 10 100 100 Lo0 100 100 1o 100 Lon 100 100 1o 100
Myoglobin (ng'ml) 0.6 £ 91.3% 942 906+ [853% (9162 298+ B94% (907 (8399z% [898% 915+ B93:%

26.9 4.7 136 232 55 23.1 3.1 21.2 252 21.3 134 1.9 18,0
Cardiac troponin | {(ng/ml) [<005 [<D005 <005 [<005 [<005 [<005 <005 <005 [<005 [<005 [<005 <005 «<00%
Creatirie kinage (ngfml) 1605|1605 1520515205\ 14206|1.6204 |.5+04 15204 |15+06(14£05[14+0.6 1405 14204
5 minntes after PT

“ENP (pg/ml) T425% (4627t 4300% |4444% |4l7.0% |4008% 3563t 37L7% |361.2% (3I1.6% |363.7% Ja65% 4081¢
46,5 473 % 402 JE5% [4D 7% (35 8's 32 3ee 4] e |35 (306 Jl.5ee 42 12+« 462
“EBNP (%) Z125% |1903% 1B03= |L76.2% |I4.0% |168.2% [501% I606% |1555¢% |1351% |I568% 1636% 1682z
10.5 955 104 1 94 118k |74 If.1% 129% |06 (E42 85% 10.2% 897k
Myoglabin (ng/ml) S04z |896% G652 |O0lz |915% |#99% G@54% O01= |e02% |55z [E99% 013z Oldz

4.6 23,5 22.3 235 234 25.1 23.1 218 253 232 23.6 22,8 224
Cardiac tropomn [ (ngiml) (=005 |=005 =005 <005 |<005 («0D5 <005 <005 |<005 (<005 |[<0.05 <005 <005

Creatine kinase (ngfml) 15204 (16205 1520415204 [06£05|1.5204 15204 162051504 (152041605 L.5£04 15204
10 minmtes after PT

- BMP (pgiml) 4751 |365.1+ 3585% |3604% (3556 (349.2% 3127+ 3284 % 3011+ (292.2% (33242 34451 3434 2
42.1 46.2% 40 1'% |332% 379 % (41 1% 30%=+ 31ldAm 3942 (3022 |29d= 36.9% 554

- BHP (%) 183.2% |157.6%¢ 1472+ |1492% |1468% |1493.2+ 299+ 1403& |134.8& 1223+ |138.9+ 1438+ 1505%
04 LR R 5.4t 125 127 (97* 0.8z BE= I1.3: (9&=2 99= 1.2t 123}

Myoglobn (ng'ml) 871+ |E70+ EB4 4 5254+ |896+ (BBR+ BPB+ 91T7x |B6P4+ (ERA+ |B6E4: P04 E99:

4.9 27.1 4.4 238 251 224 26.3 4.7 228 23.5 21.2 23.9 24.3
Cardiac troponin [ (ngiml) (=005 |=005 =005 <005 |=005 («0D5 =005 <005 (<005 (=005 |[<0.05 <0D5 <005

Creanne kinase (ngfmi) 1504 162053 150415204 [015£04|1.620F 1.54£04 162051504 (16051504 L5204 1.5x04
20 minvres afta PT

- BHP (pg/ml) 3266 (29954 2913 |29346% |300.1& (2B3 1+ 2°024 2999 & |2870& (2677& (2911 29454 2994 %
3B 41.3+ 38.3's |393% |359% (29 3% 3]13% 334 34]%W (2172 |292% JT32' 3Jl3l+

- BNF (%) 1438+ |1324% 1237+ |123 8+ (12674 |121 9% 11B24 1269 & |I1E9& |1103& |1215+¢ 123B+ 1253+
10.3 94 = 0.1 1974w LI.2% (99 E3™ 10.2* Ji01* (§82 ol ElLs 10.6

Myoglobin (ng'ml) 96 |895+% i94% 509+ 377+ (8%.1% B74+ 904z |ER3I+ (F03+ |899% 901 BRS5%

23.1 23.1 22.2 242 298 23.3 24.5 22.5 25.1 25.6 23.7 6.5 23.1
Cardiac troponin [ {ngfml) (<005 [=005 <005 <005 |<0.05 (<0D5 <005 <005 (<005 (=005 |[<0.05 <003 <005

Creanne kinase (ngfml) 1.5+ 1506 1404|015+ 1.5+ 16+ L6+ 15+ 1.5+ 14+ 1.5+ L5+ 14+

0.4 03 04 0 0.6 0.5 0.4 04 0.5 0.4 04

40 minutes after PT

- BMP (pg/ml) 2739+ (2624 3572+ |256.2% 2459+ (M8T+ 97+ 2504 & |2528+ 2454+ [250.1% 25352 2524#
258 4.5 4.4 258 217 (243 9 24.2% 346 199+ (368 26.9 4.1

- BMP (%) 1142+ [105.8¢ 10582 |1062% |1058% |105%82 1069% 1057+ 1042+ |101.9% |1059% 1072+ 1063 %
8.3 4] 6.2 g4 531 741 9.4 .41 6.9 49 1 9.2 9.2 9.6

Myoglabin (ng'ml) g1+ |885% 80.5¢ B899+ |[§98+ (90.5% B6Bx BTTx |ESE+ (894+ |903% GES6: BRE4x

217 26.2 29 8 21.3 234 219 26.3 259 23.1 225 225 23.6 24.5
Cardiac troponin [ {nglml) [< 005 < 0.0% = 0.05 < 0.05 |=0.05 <005 <005 <005 (<005 [=<005 |=<0.05 =<0D5 <005
Creanne kinage (ngfml) 1.5 15£04 1504|146+ 15 16+ 1.5 & 15+ 16 15+ 154 1.5 144+
0.4 0.5 04 0.4 0.4 04 0.5 04 04 0.5 0.5
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¢) CRT-ICD
Mon PSP [60/30 (i) 70430 TG0 BDf30 &0M60 g0f1zo |90/30 ANFG0 10030  1ODMAD 904120
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Abbreviation: PT = predischarge testing, ' = P < 0.01 in comparison to group NonPSP, 2 =P < 0.005 in comparison
to group NonPSP, > =P < 0.001 in comparison to group NonPSP, * = P < (.05 in comparison to group 90/60, ° =P
< 0.03 in comparison to group 90/60.

There was also observed an increase of percentage values of BNP after five minutes followed by
a decrease of BNP (Figure 1 a-c). The group with a post shock pacing of 90 bpm and duration
of 60 sec had the lowest trend of percentage values of BNP for all ICD devices and a significant
difference to the most other groups, which might be attributed to the optimization of the post
shock pacing and duration (Table 5). A further increase of shock pacing frequency or duration
impaired the trend of BNP (Figure 1 a-c). The highest increase of percentage values of BNP
was found in the group without post shock pacing (Figure 1; Table 5).
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Figure 1 BNP trend in percentage values
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The trend of the cardiac enzymes (myoglobin, cardiac troponin I, creatine kinase) showed no
significant increase after predischarge testing (Table 5).

Correlation

We observed no correlation between the trend of BNP, myoglobin, cardiac troponin I, creatine
kinase or other value (cycle length of ventricular fibrillation, duration of ventricular fibrillation,
defibrillation threshold, medication, ICD device, echocardiographic parameters, ECG parameters,
age, creatinine). We found a negative correlation between BNP before predischarge testing and
left ventricular ejection fraction (r = -0.79, P < 0.0001).

Discussion

Our results supported considering the percentage values of BNP an optimized post shock pacing
frequency with 90 bpm and duration with 60 sec. Therefore a reduction of cardiac stress was
achieved by the optimization of the post shock pacing. In addition, a cardiac ischemia or a
correlation between the trends of BNP with other values was excluded.

Brain natriuretic peptide and ventricular tachycardia

In the present study we showed the well-known increase of BNP after predischarge testing with a
following consistent decrease of BNP as a result of ventricle wall tension [7,8,15,16]. This trend
could be optimized by modifying post shock pacing with a frequency of 90 bpm and duration of

60 sec, which caused lowest increase of BNP.

Our results were not contrary to the results of DAVID or an analysis of the Multicenter Automatic
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Defibrillator Implantation Trial (MADIT) II concerning a deterioration of heart failure due to
ventricular pacing [11,17]. A frequent right ventricular pacing worsened heart failure but we
examined patients with a short-term ventricular pacing after the induction of ventricular
fibrillation. Furthermore a worsening of heart failure was caused by histological alterations, which
was not expected after short-term pacing [18].

Ventricular fibrillation caused a cardiac low output with an increase of left ventricular end-
diastolic pressure and dilation of the right and left ventricle [6,19,20]. BNP and atrial natriuretic
peptide increased with a slight temporary delay as a result of the hemodynamic alteration [7-
9,15,16]. This increase could significantly decrease due to an optimized post shock pacing in our
study. In addition, an influence on the trend of BNP was excluded by other factors with the
exception of post shock pacing.

An optimised hemodynamics might improve the clinical outcome with optimal post shock pacing
after termination of ventricular arrhythmias. Our results showed an improvement of hemodynamic
after termination of ventricular arrhythmias. The present study examined only a short time period.
Prospective trials are needed for the improvement of clinical outcome in patients with optimised
post shock pacing.

Cardiac enzyme trend after predischarge testing

In the present study we also excluded a myocardial necrosis with similar values of myoglobin,
cardiac troponin I and creatine kinase [7]. Other authors observed in different conditions an
increase of myoglobin, cardiac troponin I and creatine kinase [21-23]. An increase of cardiac
enzyme was related to multiple cardioversions, multiple inductions of ventricular fibrillation or a
traumatic injury through the lead implantation [21-23]. These important facts might explain the
increase of the cardiac enzymes of the other studies [21-23]. But the sensitivity of the test and the
time frame of our measurements could be a reason for similar values of myoglobin, cardiac
troponin I and creatine kinase.

Limitations

We could not exclude a dilution of our BNP values because blood samples were taken from a
peripheral intravenous catheter. Furthermore a myocardial necrosis in the further follow-up might
be available because an increase of myoglobin, cardiac troponin I and creatine kinase was
observed two hours after defibrillation threshold validation [21-23]. We found no troponin I
values about the detection limit of 0.05 ng/ml. Thus we could not exclude a significant alteration
of troponin I below this detection limit. The programming of the post shock pacing was depending
on company device. We calculated the lowest common multiple of the post shock pacing and
increased the frequency and duration in dependence on common programs. Thus we could not
exclude that a post shock pacing for example with a frequency of 85 bpm or duration of 45 or 75
sec was superior to our results. We did not randomize our groups because we sequentially filled
the groups up and the pacing protocol based on the device selection. The clinical outcome of our
results is unclear and has to be examined in a larger prospective study.

Conclusions
We found an optimized post shock pacing frequency of 90 bpm and duration with 60 sec. A

reduction of cardiac stress is going to be achieved with the optimization of the post shock pacing
frequency and duration. The clinical outcome might be improved by optimized post shock pacing.
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Abstract
	Background: Predischarge defibrillation threshold testing is often performed a few days after ICD implantation in order to validate defibrillation thresholds obtained at the time of implant. Ventricular fibrillation is induced with such testing and causes an increase in serum Brain Natriuretic Peptide (BNP) levels. BNP is an indicator for cardiac stress. We wanted to examine the feasibility to alter the trend of BNP after predischarge testing in VVI, DDD and CRT ICD´s. 

Methods: We measured BNP before predischarge testing and 5, 10, 20 and 40 minutes after predischarge testing in 13 groups with each 20 patients. We evaluated patients without post shock pacing and patients with a post shock pacing frequency of 60, 70, 80, 90 and 100 bpm and a duration of 30 and 60 sec as well as a post shock pacing frequency of 80 and 90 bpm and a duration of 120 sec post shock pacing.                                                 

Results: Patients without post shock pacing showed the highest BNP during the follow-up. The percentage values of BNP increased consistent significantly after 5 minutes compared with BNP before predischarge testing. The percentage values of BNP trend was significantly lower with a post shock pacing of 90 bpm and duration of 60 sec. In addition, we excluded a cardiac necrosis by predischarge testing because of similar values of myoglobin, cardiac troponin I and creatine kinase during the follow-up.      
	Conclusions: Our results suggested that post shock pacing with 90 bpm and duration of 60 sec as the best optimized post shock pacing frequency and duration for VVI, DDD and CRT ICD´s. A reduction of cardiac stress is going to be achieved with the optimization of the post shock pacing frequency and duration.                                            
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	Key words: brain natriuretic peptide; ICD; predischarge test; heart failure; optimisation       

Introduction

The efficacy to treat life threatening ventricular arrhythmias is a generally accepted function of implantable cardioverter defibrillators (ICD´s) [1-4]. The tested defibrillation threshold during implantation is usually validated a few days later with predischarge testing [5]. Ventricular fibrillation is induced and terminated for predischarge testing. During the predischarge testing the patients are in acute heart failure [6]. In addition the brain natriuretic peptide (BNP) doubled 5 minutes after predischarge testing as a sign of an acute cardiac tension [7].                          

Increased ventricular wall tension causes a rapid release of messenger ribonucleic of BNP [8]. Furthermore BNP could reflect the pulmonary capillary wedge pressure and denote rapidly alterations of the cardiac pressure because of the short half-live of 20 minutes [9]. Therefore BNP is a useful neurohormonal marker for the treatment of heart failure [10].                    

The Dual Chamber and VVI Implantable Defibrillator (DAVID) Trial showed that a long-term ventricular pacing impaired the left ventricular function [11]. But it was unclear whether a short-term ventricular pacing for post shock pacing caused also an impairment.                              

In our former study we showed a doubling of BNP 5 minutes after predischarge testing with a heterogeneous post shock pacing frequency and duration [7]. The purpose of our prospective study was to alter the trend of BNP after predischarge testing by optimising post shock pacing frequency and duration in VVI, DDD and CRT ICD´s.                                     

Methods

Study Population and ICD Systems                                     

We included 780 consecutive patients (630 males, 150 female; age 63.5 ± 11.6 years) with VVI-ICD, DDD-ICD or CRT-ICD (260 of each device) during predischarge testing from November 2004 to June 2006. A serum creatinine > 1.5 mg/dl was an exclusion criterion because of possible influence of BNP [12].                                           

The following ICD systems were used: CRT in 260 patients, DDD in 260 patients and VVI in 260 patients. Several ICD´s were used: Biotronik Kronos (180), Lexos (3), Lumos (36) and Belos (3); Medtronic Marquis (6), En Trust (201), Sentry (14) and Maximo (6); Guidant Contak (42), Ventak Prizm (1) and Vitality (48); St. Jude Medical Atlas (240). The transvenous endocardial leads were inserted via the cephalic or subclavian vein and positioned under fluoroscopy in subpectoral position in all patients.                                     

Study Design                                     

There existed different company depended post shock pacing frequencies and durations of the ICD devices. We calculated the lowest common multiple of the post shock pacing frequency as 60, 70, 80, 90 and 100 bpm and of the shock pacing duration of 30 and 60 seconds. We established 10 groups of patients with a homogenous post shock pacing frequency and one group without post shock pacing (nonPSP). We first examined the groups (VVI-ICD, DDD-ICD or CRT-ICD) without post shock pacing. After that we examined the groups (VVI-ICD, DDD-ICD or CRT-ICD) with post shock pacing frequency of 60 bpm and a shock pacing duration of 30 Marco Budeus, Emanuel Salibassoglu, Anna Maria Schymura, Nico Reinsch,             124 Nils Lehmann, Heinrich Wieneke, Stefan Sack, Raimund Erbel,  “Attenuation of Post-Shock Increases in Brain Natriuretic Peptide with Post Shock Overdrive Pacing”
	seconds. After completion of each group we examined the next group with increased post shock pacing frequency (60, 70, 80, 90 and 100 bpm). After completion of the shock pacing duration of 30 seconds we repeated this procedure with a shock pacing duration of 60 seconds and further of 120 seconds. We extended the post shock pacing duration to duration of 120 sec in the best two pacing frequency groups. Thus we achieved 13 homogenous groups with a defined post shock pacing frequency and post shock pacing duration. On the basis of our previous study [7] we calculated 20 patients in each group.                                           

BNP (Triage Meter Plus®, Biosite GmbH, Willich, Germany) was measured directly before and 5, 10, 20 and 40 minutes after predischarge testing similar to our previous study [7]. In addition myoglobin, cardiac troponin I and creatine kinase were also measured with the same equipment. The normal values were 0 - 4.3 ng/ml for creatine kinase, 0 - 107 ng/ml for myoglobin and 0 - 0.4 ng/ml for troponin I. The detection limit was 1.0 for creatine kinase, 5 ng/ml for myoglobin and 0.05 ng/ml for troponin I. Blood was taken from a peripheral intravenous catheter.

The local medical ethics committee approved the study protocol and all patients gave written, informed consent before entering the study.                                     

Predischarge testing                                     

The patients were fasting and received no intravenous diuretic in the morning. We performed a short-term anaesthesia with propofol and midazolam in all patients. Ventricular fibrillation was induced by T wave shock. We defined the duration of ventricular fibrillation as interval between the induction of ventricular fibrillation with T wave shock and the termination of ventricular fibrillation with biphasic shock of the ICD. We monitored (Siemens SC 7000) the patients with ECG Holter before and for a period of 15 minutes after predischarge testing. All patients with CRT-ICD were tested in paced rhythm. Patients with single or dual chamber ICD were tested with intrinsic QRS. All patients with dual chamber ICD were tested with a long AV interval of 300 msec in order to achieve an intrinsic QRS. We included only patients who were successfully defibrillated with the first initial delivered shock energy in order to achieve the same condition for all patients in our study.                                        

Echocardiography

Using a Phillips ultrasonic device (3.5 MHz; model Sonos 5500, Philips Medical System, Andover, Massachusetts, USA) biplanar left ventricular end-diastolic and end-systolic cavity volumes were calculated with Simpson's rule [12] from paired apical four-chamber and apical long-axis echocardiographic images of a minimum of five cardiac cycles. Biplanar ejection fraction was calculated as: End-diastolic volume - End systolic volume/End-diastolic volume x 100% [13]. Left ventricular systolic and end diastolic diameter of all patients were measured by M-mode and two-dimensional echocardiography.                                   

 Statistics

All data are presented as mean values ± standard deviation. Datasets were tested for normal distribution. Differences between the categorical variables were evaluated for statistical significance using chi-square test or Fisher´s exact test, and Student´t test for comparing continuous variables excepting BNP value, as its distribution was skew. Here, the Mann-Whitney U test was employed. As a result of the high standard deviation of real BNP values we calculated the percentage alterations of BNP. The BNP value before predischarge testing was Marco Budeus, Emanuel Salibassoglu, Anna Maria Schymura, Nico Reinsch,             125 Nils Lehmann, Heinrich Wieneke, Stefan Sack, Raimund Erbel,  “Attenuation of Post-Shock Increases in Brain Natriuretic Peptide with Post Shock Overdrive Pacing”
	equated with 100% for evaluation of percentage alterations. For comparisons of trends of BNP (%), myoglobin, cardiac troponin I and creatine kinase the Bonferroni-Holm test was performed. A measuring of the linear association between two variables was evaluated using Pearson correlation coefficient and all statistical tests were two-tailed. A P value < 0.05 was considered statistically significant. The statistical package used was SPSS 12.0 for Windows.

Results

All consecutive patients were included in our study. There were no significant differences in baseline clinical values between the 39 groups. The demographic data were presented in Table 1. Most patients belonged to the NYHA II classification (354 patients) and the predominant cardiac rhythm was sinus rhythm. The left ventricular ejection fraction was nearly 30% in the 39 groups (Table 2).  We observed a bundle brunch block in the ECG of 264 patients (Table 3). 
	Table 1: Patients characteristic

a) VVI-ICD 
	
	
b) DDD-ICD



	c) CRT-ICD

	Abbreviation: NonPSP: group without post shock pacing, 60/30 = group with a post shock pacing of 60 bpm and a duration of 30 sec, 60/60 = group with a post shock pacing of 60 bpm and a duration of 60 sec, 70/30 = group with a post shock pacing of 70 bpm and a duration of 30 sec, 70/60 = group with a post shock pacing of 70 bpm and a duration of 30 sec, 70/60 = group with a post shock pacing of 70 bpm and a duration of 60 sec, 80/30 = group with a post shock pacing of 80 bpm and a duration of 30 sec, 80/60 = group with a post shock pacing of 80 bpm and a duration of 60 sec, 80/120 = group with a post shock pacing of 80 bpm and a duration of 120 sec, 90/30 = group with a post shock pacing of 90 bpm and a duration of 30 sec, 90/60 = group with a post shock pacing of 90 bpm and a duration of 60 sec, 100/30 = group with a post shock pacing of 100 bpm and a duration of 30 sec, 100/60 = group with a post shock pacing of 100 bpm and a duration of 60 sec, 90/120 = group with a post shock pacing of 90 bpm and a duration of 120 sec 
	Table 2 Echocardiographic parameters

a) VVI-ICD
	

b) DDD-ICD




c) CRT-ICD



	Table 3 Findings in ECG


	Predischarge testing                                    

The result of the predischarge testing was similar between the groups (Table 4). Ventricular fibrillation was induced in every patient with the first attempt and successfully defibrillated with the initial delivered shock energy. We did not observe proarrhythmic effects of post shock pacing during the monitored interval of 15 minutes. All patients with dual chamber ICD showed an intrinsic QRS pacing during predischarge testing.                            

	Table 4 Results of predischarge testing 


	
Enzyme trend after predischarge testing                                           

We observed an increase of BNP after five minutes after predischarge testing (309.6 ± 86.7 vs. 603.3 ± 78.5 pg/ml, P < 0.0001) followed by a decrease compared with BNP before predischarge testing in all patients (Table 5). In addition, the trend of BNP in all patients also showed a significant difference after 10 minutes (309.6 ± 86.7 vs. 492.3 ± 78.5 pg/ml, P < 0.0001), after 20 minutes (309.6 ± 86.7 vs. 394.7 ± 71.1 pg/ml, P < 0.0001) and after 40 minutes (309.6 ± 86.7 vs. 334.3 ± 67.5 pg/ml, P = 0.042). The trend of BNP was significantly different after 5, 10 and 20 minutes and in some cases after 40 minutes in nonPSP (Table 5). The follow-up of BNP in the group with a post shock pacing of 90 bpm and duration of 60 sec was significantly decreased in relation to other 12 groups (Table 5).                                             

	Table 5 Values of BNP, myoglobin, cardiac troponin I and creatine kinase

a) VVI-ICD
	



	b) DDD-ICD





	c) CRT-ICD


	Abbreviation: PT = predischarge testing, ¹ = P < 0.01 in comparison to group NonPSP, ² = P < 0.005 in comparison to group NonPSP, ³ = P < 0.001 in comparison to group NonPSP, * = P < 0.05 in comparison to group 90/60, º = P <  0.03 in comparison to group 90/60.
	
There was also observed an increase of percentage values of BNP after five minutes followed by a decrease of BNP (Figure 1 a-c). The group with a post shock pacing of 90 bpm and duration of 60 sec had the lowest trend of percentage values of BNP for all ICD devices and a significant difference to the most other groups, which might be attributed to the optimization of the post shock pacing and duration (Table 5). A further increase of shock pacing frequency or duration impaired the trend of BNP (Figure 1 a-c). The highest increase of percentage values of BNP was found in the group without post shock pacing (Figure 1; Table 5). 
	Figure 1 BNP trend in percentage values

a) VVI-ICD



b) DDD-ICD




	c) CRT-ICD

	(♦ and black line = group NonPSP, ■ and pink line = group 60/30, ♦ and red line = group 60/60, ● and green line = group 70/30, ■ and yellow line = group 70/60, ● and blue line = group 80/30, ▲ and pink line = group 80/60, ♦ and grey line = group 80/120, ● and black line = group 90/30,▲ and black line = group 90/60, ● and pink line = group 90/120, ▲ and yellow line = group 100/30, ■ and grey line = group 100/60)
	
The trend of the cardiac enzymes (myoglobin, cardiac troponin I, creatine kinase) showed no significant increase after predischarge testing (Table 5).                      

Correlation

We observed no correlation between the trend of BNP, myoglobin, cardiac troponin I, creatine kinase or other value (cycle length of ventricular fibrillation, duration of ventricular fibrillation, defibrillation threshold, medication, ICD device, echocardiographic parameters, ECG parameters, age, creatinine). We found a negative correlation between BNP before predischarge testing and left ventricular ejection fraction (r = -0.79, P < 0.0001).                    

Discussion

Our results supported considering the percentage values of BNP an optimized post shock pacing frequency with 90 bpm and duration with 60 sec. Therefore a reduction of cardiac stress was achieved by the optimization of the post shock pacing. In addition, a cardiac ischemia or a correlation between the trends of BNP with other values was excluded.                 

Brain natriuretic peptide and ventricular tachycardia                                

In the present study we showed the well-known increase of BNP after predischarge testing with a following consistent decrease of BNP as a result of ventricle wall tension  [7,8,15,16]. This trend could be optimized by modifying post shock pacing with a frequency of 90 bpm and duration of 60 sec, which caused lowest increase of BNP.                                     
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	Defibrillator Implantation Trial (MADIT) II concerning a deterioration of heart failure due to ventricular pacing [11,17]. A frequent right ventricular pacing worsened heart failure but we examined patients with a short-term ventricular pacing after the induction of ventricular fibrillation. Furthermore a worsening of heart failure was caused by histological alterations, which was not expected after short-term pacing [18].                                    

Ventricular fibrillation caused a cardiac low output with an increase of left ventricular end-diastolic pressure and dilation of the right and left ventricle [6,19,20]. BNP and atrial natriuretic peptide increased with a slight temporary delay as a result of the hemodynamic alteration [7-9,15,16]. This increase could significantly decrease due to an optimized post shock pacing in our study. In addition, an influence on the trend of BNP was excluded by other factors with the exception of post shock pacing.                                               

An optimised hemodynamics might improve the clinical outcome with optimal post shock pacing after termination of ventricular arrhythmias. Our results showed an improvement of hemodynamic after termination of ventricular arrhythmias. The present  study examined only a short time period. Prospective trials are needed for the improvement of clinical outcome in patients with optimised post shock pacing.                                            

Cardiac enzyme trend after predischarge testing                                     

In the present study we also excluded a myocardial necrosis with similar values of myoglobin, cardiac troponin I and creatine kinase [7]. Other authors observed in different conditions an increase of myoglobin, cardiac troponin I and creatine kinase [21-23]. An increase of cardiac enzyme was related to multiple cardioversions, multiple inductions of ventricular fibrillation or a traumatic injury through the lead implantation [21-23]. These important facts might explain the increase of the cardiac enzymes of the other studies [21-23]. But the sensitivity of the test and the time frame of our measurements could be a reason for similar values of myoglobin, cardiac troponin I and creatine kinase.                                                     

Limitations

We could not exclude a dilution of our BNP values because blood samples were taken from a peripheral intravenous catheter. Furthermore a myocardial necrosis in the further follow-up might be available because an increase of myoglobin, cardiac troponin I and creatine kinase was observed two hours after defibrillation threshold validation [21-23]. We found no troponin I values about the detection limit of 0.05 ng/ml. Thus we could not exclude a significant alteration of troponin I below this detection limit. The programming of the post shock pacing was depending on company device. We calculated the lowest common multiple of the post shock pacing and increased the frequency and duration in dependence on common programs. Thus we could not exclude that a post shock pacing for example with a frequency of 85 bpm or duration of 45 or 75 sec was superior to our results. We did not randomize our groups because we sequentially filled the groups up and the pacing protocol based on the device selection. The clinical outcome of our results is unclear and has to be examined in a larger prospective study.                                  

Conclusions

We found an optimized post shock pacing frequency of 90 bpm and duration with 60 sec. A reduction of cardiac stress is going to be achieved with the optimization of the post shock pacing frequency and duration. The clinical outcome might be improved by optimized post shock pacing.
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