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Abstract

Objectives—This study sought to perform a systematic review and meta-analysis to understand
the prognostic value of myocardial scarring as evidenced by late gadolinium enhancement (LGE)
on cardiac magnetic resonance imaging (CMR) in patients with known or suspected cardiac
sarcoidosis.

Background—Although CMR is increasingly used for the diagnosis of cardiac sarcoidosis, the
prognostic value of CMR has been less well described in this population.

Methods—PubMed, Cochrane CENTRAL, and meta-Register of Controlled Trials were searched
for CMR studies with > 1 year of prognostic data. Primary end-points were all-cause mortality and
a composite outcome of arrhythmogenic events (ventricular arrhythmia, ICD shock, sudden
cardiac death) plus all-cause mortality during follow-up. Summary effect estimates were generated
with random-effects modeling.

Results—Ten studies were included, involving a total of 760 patients with a mean follow up of
3.0 + 1.1 years. Patients had a mean age of 53 years, 41% were male, 95.3% had known extra-
cardiac sarcoidosis, and 21.6% had known cardiac sarcoidosis. The average ejection fraction was
57.8 + 9.1%. Patients with late gadolinium enhancement had higher odds for all-cause mortality
(odds ratio [OR]: 3.06, p < 0.03) and higher odds of the composite outcome (OR: 10.74, p<.
00001) compared to those without LGE. Patients with LGE had an increased annualized event rate
of the composite outcome (11.9% v. 1.1%; p<0.0001)
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Conclusions—In patients with known or suspected cardiac sarcoidosis, the presence of late
gadolinium enhancement on cardiac MRI is associated with increased odds of both all-cause
mortality and arrhythmogenic events.
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Introduction

Sarcoidosis is an inflammatory granulomatous disease of unknown origin, characterized
histologically by non-caseating granulomas in multiple organs, including the lungs, skin,
lymphatics, and central nervous system (1). Cardiac involvement is associated with
ventricular arrhythmias, sudden cardiac death, and congestive heart failure. It is thought that
two-thirds of sarcoid-related deaths are attributable to involvement of the myocardium (2-4).
Thus, clinical diagnosis of cardiac sarcoidosis (CS) is crucial for timely therapeutic
management and consideration of immunosuppressive therapies. Furthermore, a better
understanding of cardiovascular risk factors in this population could have implications for
device therapy for the prevention of sudden cardiac death.

Cardiac magnetic resonance imaging (CMR) has been shown to have excellent diagnostic
accuracy for detection of CS and is becoming the gold standard for its diagnosis (5, 6). CMR
may detect myocardial edema and inflammation using T2 weighted imaging as well as
detect myocardial scarring and fibrosis using late gadolinium enhancement (LGE) (7).
Multiple recent studies have been published regarding CMR assessment of prognosis in CS,
in particular examining the presence of LGE and its association with adverse outcomes
(8-10). However, the broad applicability of many of these studies is limited because they are
small and single-centered. Prognostic validation of CMR is crucial, as the presence of LGE
is thought to confer a higher risk of major adverse cardiac events such as new or worsening
heart failure, life-threatening arrhythmias, and sudden cardiac death resulting from
myocardial scarring and fibrosis as has been demonstrated in other cardiac pathologies
(11-13).

In the current environment of escalating medical costs, the prognostic utility of CMR may
help justify its use and guide therapies in patients with sarcoidosis. Prognostic CMR data
might provide valuable information for risk stratification and resource allocation, such as
clarifying which patients benefit from ICD placement or when immunosuppressive
medications, which have significant patient side-effects, are indicated.

Given the multiple small and single-centered studies, we performed a systematic review and
meta-analysis of studies reporting prognostic data from patients undergoing CMR for
evaluation of known or suspected cardiac sarcoidosis.
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Methods

Search strategy

To identify eligible studies for inclusion in the current systematic review and meta-analysis,
three independent reviewers (GCC, PS, and PB) systematically searched (July 2015)
PubMed, Cochrane, and meta-Register of Controlled Trials for studies assessing prognosis
in patients undergoing CMR with known or suspected cardiac sarcoidosis. Keywords used
were “sarcoid late gadolinium enhancement”, “sarcoid delayed enhancement”, and “cardiac
MRI and sarcoid.” Since the initial search, no further articles have been identified as of
December 2015. Studies were considered eligible for inclusion if CMR was used (alone or
in addition to other imaging modalities) to assess for myocardial scarring from biopsy-
proven or clinically suspected sarcoidosis; in cohorts of = 5 patients; with > 1 year of
prognostic follow-up data, including event data for ventricular arrhythmia, sudden cardiac
death, aborted cardiac death and/or appropriate ICD discharge, hospital admission for
congestive heart failure, cardiac mortality, and all-cause mortality. Studies with populations
known to have coronary artery disease or cardiomyopathies of non-sarcoid etiology were
excluded.

In addition, we consulted experts, reviewed citations from eligible studies, and contacted
some authors for additional unpublished data. The search was limited to studies published in
peer-reviewed journals, therefore excluded trials presented in abstract form only. We
restricted the review to studies that enrolled adults only with no language restriction. The
current systematic review and meta-analysis was performed in accordance with guidelines of
the MOOSE (Meta-analysis of Observational Studies in Epidemiology) and PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) groups (14, 15).

Study selection

Three investigators (GCC, PS, and PB) independently and in duplicate scanned all abstracts
and obtained full-text reports of articles that indicated or suggested eligibility. After
obtaining full reports, the same reviewers independently assessed eligibility from the full-
text articles, with divergences resolved after consensus.

The quality of included studies was assessed by two investigators (JAG, GCC) using the
Newcastle-Ottawa Quality Assessment Scale for Cohort Studies (16), in which the quality of
the selected trials was determined on the basis of selection of the study groups (0 to 4
points), comparability of the study groups (0 to 2 points), and ascertainment of the outcome
of interest (0 to 3 points).

Data collection

Data abstraction and study appraisal were performed by the same aforementioned
investigators. Clinical outcomes of interest were cardiovascular death, all-cause mortality,
and a composite of arrhythmogenic events defined as ventricular arrhythmia (ventricular
tachycardia or ventricular fibrillation), sudden cardiac death, or aborted sudden cardiac death
(appropriate ICD discharge) during follow-up. Clinical outcomes data was directly
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abstracted. Annualized event rates were calculated for studies by dividing the number of
events by the follow-up duration.

Data analysis

Results

Dichotomous variables are reported as proportions (percentages); continuous variables are
reported as mean x SD or median (range). Binary outcomes from individual studies were
combined with a random-effects model, leading to computations of odds ratios (ORs) and
95% confidence intervals (Cls). 12 was calculated as a measure of statistical heterogeneity,
with values of 25%, 50%, and 75% representing mild, moderate, and severe inconsistency,
respectively. Small study or publication bias was explored with funnel plots and Egger's test.
Finally, meta-regression and sensitivity analyses (including exclusion of one study at a time)
were conducted to explore heterogeneity.

Statistical analysis was performed using Review Manager (RevMan) version 5.3.5 freeware
package (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014)
and R version 3.2.2, with statistical significance for hypothesis testing set at the 0.05 two-
tailed level. Meta-regression analysis was performed using the package “metafor” in R. For
studies with zero events in a group, the convention of adding 0.5 events to all cells was
adopted (17).

Results of the literature search

The literature search identified 519 relevant abstracts of full-text articles: 58 unique articles
were abstracted for review, 27 of these warranted full-text review, 17 articles were excluded
for various reasons including cohort overlap with other articles, lack of specified outcomes,
or incomplete CMR data (18-33). Ten articles remained for detailed study (6, 8-10, 34-39).
Details of the search strategy are outlined in the QUORUM diagram in Figure 1.

Study Characteristics

Study characteristics are presented in Table 1. The 10 studies included a total of 760 patients
with known or suspected cardiac sarcoidosis undergoing CMR. Four studies were
prospective and three studies were multi-center. The follow up duration ranged from 1.5
years to 4.9 years with a weighted mean follow-up duration of 3.0 £ 1.1 years. Baseline
patient characteristics are shown in Table 2. Patients had a weighted mean age of 53 + 10.0
years and 41% were male. The weighted average ejection fraction was 57.8 £ 9.1%. 95.3%
of patients had known extra-cardiac sarcoidosis and 21.6% had known cardiac sarcoidosis.
The prevalence of LGE ranged from 13% to 89% with a weighted mean prevalence of LGE
of 33%. The prevalence of LGE in each study had a strong negative correlation with the
mean LVEF (R=0.95, p<0.001) (Figure 2). Eight of the studies included patients undergoing
CMR at 1.5 T; the remaining two studies do not report MRI field strength. Data for
immunosuppressive therapy including corticosteroid use was inconsistently reported.
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Study Quality

Overall, the included studies were of high quality, with all 10 studies receiving maximal
scores on the Newcastle-Ottawa Quality Assessment Scale in the areas of study group
selection and ascertainment of the desired outcome (Table 1). Seven of ten studies also
received maximal scores in the third domain of comparability of study groups. Thus, the
pooled data from these high quality studies is collectively robust.

Late Gadolinium Enhancement and Cardiovascular Outcomes

Composite Endpoint—Of the 10 studies reporting outcome data for ventricular
arrhythmias, sudden cardiac death, appropriate ICD discharge/aborted SCD, and all-cause
mortality, patients with LGE had greater odds of having the combined outcome of
arrhythmogenic events plus all-cause mortality compared to those without LGE (overall OR:
10.74 [95% CI: 4.12 to 27.90]; p < 0.00001, 12 = 45%) (Figure 3). When comparing
annualized event rates for the composite endpoint, patients with LGE had significantly
higher rates of events than patients without LGE (11.9% vs. 1.1%; p<0.001) (Figure 4).

Moderate heterogeneity (12=45%) was noted in the meta-analysis. To investigate this
heterogeneity, we performed meta-regression to determine whether any clinical variables
were associated with the composite cardiovascular outcome. There was adequate data to
explore the effects of gender, age, LVEF, percentage of patients with known extra-cardiac
sarcoidosis, and duration of follow-up using a mixed-model approach. LVEF was the only
significant covariate and inclusion of LVEF in the meta-regression model accounted for all
remaining heterogeneity (12=0%).

The OR for the association of LGE with adverse events was higher in studies with greater
mean LVEF. However, the total prevalence of events was higher in studies with a mean
LVEF<50% (24%) than those with mean LVEF=50% (11%). Two of the larger studies (10,
36) had a pre-specified LVEF cutoff of >50%, and to explore this association further we
performed a stratified analysis based on this LVEF cutoff (Figure 3). Among studies with a
mean LVEF=50%, the presence of LGE was associated with greater odds of the combined
endpoint (OR 19.43 [95% CI: 7.62 to 49.56], p<0.00001), with only mild-moderate residual
heterogeneity (12=28%). In this population, the AER for the composite outcome was
significantly greater for those with LGE compared to those without LGE (11.59% vs.
0.69%, p=0.0011). In contrast, among studies with mean LVEF<50%, where there was a
very high prevalence of LGE positivity, patients with LGE were not at increased odds of
having the composite endpoint.

Mortality Endpoints—From seven studies reporting all-cause mortality, patients with
LGE had significantly greater odds of death from any cause compared to patients without
LGE (OR: 3.06 [1.14 to 8.20]; p =0.03, 12 = 37%) (Figure 5). Of these studies, only one
(Watanabe et al.) had a mean LVEF<50%. A trend towards a higher AER for all-cause
mortality was also noted in patients with LGE compared to those without LGE (4.0% vs.
1.2%; p=0.07) (Figure 4).
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Only three studies provided specific data for cardiovascular mortality including 151 patients.
No significant association between the presence of LGE and increased odds of
cardiovascular death (OR: 3.24 [0.43 to 24.63]; p=0.26, |12 = 31%) was seen.

Study Variability

Two studies included in the analysis (10, 39) individually showed near-neutral odds ratios
for the composite outcome. This discordance may be explained on the basis of individual
study characteristics. Watanabe et al. retrospectively studied 19 subjects with cardiac
sarcoid; 17 of the 19 patients (89%) demonstrated LGE and the mean EF was 37.5%. Only
two events among all 19 subjects were noted, both in LGE(+) patients. The neutral OR from
this study is likely due to the small sample size and biased distribution. Nagai et al.
prospectively studied 61 patients with known extra-cardiac sarcoid, no evidence of cardiac
involvement, and LVEF>50%. In this cohort, only 13% of patients had LGE and the overall
event rate was low in both groups (there were three total events, all non-cardiac in nature
among patients without LGE), which likely lead to the neutral OR for the composite
endpoint. These two studies only contributed 16% weight to the overall meta-analysis.

Assessment of bias

Visual inspection of funnel plots and Egger's test for funnel plot asymmetry did not
demonstrate significant asymmetry. Sensitivity analysis, which was performed by excluding
one study at a time from the outcomes analysis, demonstrated that the measured effect for
the composite cardiovascular outcome was not sensitive to any individual studies. However,
sensitivity analysis in the model for all-cause mortality did demonstrate sensitivity to three
included studies (6, 8, 36), as exclusion of one of these studies at a time no longer rendered
the model significant. Notably, these are three of the larger studies and therefore had the
largest effect sizes.

Discussion

The findings of this systematic review and meta-analysis show that the presence of
myocardial scarring as evidenced by the presence of LGE in CMR provides meaningful
prognostic information in patients with known or suspected cardiac sarcoidosis. The data
demonstrates that patients with LGE have increased likelihood of death from any cause as
well as increased odds of future arrhythmogenic events. The correlation of LGE and adverse
outcomes seen in this meta-analysis supports the role of cardiac MRI for detection of cardiac
involvement in patients with sarcoidosis when cardiac involvement may not be evident
clinically. Our findings also support prior work advocating cardiac MRI in patients with
suspected cardiac sarcoidosis and normal LVEF (18).

Multiple prior studies have shown equivocal or insignificant associations between LGE and
future risk of death or ventricular arrhythmias (25, 40, 41) which may be due to population
differences or differences in MRI techniques as pointed out in the 2014 Heart Rhythm
Society (HRS) Expert Consensus Statement (42). The studies that do show an association
between myocardial scarring and worse prognosis are small (8, 9, 38). Despite this limited
data, the Heart Rhythm Society reached a consensus that CMR imaging for the purpose of
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sudden death risk stratification was reasonable in patients with cardiac sarcoidosis, even in
those with LVEF >35%. This meta-analysis helps to validate the HRS position statement by
bolstering the growing body of evidence showing an association between LGE and adverse
outcomes and justifying the role for CMR in patients with known or suspected cardiac
sarcoidosis, including those with near-normal LVEF. The current analysis shows that the
presence of LGE in sarcoid patients with normal or near-normal LVEF is prognostically
significant and greatly increases the likelihood of adverse events.

Implications for ICD and Future Directions

The 2014 HRS guidelines indicate that sarcoid patients with LGE on CMR and normal
LVEF should have an EP study; if the EP study is positive, then an ICD may be indicated
(Class Ila recommendation). The results of this meta-analysis may justify consideration of
device therapy without further EP testing. Further prospective studies are needed to clarify
the role of both CMR and EP testing with regard to ICD implantation in patients with
cardiac sarcoidosis. Although key concerns regarding inappropriate shocks and adverse
events related to device therapy remain (43), this new data should be considered when
deciding on ICD implantation given the adverse prognosis associated with myocardial
scarring in patients with cardiac sarcoid. As the optimal management of CS patients
continues to evolve, there is a need for prospective studies enrolling patients with normal EF
and reduced EF to further evaluate the interaction between LVEF and myocardial scarring
on cardiovascular outcomes. Outcomes analysis adjusted for LVEF was only available for
two of the included studies and was inadequate for pooled analysis. In the study by Nadel et
al. (N=106), adjusted Cox analysis including LVEF and the presence of LGE demonstrated
that the presence of LGE was the only independent variable that was predictive of the
composite cardiovascular outcome (Hazard ratio 12.52, 95% C.I. 1.35-116.18, P < 0.03).
Multivariate Cox regression analysis by Greulich et al. (N=155) including the presence of
LGE and the initial LVEF demonstrated that LGE presence was the best independent
predictor of the composite endpoint (Hazard ratio 31.6, p=0.0014). Patient-level data was
available for the cohort in Murtagh et al. (N=205) and we performed a multivariate analysis
including LVEF and LGE and found that LGE was an independent predictor of adverse
outcomes (hazard ratio 29.79, 95% CI 6.05-146.76, p<0.0001). In the current analysis, the
majority of adverse cardiovascular events (73%) were in LGE+ patients with a mean LVEF
>50%, suggesting that LGE provides risk stratification for adverse events in patients with CS
beyond LVEF assessment alone.

Future prospective studies using quantitative assessment of LGE may provide a more
nuanced risk stratification model. Furthermore, as the inflammation and fibrosis may be
more diffuse in sarcoid, there may be a role for parametric mapping techniques such as T1
or T2 mapping (44, 45).

Study limitations

Certain limitations inherent to systematic reviews are pertinent to the current analysis,
including non-uniform reporting of data from included studies and variable duration of
follow-up. Additional limitations include heterogeneity of methods for quantifying EF, lack
of LGE quantification or pattern data, and variable inclusion criteria, such as a pre-specified
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LVEF cutoff =250% in some studies. As only study-level covariates were available for
analysis, the relationship between LVEF and LGE could not be assessed on a per patient
basis; future prospective studies may help mitigate selection bias and provide patient-level
insights. Despite these differences among studies, we demonstrate that meta-regression
analysis showed no residual heterogeneity when LVEF was accounted for (12 = 0%).

Finally, we were only able to include a composite of all-cause mortality and arrhythmogenic
events due to insufficient breakdown of events in some of the studies. However, the direction
of effect was similar to that of all-cause mortality. In the studies separately reporting
arrhythmogenic events, the effect size for the OR was similar to the composite endpoint.

Conclusion

Cardiac MRI with late gadolinium enhancement provides important prognostic risk
stratification for patients with known or suspected cardiac sarcoidosis. Patients with the
presence of LGE are at increased risk of death from any cause and arrhythmogenic events,
even if their cardiac function is normal or near normal. This study illustrates how the
presence or absence of LGE likely has important implications for optimizing therapy in
patients with known or suspected cardiac sarcoidosis.
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Abbreviations

AER Annualized Event Rate

Cs Cardiac sarcoidosis

CMR Cardiac Magnetic Resonance Imaging
ICD Implantable Cardioverter-Defibrillator
LGE Late Gadolinium Enhancement

LVEF Left Ventricular Ejection Fraction
OR Odds Ratio

SCD Sudden Cardiac Death

VF Ventricular Fibrillation

VT Ventricular Tachycardia
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Perspectives

Competency in Medical Knowledge 1: Cardiac MR imaging is excellent in the diagnosis
of cardiac sarcoidosis and the presence of late gadolinium enhancement provides
prognostic risk stratification.

Competency in Medical Knowledge 2: The presence of late gadolinium enhancement
confers an increased risk of death by any cause and arrhythmogenic events in patients
with known or suspected cardiac sarcoidosis.

Competency in Patient Care and Procedural Skills: With the ability to provide both
diagnostic and prognostic information, cardiac MR imaging should be strongly
considered in the management of patients with suspected cardiac sarcoidosis.

Competency in Interpersonal and Communication Skills: Cardiac MR imaging provides
important prognostic information to providers which can help direct patient management.

Translational Outlook 1: A prospective registry with strict entry criteria for patients with
cardiac sarcoidosis would be helpful to better define the association between LGE and
other adverse prognostic factors.

Translational Outlook 2: Additional research in the quantification of LGE in patients with
cardiac sarcoidosis may provide more nuanced risk stratification.
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Figure 2. Correlation of LGE and LVEF
Relationship between LGE prevalence and mean LVEF in each study population (R=0.9526,

p<0.001)
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Figure 3. Forrest Plot for Composite Outcome
Clinical outcomes of patients with known or suspected cardiac sarcoid with the presence or

absence of LGE on CMR: Composite outcome of all-cause mortality plus arrhythmogenic
events stratified by LVEF; arrhythmogenic events defined as ventricular arrhythmias (VT/
VF), sudden cardiac death, and appropriate ICD discharge / aborted SCD.
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Figure 4. Annualized Event Rates of Cardiovascular Outcomes for CMR
Weighted mean annualized event rates for the composite outcome of mortality plus

arrhythmogenic events and all-cause mortality comparing patients with myocardial scarring
as evidenced by the presence of LGE (black bars) with patients without LGE (red bars).
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All-Cause Mortality
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Figure 5. Forrest Plot for All-Cause Mortality
Clinical outcomes of patients with known or suspected cardiac sarcoid with the presence or

absence of LGE on CMR: all-cause mortality.
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