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Background-—We sought to examine the mortality impact of appropriate implantable cardioverter defibrillator (ICD) therapy
between patients who received ICD for primary versus secondary prevention purposes.

Methods and Results-—From a prospective, population-based registry, we identified 7020 patients who underwent de novo ICD
implantation between February 2007 and May 2012 in Ontario, Canada. The primary outcome was all-cause mortality. We used
multivariable Cox proportional hazard modeling to adjust for differences in baseline characteristics and analyzed the mortality
impact of first appropriate ICD therapy (shock and antitachycardia pacing [ATP]) as a time-varying covariate. There were 1929
(27.5%) patients who received ICDs for secondary prevention purposes. The median follow-up period was 5.02 years. Compared
with those with secondary prevention ICDs, patients with primary prevention ICDs had more medical comorbidities, and lower
ejection fraction. Patients who experienced appropriate ICD shock or ATP had greater risk of death compared with those who did
not, irrespective of implant indication. In the primary prevention group, the adjusted hazard ratios of death for appropriate shock
and ATP were 2.00 (95% CI: 1.72–2.33) and 1.73 (95% CI: 1.52–1.97), respectively. In the secondary prevention group, the
adjusted hazard ratios of death for appropriate ICD shock and ATP were 1.46 (95% CI: 1.20–1.77) and 1.38 (95% CI: 1.16–1.64),
respectively.

Conclusions-—Despite having a more favorable clinical profile, occurrence of appropriate ICD shock or ATP in patients with
secondary prevention ICDs was associated with similar magnitudes of mortality risk as those with primary prevention ICDs. A
heightened degree of care is warranted for all patients who experience appropriate ICD shock or ATP therapy. ( J Am Heart Assoc.
2017;6:e006220. DOI: 10.1161/JAHA.117.006220.)
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Implantable cardioverter defibrillators (ICD) are the main-
stay for preventing sudden cardiac death in patients with

structural heart disease and impaired left ventricular ejection
fraction, as demonstrated in multiple randomized trials that
employed ICD as either a primary or secondary prevention

strategy.1–3 On the other hand, occurrence of an appropriate
ICD shock is associated with a subsequent 3- to 5-fold
increased risk of death among patients with primary preven-
tion ICDs.4–7 Whether this association can be extended to
patients with secondary prevention ICD is not well defined.
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Since the frequency of appropriate ICD shock is 2 to 3 times
greater among patients with secondary prevention ICD,8

delineation of the association between appropriate ICD
therapy and its subsequent impact on survival will have
important implications for clinicians when communicating the
expected outcomes of ICD therapy with these patients.
Elucidating the mortality impact of ICD therapy in this
population may enhance decision-making when allocating
healthcare resources for this presumably high-risk patient
subset, given their propensity for experiencing ventricular
arrhythmias post-ICD implant.

To address this question, we analyzed data from a
prospective, population-based registry of consecutive de novo
ICD patients in Ontario, Canada in which healthcare costs are
provided by a single payer. Clinical outcomes are ascertained
by linkage with administrative databases. As this registry also
collected data on all first appropriate ICD therapies (shock or
antitachycardia pacing [ATP]), we were able to examine the
association between ICD therapy (shock or ATP) and its
impact on patients’ subsequent survival in relation to their
implant indication.

Methods

Study Population
The Ontario ICD registry was a population-based, prospective,
multicenter registry that included all patients who underwent
de novo ICD implant in the province between February 2007
and May 2012. Design, implementation, and maintenance of
the Ontario ICD database have been previously published
elsewhere.9 All patients referred for evaluation of ICD
implantation were enrolled into the registry. The Ontario
Ministry of Health and Long-Term Care mandated this
registry. This study was approved by the Institutional Review
Board at Sunnybrook Health Sciences Centre (Toronto,
Ontario, Canada) and complies with the Declaration of
Helsinki.

All patients ≥18 years old and residents of Ontario were
enrolled if they underwent de novo ICD implantation between
February 2007 and May 2012, and informed consent was
waived because it was a mandatory registry. The database
accrued patients at the time of arrhythmia clinic assessment.
For the purposes of this study, the date of implantation served
as the index date (“time zero”) for the analysis. Patients were
followed until death or until the end of the prespecified follow-
up period on March 31, 2015. Patients were excluded from
this analysis if 1 of the following conditions was met:
<18 years old; non-Ontario residency or death before implant
(n=19); received a secondary prevention ICD for an inherited
arrhythmia syndrome, hypertrophic cardiomyopathy, or com-
plex congenital heart disease (n=243); or if they had missing
covariates for the multivariate analysis (n=587).

Data Sources

ICD data source

Trained personnel collected ICD data from all implantation
centers in the province. Data included baseline clinical
characteristics, ICD implant indications, and subsequent ICD
therapies. Details on first appropriate ICD shocks and ATP
were collected from patients’ ICD follow-up visits, and they
were adjudicated by electrophysiologists with high interob-
server agreement.8 Primary prevention patients were defined
as those who received ICD on a prophylactic basis without a
prior history of sudden cardiac death, cardiac arrest, or
sustained ventricular arrhythmia. Secondary prevention
patients were defined as those who experienced resuscitated
sudden cardiac death, cardiac arrest, or sustained ventricular
arrhythmia before ICD implantation. Standardized program-
ming was not mandated in this study given its observational
design. Further details pertaining to data collection and
quality assurance have been described elsewhere.9

Clinical Perspective

What Is New?

• The mortality implications of appropriate implantable car-
dioverter defibrillator (ICD) therapy between primary and
secondary prevention patients is provided from a prospec-
tive registry of �7020 de novo ICD patients not in a clinical
trial setting.

• Secondary prevention ICD patients have a lower clinical
profile of risk with better left ventricular ejection fraction
and fewer medical comorbidities, but have greater burden of
ventricular arrhythmia and exhibit similar long-term mortal-
ity as their primary prevention counterparts following
therapy.

• Appropriate ICD shocks for ventricular arrhythmia are
associated with an adjusted �2-fold increase of death in
primary prevention patients and a 46% increase in sec-
ondary prevention patients.

• Appropriate ICD antitachycardia pacing therapy for ventric-
ular arrhythmia is associated with an adjusted 1.73-fold
increase of death in primary prevention patients and a 38%
increase of death in secondary prevention patients.

What Are the Clinical Implications?

• Ventricular arrhythmia treated by the ICD by means of
shock or antitachycardia pacing is a marker of increased
risk of death, irrespective of implant indication of primary or
secondary prophylaxis.

• Strategies to prevent the occurrence of ventricular arrhyth-
mia are warranted.
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Outcome data source

The primary outcome was all-cause mortality, which was
collected using each patient’s unique, encoded health card
number where ICD data were linked to Ontario provincial
administrative databases for vital statistics, namely, the
Registered Persons Database for death events. Vital statistics
information was ascertained in all study patients until the end
of study follow-up. Database linkage using unique encoded
identifiers was performed at the Institute for Clinical Evalu-
ative Sciences in Ontario, Canada.

Statistical Analysis
We reported serum creatinine with median (interquartile
range), and the Kruskal–Wallis test was used to compare the
values. The other continuous variables were reported using
mean�SD and comparisons were performed using ANOVA
test. Categorical variables were reported as proportions and
were compared using the v2 statistic. There were 2 main
exposures of interest in this study. First, we were interested in
comparing outcomes between patients who received primary
versus secondary prevention ICD. Second, we compared
outcomes between patients who experienced ICD shock or
ATP versus those who did not during study follow-up. The
primary analysis was a comparison of the rates of death
between patients who experienced appropriate ICD therapy
(shock or ATP) versus those who did not. Furthermore, we
examined whether the rates of death differed between
primary versus secondary prevention ICD patients who
experienced appropriate shock or ATP. In order to conduct
these analyses, we performed multivariable Cox proportional
hazard modeling in which the occurrence of appropriate ICD
therapy (shock or ATP) was analyzed as a time-varying
covariate. The date of the ICD implantation was assigned as
the date of start of follow-up and the end of the follow-up was
death or March 31, 2015, whichever happened first. When the
cumulative incidence function curves were plotted, death was
considered as a competing event, and the end of the follow-up
was death date or appropriate shock/ATP date or March 31,
2015, whichever happened first.

The evaluation of appropriate ATP was performed sepa-
rately from the analysis of ICD shock. According to the
design of the Ontario ICD Database, only the first appropri-
ate ATP was recorded, and ATPs were not recorded if there
was a preceding appropriate ICD shock. We included the
following covariates in the model: implant indication (primary
versus secondary), left ventricular ejection fraction, and the
individual components of a validated mortality prediction
score for ICD patients that we previously published (age,
ischemic heart disease, previous revascularization procedure,
previous heart failure hospitalization, New York Heart
Association status III–IV, pre-existing permanent pacemaker

system, systolic blood pressure, diabetes mellitus, smoker,
chronic obstructive lung disease, home oxygen therapy,
cancer, angiotensin-converting enzyme inhibitor or angioten-
sin receptor blocker treatment, creatinine, serum sodium,
and hemoglobin).10 To examine whether the risk of death
differed between primary and secondary prevention ICD
patients, we added an interaction term between the
occurrence of appropriate ICD therapy (shock or ATP) and
implant indication. Statistical measures of significance were
reported with hazard ratios (HR) with exact 95% CI. For all
analyses, a 2-sided P<0.05 was considered to be statistically
significant. All analyses were performed with SAS 9.4 (Cary,
NC, USA).

Results

Baseline Clinical Characteristics
Our study cohort consisted of 7020 patients and there were
5091 (72.5%) and 1929 (27.5%) patients who received
primary and secondary prevention ICD, respectively (Table 1).
Compared with those with secondary prevention ICDs,
patients in the primary prevention group had lower left
ventricular ejection fraction, higher New York Heart Associ-
ation class, were more likely to have heart failure or diabetes
mellitus, and more likely to receive cardiac resynchronization
therapy. The use of heart failure medications was more
frequent in the primary prevention group compared with the
secondary prevention. On the other hand, amiodarone use at
baseline was 4 times more common in the secondary group
than the primary group. The median follow-up period of the
entire cohort was 5.02 years (interquartile range: 3.8–
6.3 years).

Appropriate ICD Therapy
In the primary prevention group, 395 (8.4%) patients experi-
enced appropriate ICD shock and 617 (12.1%) patients had
appropriate ATP during follow-up. In the secondary prevention
group, 310 patients experienced appropriate ICD shock
(16.1%) and 445 patients (23.1%) received ATP. The cumula-
tive incidence of shock at 1, 2, 3, and 4 years of follow-up
was (primary prevention versus secondary prevention): 4.5%
versus 11.3%; 6.3% versus 14.3%; 7.4% versus 15.7%; and
7.7% versus 16.0% (P<0.001 for all comparisons). The
cumulative incidence of ATP at 1, 2, 3, and 4 years of
follow-up was (primary prevention versus secondary
prevention): 7.5% versus 17.2%; 10.4% versus 20.9%; 11.7%
versus 22.5%; and 12.1% versus 22.9% (P<0.001 for all
comparisons).

The rate of first occurrence of appropriate ICD shock was
1.7 per 100 person-years in the primary prevention group and
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Table 1. Baseline Patient Characteristics by ICD Indication

Primary Prevention Secondary Prevention

P ValueN=5091 N=1929

Demographics

Male, n (%) 4037 (79.3) 1560 (80.9) 0.143

Age at ICD implant date, n (%) 64.51�11.93 65.47�12.58 0.003

Cardiomyopathy details

Ischemic, n (%) 4738 (93.1) 1712 (88.8) <0.001

Ischemic+previous revascularization, n (%) 3320 (65.2) 1377 (71.4) . . .

Previous heart failure, n (%) 1886 (37.0) 439 (22.8) <0.001

Device details

Cardiac resynchronization-defibrillator, n (%) 1678 (33.0) 178 (9.2) <0.001

Dual-chamber ICD, n (%) 1311 (25.8) 831 (43.1) . . .

Single-chamber ICD, n (%) 2100 (41.2) 918 (47.6) . . .

Medical comorbidities

Atrial fibrillation, n (%) 1506 (29.6) 609 (31.6) 0.105

Diabetes mellitus, n (%) 1571 (30.9) 472 (24.5) <0.001

Current cigarette smoking, n (%) 751 (14.8) 325 (16.8) 0.03

Hypertension, n (%) 2900 (57.0) 1209 (62.7) <0.001

Stroke or transient ischemic attack, n (%) 184 (3.6) 87 (4.5) 0.082

Peripheral vascular disease, n (%) 514 (10.1) 219 (11.4) 0.124

COPD, n (%) 636 (12.5) 219 (11.4) 0.192

Clinical variables

Reported NYHA class

III or IV 1778 (34.9%) 283 (14.7%) . . .

Systolic blood pressure, mean�SD 121.46�19.91 124.62�20.08 <0.001

Mean QRS duration, mean�SD 132.93�35.62 122.47�33.18 <0.001

Testing

Serum creatinine, median (IQR) 96.00 (80.00–120.00) 95.00 (80.00–117.00) 0.092

Hb <110 g/L, n (%) 385 (7.6) 422 (21.9) <0.001

LVEF

LVEF ≤20, n (%) 1033 (20.3) 201 (10.4) <0.001

LVEF: 21 to 30, n (%) 2695 (52.9) 471 (24.4) <0.001

LVEF: >30, n (%) 1208 (23.7) 1079 (55.9) <0.001

Medications

b-Adrenoreceptor antagonist, n (%) 4388 (86.2) 1616 (83.8) 0.01

ACEI, n (%) 3614 (71.0) 1273 (66.0) <0.001

ARB, n (%) 904 (17.8) 253 (13.1) <0.001

Spironolactone, n (%) 1556 (30.6) 287 (14.9) <0.001

Loop diuretics, n (%) 3144 (61.8) 753 (39.0) <0.001

Digoxin, n (%) 1202 (23.6) 238 (12.3) <0.001

Amiodarone, n (%) 499 (9.8) 696 (36.1) <0.001

Statin, n (%) 3632 (71.3) 1386 (71.9) 0.673

Aspirin, n (%) 3012 (59.2) 1376 (71.3) <0.001

Clopidogrel, n (%) 915 (18.0) 586 (30.4) <0.001

Baseline characteristics of subjects. Patients with ICDs for primary prevention had lower LVEF, had more previous history of heart failure, higher prevalence of ICM and diabetes mellitus,
and were more likely to have a cardiac resynchronization therapy defibrillator than the secondary prevention group and more frequently on heart failure medications. ACEI indicates
angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmonary disease; Hb, hemoglobin; ICD, implantable cardioverter defibrillator; IQR,
interquartile range; LVEF, left ventricular ejection fraction; NICM, nonischemic cardiomyopathy; NYHA, New York Heart Association.
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4.0 per 100 person-years in the secondary prevention group
(P<0.001) (Figure 1). On univariable analysis, patients in the
primary prevention group who received an ICD shock were
more likely male, had history of atrial fibrillation, had lower left
ventricular ejection fraction, and were more frequently treated
with loop diuretics and digoxin compared with those who did
not receive an ICD shock (Table 2). On univariable analysis,
patients in the secondary prevention group who experienced
appropriate ICD shock were more likely to be male, had a
history of peripheral vascular disease, chronic obstructive
pulmonary disease, and had higher baseline hemoglobin levels
(Table 3). In this group, the rate of amiodarone use at baseline

was similar between patients with or without appropriate ICD
shock.

Mortality Rates
In the overall cohort, 2360 (33.6%) patients died. There were
1697 (33.3%) patients who died in the primary prevention
group and 663 (34.4%) patients died in the secondary
prevention group. The unadjusted incidence rate of death
was 6.87 per 100-person years in the primary prevention
group and 7.31 per 100-person years in the secondary
prevention group (P=0.178) (Figure 2).

Figure 1. A, Cumulative incidence rate of first appropriate shock in primary and
secondary prevention groups. B, Cumulative incidence rate of first ATP in primary and
secondary prevention groups. ATP indicates anti-tachycardia pacing.
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Table 2. Clinical Characteristics of Primary Prevention ICD Patients With and Without Appropriate Shock

No Appropriate Shock Appropriate Shock

P ValueN=4696 N=395

Demographics

Male, n (%) 3691 (78.6) 346 (87.6) <0.001

Age, y, mean�SD 64.59�11.93 63.61�12.01 0.118

Cardiomyopathy details

Ischemic, n (%) 4360 (92.8) 378 (95.7) . . .

Ischemic+previous revascularization, n (%) 3066 (65.3) 254 (64.3) 0.044

Previous heart failure, n (%) 1726 (36.8) 160 (40.5) 0.138

Device details

Cardiac resynchronizator-defibrillator, n (%) 1553 (33.1) 125 (31.6) 0.876

Dual-chamber ICD, n (%) 1204 (25.6) 107 (27.1) . . .

Single-chamber ICD, n (%) 1937 (41.2) 163 (41.3) . . .

Medical comorbidities

Atrial fibrillation, n (%) 1355 (28.9) 151 (38.2) <0.001

Diabetes mellitus, n (%) 1459 (31.1) 112 (28.4) 0.262

Current cigarette smoking, n (%) 683 (14.5) 68 (17.2) 0.151

Hypertension 2690 (57.3%) 210 (53.2%) 0.112

Stroke or transient ischemic attack, n (%) 169 (3.6) 15 (3.8) 0.839

Peripheral vascular disease, n (%) 479 (10.2) 35 (8.9) 0.396

Any cancer, n (%) 397 (8.5) 35 (8.8) 0.792

COPD, n (%) 590 (12.6) 46 (11.6) 0.596

Clinical variables

Reported NYHA class

III or IV, n (%) 1638 (34.9) 140 (35.4)

Systolic blood pressure, mean�SD 121.62�19.90 119.64�19.98 0.058

QRS duration in ms, mean�SD 132.77�35.44 134.86�37.72 0.265

Testing

Serum creatinine, median (IQR) 96.00 (80.00–120.00) 100.00 (84.00–122.00) 0.017

Hb <110 g/L, n (%) 353 (7.5) 32 (8.1) 0.177

LVEF

LVEF ≤20, n (%) 935 (19.9) 98 (24.8) 0.02

LVEF: 21 to 30, n (%) 2484 (52.9) 211 (53.4) 0.842

LVEF: >30, n (%) 1133 (24.1) 75 (19.0) 0.021

Medications

b-Adrenoreceptor antagonist, n (%) 4046 (86.2) 342 (86.6) 0.815

ACEI, n (%) 3318 (70.7) 296 (74.9) 0.072

ARB, n (%) 842 (17.9) 62 (15.7) 0.264

Spironolactone, n (%) 1420 (30.2) 136 (34.4) 0.082

Loop diuretics, n (%) 2875 (61.2) 269 (68.1) 0.007

Digoxin, n (%) 1075 (22.9) 127 (32.2) <0.001

Amiodarone, n (%) 458 (9.8) 41 (10.4) 0.687

Statin, n (%) 3359 (71.5) 273 (69.1) 0.308

Aspirin, n (%) 2798 (59.6) 214 (54.2) 0.036

Clopidogrel, n (%) 852 (18.1) 63 (15.9) 0.275

ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmonary disease; Hb, hemoglobin; ICD, implantable cardioverter
defibrillator; IQR, interquartile range; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.
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Table 3. Clinical Characteristics of Patients With Secondary Prevention Indication by Presence or Absence of Shock

No Appropriate Shock Appropriate Shock

P ValueN=1619 N=310

Demographics

Male, n (%) 1291 (79.7) 269 (86.8) 0.004

Age, mean�SD 65.40�12.69 65.82�12.00 0.589

Cardiomyopathy details

Ischemic, n (%) 1437 (88.8) 275 (88.7) . . .

Ischemic+previous revascularization, n (%) 1163 (71.8) 214 (69.0) 0.491

Previous heart failure, n (%) 366 (22.6) 73 (23.5) 0.717

Device details

Cardiac resynchronizator-defibrillator, n (%) 146 (9.0) 32 (10.3) 0.82

Dual-chamber ICD, n (%) 700 (43.2) 131 (42.3) . . .

Single-chamber ICD, n (%) 771 (47.6) 147 (47.4) . . .

Medical comorbidities

Atrial fibrillation, n (%) 510 (31.5) 99 (31.9) 0.88

Diabetes mellitus, n (%) 419 (25.9) 53 (17.1) <0.001

Current cigarette smoking, n (%) 271 (16.7) 54 (17.4) 0.769

Hypertension, n (%) 1018 (62.9) 191 (61.6) 0.673

Stroke or transient ischemic attack, n (%) 71 (4.4) 16 (5.2) 0.546

Peripheral vascular disease, n (%) 172 (10.6) 47 (15.2) 0.021

Any cancer, n (%) 133 (7.4) 33 (9.4) 0.195

COPD, n (%) 173 (10.7) 46 (14.8) 0.035

Clinical variables

Reported NYHA class

III or IV, n (%) 237 (14.6) 46 (14.8) . . .

Systolic blood pressure, mean�SD 124.60�19.98 124.70�20.66 0.94

QRS duration in ms, mean�SD 121.91�33.63 125.37�30.59 0.095

Testing

Serum creatinine level, median (IQR) 95.00 (79.00–117.00) 95.00 (81.00–117.00) 0.763

Hb <110 g/L, n (%) 360 (22.2) 62 (20.0) 0.004

LVEF

LVEF ≤20, n (%) 162 (10.0) 39 (12.6) 0.174

LVEF: 21 to 30, n (%) 400 (24.7) 71 (22.9) 0.498

LVEF: >30, n (%) 913 (56.4) 166 (53.5) 0.355

Medications

b-Adrenoreceptor antagonist, n (%) 1353 (83.6) 263 (84.8) 0.579

ACEI, n (%) 1059 (65.4) 214 (69.0) 0.218

ARB, n (%) 218 (13.5) 35 (11.3) 0.299

Spironolactone, n (%) 245 (15.1) 42 (13.5) 0.473

Loop diuretics, n (%) 631 (39.0) 122 (39.4) 0.9

Digoxin, n (%) 198 (12.2) 40 (12.9) 0.741

Amiodarone, n (%) 574 (35.5) 122 (39.4) 0.19

Statin, n (%) 1163 (71.8) 223 (71.9) 0.971

Aspirin, n (%) 1160 (71.6) 216 (69.7) 0.482

Clopidogrel, n (%) 494 (30.5) 92 (29.7) 0.77

ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; COPD, chronic obstructive pulmonary disease; Hb, hemoglobin; ICD, implantable cardioverter
defibrillator; IQR, interquartile range; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.
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Impact of Appropriate ICD Shock on Mortality
In the overall cohort, the crude mortality rate was higher
among patients who received appropriate ICD shock when
compared with those who did not (9.33 versus 6.72 deaths
per 100-person years, P<0.001). The crude mortality rate was
higher among primary prevention ICD patients who experi-
enced appropriate shock when compared with secondary
prevention ICD patients who had appropriate ICD shock
(13.02 versus 9.94 deaths per 100 person-years, P=0.0187).
The median post-ICD shock follow-up periods for the primary
and secondary prevention groups were 4.16 and 4.48 years,
respectively.

Impact of ATP Therapy on Mortality
Patients who experienced appropriate ATP had higher crude
mortality rates when compared with those who did not (8.56
versus 6.69 deaths per 100-person years, P<0.001). Survival
rates were similar between primary and secondary prevention
patients who experienced appropriate ICD shocks (10.58
versus 9.95 deaths per 100 person-years, P=0.52).

Risk of Death After Appropriate ICD Shock or ATP
After an appropriate ICD shock, the unadjusted HR of death
was 1.96 (95% CI 1.68–2.27, P<0.001) in the primary
prevention group and 1.42 (95% CI 1.17–1.72, P<0.001) in

the secondary prevention group. After appropriate ATP, the
unadjusted HR of death was 1.60 (95% CI 1.40–1.82,
P<0.001) in the primary prevention group and 1.48 (95% CI
1.25–1.75, P<0.001) in the secondary prevention group.

After adjustment of baseline differences with multivariable
regression, patients who had an appropriate ICD shock had a
74% increase in their risk of death relative to those who did
not have an ICD shock (HR 1.74, 95% CI 1.54–1.96, P<0.001)
in the overall cohort. In the primary prevention group, patients
who experienced appropriate ICD shock had a 2-fold increase
in their risk of death when compared with those who did not
have appropriate ICD shock (adjusted HR 2.00, 95% CI 1.72–
2.33, P<0.001) (Figure 3A). Patients who experienced appro-
priate ICD shock in the secondary prevention group had a 46%
increase in their risk of death when compared with those who
did not have ICD shock (adjusted HR 1.46, 95% CI 1.20–1.77,
P<0.001) (Figure 3A). We did not observe a statistically
significant interaction between implant indication (primary
versus secondary) and occurrence of appropriate ICD shock
on mortality (P=0.13). This suggested that the impact on
mortality of an appropriate ICD shock did not differ based on
the implant indication.

In the primary prevention group, patients who experienced
appropriate ATP had a 73% increased risk of death when
compared with those who did not have ATP (adjusted HR
1.73, 95% CI 1.52–1.97, P<0.001) (Figure 3B). In the
secondary prevention group, patients who experienced
appropriate ATP had a 38% increase in their risk of death

Figure 2. Kaplan–Meier survival curve showing occurrence of all-cause mortality in
primary vs secondary prevention groups.
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when compared with those who did not have ATP (adjusted
HR 1.38, 95% CI 1.16–1.64, P<0.001) (Figure 3B). We did not
observe a statistically significant interaction between implant
indication (primary versus secondary) and occurrence of
appropriate ATP on mortality (P=0.4).

Discussion
There are 3 main findings from this prospective, population-
based registry of �7020 patients who underwent de novo
ICD implantation in Ontario, Canada with long-term follow-up.
First, we observed that the incidence of first appropriate
shock or ATP was twice as common in patients with
secondary prevention ICD relative to those with primary
prevention ICD. Second, occurrence of either an appropriate
ICD shock or ATP was associated with a substantial increase
in patients’ subsequent risk of dying irrespective of implant
indication. Third, despite having twice as much appropriate

ICD therapies, patients in the secondary prevention group
had similar survival rates as those with primary prevention
ICDs.

Incidence of Appropriate ICD Therapy
The incidence of shocks was higher in the secondary
prevention population compared with primary prevention
patients, and this is in keeping with the findings of previous
smaller registries.11,12 It is indeed not surprising that patients
who receive an ICD after symptomatic ventricular arrhythmia
are at higher risk of experiencing an appropriate shock from
their devices than those who receive it prophylactically. Our
data suggest that treatment measures to avoid ICD therapies
in the secondary prevention group are of paramount impor-
tance since both ATP and shocks carry a significant mortality
risk in a population otherwise thought to exhibit a lower risk
profile.

Figure 3. Forest plot with adjusted hazard ratios of death of variables included in the Cox
model. A, HR of risk of death in patients with shock therapy vs no shock therapy. B, HR of
risk of death in patients with antitachycardia therapy (ATP) therapy vs no ATP therapy. HF
indicates heart failure; HR, hazard ratio; LVEF, left ventricular ejection fraction; NYHA, New
York Heart Association.
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Mortality Analysis
The fact that the adjusted mortality of primary and secondary
prevention patients after receiving a shock or ATP is similar
could be interpreted as somewhat unexpected. One would
expect that therapies in the primary prevention population
reflect a much sicker myocardium since the baseline charac-
teristics of patients showed a significantly higher risk profile.
In contrast, patients with a secondary indication seem to
exhibit a better clinical profile at the time of implant and for
instance should not exhibit the same long-term mortality. One
possible hypothesis is that secondary prevention patients
have higher rates of ventricular arrhythmia during follow-up
and that probably has an impact on their mortality. Other
authors’ data have also shown similar findings.13

The negative impact on mortality of ventricular tachycardia
or ventricular fibrillation needing shocks has been consis-
tently seen in different primary prevention clinical trials.6,7

Studies to define predictors of shocks and mortality have
been done in primary prevention patients with aims to shift
clinicians’ focus toward mitigating such risks.10,14 Although it
has been consistently demonstrated that secondary preven-
tion patients have higher incidence of shocks, there is not a
large amount of comparative data11–13,15 with primary
prevention patients’ outcomes. In that respect, only left
ventricular ejection fraction <35% as a cut point as a predictor
for secondary prevention has been highlighted in meta-
analysis of major secondary prevention trials.1 However, the
largest secondary prevention trial—AVID16—randomized
more than 1000 patients and in those patients, ICD shocks
were not associated with increased mortality,17 although
findings in that population may be because of important
differences of baseline characteristics from subjects in our
registry.

With regard to ATP therapies, recent data suggest
increased mortality risk in patients who experience ATP
therapies,18 and our findings also point in that direction. This
is in contrast with previous data from subanalysis of MADIT-
RIT,19 where ATP had a neutral effect in mortality risk. Our
population of patients is different from the MADIT-RIT
population in a few aspects: (1) It is larger; (2) It has a
longer follow-up period; (3) It includes primary and secondary
prevention patients; and (4) It has a higher occurrence of
primary outcome in patients treated with ATP. Comparability
of both studies is arguable based on these facts. Our findings
indicate that experiencing arrhythmia that merits treatment
from the ICD is an independent marker of risk of death no
matter how the device treats it.

Our study with a larger number of patients and a longer
follow-up in a real-world setting provides clinicians caring for
ICD patients information that could potentially benefit them if
strategies could be developed to mitigate the increased risk.

Clinical Implications
The clinical implications of our study are as follows. The first
implication is that prophylaxis of shocks and ATP by
recommending a strategy that mitigates the likelihood of
ventricular arrhythmia in patients with ICDs may have
mortality implications. Two randomized trials have evaluated
the effect of prophylactic ventricular tachycardia catheter
ablation as an addition to ICD in the ischemic cardiomyopathy
population.20,21 Although the findings of those trials cannot
be extrapolated to our population, one could hypothesize that
decreasing the burden of shocks or delaying the appearance
of ventricular arrhythmia could translate into a better survival.
The second clinical implication of our study is that patients
presenting with an appropriate shock or ATP whether they
received an automatic implantable cardioverter/defibrillator
for primary or secondary indication has mortality implications.
It is a novel finding that there is increased mortality both in
primary and secondary prevention even in patients with a less
severe cardiomyopathy in terms of LV dysfunction but with
greater probability of therapy in the secondary prevention
group. Consideration for advanced heart failure therapies or
antiarrhythmic drugs or ventricular tachycardia ablation
should be taken and optimization of heart function treatment
should be done accordingly.

Limitations
Programming strategies for primary prevention patients were
not standardized in the implanting centers, but previous
reports of our group have shown that the shocks and ATP
incidence rates were similar to the contemporary studies with
delayed detection therapy groups,22,23 so an impact on
mortality risk based on this is very unlikely. The score used to
control for baseline differences was designed and validated on
a sample derived from a primary prevention cohort and was
extended to the secondary prevention sample in the analy-
sis.10 Our analysis was focused on assessing outcome after a
single ICD shock or ATP and did not evaluate multiple shocks
or ATPs. We did not pursue analysis of repeated therapies
because during the study follow-up, changes in device
programming may occur and were not standardized24–26

and so will antiarrhythmic drugs and utilization of catheter
ablation. We believe that the first ICD therapy is the one with
the highest impact in the management of patients and that
analyzing further therapies includes several possible biases
that would be extremely difficult to account for in the analysis
of the data. Inappropriate ICD therapies and the specific type
of mortality were not analyzed in our study and are beyond
the scope of this prospective registry. This analysis is
especially pertinent to the ischemic cardiomyopathy patients
because nonischemic cardiomyopathy patients only
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comprised a very small minority of the group studied. The use
of antiarrhythmic drugs and their possible impact on the
mortality of patients who received shocks has not been
analyzed in this study.

Conclusion
The implant indication of primary versus secondary prevention
did not have a differential impact on mortality following ICD
therapies irrespective of the worse baseline clinical profile in
the primary prevention group. Though the ICD shock aborted
sudden death in the secondary prevention patient who had
malignant arrhythmia and had ICD implantation on this basis,
this study highlights an unrecognized patient issue that
suggests that event has mortality implications. The issue
highlighted by this work is that, though the ICD therapy in the
secondary prevention patient achieved its goal of aborting
sudden death, the work of the clinician is not complete.
Strategies should be implemented for caring for these
patients even after a single appropriate ICD therapy, and
the impact of such strategies on altering survival will require
further characterization.
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