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BACKGROUND There is conflicting evidence on the efficacy of pri-
mary prevention implantable cardioverter-defibrillator (ICD) im-
plantation in the elderly.

OBJECTIVE The purpose of this study was to determine the efficacy
and safety of ICD implantation in patients 70 years and older.

METHODS Patients (n = 167) aged 70 years or older and eligible
for ICD implantation were randomly assigned (1:1) to receive either
optimal medical therapy (OMT) (n = 85) or OMT plus ICD (n = 82).

RESULTS Of the 167 participants (mean age 76.4 years; 165 men),
144 completed the study protocol according to their assigned treat-
ment. Average participant follow-up was 31.5 months. Mortality
was similar between the 2 groups: 27 deaths in OMT vs 26 death
in ICD (unadjusted hazard ratio 0.92; 95% confidence interval
0.53-1.57), but there was a trend favoring the ICD over the first
36 months of follow-up. Rates of sudden death (7 vs 5; P = .81)
and all-cause hospitalization (2.65 events per participant in OMT
vs 3.09in ICD; P = .31) were not statistically significantly different.

Eleven participants randomized to ICD received appropriate ther-
apy. Five participants received an inappropriate therapy that
included at least 1 ICD shock.

CONCLUSION The study did not recruit to target sample size, and
accumulated data did not show benefit of ICD therapy in patients 70
years or older. Future studies similar in design might be feasible but
will need to contend with patient treatment preference given the
large number of patients who do not want an ICD implanted. Further
research is needed to determine whether the ICD is effective in pro-
longing life among elderly device candidates.

KEYWORDS Elderly; Electrophysiology; Heart failure; Implantable
cardioverter-defibrillator; Primary prevention
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Introduction
Prophylactic use of the implantable cardioverter-defibrillator
(ICD) for primary prevention of sudden cardiac death (SCD)
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has been shown to improve survival in a generalized cohort
of patients with heart failure and reduced ejection fraction.'~*
However, there is conflicting evidence on the efficacy of pri-
mary prevention ICD implantation in the elderly, with
numerous published calls for a study to address this ques-
tion.”™ Nevertheless, there is no specific contraindication
of advanced age in the American College of Cardiology/
American Heart Association/Heart Rhythm Society practice
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m The most common reason patients declined participa-
tion in the study was a preference not to have an
implantable cardioverter-defibrillator (ICD) implanted,
which may help explain the apparent underutilization
of ICD therapy in the elderly.

m Among those participants assigned to receive an ICD vs
those not assigned to receive an ICD, all-cause mor-
tality and observed differences in all-cause mortality
were not statistically significant (primary outcome),
although there seems to be a trend toward lower mor-
tality in the ICD group.

m Among those participants assigned to receive an ICD vs
those not assigned to receive an ICD, all-cause mor-
tality and observed differences in cardiac mortality and
all-cause hospitalization were not statistically signifi-
cant (secondary outcomes).

guidelines that would preclude ICD prescription'’ or Medi-
care reimbursement for older patents.'' Yet in a study of
Medicare beneficiaries, only 8.1% of 10,318 ICD-eligible
elderly patients (mean age 78 years) received an ICD for pri-
mary prevention of SCD,'” and a recent all-ages cohort study
of 144,074 eligible veterans with incident heart failure and
reduced ejection fraction (mean age 71 years) estimated uti-
lization at <20%."” It is likely equipoise about the efficacy of
ICD therapy in the elderly on the part of both patients and
providers that contributes to this underutilization. It is widely
anticipated that a landmark clinical trial testing the efficacy of
ICD in older patients would be pivotal in reconciling the gap
between device eligibility and device adoption.

The primary objective of the I-70 Study (Efficacy and
Safety of ICD Implantation in the Elderly trial) was to deter-
mine whether primary prevention of SCD using ICD implan-
tation in addition to optimal medical therapy (OMT) is
effective in reducing all-cause mortality compared to OMT
alone in patients aged 70 years or older, who are eligible
for ICD therapy according to current Centers for Medicare
& Medicaid Services criteria.

Methods

Patient population

Veterans aged 70 years or older who qualified for ICD im-
plantation per Centers for Medicare & Medicaid Services
criteria were eligible for study recruitment. Before left ven-
tricular ejection fraction (LVEF) was measured, patient vol-
unteers were required to be in stable condition on an OMT
regimen, including titration of heart failure therapies and
adherence to a healthy lifestyle (eg, smoking cessation, die-
tary management, exercise). There was no minimum interval
for establishing stability; this was left to the determination of
the study team. The qualifying LVEF had to be measured
within 6 months of randomization, and participants were

excluded if they were within 40 or 90 days of a myocardial
infarction or revascularization, respectively. Patients with a
pre-existing conventional single- or dual-chamber pace-
maker were included; however, those with an existing defi-
brillator or either had been or were judged to be a good
candidate for a cardiac resynchronization therapy (CRT)-
pacemaker were excluded. The research reported in this pa-
per adhered to CONSORT guidelines. This study was
approved through the VA Office of Research and Develop-
ment and the VA Central Institutional Review Board. The
Central Institutional Review Board conducted annual
continuing review, and a data monitoring committee re-
viewed the study on an approximately biannual basis. All
participants provided written informed consent and privacy
authorization.

Trial design

A detailed description of the study design is given in the Sup-
plemental Appendix. Summarily, the I-70 Study was de-
signed in a 2-stage format: a pilot phase involving 6
Veterans Affairs Medical Centers followed by an expanded
phase that would include a larger number of sites, contingent
on demonstration of adequate enrollment at the pilot sites.
Following continuous review of study enrollment data during
52 months of recruitment, the trial was determined by the
study sponsor, the VA Office of Research and Development,
Cooperative Studies Program, to have recruited at an insuffi-
cient rate to justify expansion and subsequently was closed to
enrollment on February 11, 2020.

Trial procedures

Participants were assigned to receive either OMT+ICD or
OMT without ICD, in a 1:1 allocation. Randomization was
performed according to a pre-established assignment
scheme, with permuted blocks of size 2, 4, or 6. Randomiza-
tion was stratified by medical center and Charlson Comorbid-
ity Index,'*"> measured at baseline and dichotomized
according to a score of <3 vs >3 points. After randomiza-
tion, all study participants underwent follow-up per routine
clinical practice. Participants randomized to OMT received
an additional visit with the study team at 1-4 months to match
the postoperative clinic appointment for ICD recipients. All
participants completed biannual phone-based follow-ups
conducted by centralized personnel, who collected informa-
tion pertaining to quality of life, adverse events, and changes
to medication. All devices implanted under the study proto-
col were monitored remotely through the VA National Car-
diac Device Surveillance Program. Device programming
was prescribed per study protocol (Supplemental Appendix
A) to minimize ventricular pacing, reduce risk of inappro-
priate therapy, and improve quality of life, based on pub-
lished studies, as each device manufacturer’s features
allowed.'®'” Programming changes that departed from these
parameters at the time of implant (whether intentionally or
unintentionally) were considered a protocol deviation. After
the day of implantation, programming changes were allowed
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_ Patient Preference for OMT (n = 229)
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Patient died (n = 4)
- ~ Consented (n = 174 Patient lost to screening (n = 4)

Screen Failure (n = 3) Physician refuses entry (n = 1)

Wanted to choose therapy (n = 3) Other (n = 38)
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OMT (n= 85) OMT & ICD (n= 82)
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Received OMT and also ICD during follow-up + Had ICD at study termination (n= 66)
(n=7) « Explanted (n= 1)
- Upgraded to CRTD (n=5)
Did not receive allocated intervention (n= 10)
Figure 1  Enrollment and randomization of patients. CRTD = cardiac resynchronization therapy with defibrillator; ICD = implantable cardioverter-

defibrillator; OMT = optimal medical therapy.

based on clinical indications, such as development of heart
block, development of slow ventricular tachycardia, and syn-
cope with ventricular tachycardia/ventricular fibrillation. Pa-
tients requiring CRT were considered ineligible for the study;
however, patients who developed a clinical indication for a
nonstudy therapy were not withdrawn. Ultimately, the pro-
gramming parameters after implantation and other case man-
agement decisions were left to the discretion of the treating
clinician.

Outcomes and safety

The primary outcome measure of the I-70 Trial was death
from any cause. Secondary and exploratory objectives were
ascertainment of the influence of age vs comorbidity as deter-
minants of mortality outcomes, quality of life, rates of SCD,
and all-cause hospitalization. Causes of death were adjudi-
cated by a 3-member panel naive to the assigned treatment,
after reviewing death certificates, hospitalization records,
and witness reports. Nonserious adverse events were moni-
tored for 30 days postrandomization (OMT) or postimplanta-
tion (ICD). Serious adverse events were monitored for the
entire duration of follow-up. An extended description of
the study statistical considerations is given in Supplemental
Appendix B.

Sample size projection

The primary outcome of the I-70 Trial was all-cause mortality
analyzed as time to event. The primary hypothesis was that
the ICD arm will yield a 25% reduction in hazard ratio (HR
0.75; 23.5% relative risk reduction in the annual mortality
rate). We assumed 15% annual mortality in the OMT arm,
annual drop-in rate of 3.5% from OMT to OMT+ICD,
dropout rate of 1% from OMT+ICD to OMT (year 1
only), and annual loss to follow-up of 1%. The study was de-
signed to uphold a 1:1 allocation, 5% 2-sided type I error, and

90% power. Considering a staged design (pilot at 6 sites, fol-
lowed by a planned expansion to a total of 27 sites), the target
sample size was 1,462.

Primary analysis

All analyses were performed according to the intention-to-
treat principle. Cumulative survival rates for the treatment
arms were calculated using the Kaplan-Meier method.
All-cause mortality was analyzed as time to event with the
log-rank test, stratified by site and by Charlson co-morbidity
index (<3 or >3). The start time for all time-to-event ana-
lyses was defined as the date of randomization, and partici-
pants who did not experience an event were right-censored
at the date of last contact, date withdrawn, or date of study
exit. The treatment effect was estimated with a Cox propor-
tional hazards model stratified by Charlson score (<3 vs
>3). Before fitting the Cox proportional hazards model, the
proportional hazards assumption was tested using a treatment
by time interaction term. In addition, the treatment by Charl-
son stratum interaction was tested in a Cox proportional haz-
ards model.

Analysis of ICD therapies

Patients who received a study-assigned ICD were monitored
for device therapies by remote monitoring and in-person
interrogation either scheduled or after clinical events. ICD
therapy episodes were analyzed for the arrhythmia triggering
detection, therapy type (antitachycardia pacing vs shock),
and therapy outcome. All therapy events were reviewed by
a separate 3-member committee. Designation as appropriate
vs inappropriate therapy was made after review of all avail-
able data in the interrogation. An episode was defined as
appropriate if ventricular tachycardia or ventricular fibrilla-
tion was present at the time of detection and resulted in a sin-
gle or multiple shocks, or antitachycardia pacing.
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Table 1  Patient characteristics at baseline

OMT + ICD Total
OMT (n = 85) (n = 82) (N = 167)

Age (y) 74.1 [72-89] 75.0 [72-82] 74.6 [72-80]
Male sex 84 (98.8) 81 (98.8) 165 (98.8)
Race

African-American 12 (14.1) 5 (18.3) 27 (16.2)

White 73 (85.9) 67 (81.7) 140 (83.8)
Heart failure

Ischemic 59 (69.4) 60 (73.2) 119 (71.3)

Nonischemic 26 (30.6) 22 (26.8) 48 (28.7)
Diabetes 37 (43.5) 38 (46.3) 75 (44.9)
Hypertension 80 (94.1) 74 (90.2) 154 (92.2)
Renal disease 8 (9.4) 9 (11.0) 17 (10.2)
Smoking 16 (18.8) 9 (11.0) 25 (15.0)
Atrial fibrillation 37 (43.5) 47 (57.3) 84 (50.3)
Body mass index (kg/m?) 29.0 [24.7-32.8] 28.9 [25.5-32.1] 29.0 [25.1-32.5]
Left ventricular ejection fraction (%) 30 [27-33] 30 [27-33] 30 [27-33]
New York Heart Association class

I 2 (2.4) 4 (4.9) 6 (3.6)

II 62 (72.9) 58 (70.7) 120 (71.9)

111 21 (24.7) 20 (24.4) 41 (24.6)
Systolic BP (mm Hg) 122 [111-138] 128 [115-141] 125 [112-138]
Diastolic BP (mm Hg) 72 [63-78] 73 [64-82] 72 [64-79]
Resting heart rate (bpm) 68 [60-81] 69 [62-78] 68 [61-80]
ACE inhibitor or ARB 70 (82.4) 74 (90.2) 144 (86.2)
Aldosterone receptor blocker 29 (34.1) 25 (30.5) 54 (32.3)
Aspirin 57 (67.1) 54 (65.9) 111 (66.5)
Beta-blocker 81 (95.3) 82 (100) 163 (97.6)
Diuretic 60 (70.6) 57 (69.5) 117 (70.1)
Statin 73 (85.9) 67 (81.7) 140 (83.8)
Digoxin 6 (7.1) 6 (7.3) 12 (7.2)
Hydralazine + nitrate 6 (7.1) 11 (13 4) 17 (10.2)
Antiarrhythmic drug 7 (8.2) 5(6.1 12 (7.2)

Six-minute walk test distance (m)
BNP (pg/mL)
Median [Q1-Q3]
No. (%)
NT-proBNP (pg/mL)
Median [Q1-Q3]
No. (%)
Serum creatinine (mg/dL)

306 [243-374]

245 [158-824]
15 (17.6)

1200 [710-2600]
70 (82.4)
1.2 (1.0, 1.5)

293 [197-360]

264 [130-435]
17 (20.7)

1290 [716-2800]
65 (79.3)
1.2 (1.1, 1.6)

305 [216-369]

255 [155-497]
32 (19.2)

1250 [708-2670]
135 (80.8)
1.2 (1.0, 1.5)

Values are given as median [Q1-Q3] or n (%).

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; BP = blood pressure; ICD = implantable cardioverter-defibrillator; NT-proBNP
= N-terminal pro-brain natriuretic peptide; OMT = optimal medical therapy.

Results

Patient characteristics

From August 6, 2015, to December 5, 2019, a total of 174
participants were enrolled at 6 VA Medical Centers, with
167 participants being randomly assigned to a study treat-
ment (Figure 1).

Baseline characteristics of the 167 study participants are
listed in Table 1. Median [interquartile range] age of the pa-
tients was 74.6 [72-80] years, 165 participants (98.8%) were
men, and 140 (83.8%) were white. Median LVEF was 30%
[27%-33%]. A total of 120 participants (71.9%) had New
York Heart Association functional class II symptoms. In 119
participants (71.3%), cardiomyopathy was ischemic-type. Par-
ticipants were treated with guideline-directed medical therapy
for heart failure: 97.6% beta-adrenergic blockers, 86.2%

angiotensin-converting enzyme inhibitors or angiotensin re-
ceptor blockers, and 32.3% aldosterone receptor antagonists.
Those participants taking antiarrhythmic medications were pri-
marily prescribed amiodarone, although some received sotalol
or dofetilide. Several participants were observed to change
antiarrhythmic therapy during the study follow-up.

Therapy adoption and adherence

Among participants assigned to OMT+ICD, 72 (88%) un-
derwent ICD implantation a median of 10 [6-60] days after
randomization. Among those assigned to the OMT+ICD
therapy, 9 (11%) changed their minds about receiving the
ICD after randomization, and 1 participant assigned to
ICD died before device implantation. One participant as-
signed to ICD later underwent device explantation because
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Figure 2  Time-to-event curves for death from any cause. Green line indicates OMT+ICD. Blue line indicates OMT. ICD = implantable cardioverter-

defibrillator; OMT = optimal medical therapy.

of an infected pocket. Five patients with an ICD implanted
per protocol were later upgraded to a CRT-defibrillator.
Among participants randomized to receive OMT without
ICD, 7 (8%) underwent ICD implantation during follow-
up. Formal records for crossover were not collected, but
this was commonly an outcome for participants who devel-
oped a clinical indication for an ICD as a secondary preven-
tion therapy.

Outcomes

Median duration of follow-up was 31.5 [18.8—44.8] months
(range 22 days to 61 months). Vital status was known for
all study participants at the time of the last study follow-up.
In total, 53 participants (32%) died during the study
follow-up period: 26 (32%) in the ICD group and 27 (32%)
in the OMT group (unadjusted HR 0.915; 95% confidence in-
terval 0.534—1.568; P = .746). Figure 2 shows Kaplan-Meier
survival curves of the 2 treatment groups. The annual mortal-
ity rate was 11.6% per year for the ICD group and 12.6% per
year for the OMT group overall, with the curves seeming to
separate at 36 months.

Of the 53 deaths, 32 (60%) were from cardiovascular
causes including 12 (23%) due to SCD (Table 2). There
were no statistically significant differences between the 2
treatment groups in terms of cause-specific mortality. No par-
ticipants in the ICD arm died of device infection. An
extended summary of the observed causes of mortality is
given in Supplemental Table S1.

Figure 3 shows a forest plot of the primary outcome measure
of all-cause mortality. No subgroup showed benefit from either

OMT+ICD or OMT. Subgroups with <20 patients are not
shown.

Device therapies
Of the 78 participants implanted with ICD, 15 experience-
dICD therapy during follow-up. Of these participants, 11
had appropriate ICD therapy with a total of 47 therapy ep-
isodes, including 6 participants who had at least one ICD
shock. Furthermore, 5 participants had a total of 17 inap-
propriate therapy events, including at least 1 ICD shock
in all 5 participants. One participant had both appropriate
and inappropriate therapy. The annualized rate of appro-
priate ICD therapy was 0.22 therapies per year per partic-
ipant (0.16 appropriate shock per year per participant). The
annualized rate of inappropriate therapy was 0.08 therapies
per year per participant (0.03 inappropriate shock per year
per participant).

Among the 26 participants in the OMT+ICD group who
died during study follow-up, 9 received ICD therapy before
death; all were categorized as appropriate therapy.

Adverse events

Supplemental Table S2 summarizes the safety profile of this
study. Within 30 days postrandomization (OMT) or postim-
plantation (ICD), 19 participants (OMT 11; ICD 8) were
observed to endure 29 serious adverse events (OMT 15;
ICD 14), none of which were fatal (not shown in
Supplemental Table S2). The 3 most common serious
adverse effects encountered over the life of the study were
complications of heart failure (21.3%); nonspecific infection,
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typically influenza or pneumonia (16%); and myocardial
infarction (5%).

Discussion

Need

There is conflicting evidence on the efficacy of primary pre-
vention ICD therapy in the elderly. ICD therapy outcomes in
the elderly may differ from those in younger patients in large
part because of the increased prevalence of other causes of
mortality with age. It has also been suggested that the propor-
tion of patients who are at risk for potentially preventable
SCD decreases with age and has changed over time.'®**
Given the dynamic view of sudden death as a cause of
mortality in older patients with heart failure and the
complexities of managing patients with competing risks, a
definitive trial of the ICD in this population is
needed.”” ™ Although our study was terminated before
reaching its full target sample size, there is significant value
in our reporting on the outcome trends observed and the
lessons learned in performing this trial that might inform
future investigators.

Willingness to consent

Older patients are significantly less likely to participate in
research, including noninvasive trials in heart failure,”®
because of a variety of factors.””*® Study team members
were able to contact 573 veterans who were deemed to be
eligible after preliminary medical record screening over
22.8 site-years of operation (average of 25 veterans per site
per year). However, <30% (174/593) provided consent. Of
patients who declined enrollment, the most common reason
was a preference not to have an ICD implanted followed
by a group that preferred ICD implant. This suggests that
the predilection of this population of older veterans for
choosing their own treatment course rather than being ran-
domized to treatment reflects what has been seen in other
landmark interventional clinical trials.”’ This issue is an
important factor to be aware of when planning a future trial
to address this question.

Trends

This trial was stopped after having enrolled 11% of the target
sample size because of a slower than expected rate of enroll-
ment. The results observed are noteworthy and might provide
insight on design parameters and potential outcome effects
from future fully enrolled trials. There seems to be a separa-
tion of the survival curves over the first 36 months (Figure 2).
Whether this reflects a true survival benefit of the ICD in this
population can only be resolved with a fully enrolled trial.
The data shown in Figure 2 contrast the late separation of
the curves in the MADIT-II (Multicenter Automatic Defibril-
lator Implantation Trial II) and SCD-HeFT (Sudden Cardiac
Death in Heart Failure Trial) studies, in which the survival
curve of the ICD group did not separate for 12 to 18 months.
Our findings raise the possibility that sudden death poten-

Table 2  Summary of mortality
oMT OMT + ICD  Total
(n=27) (n=26) (N = 53)
Cardiovascular death 18 (66.7) 14 (53.8) 32 (60.4)
Sudden cardiac death 7 (25.9) 5(19.2) 12 (22.6)
Congestive heart failure 11 (40.7) 8 (30.8) 19 (35.8)
Stroke 1(3.7) 2(7.7) 3(5.7)
Other 3(11.1) 3 (11.5) 6 (11.3)
Noncardiovascular death 7 (25.9) 12 (46.2) 19 (35.8)
Infection 4 (14.8) 9 (34.6) 13 (24.5)
Trauma 0 (0.0) 2(7.7) 2 (3.8)
Cancer 2 (7.4) 1(3.8) 3 (5.7)
Other 5(19.2)  7(26.9) 12 (23.1)
Unknown 2 (7.4) 0 (0.0) 2 (3.8)

Values are given as n (%). Percentages are column based, that is, percent
of all deaths within the study arm. Deaths of 5 participants were attributable
to both cardiovascular and noncardiovascular causes.

ICD = implantable cardioverter-defibrillator; OMT = optimal medical
therapy.

tially treated by an ICD might be a more imminent risk in
the elderly population with heart failure than it is in younger
patients. Similarly, the high prevalence of risk factors for
competing mortality with aging may have caused the curves
to converge back together sooner than seen in these 2 primary
prevention studies.'” We recognize that differences in our
outcomes may reflect advancements in background medical
care and/or the quality of care available to veterans through
the VA health care system.

We chose to stratify patients based on the Charlson Co-
morbidity Index (CCI) to adjust for the competing risks of
mortality beyond age. The CCI is held in generally high re-
gard as a measure of general health status to account for co-
morbid conditions at the time of enrollment.'*""'
Unexpectedly, there were no significant differences or
notable trend in survival detected between CCI 1-2 and
CCI 3+ subgroups in the entire study population or in
either intervention group. The lack of statistical association
may be due to the limited power, but it also may suggest
that the underlying severe cardiac disease present in all of
these study participants is the dominant predictor of
mortality.

Our findings related to patient safety in receiving an ICD
were consistent with previous research supporting therapeu-
tic guidelines in this population. Our annual mortality rates
(12.6% and 11.6% in OMT and ICD groups, respectively)
were less than some commonly noted estimates of mortality
in subgroups of older patients, which ranged in ages from late
60s to >80 years.””” " We limited the scope of the
collection of nonserious adverse events to those specific to
ICD implantation and occurring within 30 days. Thus, for
the participants who received OMT+ICD to report more
adverse events is not surprising. Most importantly, the
observation that the risk of serious adverse events was
comparable in the 2 groups (Supplemental Table S1) sug-
gests that ICD therapy may not add meaningfully to the
risk profile of these patients.
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OMT+ICD vs. OMT

Subgroup N* HR (95% CI)
Age, years

<80 125 0.98 (0.49, 1.94) k |

2 80 42 0.70 (0.29, 1.67) I i
Race

140 0.94 (0.51, 1.73)

Black or African American 27 0.74 (0.23, 2.36) I |
Diabetes ‘

Yes 75 0.89 (0.40, 1.95) I - {

No 92 0.94 (0.45, 1.97) | = 1
Hypertension

Yes 154 0.89 (0.50, 1.56) .
Smoking

Yes 25 0.69 (0.19, 2.52) t |

No 142 0.95 (0.52, 1.73) e |
Atrial Fibrillation

Yes 84 1.23 (0.61, 2.47) k - {

No 83 0.48 (0.18, 1.25) I = i
Heart Failure

Ischemic 119 1.06 (0.54, 2.10) } i i

Non-Ischemic 48 0.66 (0.27, 1.61) ; |
Anti-Arrhythmics

No 155 0.86 (0.49, 1.50) e
ACE or ARB

Yes 144 1.12 (0.61, 2.05) A
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Figure 3

OMT+ICD Better OMT Better

Rate of death from any cause (primary outcome) in subgroups. ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; BUN

= blood urea nitrogen; CI = confidence interval; EF = ejection fraction; HR = hazard ratio; ICD = implantable cardioverter-defibrillator; OMT = optimal

medical therapy.

Equipoise

It should be noted that some VA medical centers did not agree
to randomization to not receive ICD patients who, under cur-
rent guidelines, qualified for ICD implant despite the lack of
definitive evidence of ICD efficacy in this age group and the
call for a study such as I-70 in many published papers and ed-
itorials.”” This situation is an inherent challenge in all studies
that test the efficacy of a widely accepted therapy, but there
are numerous examples in which widely accepted therapies
have been ineffective or, even worse, harmful.>> Furthermore,
we acknowledge the large number of of participants (13%)
who did not complete the study protocol according to their as-
signed therapy at the time of randomization. For some partic-
ipants, a crossover to device therapy was a response to a
newly developed clinical indication. We did not collect data

as to why participants, particularly those who did not receive
their assigned device, did not complete the study per protocol;
however, anecdotally we report that these participants were
more likely to attribute this to logistics than to lack of equi-
poise.

Considerations in redesign

A brief synopsis of our study timeline is given in Supplemental
Appendix C. The study was determined to be infeasible
because, given the observed recruitment rate seen in the pilot
study sites, the target enrollment could not be achieved in an
acceptable amount of time, even if all interested VA sites
were included in a full study. When it became apparent that
the study was infeasible in its original design, other avenues
for study reconfiguration were considered. Lowering the
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minimum age of inclusion from 70 to 65 years was discarded
because of the lack of clinical equipoise for patients aged <70
years, as there already is convincing evidence of device effi-
cacy in these younger patients. After extensive deliberation,
the study’s Executive Committee determined that inclusion
of CRT-eligible patients would be untenably complex because
participant pool heterogeneity, potential dilution of the differ-
ential benefit, the implications of implanting a biventricular de-
vice (without defibrillator function or with defibrillator
function turned off) vs withholding the device altogether,
and the unclear field-level equipoise, in aggregate, posed a pro-
hibitive barrier to study redesign.’® It was believed that these
potential redesigns suggestions would have interfered with
the integrity of the study’s primary objectives and raised
serious ethical questions.

Study limitations

The primary limitation of this study is that it did not enroll to
target sample size. Another limitation is that, being a VA-
based trial, the population is predominantly male and may
differ from the general population in other ways. However,
there are many examples of large VA-based clinical trials in
cardiovascular disease that have provided the same results as
those performed in other more diverse populations (eg, pre-
vention of atrial fibrillation, stroke, bypass surgery, hyperten-
sion). Another limitation of the study is the crossover rate. Itis
inevitable that, in a study such as this, a certain number of pa-
tients in the OMT arm will develop an indication for secondary
prevention ICD. Such crossover was built into our power
calculation and will need to be accounted for in future studies.
The failure to implant patients randomized to ICD based on
patient refusal after randomization is also an inherent risk in
studies involving potential randomization to an invasive pro-
cedure. Every effort was made at the time of consent to ensure
patients were willing to accept their randomization, and the
fact that so many patients refused entry into the study because
they had a treatment preference is a testimony to the effective-
ness of that effort. Nonetheless, some patients refused implant
after consent and randomization. This type of crossover will
need to be anticipated in future trials.

Study participants were free to receive their implant and
follow-up care from a different VA medical center, or even
a non-VA facility, as is their right through the VA Choice
program. Within the I-70 Trial operations, we were able to
reduce the risk of survivorship bias by identifying incipient
cases and excluding patients who were eligible for ICD im-
plantation for secondary prevention or patients seeking a
generator change on an extant ICD. Although beyond the
scope of this report, members of this study team are working
separately on a causal inference line of inquiry to emulate this
clinical trial across the full VA healthcare system, with an in-
terest in maximizing sample size and study generalizability.

Conclusion
The I-70 Trial was terminated early because of inability to re-
cruit at the anticipated rate and thus did not achieve the target

sample size to definitively evaluate the effect on survival with
OMT compared to OMT+ICD among ICD-eligible individ-
uals >70 years of age. However, the trial gathered valuable
data pertaining to recruitment and patient outcomes in a pop-
ulation of older study participants and showed compelling
trends. Although the number of older veterans with heart fail-
ure in the VA health care system provided a potentially large
recruitment pool, many patients chose not to participate. A
large number of patients refused entry into the study because
they did not want an ICD implanted, while a smaller group
refused because they wanted an ICD implanted. Neverthe-
less, a trial of this sort with a similar design would be feasible
with a larger population to recruit from and perhaps a longer
duration of patient follow-up. We urge other investigators to
build off this study to implement a definitive study or to
continue adding to the accumulating evidence related to the
safety and efficacy of ICD implantation in older patients.
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