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Abstract

Background: Given the potential for recovery in recent onset non-ischemic cardiomyopathy
(ROCM), the timing and need for ICDs remains controversial. We examined the utilization of
ICDs and the impact on survival for subjects with ROCM

Methods and Results: An NHLBI sponsored registry enrolled 373 subjects with ROCM, all
with an LVEF <0.40 and <six months of symptoms. The mean age was 45+14 years, 38% were
female, 21% black, 75% NYHA II/1l1, and the mean LVEF was 0.24 + 0.08. Survival was
comparable for subjects with an ICD within one month of entry (n=43, 1/2/3 year %
survival=97/97/92) and those with no ICD at one month (n=330, % survival=98/97/95, p=0.30)
and between those with and without an ICD at 6 months (ICD, n=73, 1/2/3 year % survival
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=98/98/95; no ICD, n=300, % survival =98/96/95, p=0.95). There were only 6 sudden cardiac
deaths (SCD) noted (% survival free from SCD=99/98/97) and these occurred in 1.9% of subjects
without ICD and 0.9% of those with a device (p=0.50).

Conclusions: In a multicenter cohort of ROCM the risk of SCD was low at 1% per year. Early
ICD placement did not impact survival and can be deferred while assessing potential for
myocardial recovery.

Introduction

Methods:

In the United States, sudden cardiac death (SCD) is responsible for up to 450,000 deaths per
year (1, 2). In subjects with chronic systolic heart failure from either ischemic or non-
ischemic cardiomyopathy, the current guidelines are explicit with respect to the use of
implantable cardioverter-defibrillators (ICDs) (3). In contrast to a wealth of data in chronic
heart failure (4, 5, 6), for patients with newly diagnosed non-ischemic cardiomyopathy of
recent onset (ROCM), the risk of SCD and the benefits of ICDs are not well established.
Given the potential for myocardial recovery in ROCM (7, 8, 9) significant controversy exists
with respect to both the benefits and timing of ICD implantation.

The dynamic nature of ROCM, with recovery of left ventricular function expected in a
subset, has led to their exclusion from previous ICD trials, and there is limited data on the
risk of SCD in this population. Guidelines on the use of ICDs for primary prevention in
ROCM generally advocate deferring implantation of devices for a period of time (10),
without clear data on the risks of delay. We examined the risk of SCD and the use of ICDs in
a multicenter prospective cohort study of patients with ROCM.

IMAC?2 (Intervention in Myocarditis and Acute Cardiomyopathy), was an NHLBI funded
multicenter registry investigating predictors of left ventricular recovery in subjects with non-
ischemic cardiomyopathy of recent onset. Three hundred seventy three subjects were
enrolled at 16 centers between May 2002 and December 2008. Informed consent was
obtained from all subjects, and the protocol was approved by the institutional review boards
of all participating centers. All subjects had a left ventricular ejection fraction <0.40, an
evaluation consistent with idiopathic dilated cardiomyopathy or myocarditis, and were
within six months of the onset of symptoms at the time of enroliment. Myocardial biopsy
was not required based on current guidelines (11).

All subjects had an echocardiogram at entry and at six months post enrollment and LVEF
was calculated by a core laboratory. Subjects were followed for up to 60 months. Cause of
death and hospitalizations were adjudicated by an independent endpoints and events
committee. Statistical analysis was performed using SPSS 18.0. Continuous variables were
compared by ANOVA and categorical variables by chi square analysis. For analysis of the
impact of early intervention, outcomes for subjects receiving an ICD prior to or within 30
days of enrollment (ICD early, n=43) were compared to those with no ICD at 30 days (no
ICD early, n=330). For analysis of the risk of delay of ICD until recovery assessment,
outcomes for subjects with an ICD by 6 month reassessment (ICD at 6 months, n=73) were
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compared to those with no ICD (no ICD at 6 months, n=300). Survival and survival free
from SCD were compared by Kaplan-Meier log rank analysis.

Results:
IMAC Cohort:

Three hundred seventy three subjects were enrolled between May 2002 and December 2008.
The cohort was 38% women (n=143), 21% (n=80) black, and the mean age was 45 + 14
years. At entry, the LVEF was 0.24 + 0.08 (median 0.23, interquartile range (IQR)= 0.14 to
0.30), symptom duration 2.2 + 1.7 months, heart rate 83 + 17, blood pressure 112+19/
71+13 mm Hg, and the percent of subjects NYHA functional class I/1 I/1 11/1\V was 18 / 46 /
29 / 7 respectively. At enroliment, 91% were on an ACE inhibitor or ARB, 82% a beta
blocker, and 27% an aldosterone receptor antagonist. Forty four subjects (12%) had an
endomyocardial biopsy (EMB) which revealed cellular inflammation in 15 (4.0 %) and
myocarditis in only 10 (2.6%). The mean length of follow-up was 2.2 + 1.4 years, median
2.0, IQR 0.9 to 3.5 years.

Utilization of ICD:

Of the cohort, 109 (29%) received an ICD including 72 who received an ICD alone and 37
cardiac resynchronization therapy with ICD (CRT-D). Twenty eight devices were implanted
prior to enrollment, while 81 were placed during follow up (mean time post enrollment to
implantation 203225 days, median 120, IQR 43 to 275 days (figure 1A). For all 109
subjects with an ICD or CRT-D, the mean time from initial symptoms to device implant was
7.6 £7.2 months, median 5.8, IQR 3.4 to 9.8 months (Figure 1B). Three subjects received
external wearable cardioverter defibrillators. For one subject this was replaced with an ICD
at 38 days post enrollment, while for the remaining two the wearable defibrillator was
discontinued and not replaced with an ICD. This included a subject with fulminant
myocarditis requiring support with a left ventricular assist device, recovered to a normal
LVEF and was explanted. An external wearable defibrillator was worn for 3 months post
explant then discontinued.

Early devices:

Forty three subjects received a device early (29 ICD alone and 14 CRT-D) either prior to
enrollment (n=28) or within the first 30 days (n=15). The mean duration of symptoms for
subjects implanted early was 3.2 + 1.8 months (median 3.3, IQR 2.0 to 4.4 months). When
compared to subjects with no ICD at 30 days (n=330), subjects with early ICD placement
had a longer duration of symptoms, and were more likely to be male and to be receiving
anti-arrhythmic therapy (table 1).

Devices prior to 6 month reassessment:

Of the entire cohort, 73 (19.6%) had an ICD by the 6 months reassessment, while 300
(80.6%) did not. When compared to subjects with a device by 6 month assessment, those
without devices had a shorter duration of symptoms, lower NHYA class, smaller LVEDD,
and a significantly higher mean LVEF (Table 2). Thirty six subjects without an ICD at the 6
month reassessment subsequently received either an ICD (n=22) or CRT-D (n=14) during
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the course of follow up. The mean time from initial symptoms to implantation in this subset
was 15.0 + 8.1 months (median 12.2, IQR 9.8 to 17.8 months).

Overall Survival and the Impact of Device::

During follow up, there were 15 deaths and the clinical characteristics are listed in Table 3.
Of the subjects that died there were 25 men and no women (p=0.002), the mean age was 45
+ 15years, baseline LVEF was 0.19+0.08 and LVEDD was 6.4+1.0 cm. The mean time
from entry to death was 549+482 days (median 460, IQR 165 to 815 days). The overall
percent survival at 1, 2 and 3 years was 98, 97 and 95%, respectively (figure 2A). Of the 15
deaths, 10were in subjects without an ICD (3.8%) and 5 in subjects with an ICD
(4.6%).When comparing survival in patients with an ICD early, no significant differences
were apparent (early ICD, n=43, 1/2/3 year % survival=97/97/92; no early ICD, n=330,
survival = 98/97/95, p=0.30, figure 2B), nor was any difference apparent when comparing
patients with an ICD by 6 months (ICD at 6 months, n=73, survival=98/98/95; no ICD at 6
months, n=300, survival=98/96/95, p=0.95, figure 2C).

Sudden Death and Impact of Device:

Six subjects had sudden death (6 men, no women, age 44 +12 years) at a mean

420+ 371days (median 351, range 23 to 1059). The survival free from sudden death was 99,
98 and 97% (figure 3A). The 6 subjects with sudden death included 5 without an ICD
(1.9%) and one who received an ICD (0.9%) just after 6 month reassessment and
experienced sudden death one year later. Subgroup analysis for survival free from SCD was
limited due to the small number of events (figure 3).

Hospitalizations for Arrhythmias:

During the course of follow up, 152 cardiac hospitalizations occurred in 87 patients (23%).
The most frequent reason for hospitalization was heart failure which was the etiology in 77
hospitalizations (51% of all hospitalizations) in 49 subjects (13% of the cohort). In contrast
there were only 11 hospitalizations for ventricular tachycardia (VT) (7% of all
hospitalizations) in 8 patients (2%). Overall there were 14 subjects with either VT or SCD
(4%). There were 23 hospitalizations for supraventricular arrhythmias (15% of
hospitalizations) in 14 subjects (4% of cohort) most of which were related to atrial
fibrillation.

Discussion:

Clinicians evaluating subjects with ROCM frequently must wrestle with the question of the
need and timing of ICD placement. Current guidelines recommend reassessment of LV
function several months after the diagnosis of ROCM with ICD implantation only in
subjects with persistent LV dysfunction. This current investigation found early ICD
placement was not associated with improved survival and that delay of ICD placement until
after a six month reassessment was not associated with any decrease in survival. This
supports the concept that for subjects with ROCM every effort should be made to determine
a subject’s potential for recovery prior to committing them to a permanent ICD.
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These findings appear at odds with previous reports of the benefits of ICD placement in
newly diagnosed non-ischemic cardiomyopathy. In 2005, the Center for Medicare and
Medicaid Services published coverage guidelines recommending that implantation of an
ICD be deferred in patients with new onset cardiomyopathy of less than 9 months duration
(12). Soon afterwards, a single center report compared the event rate (ICD treated
arrhythmia) in subjects with recent onset cardiomyopathy (less than 9 months, n=52) with
those with more chronic disease (n=79) and concluded that the benefits of ICD implantation
were similar (13). This analysis was limited by the use of surrogate endpoints (ICD treated
arrhythmias) and was notable for a high rate of “lethal” arrhythmias (defined as ventricular
fibrillation or ventricular flutter in 13.5%) in the recent onset cohort despite low overall
mortality (1.9%).

The DEFINITE trial in 438 non-ischemic subjects with an LVEF< 0.35 (5) revealed a trend
towards improved survival in patients with an ICD (p<0.08) including a significant reduction
in sudden death (p<0.05). Subset analysis was performed comparing recent onset (less than
3 months and less than 9 months duration) with more chronic disease and reported similar
benefits (14). Indeed most of the ICD benefit appeared to be in the recent onset group and
was not evident in the more chronic subset, leading the authors to speculate that the
percentage of non-arrhythmic death increases with duration of illness resulting in less
benefit from the ICD over time. The recent onset subset from this trial was quite different
from the current study as reversible cardiomyopathies were excluded. The mortality in the
recent onset subset from DEFINITE was 11.2% at 2.5 years compared to 5% for the IMAC
cohort for the same interval. Given the exclusion of reversible cardiomyopathies and the
much higher mortality rate, the “recent onset” subset in DEFINITE appears be more chronic
and functionally limited than the subjects in the current analysis.

The need to incorporate reversibility potential in ICD decisions has been noted (15), and
IMAC? investigators appeared to have selectively used ICDs in subjects with a longer
duration of symptoms, larger LVEDD, and evidence of less recovery at 6 months. Less
remodelling (smaller LVEDD) has been associated with greater recovery potential (16) and
was the best clinical predictor of recovery in the IMAC2 registry (9). The previous
Intervention in Myocarditis and Acute Cardjomyopathy trial (IMACI1) was a multi-center
Investigation of the use of immune globulin in subjects with a recent onset non-ischemic
cardiomyopathy or myocarditis (17). IMACI evaluated myocardial gene expression as a
biomarker predictor of recovery and these investigations demonstrated that low levels of Fas
expression, a membrane receptor initiating apoptosis, identified subjects more likely to
recover (18). In the absence of biopsy guided therapeutic strategies EMB is rarely performed
in ROCM and therefore this biomarker is not generally available. For IMACZ biopsy was
performed in only 44 of 373 subjects including those obtained at the time of LVAD
placement. In this highly select cohort, EMB demonstrated myocarditis in only 10 of the 44.
Cardiac magnetic resonance (cMR) may be of greater clinical utility, as late gadolinium
enhancement (LGE) is consistent with myocardial scar (19) and predicts a subset at greater
risk of adverse events (20). Evidence of LGE by cMR may identify subjects with ROCM
with greater potential benefit from an ICD (21).
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While the overall survival for the IMAC2 registry was excellent, the rate of SCD of 1 % per
year in this relatively young cohort without previous cardiac disease remains a concern.
Given the low event rate and the size of the cohort, this study was underpowered to evaluate
the impact of early ICD implantation specifically for SCD. Of the six episodes of SCD, two
occurred prior to the six month reassessment and included one high risk subject who had
been implanted with an LVVAD, recovered and died 2 months after explantation. The
remaining events were all after 6 months, and included one in a subject who had received an
ICD at the 6 month reassessment the previous year. Given the low risk of SCD, a
randomized trial examining the use of early ICD therapy would be challenging. There is
clearly a need to better risk stratify patients with ROCM in order to delineate the high risk
subset who might benefit from early implantation./

A temporary external life vest has been proposed as an important therapy for high risk
patients suspected to have a short term risk of SCD (22), but its use in ROCM remains
unknown. It was used rarely in IMAC2 for high risk subjects. Proving efficacy of an external
life vest in patients with non-ischemic cardiomyopathy in general and in ROCM in particular
will be challenging given low event rates, and while they may be appropriate for high risk
patients, their use is expected to remain highly selective.

Survival analysis was limited by the small number of events, with only 15 deaths (1.8 per
100 patient-years) and 6 sudden deaths (0.7 per 100 patient-years). /n addition, the potential
for cross over into the group who received ICD therapy would likely diminish the ability to
detect differences between groups. Finally, given the absence of randomization the decision
to implant an ICD was left to the discretion of the physician, and this may have resulted in
selection bias towards greater use of ICDs in higher risk patients. All these factors limit the
ability of the current investigation to evaluate the impact of early intervention with an ICD in
ROCM. However, the low sudden death rate itself in ROCM and the fact that a delay in ICD
implantation till after 6 months reassessment did not appear to create a great hazard are the
most important findings of the current investigation and should facilitate future assessment
of the risks and benefits of early ICD therapy

One additional limitation of the current investigation is that the outcomes analysis only
addressed death or hospitalization and did not assess ICD therapy (appropriate/
inappropriate shocks and or anti-tachycardia pacing). The study does not address whether
there were significant life saving treatments in the ICD subset which did not result in
hospitalization. The cohort itself is heterogeneous and includes subjects with reversible
inflammatory cardiomyopathies. However, the vast majority of subjects were classified as
idiopathic dilated cardiomyopathy, and outcomes assessment remains similar when limited
to this subset.

In patients with ROCM, early ICD placement provided no survival advantage, and delay of
ICD until a 6 month assessment of recovery potential presented no hazard. The overall risk
of sudden cardiac death is low, but at 1% per year remains of concern in a young cohort with
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no previous cardiac disease. For subjects with ROCM, development of conventional and
novel predictors of myocardial recovery will be essential to risk stratification and may allow
more targeted use of ICDs in subjects with the greatest potential benefit.
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3. Survival free from sudden cardiac death (SCD)
a. Survival free from SCD, entire cohort: n=373, survival free from SCD at 1/2/3 year=

99/98/97 b. Survival free from SCD by ICD early: with ICD early (n=43) % survival free
from SCD at 1/2/3 year =100/100/100; no ICD early (n=330) % survival=99/98/97, p =0.38
(note: the events in the “no ICD early” cohort includes one subject who received an ICD just
after 6 months and experienced sudden death one year later) c. Survival free from SCD by
ICD at 6 months: with ICD at 6 months (n=73) % survival 1/2/3 year = 100/100/100; no
ICD at 6 months (n=300) % survival 99/98/97, p=0.22 (note. the events in the “no ICD at six

months” cohort includes one subject who received an ICD just after 6 months and

experienced sudden death one year later)
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Clinical Characteristics by Early Device (ICD or ICD/CRT prior to or within 30 days of entry):

Table 1.

No Device Early (n=330) | Device Early (n=43) p value
Age (years) 45 +/- 14 44 +/- 13 0.42
Symptoms prior to Enrollment (Months) 21+/-16 3.1+/-18 <0.001 %
Women (n, %) 39.8 22.6 0.02°
NYHA I/I/INV (%) 19/46/29/7 14/50/29/7 0.95
African American (%) 21.9 20.5 0.93
ACE inhibitor (%) 81.5 88.4 0.27
Beta Blocker (%) 80.9 90.7 0.12
Anti-Arrhythmic (%) 5.2 17.9 <0.001 "
LVEF baseline (%) 0.24 +0.08 0.23+0.09 0.67
LVEF 6 months (%) 0.41+0.12 0.36 +0.14 0.02%
LVEDD (cm) 6.3+10 6.4+1.1 0.31
LBBB (%) 21.0 75 0.04
Atrial Fibrillation (%) 9.9 25 0.12
Months symptoms to device ™" 10.5 +7.9 (n=63) ¥3.2+1.8(n=43) <0.001

*
p<0.05

*:

*
p<0.01

Hok:

*
p<0.001

Heok kA

subjects with device only
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Table 2.

Clinical Characteristics by Device (ICD or ICD/CRT) at 6 month follow up:

No Device at 6 months (n=300) | Device at 6 months (n=73) p value
Age (years) 45+ 14 45+ 12 0.74
Symptoms prior to Enrollment (Months) 21+17 28+17 0.003™
Women (n, %) 39.7 27.9 0.14
NYHA I/I/INV (%) 18/48/29/5 18/38/30/14 0.049%
African American (%) 19.5 20.0 0.91
ACE inhibitor (%) 81.3 86.3 0.32
Beta Blocker (%) 80.0 90.4 004~
Anti-Arrhythmic (%) 4.7 12.3 002"
LVEF baseline (%) 0.24 + 0.08 0.22 +0.08 0.04%
LVEF 6 months (%) 042 +0.11 0.34 +0.13 <0.001***
LVEDD (cm) 6.2+1.0 6.6+1.0 0.009 ™
LBBB (%) 20.4 15.4 0.36
Atrial Fibrillation (%) 10.5 6.5 0.06
Months symptoms to device ™™ 15.0 + 8.1 (n=36) 4.0 +2.0 (n=73) <0.001

p<0.05

Hok

p<0.01

Hok:

*
p<0.001

Ak A A
subjects with device only

J Card Fail. Author manuscript; available in PMC 2019 April 24.

Page 18



Page 19

Sheppard et al.

8y ST'0 800 0T ST as
6vS 9€°0 610 ¥'9 14 uesiy
e A N N GE0 €C0 09 N o qT
9.9 N N N 8€0 LT°0 89 N 0€ 1
S9T A 9T ainjreq JesH N VN ST°0 9 N [44 €T
8 N N N VN 610 €9 N 14 [4%
V.S A €99 ainjreq JesH 18T aol 920 ST°0 €9 N ¢S 7
S9¢€ N N Knus aal ST0 ST°0 0L N LC o
0LT'T N N 98¢ aol 8€0 ST°0 8'8 N 89 6
€¢ A N N VN 01’0 0L N 99 8
6S0'T A N N 190 LE0 144 N 144 L
097 A N N 0C0 01’0 99 N 4% 9
qT8 N 9 ainjreq JesH Anus a-140 1240 GE'0 99 N 9 S
e N N N 6¥°0 €10 VN N 89 14
T N N N VN [440] g9 N LL €
9997 N vv9'T ain|ie4 JesH Anua aal [44] [44] L9 N 6€ [4
6.1 N ¥S ainjreq JesH N [0)40] 4] 179 N 8¢ T
uonezijendsoH
yreap 21 skep | yresp usppns 15414 01 skep (uoseas) uonezijendsoH | @ororskep | @-14D10adl | 43A7 Wyuow 9 | suljeseq 43AT | sujeseq woga3aAT | xes | ebe | 10slgns

sak= A ‘OU=N ‘8|qe|IeAR 10U=\YN ‘BJ_W=|A ‘UONEIA3D pJepuels=as ‘dn mojjos Burinp paip oym s19algns GT JO SONSLIBIoRIRYD [R2IUID

Author Manuscript

‘€ 9|qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Card Fail. Author manuscript; available in PMC 2019 April 24.



	Abstract
	Introduction
	Methods:
	Results:
	IMAC Cohort:
	Utilization of ICD:
	Early devices:
	Devices prior to 6 month reassessment:
	Overall Survival and the Impact of Device::
	Sudden Death and Impact of Device:
	Hospitalizations for Arrhythmias:

	Discussion:
	Limitations:
	Conclusion:

	IMAC Investigators
	References
	1.
	2.
	3.
	Table 1.
	Table 2.
	Table 3:

