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ABSTRACT
OBJECTIVES This study investigated the beneﬁt of an implantable cardioverter-deﬁbrillator (ICD) generator
replacement in patients who did not have an ongoing theoretical indication for ICD therapy at time of replacement.
BACKGROUND Primary prevention ICD therapy is known to reduce mortality in patients with cardiomyopathy and
reduced left ventricular systolic function. The data describing outcomes after generator replacement are limited.
METHODS This was a retrospective cohort study following patients implanted with primary prevention ICD therapy from
2002 until 2015 who subsequently received a generator replacement. Patients with an ongoing theoretical indication for
ICD therapy were deﬁned as either left ventricular ejection fraction #35% or having had prior appropriate ICD therapy.
Outcomes were mortality, appropriate ICD therapy and shock, inappropriate shock, and device and lead complications.
RESULTS A total of 614 patients were identiﬁed; 173 (28.2%) underwent a generator replacement and were followed
for a mean of 2.9 years after replacement; 144 (83.2%) had an ongoing theoretical indication. Patients with no ongoing
theoretical indication (n ¼ 29, 16.7%) had lower mortality (hazard ratio [HR]: 0.39, 95% conﬁdence interval [CI]:
0.15-1.00, p ¼ 0.0495), appropriate shock rate (HR: 0.29, 95% CI: 0.09 to 0.96, p ¼ 0.04), and appropriate ICD therapy
rate (HR: 0.30, 95% CI: 0.12 to 0.77, p ¼ 0.012) when compared with patients with ongoing theoretical indication. In
the entire cohort, there were low rates of inappropriate shock (4.0%), device complication (5.1%), and lead
complication (2.3%).
CONCLUSIONS In patients with primary prevention ICD therapy who underwent generator replacement, improved left
ventricular ejection fraction and lack of prior appropriate ICD therapy at time of replacement were associated with a lower
risk of mortality and incident ventricular arrhythmia. (J Am Coll Cardiol EP 2017;-:-–-) © 2017 by the American
College of Cardiology Foundation.
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If patients were lost to follow-up, the last known
date of follow-up was used and data was censored

F I G U R E 1 Flow Chart Outlining Population Inclusion and Exclusion

thereafter. Patients who had a device downgraded to
a non-ICD after initial device replacement were
censored after the date of procedure.
STATISTICAL ANALYSIS. Categorical variables were

described as frequencies with percentages; continuous variables were described as mean  SD.
Demographic

and

clinical

characteristics

were

compared between cohorts using either Fisher exact
test or chi-square test for categorical data and the
Student t test for continuous data. Using the Kaplan
Meier method, overall survival, therapy-free survival,
and shock-free survival was compared between the
“no ongoing theoretical indication” cohort and the
“ongoing theoretical indication” cohort. The subgroups of the ongoing theoretical indication group
(primary and secondary) were analyzed for these
same time-to-event outcomes. Cox proportional
hazards modelling was performed to determine
predictors of outcomes using variables known to
inﬂuence

risk

of

mortality

and

ventricular

arrhythmia, including age, sex, CAD, diabetes, baseline creatinine, LVEF, and medication use (11,12).
Signiﬁcance tests were 2-sided and a value of p < 0.05
considered statistically signiﬁcant. All analyses were

*Ongoing theoretical primary indication: LVEF #35% at time of generator replacement.
†Ongoing theoretical secondary indication: appropriate ICD therapy or shock before
generator replacement. CRT-D ¼ cardiac resynchronization therapy with deﬁbrillation;
ICD ¼ implantable cardioverter-deﬁbrillator; LVEF ¼ left ventricular ejection fraction.

conducted using SAS version 9.4 (SAS Institute Inc.,
Cary, North Carolina).

and 68 (39.3%) patients had NYHA functional class
III/IV heart failure.

RESULTS

At the time of replacement, there were 144 (83.2%)
patients who had an ongoing theoretical indication
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for therapy: 71 (41.0%) had LVEF #35%, 73 (42.2%)

the study who had ICDs or CRT-D implanted for pri-

had

mary prevention; of these, 179 (29.2%) underwent a

29 (16.8%) had not received appropriate therapy and

generator replacement (Figure 1). Battery depletion

had an LVEF >35%. The mean LVEF at time of replace-

received

appropriate

therapy;

the

remaining

was the primary cause for replacement (n ¼ 114,

ment was 29  11%; the distribution of LVEF was as

63.7%). Other reasons included upgrade to CRT or

follows: 75.7% had an LVEF #36%, 19.1% between 36%

dual-chamber ICD (n ¼ 34, 19.0%), battery and lead

and 50%, and 5.1% had LVEF $50%. A total of 107

replacement (n ¼ 20, 11.2%), device infection (n ¼ 3,

(61.8%) patients had a CRT-D after device replacement.

1.7%), erosion (n ¼ 2, 1.1%), and device advisory

There were several differences in baseline charac-

(n ¼ 4, 2.2%). There were 37 (20.7%) patients who did

teristics between the cohorts (Table 1) as well as at

not have an LVEF measured within 1 year of generator

time of device replacement (Table 2). Those with no

replacement. After exclusion of 6 (3.4%) patients who

theoretical indication had higher LVEF at initial de-

did not have LVEF assessment repeated after im-

vice implantation (25.7  6.3% vs. 23.6  5.9%,

plantation, 173 patients were included in the study

p < 0.0001) and at time of device replacement (44.1 

population. Mean time to ﬁrst generator replacement

6.5% vs. 26.7  9.7%, p < 0.0001), longer QRS dura-

was 5.2  2.0 years; mean follow-up after replace-

tion (158  31 ms vs. 141  36 ms, p ¼ 0.01), higher

ment was 2.9  2.3 years.

prevalence of dilated cardiomyopathy (55.2% vs.

Baseline characteristics are shown in Table 1. The

27.1%, p ¼ 0.004), higher prevalence of CRT device

mean age was 67  10.5 years; 79.8% were male. The

before replacement (75.9% vs. 37.5%) and after

original indication in 118 (68.2%) patients was an

replacement (79.3% vs. 58.3%). Additionally, there

ischemic cardiomyopathy. The mean LVEF at the

were more women in the no ongoing theoretical

time of initial device implantation was 24.0  6.0%,

indication cohort (37.9% vs. 16.7%, p ¼ 0.02).
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T A B L E 1 Baseline Population Characteristics

T A B L E 3 Outcomes by Cohort

Ongoing Theoretical
Indication

Ongoing Theoretical Indication
No Ongoing
Theoretical
Primary* þ
Secondary† Primary Secondary Indication
(n ¼ 29)
(n ¼ 144) (n ¼ 71) (n ¼ 73)

Total Population
(N ¼ 173)

Primary*
(n ¼ 71)

Secondary†
(n ¼ 73)

No Ongoing
Theoretical
Indication
(n ¼ 29)

Age (yrs)

67.0  10.5

66.8  10.6

68.0  10.3

64.7  11.0

0.21

Mortality

Male (%)

79.8

78.9

87.7

62.1

0.02

Appropriate ATP/shock 48 (33.3)

p Value‡

Initial device implanted

Appropriate shock

CRT

76 (43.9)

Dual chamber

24 (33.8)

30 (41.1)

22 (75.9)

17 (9.8)

9 (12.7)

4 (5.5)

4 (13.8)

80 (46.2)

38 (53.5)

39 (53.4)

3 (10.3)

118 (68.2)

54 (76.1)

51 (69.9)

13 (44.8)

Single chamber
Indication for ICD
Non-IHD-DCM
Prior CAD

55 (31.8)

17 (23.9)

22 (30.1)

16 (55.2)

119 (68.8)

53 (74.6)

53 (72.6)

13 (44.8)

NYHA functional class
31 (17.9)

14 (19.7)

II

72 (41.6)

30 (42.3)

III-IV

68 (39.8)

26 (37.1)

24.0  6.0

24.3  6.1

22.9  5.6

25.7  6.3

Atrial ﬁbrillation

15 (20.5)

5 (17.2)

33 (45.0)

5 (17.2)

9 (12.7) 20 (27.4)

3 (10.3)

Values are n (%). *Ongoing theoretical primary indication: LVEF #35% at time of
generator replacement. †Ongoing theoretical secondary indication: appropriate
ICD therapy or shock before generator replacement.
ATP ¼ antitachycardia pacing.

0.004
0.07

I

29 (20.1)

15 (21.1)

0.0001

0.004

IHD

Initial LVEF (%)

41 (28.5) 22 (31.0) 19 (26.0)

OUTCOMES. Outcomes for all cohorts are shown in

2 (6.9)

Table 3. Among the 173 patients who underwent a

33 (45.2)

9 (31.0)

generator replacement, 46 patients (26.6%) died

25 (34.2)

17 (60.7)
<0.0001

during the follow-up period; 53 (30.6%) had either
ATP or appropriate shock after replacement; and 19

55 (31.8)

24 (33.8)

25 (34.2)

6 (20.7)

0.19

QRS duration (ms)

143.7  35.3

139.5  35.9

141.7  35.3

158.0  31.4

0.01

(12.1%) had only appropriate ATP therapy. Univariate

Creatinine (mmol/l)

102.1  31.1

100.9  23.6 103.7  30.9 100.9  46.1

0.08

predictors for mortality after undergoing generator

0.39

replacement are outlined in Table 4 and for appro-

Diabetes

55 (31.8)

29 (40.8)

19 (26)

7 (24.1)

Dyslipidemia

110 (63.6)

50 (70.4)

50 (68.5)

10 (34.5)

0.0006

priate therapy in Table 5. Signiﬁcant predictors of

Hypertension

78 (45.1)

32 (45.1)

35 (47.9)

11 (37.9)

0.42

mortality included age, creatinine level, diabetes,

Beta blocker

168 (97.1)

69 (97.2)

72 (98.6)

27 (93.1)

0.20

ACE-I or ARB

164 (94.8)

67 (94.4)

68 (93.2)

29 (100.0)

0.36

Medications

LVEF at time of replacement, and use of loop
diuretics and digoxin. Signiﬁcant predictors for ICD
therapy included male sex, CAD, and prior ICD

Spironolactone

55 (31.8)

21 (29.6)

24 (32.9)

10 (34.5)

0.83

Loop diuretic

113 (65.3)

47 (66.2)

44 (60.3)

22 (75.9)

0.21

therapy. The indication for generator replacement

Oral anticoagulant

75 (43.4)

36 (50.7)

27 (37)

12 (41.4)

0.84

had no effect on outcomes.

Digoxin

69 (39.9)

26 (36.6)

28 (38.4)

15 (51.7)

0.21

In the cohort with no ongoing theoretical indication, 5 (17.2%) patients died after replacement. Mor-

Values are mean  SD or n (%). *Ongoing theoretical primary indication: LVEF #35% at time of generator
replacement. †Ongoing theoretical secondary indication: appropriate ICD therapy or shock before generator
replacement. ‡Compared between “ongoing theoretical indication” and “no indication” cohorts.
ACE-I ¼ angiotensin-converting enzyme inhibitor; ARB ¼ angiotensin receptor blocker; CAD ¼ coronary artery
disease; CRT ¼ cardiac resynchronization therapy; DCM ¼ dilated cardiomyopathy; ICD ¼ implantable
cardioverter-deﬁbrillator; IHD ¼ ischemic heart disease; LVEF ¼ left ventricular ejection fraction;
NYHA ¼ New York Heart Association functional class.

tality at 1, 2, and 5 years was 3.5%, 11.2%, and 18.0%,
respectively, and the average rate was 4.0% per
person-year. In the cohort with ongoing theoretical
indication, 41 (28.5%) patients died; 1-, 2-, and 5-year
mortality was 10.9%, 17.4%, 44.1%, respectively, with
an average rate of 10.4% per person-year. Patients
with no ongoing theoretical indication had signiﬁ-

T A B L E 2 Population Characteristics at Time of Replacement

Age, yrs

cantly reduced mortality (Figure 2) (4.0% vs. 10.4%

Total Population
(N ¼ 173)

Ongoing
Theoretical
Indication
(n ¼ 144)

No Ongoing
Theoretical
Indication
(n ¼ 29)

67.0  10.5

67.5  10.4

64.8  11.0

Device after replacement

per person-year, hazard ratio [HR]: 0.39, 95% conﬁdence interval [CI]: 0.15 to 1.00, p ¼ 0.0495) when
p Value

compared with those with ongoing theoretical indi-

0.21

cation. When mortality was compared between the

0.046

no ongoing theoretical indication group and those

107 (61.8)

84 (58.3)

23 (79.3)

with a primary prevention indication, there was also

Dual chamber

15 (8.7)

12 (8.3)

3 (10.3)

a signiﬁcant difference (Figure 3) (4.0% vs. 11%

Single chamber

51 (29.5)

48 (33.3)

3 (10.3)

29.0  11.0

26.7  9.7

44.1  6.5

CRT

LVEF within 1 year of device
replacement (%)

<0.0001

per person-year, HR: 0.37, 95% CI: 0.14 to 0.98,
p ¼ 0.045). No difference in mortality between the
primary

and

secondary

prevention

groups

was

#35

103 (75.7)

103 (75.7)

0 (0.0)

36-49

26 (19.1)

11 (8.1)

15 (83.3)

observed (Figure 3) (11% vs. 9.8% per person-year,

7 (5.1)

4 (3.4)

3 (16.7)

HR: 1.14, 95% CI: 0.61 to 2.11, p ¼ 0.68).

$50
Values are mean  SD or n (%).
Abbreviations as in Table 1.

Among 29 patients with no ongoing theoretical
indication, 3 (10.3%) received an appropriate shock
after replacement, with an average rate of 2.6% per
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There were 48 (33.3%) patients who received either

T A B L E 4 Predictors of Mortality by Univariate Analysis

an appropriate shock or ATP, with a mean rate of

Hazard 95% Conﬁdence
Ratio
Interval
p Value

18.6% per person-year, and 21.3%, 35.2%, and 50.1%,
respectively, at 1, 2, and 5 years.

Age (per yr)

1.03

1.00–1.07

0.04

Female

0.66

0.28–1.57

0.35

Creatinine (per 10 mmol/l)

1.09

1.02–1.16

0.007

indication, patients with no ongoing theoretical indi-

CAD

1.63

0.83–3.21

0.16

cation had a signiﬁcantly lower risk of appropriate

Diabetes

2.64

1.48–4.73

0.001

shock after replacement (Figure 4A) (2.6% vs. 9.6% per

LVEF at time of generator
replacement (per 10% decrease)

1.75

1.28–2.44

0.0004

person-year, HR: 0.29, 95% CI: 0.09 to 0.96, p ¼ 0.04),

ATP or shock before generator
replacement

1.15

0.63–2.07

0.65

Upgrade to CRT

0.83

0.37–1.85

0.64

HR: 0.30, 95% CI: 0.12 to 0.77, p ¼ 0.012). When

Use of loop diuretics

2.57

1.24–5.34

0.01

comparing against the primary prevention indication

Use of digoxin

2.72

1.50–4.92

0.0009

group, the appropriate shock rate in the no indication

Compared to patients with ongoing theoretical

and a signiﬁcantly lower risk of any appropriate
therapy (Figure 4B) (4.9% vs. 18.6% per person-year,

group was lower but nonsigniﬁcant (2.6% vs. 5.7% per

Abbreviations as in Tables 1 and 3.

person-year, HR: 0.47, 95% CI: 0.12 to 1.75, p ¼ 0.26).
The difference in appropriate therapy rate was also

person-year, and 0%, 0%, 5.6%, respectively, at 1, 2,

nonsigniﬁcant (Figure 5) (4.9% vs. 10.8% per person-

and 5 years. There were 5 (17.2%) patients who

year, HR: 0.50, 95% CI: 0.18 to 1.39, p ¼ 0.18).

received either appropriate ATP or shock; average rate
was 4.9% per person-year, and 3.7%, 3.7% and 15.8%,
respectively, at 1, 2, and 5 years. One patient had LVEF
of 47% at time of replacement, and had a known history of frequent nonsustained ventricular tachycardia
(NSVT). Two patients had LVEF of 36% and 38% at
time of replacement. The two remaining patients did
not have LVEF measured within a year of generator
replacement. One of these patients had an LVEF of
49% 2 years after replacement, and also had frequent
NSVT. The second patient had LVEF of 44% 3 years
before generator replacement, and 36% 4 years after
replacement. Three of 5 patients had a CRT-D device.
Among the 144 patients with an ongoing theoretical
indication, 29 (20.1%) received an appropriate shock,
an average rate of 9.6% per person-year, and 13.6%,
18.8%, and 32.5%, respectively, at 1, 2, and 5 years.

EFFECT OF CRT. A total of 107 patients had CRT-D

devices after generator replacement. Eighty-four
patients (78.5%) had theoretical ongoing indication,
and 23 (21.5%) did not. There were 30.8% (n ¼ 33) who
had an improvement of LVEF to >35% at time of
replacement and 63.6% (n ¼ 68) who continued to have
LVEF #35%. In the non-CRT group (n ¼ 66), 16.7%
(n ¼ 11) had improvement of LVEF >35%, whereas
74.2% (n ¼ 49) continued to have LVEF #35%.
Those with an improvement in LVEF to >35% had a
signiﬁcantly lower rate of mortality (HR: 0.36, 95% CI:
0.15 to 0.88, p ¼ 0.026), and appropriate shock
(HR: 0.28, 95% CI: 0.08 to 0.97, p ¼ 0.045), than
those who did not. The rate of appropriate therapy
was lower but nonsigniﬁcant (HR: 0.45, 95% CI: 0.20
to 1.01, p ¼ 0.054).
INAPPROPRIATE SHOCKS AND COMPLICATIONS. Overall,

there were 7 (4.0%) patients who experienced inap-

T A B L E 5 Predictors of Appropriate Therapy by

propriate shocks after replacement. Four (2.8%) were

Univariate Analysis

in the theoretical indication group; all had primary
Hazard 95% Conﬁdence
Ratio
Interval
p Value

indication. The remaining 3 (10.3%) were in the no
ongoing theoretical indication group.

Age (per yr)

1.02

0.99–1.05

0.11

Female

0.36

0.14–0.90

0.03

Among 215 device replacements, including ﬁrst

Creatinine (per 10 mmol/l)

1.09

1.02–1.16

0.43

and second device replacements and those without

CAD

2.67

1.34–5.34

0.005

follow-up LVEFs, the total complication rate was 5.1%

Diabetes

1.41

0.79–2.51

0.24

(n ¼ 11). Among 179 ﬁrst device replacements, 8 (4.4%)

LVEF at time of generator
replacement (per 10% decrease)

1.27

0.94–1.69

0.11

patients experienced complications. Four developed

ATP or shock before generator
replacement

3.01

1.71–5.29

Upgrade to CRT

1.00

0.50–1.99

0.99

edema, 1 developed subclavian thrombosis, and 2 had

Use of loop diuretics

0.80

0.47–1.39

0.44

generator malposition. Among 36 second device re-

Use of digoxin

0.76

0.42–1.37

0.37

placements, there were 3 (8.3%) patients with com-

Abbreviations as in Tables 1 and 2.

0.0001

pocket infection, 3 of whom received another device
replacement as a result. One developed pulmonary

plications, all infections. One of these patients
received a subsequent device replacement as a result.
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F I G U R E 2 Mortality After Generator Replacement by Ongoing Theoretical Indication at Time of Replacement

Theoretical indication deﬁned as either ongoing primary indication, LVEF #35%, or ongoing secondary indication, prior ICD therapy, at time of
generator replacement. Abbreviations as in Figure 1.

F I G U R E 3 Mortality After Generator Replacement by Ongoing Theoretical Indication at Time of Replacement

Primary indication deﬁned as LVEF #35%, secondary indication deﬁned as prior ICD therapy, at time of generator replacement. Abbreviations as
in Figure 1.
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F I G U R E 4 Appropriate Shock and Appropriate ICD Therapy After Generator Replacement by Ongoing Theoretical Indication at Time of Replacement

(A) Shock therapy. (B) ICD therapy. Theoretical indication deﬁned as either ongoing primary indication, LVEF #35%, or ongoing secondary indication, prior ICD therapy,
at time of generator replacement. Abbreviations as in Figure 1.

Among patients with ongoing theoretical indication,

Among all 215 device replacements, there were

there were a total of 170 device replacements and

5 (2.3%) lead complications. There were 3 high thresh-

10 patients (5.9%) had a complication. Among those

olds, 1 loss of capture, and 1 dislodgement. All 5 had

with no ongoing theoretical indication, there were

ongoing theoretical indication: 4 had secondary indica-

39 device replacements; 1 (2.6%) patient had an

tion and 1 had primary indication. Two had an upgrade

infection.

to CRT at time of generator replacement; 2 patients had

F I G U R E 5 Appropriate ICD Therapy After Generator Replacement by Ongoing Theoretical Indication at Time of Replacement

Primary indication deﬁned as LVEF #35%, secondary indication deﬁned as prior ICD therapy at time of generator replacement.
Abbreviations as in Figure 1.
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T A B L E 6 Summary of Previous Studies Following Patients After ICD Generator Replacement Comparing Outcomes by LVEF or Prior Therapy

First Author
(Ref. #)

Initial Implant Device
and Indication

Cohort After Generator
Replacement Cohort

Sample Size

Erkapic (17)

ICD only
Primary or secondary

Prior therapy

245

Madhavan (7)

ICD only
Primary

No prior therapy

265

EF #35% and no prior therapy

181

Erkapic (17)

ICD only
Primary or secondary

Prior therapy

245

No prior therapy

265

House (23)

ICD and CRT-D
Primary

EF #35% and no prior therapy

Kawata (6)

ICD only
Primary

Kini (24)

ICD and CRT-D
Primary

EF >35% and no prior therapy

70
55

EF #35% or prior ICD therapy

109

EF >35% and no prior ICD therapy

59

EF #35% or prior ICD therapy

93

EF $40% and no previous ICD
therapy

59
181

Madhavan (7)

ICD only
Primary

EF #35 and no prior therapy
EF >35% and no prior therapy

72

Naksuk (25)

ICD only
Primary

Nonimproved LVEF

66

EF >35% and increase by $10%

25

Sebag (26)

CRT-D only
Primary

EF <40% or prior ICD therapy

68

EF $40% and no prior ICD therapy

39

Naksuk (25)

ICD only
Primary

Nonimproved LVEF

66

Merchant (27)

ICD and CRT-D
Primary or secondary

Prior ICD therapy

Sebag (26)

CRT-D only
Primary

No prior ICD therapy

Mortality

68

EF $40% and no prior ICD therapy

39

6.2

22  16 months

7

23.8

5.8 yrs (IQR 4.2–8.1 yrs)

22  16 months

10.5
Appropriate therapy

6.7

Appropriate therapy

11.4

Appropriate therapy

10.7

25  18 months

4.4
41.2  26.5 months

2.3

2.8
Appropriate therapy

12

Appropriate therapy

20

Unknown
3.5  2.0 yrs
3.3 yrs (IQR 1.8–5.3 yrs)

5
2.1  1.5 yrs

21.8

2.2  1.6 yrs

Appropriate therapy

12.7

26.4  14.4 months

Appropriate shock

13.8

2.1  1.5 yrs

16.4

2.2  1.6 yrs

14.6

1.9  1.2 yrs

2.3

Any ICD shock

16,230

EF <40% or prior ICD therapy

Follow-Up After
Generator Replacement

5
Appropriate therapy

25
7,973

Annualized
Event Rate (%)

4.5
Mortality

72

EF >35% and no prior therapy

EF >35% and increase by $10%

Outcome

5.2
Inappropriate
therapy

3.2

26.4  14.4 months

2.3

CRT-D ¼ cardiac resynchronization therapy with deﬁbrillation; EF ¼ ejection fraction; IQR ¼ interquartile range; other abbreviations as in Table 1.

a battery and lead change for lead fracture and mal-

replacement-related complications were low in all

function; 1 patient had a battery replacement only.

groups. The presence of cardiac resynchronization
therapy may have contributed to the improvement in

DISCUSSION

LVEF from initial device implantation to device
replacement; a prior systematic review (13) found that

This was a retrospective cohort study of patients with

this is associated with reduced ICD therapy.

a primary prevention indication for ICD or CRT-D who

Five of 29 patients with no ongoing theoretical indi-

subsequently underwent a generator replacement.

cation received ICD therapy after replacement. Four of

Over a mean follow-up of approximately 3 years, the

these 5 patients had either LVEF between 35% and 40%

annual rate of appropriate therapy was signiﬁcantly

or frequent NSVT. It is known that patients with NSVT

lower in those with no ongoing theoretical indication,

may receive a greater beneﬁt from ICD therapy; MUSTT

deﬁned by improved LVEF and no history of appro-

(Multicenter Unsustained Tachycardia Trial) (14) and

priate ICD therapy, as compared to those with an

MADIT-I (Multicenter Automatic Deﬁbrillator Implanta-

ongoing theoretical indication. Mortality was found

tion Trial I) (15) inclusion criteria included the presence

to be signiﬁcantly lower, with a 61% relative risk

of NSVT. It is possible that these 4 patients, although not

reduction in those with no ongoing theoretical indi-

meeting an ongoing theoretical indication at time of

cation. Overall, inappropriate shocks and generator

replacement, were at higher risk.
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Our therapy and shock rates were comparable to

noncontrolled nature of the study carries inherent

those described by a systematic review (16), which

limitations. Factors that led to appropriate therapy or

found an annualized rate of 10.5% among 7 studies of

improvement in LVEF before generator replacement

patients with primary or secondary indication at

could contribute to the difference in outcomes after

initial

generator

generator replacement. Although we found lower

replacement. There have been a number of studies

rates of therapy in the cohort with no ongoing theo-

implantation

and

subsequent

that have explored ventricular arrhythmia requiring

retical indication, it is difﬁcult to extrapolate this

ICD therapy and mortality after ICD generator

ﬁnding to patients who may otherwise not receive a

replacement in cohorts with improved LVEF or lack of

generator replacement; we were unable to assess the

prior ICD therapy (Table 6). Two prior studies found

number of patients who were evaluated for a

no mortality difference, which was also observed in

replacement but did not receive one, thus we did not

our study. Erkapic et al. (17) compared patients by

follow these patients. The appropriate therapy rate in

presence of prior ICD therapy (HR 1.23, 95% CI: 0.67 to

the no indication group may be an overestimate as it

2.26, p ¼ 0.509), whereas Madhaven et al. (7)

is biased by those patients where both physicians and

compared patients, all of whom had not had prior

patients felt the need for ongoing device therapy.

therapy, by LVEF #35 at time of replacement (HR 1.10,
p ¼ 0.68). However, lower rates of appropriate therapy and shock have been described, similar to our
ﬁndings.
Our study shows that in a population without
ongoing theoretical indication, deﬁned by improved
LVEF and absence of prior therapy at time of generator replacement, there is a lower risk of ventricular
arrhythmia requiring ICD therapy and shock. Our rate
was also lower than previously described in primary
prevention patients after initial implantation. Of the
2 original landmark trials following outcomes after
initial ICD implantation, SCD-Heft (Sudden Cardiac
Death in Heart Failure Trial) had an average annual
therapy rate of 7.5%/year (3). Although the original
MADIT-II study did not report therapy rates, subsequent analysis showed 24.1% of patients received
appropriate therapy over a mean follow-up of
21 months (18). This could be explained by a higher
adherence

to

optimal

medical

therapy

in

the

contemporary era; our rate of beta-blocker therapy

CONCLUSION
This study showed both mortality reduction and
lower rate of ventricular arrhythmias among patients
who initially receive ICDs for primary prevention and
have no ongoing theoretical indication at time of
generator replacement. We identiﬁed several risk
factors that may be helpful in determining which
patients would beneﬁt most from ongoing highvoltage therapy; in those with no ongoing theoretical indication, close follow up to ascertain a change
in LVEF or clinical status may be helpful in determining future risk to determine whether ongoing
device therapy with deﬁbrillation is required.
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was 97%, compared to 70% in MADIT-II and SCD-Heft
(1,3).

Long-term

follow-up

data

from

MADIT-II

patients, 8 years after randomization, showed a
continued mortality beneﬁt for patients who received
ICD therapy, but repeat LVEF measurements were not
available in this cohort, hence the effect of LVEF
improvement is unknown (19).
There were signiﬁcantly fewer women who had an
ongoing indication for replacement. This may be
explained by women having lower incidence of
appropriate ICD therapy before replacement (14.3%
vs. 34.8%); this has been shown in previous studies
(20–22). We also found that females were at a lower
risk of ICD therapy after replacement (HR 0.36, 95%
CI: 0.14 to 0.9, p ¼ 0.03).
STUDY LIMITATIONS. There are some limitations

associated with our study. The retrospective and

PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE: As patients with
primary prevention ICDs survive past their initial indication for
device therapy, the beneﬁt of high-voltage therapy from an ICD is
unknown. We identiﬁed a population, characterized by LVEF >35%
and absence of prior ICD therapy at time of device replacement,
who are at low risk of mortality and ventricular arrhythmia.
TRANSLATIONAL OUTLOOK: The ﬁndings of this paper
highlight the need for further research into the beneﬁt of ongoing
high-voltage therapy in patients with an initial indication for primary
prevention of ventricular arrhythmia. Further development and validation of tools to predict and stratify individual patients’ risk will aid
patients’ and clinicians’ decisions regarding generator replacement.
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