LUND UNIVERSITY

Intra-operative defibrillation testing and clinical shock efficacy in patients with
implantable cardioverter-defibrillators: the NORDIC ICD randomized clinical trial.

Bansch, Dietmar; Bonnemeier, Hendrik; Brandt, Johan; Bode, Frank; Svendsen, Jesper
Hastrup; Taborsky, Milos; Kuster, Stefan; Blomstréom-Lundqvist, Carina; Felk, Angelika;
Hauser, Tino; Suling, Anna; Wegscheider, Karl

Published in:
European Heart Journal

DOI:
10.1093/eurheartj/ehv292

2015

Link to publication

Citation for published version (APA):

Bansch, D., Bonnemeier, H., Brandt, J., Bode, F., Svendsen, J. H., Taborsky, M., Kuster, S., Blomstrém-
Lundqyist, C., Felk, A., Hauser, T., Suling, A., & Wegscheider, K. (2015). Intra-operative defibrillation testing and
clinical shock efficacy in patients with implantable cardioverter-defibrillators: the NORDIC ICD randomized
clinical trial. European Heart Journal, 36(37), 2500-2507. https://doi.org/10.1093/eurheartj/ehv292

Total number of authors:
12

General rights

Unless other specific re-use rights are stated the following general rights apply:

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.

 You may not further distribute the material or use it for any profit-making activity or commercial gain

* You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove

access to the work immediately and investigate your claim. LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00

Download date: 31. Jan. 2026


https://doi.org/10.1093/eurheartj/ehv292
https://portal.research.lu.se/en/publications/047bd504-ac62-49c0-9652-522c31438c84
https://doi.org/10.1093/eurheartj/ehv292

European Heart Journal (2015) 36, 2500-2507 FASTTIRACK CLINICAL RESEARCH
curorean  doi:10.1093/eurheartj/ehv292 Arrhythmialelectrophysiology

SOCIETY OF
CARBHOLOGY ®

Intra-operative defibrillation testing and clinical

shock efficacy in patients with implantable
cardioverter-defibrillators: the NORDIC ICD
randomized clinical trial

Dietmar Bansch'*, Hendrik Bonnemeier?, Johan Brandt3, Frank Bode?,
Jesper Hastrup Svendsen®%, Milos Taborsky’, Stefan Kuster?3,

Carina Blomstrom-Lundqvist?, Angelika Felk!?, Tino Hauser'?, Anna Suling!',
and Karl Wegscheider'!, for the NORDIC ICD Trial Investigatorst

"Heart Center Rostock, Department of Internal Medicine I, Divisions of Cardiology, University Hospital Rostock, Ernst-Heydemann-Str. 6, Rostock 18057, Germany; “Department of
Internal Medicine Il Cardiology and Angiology, University Hospital Schleswig-Holstein, Campus Kiel, Kiel, Germany; 3Ar‘rhythmia Department, Skane University Hospital, Lund,
Sweden; “Medical Clinic Il Cardiology, Angiology and Intensive Care Medicine, University Hospital Schleswig-Holstein, Campus Liibeck, Liibeck, Germany; *Heart Center, Department
of Cardiology, Rigshospitalet Copenhagen University Hospital, Copenhagen, Denmark; ®Danish Arrhythmia Research Centre, University of Copenhagen, Copenhagen, Denmark;
’Department of Internal Medicine | Cardiology, Faculty Hospital Olomouc, Olomouc, Czech Republic; ®Department of Internal Medicine, Cardiology, DRK Hospital Mélln-Ratzeburg,
Ratzeburg, Germany; 9Dep21r'tment of Cardiology, Uppsala University, Uppsala, Sweden; "Bjotronik, Berlin, Germany; and 11Department of Medical Biometry and Epidemiology,
University Medical Center Hamburg Eppendorf, Hamburg, Germany

Received 18 May 2015; revised 30 May 2015; accepted 7 June 2015; online publish-ahead-of-print 25 June 2015

See page 2508 for the editorial comment on this article (doi:10.1093/eurheartj/ehv324)

Aims This trial was designed to test the hypothesis that shock efficacy during follow-up is not impaired in patients implanted
without defibrillation (DF) testing during first implantable cardioverter-defibrillator (ICD) implantation.

Methods and Between February 2011 and July 2013, 1077 patients were randomly assigned (1: 1) to first time ICD implantation

results with (n = 540) or without (n = 537) DF testing. The intra-operative DF testing was standardized across all partici-
pating centres, and all ICD shocks were programmed to 40 | irrespective of DF test results. The primary end point
was the average first shock efficacy (FSE) for all true ventricular tachycardia and fibrillation (VT/VF) episodes during
follow-up. The secondary end points included procedural data, serious adverse events, and mortality. During a me-
dian follow-up of 22.8 months, the model-based FSE was found to be non-inferior in patients with an ICD implanted
without a DF test, with a difference in FSE of 3.0% in favour of the no DF test [confidence interval (Cl) —3.0 to 9.0%,
Pron-inferiority <0.001 for the pre-defined non-inferiority margin of —10%). A total of 112 procedure-related serious
adverse events occurred within 30 days in 94 patients (17.6%) tested compared with 89 events in 74 patients (13.9%)
not tested (P = 0.095).

Conclusion Defibrillation efficacy during follow-up is not inferior in patients with a 40 ] ICD implanted without DF testing. Defib-
rillation testing during first time ICD implantation should no longer be recommended for routine left-sided ICD
implantation.

Keywords Defibrillation testing e Implantable cardioverter-defibrillator
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Introduction

The goal of defibrillation (DF) testing is to verify the detection of ven-
tricular tachyarrhythmias by implantable cardioverter-defibrillators
(ICDs), and to ascertain DF efficacy. All clinical trials, which demon-
strated the benefit of ICD therapy, have included some kind of DF
testing. According to the Food and Drug Administration, the instruc-
tions for use of ICDs include the recommendation ‘with DF testing’ at
the time of implantation. The absence of DF testing may have
medico-legal implications whether a device fails to terminate ven-
tricular fibrillation (VF) during follow-up.! Nevertheless, DF testing
has been deliberately omitted in the majority of patients enrolled in
contemporary ICD studies.” ¢

Despite the stochastic nature of DF, ineffective shocks during VF
induction result in system modifications in up to 5% of patients.”®
System modifications, such as repositioning of the electrode, rever-
sal of polarity, use of a high-energy device, use of a dual instead of a
single-coil electrode, or the implantation of an additional subcutane-
ous electrode, may be unnecessary or even harmful since many pa-
tients have a successful retesting with the original system
configuration.” No single system modification in itself has ever
been shown to improve outcome.’® With current devices and pro-
gramming, an inadequate safety margin occurs infrequently,’’ and
the incidence of ventricular tachyarrhythmias requiring shocks is
low at 4—6% per year. While DF testing has never been shown to
improve survival, it is associated with an increased, albeit small
risk of major adverse events of ~0.4%.* By omitting routine DF test-
ing, the approach to ICD implantation will likely change consider-
ably, as the procedures will be shorter and performed without
technical support and anaesthesia.

Similar to the SIMPLE trial,"* we hypothesized that, with current
high-energy ICD devices, the omission of DF testing during implant-
ation will not result in an inferior shock efficacy during follow-up
when compared with standard DF testing. As opposed to the SIM-
PLE trial, which used the composite outcome of arrhythmic death
or failed appropriate shock, the primary end point of our study
was the shock efficacy of all true ventricular tachycardia (VT) and
VF episodes occurring in any patient during follow-up.

Methods

Trial design and oversight

The NORDIC ICD trial (NCT01282918) was a prospective, rando-
mized, parallel group, multi-centre non-inferiority trial conducted at
48 centres in five European countries, and designed to investigate the
effect of DF testing at the time of ICD implantation on first shock effi-
cacy (FSE) during follow-up. The study design and statistical considera-
tions have been described in detail elsewhere.'® Briefly, patients with an
indication for ICD implantation according to the current European So-
ciety of Cardiology guidelines were included. Patients with hypertrophic
or arrhythmogenic right ventricular cardiomyopathy were excluded be-
cause of special considerations necessary during ICD implantation. Fur-
ther inclusion and exclusion criteria are depicted in the design paper.'
One thousand and seventy-seven patients were randomized (1:1) to
first time ICD implantation with or without DF testing during the pro-
cedure. Patients were followed for at least 12 months through regular
on-site visits, and remotely via Home Monitoring® (HM; Biotronik SE
& Co. KG, Berlin, Germany). All true ventricular tachyarrhythmias

treated with an ICD shock in any patient were included in the primary
analysis.

The study was conducted in accordance with the Declaration of Hel-
sinki, and country-specific regulatory requirements. The protocol was
approved by the Institutional Review Board or Ethics Committee of
each participating centre. All patients provided written informed con-
sent prior to enrolment.

Intra-operative testing

A standard DF testing protocol was used by all participating centres, as
described previously."? Briefly, the initial shock for DF was programmed
to 15 J. If successful, DF testing was terminated. If unsuccessful, a second
shock programmed to 24 | was delivered, and had to be confirmed. If the
shocks were successful twice, DF testing was terminated. If unsuccessful,
a system revision was recommended, and the DF testing procedure was
repeated.

End points

The primary end point was the FSE to terminate all true episodes of
VT/VF during follow-up. A blinded two-member Clinical Event
Committee reviewed the diagnostic information of the VT/VF treated
with ICD shocks. Procedural end points included system reconfigur-
ation, total fluoroscopy, and implantation time. Safety end points
included procedural serious adverse events, VT/VF conversion rate,
and all-cause, cardiac, or arrhythmic mortality during follow-up.

All adverse events were reviewed and adjudicated by a Data and
Safety Monitoring Board (DSMB), consisting of three members. All
patient deaths were adjudicated by the DSMB according to a classifica-
tion originally described by Epstein et al.">"*

Statistical analysis

The goal of the NORDIC ICD trial was to demonstrate the non-
inferiority of no DF testing when compared with DF testing with respect
to the primary endpoint of FSE. A non-inferiority margin of —10% was
fixed before start of enrolment. This margin was chosen because the
variation of FSE in published trials was in the range of 83—92%.>"" After
a pre-specified blinded re-assessment,"® the sample size was increased
to 1080 patients recruited over a period of 28 months, with a follow-up
of at least 12 months.

Three populations were pre-defined for analysis. The intention-to-
treat (ITT) population which included all randomized patients, the
evaluated-for-safety population which included randomized patients
who received an ICD, and the per protocol (PPS) population which in-
cluded randomized patients who received an ICD and did not have a
major protocol violation. However, for time-dependent outcomes,
these patients were included up to the date of the protocol violation.
The primary analysis was performed in the per protocol episode data
set (P-PPS), which included all sufficiently documented shocked epi-
sodes in PPS patients.

Baseline characteristics are presented group wise for the ITT popula-
tion as mean (£ SD) or frequency (%). To compensate for the depend-
ence structure induced by recurrent episodes with similar outcome in
some of the patients, a random effects logit model with patients as a ran-
dom factor and group as a fixed factor was used for calculation of a two-
sided 95% confidence interval (Cl) of the difference FSE,oprtest —
FSEpFtest- 1O state non-inferiority, this Cl had to lie completely above
the pre-specified non-inferiority margin of —10%. Without the use of
a model that takes the correlation structure into account, the few pa-
tients with an extreme numbers of shocks would have dominated the
results.
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Table | Baseline demographic and clinical characteristics of subjects by treatment group (intention to treat)

Characteristic

Total (N = 1077)

Without DF test (N = 537)

With DF test (N = 540)

Age (year)
Male sex, n (%)
Ischaemic disease, n (%)
Hypertension, n/total n (%)
Diabetes mellitus, n (%)
Renal insufficiency, n (%)
NYHA class, n (%)

|

Il

Il

\%

Unknown
NYHA class, n (%)

<lIl

>l

Unknown
Estimated BMI (N = 1054)
LVEF, n (%)

<20%

20-30%

>30%

Not done

AF at enrolment, n (%)

Indication for implantation, n/total n (%)

Primary prevention
Secondary prevention

Hospital stay (days) (N = 1066)

Medication, n (%)

ACE inhibitors/AT receptor blockers, n (%)

B-Blockers, n (%)

Ca** antagonists, n (%)
Spironolactones, n (%)
(Other) diuretics, n (%)
Nitrates, n (%)
Digitalis, n (%)

Lipid-lowering agents, n (%)

Amiodarone, n (%)
Dronedarone, n (%)
Sotalol, n (%)

(Other) anti-arrhythmics, n (%)
Platelet aggregation inhibitor, n (%)

Anti-coagulants, n (%)

Other cardiovascular medication, n (%)

648 (+109)

873 (81.1)
701 (65.1)
509/700 (72.7)
368 (34.2)
303 (28.1)

59 (5.5)
464 (43.1)
487 (45.2)

14 (13)

53 (49)

523 (48.6)
501 (46.5)
53 (49)
282 (+49)

101 (9.4)
566 (52.6)
404 (37.5)

6 (0.6)

85 (7.9)

873/1067 (81.8)
194/1067 (18.2)
40 (+40)

986 (91.6)
1007 (93.5)
140 (13.0)
618 (57.4)
794 (73.7)

75 (7.0)

105 (9.7)
763 (70.8)
116 (10.8)

5(0.5)

9 (0.8)

22 (2.0)
753 (69.9)
350 (32.5)
255 (23.7)

647 (+11.2)
430 (80.1)
341 (63.5)

249/349 (71.3)
183 (34.1)
144 (26.8)

31 (5.8)
226 (42.1)
254 (47.3)

5(09)

21 (39)

257 (47.9)
259 (48.2)
21 (39)
28.1 (+48)

53 (9.9)

278 (51.8)

204 (38.0)
2 (04)
45 (8.4)

434/531 (81.7)
97/531 (18.3)
40 (+3.6)

501 (93.3)
500 (93.1)
74 (13.8)
302 (56.2)
395 (73.6)
38 (7.1)
54 (10.1)
377 (70.2)
61 (11.4)
4(07)
5(09)
9(17)
370 (68.9)
183 (34.1)
121 (22.5)

64.9 (+10.6)
443 (82.0)
360 (66.7)
260/351 (74.1)
185 (34.3)
159 (29.4)

28 (5.2)

238 (44.1)

233 (43.1)
9(17)
32 (59)

266 (49.3)
242 (44.8)
32(59)
282 (+5.1)

48 (89)

288 (53.3)

200 (37.0)
4(07)
40 (7.4)

439/536 (81.9)
97/536 (18.1)
40 (+38)

485 (89.8)
507 (93.9)
66 (12.2)
316 (58.5)
399 (73.9)
37 (69)
51 (9.4)
386 (71.5)
55 (10.2)
1(0.2)
4(07)
13 (2.4)
383 (70.9)
167 (30.9)
134 (24.8)

Values are means + SD. There were no significant differences at P < 0.05 between groups, except for ACE inhibitors P = 0.039. t-Test for metric variables, x*-test for categorical,

or Fisher’s exact test (F) if X is not appropriate.

ACE inhibitors, angiotensin converting enzyme inhibitors; AF, atrial fibrillation; AT receptor blockers, angiotensin receptor blockers; BMI, body mass index; DF, defibrillation;
NYHA, New York Heart Association; ITT, intention-to-treat; LVEF, left ventricular ejection fraction.

Procedural and safety outcomes were compared with a Student’s
t test, or x* test or Fisher’s exact test, whichever was appropriate.

Mortality was analysed in the ITT population using the Kaplan—

Meier approach and the log-rank test. Hazard rate reduction was

assessed using a Cox proportional hazards model. A two-tailed
P-value <0.05 was considered to be statistically significant.

Data were analysed using SAS (version 9.4) and Stata (version 13.1)
by an independent statistical institute (Department of Medical Biometry
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Patients enrolled and
randomized (n=1077)

ITT -randomized to DF test (n=540)

Median follow-up time: 22.7 months

ITT - randomized to no DF test (n=537)
Median follow up-time: 22.9 months

No ICD implanted (n=6)
- withdrawn before ICD
implantation (n=4)

No ICD implanted (n=4)
- withdrawn before ICD
implantation (n=3)

EFS - DF test (1=534)

Patient exit before end of study after initial ICD
implantation (n=94)

- withdrawn after ICD implantation (n=41)
- died (n=51)
- lost to follow-up (n=2)

EFS - no DF test (n=533)

Patient exit before end of study after initial ICD
implantation (n=83)

- withdrawn after ICD implantation (n=39)
- died (n=44)
- lost to follow-up (n=0)

- I(I?:c=i1r:;c;t receive DF test —

- Other major protocol \(Tf\d/F .
deviation (n=17) episodes

p— - Did receive DF test (n=7)
- Other major protocol
VTIVF deviation (n=18)
episodes*

PPS - DF test (n=503)

P-PPS DF test (n=523)
Major PD at least 1 day after randomization;
patient at least 1 day under risk

PPS - no DF test (n=508)

P-PPS no DF test (n=523)
Major PD at least 1 day after randomization;
patient at least 1 day under risk

211 true
VTNF
episodes*

218 true
VTIVF
episodes*

Figure I CONSORT flow diagram. *With at least one delivered appropriate ICD shock. ITT, full analysis set (all patients as randomized); EFS,
evaluated for safety set (all patients randomized, who had a successful primary ICD implantation); PPS, per protocol set (all patients randomized,
who are compliant with the study protocol); P-PPS, all randomized patients at least one day at risk before protocol deviation (includes all suffi-
ciently documented shocked episodes until time point of protocol deviation).

and Epidemiology, University Medical Centre Hamburg Eppendorf, Ger-
many) (A.S., KW.). The first draft of the manuscript was written by the
first author, and revised by all co-authors. The authors take full respon-
sibility for the accuracy and completeness of the findings, as well as for
the fidelity to the study protocol.

Results

Study population

The baseline clinical characteristics and cardiovascular medications
of the 1077 patients comprising the intention-to-treat population
(without DF = 537 and with DF = 540) are presented in Table 1.

Seven hundred and one patients (65.1%) had an ischaemic cardio-
myopathy and 873 (81.8%) received the ICD for primary prevention
of sudden cardiac death. Ten patients (six in the DF group and four
in the without DF group) did not receive an ICD, leaving 1067 pa-
tients for the safety evaluation (Figure 7). Both groups were well
matched for baseline demographics and clinical characteristics, as
well as for the use of dual (51.6%) and a single coil (48.4%) electrode
(Table 2).

Intra-operative testing

Of the 534 patients randomized to the DF arm with a successful first
ICD implantation (Figure 1), testing was performed in 97.4%. In one
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Table 2 Procedural characteristics according to treatment group (successful primary implantable
cardioverter-defibrillator implantation; evaluated-for-safety)

Characteristic

Implanted lead type, n (%)
Single coil
Dual coil
Type, n (%)
Single chamber ICD
Dual chamber ICD
CRT-D
Left position, n (%)
VEGM signal amplitude (mV) (N = 1057)
Pacing threshold (V) at pulse duration of 0.4 ms (N = 527)
Pacing threshold (V) at pulse duration of 0.5 ms (N = 533)
Patients received DF test, n (%)*
Delivered ICD shocks per patient
DF energy at final position (J) (N = 526)

Patients with intra-procedural system revisions and ICD re-programming,

nitotal n (%)
Patients with electrode repositionings, n/total n (%)
Patients with changes of shock polarity, n/total n (%)
Patients with modification of lead system (shock pathway), n/total n (%)
Patients with other revisions/re-programming, n/total n (%)
Procedure duration (min) (N = 1060)
Fluoroscopy exposure duration (min) (N = 1056)

Total Without DF With DF test P-value
(N =1067) test (N = 533) (N =534)
516 (48.36) 262 (49.16) 254 (47.57) 0.603
551 (51.64) 271 (50.84) 280 (52.43)
466 (43.67) 236 (44.28) 230 (43.07) 0.648
245 (22.96) 116 (21.76) 129 (24.16)
356 (33.36) 181 (33.96) 175 (32.77)
1058 (99.16) 527 (98.87) 531 (99.44) 0.341 (F)
1242 (+5.30) 1272 (+£5.37) 1212 (£5.21) 0.065
0.51 (£0.20) 049 (£0.17) 0.53 (£0.22) 0.040
045 (+£0.23) 0.45 (+£0.27) 0.44 (+0.17) 0.613
527 (49.39) 7 (1.31) 520 (97.38)
0.71 (£ 1.16) 0.01 (£0.11) 141 (+£131) <0.001

16.74 (+ 447) -
25/527 (4.74) -

16.67 (+4.38)
25/520 (4.81)

8/527 (1.52) - 8/520 (1.54)

20/527 (3.80) - 20/520 (3.85)

5/527 (0.95) - 5/520 (0.96)

7/527 (133) - 7/520 (1.35)

64.54 (£39.88)  63.11 (+£40.84) 6597 (£3888) 0243
802 (£1143) 800 (+11.44) 805 (+£1143) 0943

CRT-D, cardiac-resynchronization therapy with defibrillator; DF, defibrillation; EFS, evaluated for safety; VEGM, ventricular electrogram; ICD, implantable

cardioverter-defibrillator.
?One patient was not inducible.

patient, VT/VF was not inducible. Four hundred and ninety-four of
519 inducible patients (95.2%) passed the test without any system
reconfiguration, and 440 patients (84.8%) had their VT/VF termi-
nated with a 15 J shock. In 25 patients, the initial DF test was not suc-
cessful, and system reconfigurations were performed once in 20 and
more than once in 5 (Table 2). All patients subsequently passed the
test successfully, but still with a higher energy level at the final pos-
ition (222 + 7.4 vs. 164 + 4.0 ], P < 0.001) and with significantly
more shocks (5.7 + 3.0 vs. 1.2 £+ 0.7, P < 0.001) than the 494 pa-
tients who passed the test immediately. In addition, the duration
of the procedure (90.2 £+ 56.2 min vs. 63.5 + 36.1 min, P < 0.001)
and fluoroscopy exposure (11.6 + 14.2 minvs. 7.5 + 10.7 min, P =
0.064) was increased.

Shock efficacy

During a median follow-up of 22.7 and 22.9 months, respectively,
211 true VT/VF episodes with at least one appropriate shock
occurred in 8.6% of the per protocol patients with DF testing,
while 218 true VT/VF episodes occurred in 8.8% of patients with-
out DF testing (Table 3, Figure 1). All true VT/VF episodes were
terminated with any appropriate ICD shock in the without DF
test group, whereas 96.7% of all VT/VF were terminated in the
group with DF test. Thus, the conversion efficacy was 100.0%

without DF testing and 96.7% with DF testing. The model-based
shock efficacy was 97.1% without DF testing and 94.1% with DF
testing. The difference in FSE was 3.0% (Cl —3.0%, 9.0%) in favour
of the without DF test group, and remained above the pre-defined
—10% margin for the primary end point (Pnon-inferiority <0.001,
Table 3, Figure 2).

Serious adverse events

Atotal of 201 serious adverse events related to the study procedure
occurred in 168 patients (15.7%), of which 89 events occurred in 74
patients without DF testing and 112 events occurred in 94 patients
with DF testing within 30 days of follow-up (P = 0.095). The only
significant difference in single serious adverse events was
intra-operative hypotension, which manifested more often in pa-
tient with DF testing (1.7%) than those without DF testing (0.0%)
(P =0.004). Lead-related complications occurred in 15 patients
without DF testing (2.8%) compared with 24 events in 21 patients
with DF testing (3.9%) (P = 0.311). One sudden death occurred
in each study group within 30 days of follow-up, and the mean length
of hospitalization was 4.0 days in both study groups (Table 7). The
proportion of patients with inappropriate shocks during follow-up
was low at 3.7%, and similar between groups.
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Table 3 Primary analysis—shock efficacy (per protocol episode data set)

All patients with at least one delivered appropriate shock for a true VT/VF episode, n/totaln (%)  91/1046 (8.7)

Total Without DF test With DF test

46/523 (8.8) 45/523 (8.6)

All true VT/VF episodes with at least one delivered appropriate ICD shock (VT/VF), n 429 218 21

Delivered appropriate shocks per true VT/VF episode (mean (+ SD))

True VT/VF episodes terminated with first appropriate ICD shock, n/total n (%)
True VT/VF episodes terminated with any appropriate ICD shock, n/total n (%)
True VT/VF episodes not terminated with any appropriate ICD shock, n/total n (%)

Conversion efficacy [proportion (95% Cl)]
First shock efficacy model based [proportion (95% Cl)]

118 (£069)  1.09 (+037)
384/429 (89.5)  204/218 (93.6)
422/429 (984)  218/218 (100.0)

128 (+0.90)
180/211 (85.3)
204/211 (96.7)

7/429 (1.6) 0/218 (0.0) 7211 3.3)
098 (0.97,099) 1.00 (0.98:1.00) 097 (0.93:0.99)
096 (0.89,098) 097 (0.91:099) 094 (0.83,0.98))

Difference between the groups (without DF testing vs. with DF testing): 0.03 (—0.03;0.09).

DF, defibrillation; ICD, implantable cardioverter-defibrillator; P-PPS, per protocol episode data set; VT/VF, ventricular tachycardia/ventricular fibrillation.
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Figure 2 Primary outcome in the per protocol population.

Mortality

Forty-four and 52 patients without and with DF testing died, re-
spectively (P = 0.377, Table 4). Differences with respect to non-
cardiac and cardiac mortality were not statistically significant. Six
deaths (5 with DF and 1 without DF testing) were adjudicated ar-
rhythmic and due to repetitive ventricular tachyarrhythmias/VT
clusters (P = 0.100, Table 4).

Discussion

Defibrillation testing during ICD implantation has been a matter of
debate for the last two decades. To the best of our knowledge, the
NORDIC ICD trial is the first prospective randomized trial, which
investigated the effect of DF testing on the actual FSE during follow-
up as the single primary end point. This is in contrast with the re-
cently published SIMPLE trial, which used the composite outcome
of arrhythmic death or failed appropriate shock to terminate a spon-
taneous episode of VT/VF to determine the non-inferiority of the no
testing approach.’> NORDIC ICD also provides detailed informa-
tion about intra-operative DF testing outcome.

In 91-96% of ICD implants, the initial system and implant configur-
ation can successfully detect and terminate VT and VF2'*~"8 System
modifications were reported in 2.2—12.0% of patients.>'>"719-2
With the high-energy devices used in the NORDIC ICD study,
only 4.8% of all inducible patients had an inadequate safety margin,
which required one or two system reconfigurations in 3.8 and 1.0%,
respectively. This is in agreement with the results of the Sudden
Cardiac Death in Heart Failure Trial (SCD-HeFT), in which 97.8%
of patients had a DF threshold <20 ]."" Following the system revi-
sions, all patients passed the test successfully, but with a significantly
higher energy level than for those who did not require revision
(22.2 ) vs. 16.4), P < 0.001). This is in agreement with a Canadian
survey in which an insufficient safety margin with the initial system
configuration could be improved in only 56% of patients.” While
the device revisions provided no benefit to our patients during
follow-up, they significantly increased the total procedure time by
~30 min and the fluoroscopy exposure by ~40%. The mean num-
ber of shocks needed to find an acceptable safety margin was also
increased more than four-fold.

Our FSE was higher than the 83.0% reported in the SCD-HeFT
trial"" It is noteworthy that only low-energy devices were used in
that trial. However, in a trial with variable use of devices, the shock
efficacy is similar to that observed in the NORDIC ICD trial.?

The observed lower rate of arrhythmic death for patients without
DF testing (0.2 vs. 0.9%) corresponds to the sudden cardiac death
rate reported in another trial (0.9 and 1.2% in patients without
and with DF testing) during a similar follow-up period.®

Because the SIMPLE trial did not use a specific model for multiple
shock events in the same patient, the shock efficacy can only be
compared at the level of raw shock efficacy. In the NORDIC ICD
and the SIMPLE trials, a higher raw shock efficacy was observed in
the group without DF vs. with DF testing (NORDIC ICD: 93.6 vs.
85.3% and SIMPLE: 92.0 vs. 88.5%). On the other hand, the higher
first shock energy we used (40 | vs. 31 ] in SIMPLE) was not asso-
ciated with a higher FSE irrespective of testing. The high level of
FSE is consistent with the relatively low mean DF energy (16.7 ))
during testing, with >95% of the inducible patients undergoing suc-
cessful testing without any system reconfiguration.

A 15.7% serious adverse events rate (17.6% with testing and
13.9% without testing, P = 0.095) was found within 30 days
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Table 4 Mortality (intention-to-treat)

Outcome Events Incidence® Log rank 95% CI
Without DF test ~With DF test Without DF  WithDF  Pvalue HR  Lower Upper
(N =537) (N = 540) test test
All-cause mortality 44 (8.2%) 52 (9.6%) 0.044 0.053 0.377 0.835 0.559 1.248
Non-cardiac mortality 24 (4.5%) 23 (4.3%) 0.024 0.023 0.907 1.035 0.584 1.833
Unknown (primary organ cause) 6 (1.1%) 10 (1.9%) 0.006 0.01 0.306 0.593  0.216 1.632
Cardiac mortality 14 (2.6%) 19 (3.5%) 0.014 0.019 0.350 0.721  0.361 1438
Arrhythmic mortality 1 (0.2%) 5 (0.9%) 0.001 0.005 0.100 0.198  0.023 1.694
Non-arrhythmic mortality 13 (2.4%) 13 (2.4%) 0.013 0.013 0.948 0.975 0452 2.103
Unknown cardiac mortality 0 (0.0%) 1 (0.2%) 0 0.001
DF, defibrillation; HR, hazard ratio; ITT, intention to treat.
®Incidence referring to person-years without DF test (1001.5) and with DF test (985.9).
following successful ICD implantation. This is much higher than Conclusion

what has been described in recent reports, in which the complica-
tion rates ranged between 2.3 and 2.7% in patients with and with-
out an adequate safety margins during DF testing” or compared
with the SIMPLE trial results regarding adverse events included
in the pre-defined as the primary safety outcome (5.6% without
DF testing vs. 6.5% with DF testing)."? It is noteworthy that the
NORDIC ICD trial not only collected data on protocol-specified
complications but also on all procedure- and patient-related ad-
verse events which might explain our higher event rate. The
30-day procedure-related mortality rate was 0.2%, and consisted
of two sudden deaths which is in the range of recent reports.”
The stroke rate was 0.8% for patients without and 0.2% for pa-
tients with DF testing (P = 0.217), which is in agreement with
the 0.4% rate reported in the CREDIT registry.” The two types
of adverse events that were increased in patients with DF testing
were intra-operative hypotension (1.7% vs. 0.0%, P = 0.004) and
lead-related complications (3.9 vs. 2.8%, P = 0.311). A recent art-
icle summarized implant-related complications that were directly
or indirectly related to the DF testing procedure. The rate of
haemodynamic complications was 1%, and lead dislodgement
was listed as the most frequent single complication with rates be-
tween 1and 6%." This latter observation suggests that testing may
cause some degree of electrode instability. Both the NORDIC
ICD and SIMPLE trials showed a trend towards lower procedural
complication rates in patients without DF testing despite the dif-
ferent definitions and methods used for analysing these events
(NORDIC ICD: 13.9 vs.17.6%, P = 0.095, SIMPLE: 5.6 vs. 6.5%,
P = 0.33). A meta-analysis would confirm if a significant difference
does indeed exist.

The rates of all-cause, cardiac, and non-cardiac mortality were
similar between patients with and without DF testing, which is in
agreement with most non-randomized trials reported.® In accord-
ance with the SIMPLE trial, no statistical difference in all-cause mor-
tality between patients with and without DF testing was observed.
However, the annual mortality rates of NORDIC ICD were lower

26,27

when compared with other large randomized ICD trials, and

also lower than those of the SIMPLE trial.

The NORDIC ICD trial supports the hypothesis that if 40 | devices
are used, DF testing does not improve DF efficacy during follow-up.
It suggests that DF testing or the various measures to improve DF
efficacy lengthen the procedure, and may even be harmful. The
NORDIC ICD trial is one of two large prospective randomized
trials, which do not support the routine use of DF testing during left-
sided first time ICD implantation.

Supplementary material

Supplementary material is available at European Heart Journal online.
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