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Cardiomyopathies

Prognosis of Myocardial Damage in Sarcoidosis Patients
With Preserved Left Ventricular Ejection Fraction
Risk Stratification Using Cardiovascular Magnetic Resonance

Gillian Murtagh, MD; Luke J. Laffin, MD; John F. Beshai, MD;
Francesco Maffessanti, PhD; Catherine A. Bonham, MD; Amit V. Patel, MD; Zoe Yu, MD;
Karima Addetia, MD; Victor Mor-Avi, PhD; Joshua D. Moss, MD; D. Kyle Hogarth, MD;
Nadera J. Sweiss, MD; Roberto M. Lang, MD; Amit R. Patel, MD

Background—Cardiac sarcoidosis is associated with an increased risk of heart failure and sudden death, but its risk in
patients with preserved left ventricular ejection fraction is unknown. Using cardiovascular magnetic resonance in patients
with extracardiac sarcoidosis and preserved left ventricular ejection fraction, we sought to (1) determine the prevalence
of cardiac sarcoidosis or associated myocardial damage, defined by the presence of late gadolinium enhancement (LGE),
(2) quantify their risk of death/ventricular tachycardia (VT), and (3) identify imaging-based covariates that predict who

is at greatest risk of death/VT.

Methods and Results—Parameters of left and right ventricular function and LGE burden were measured in 205 patients with
left ventricular ejection fraction >50% and extracardiac sarcoidosis who underwent cardiovascular magnetic resonance
for LGE evaluation. The association between covariates and death/VT in the entire group and within the LGE+ group was
determined using Cox proportional hazard models and time-dependent receiver—operator curves analysis. Forty-one of 205
patients (20%) had LGE; 12 of 205 (6%) died or had VT during follow-up; of these, 10 (83%) were in the LGE+ group.
In the LGE+ group (1) the rate of death/VT per year was >20x higher than LGE—- (4.9 versus 0.2%, P<0.01); (2) death/
VT were associated with a greater burden of LGE (14+11 versus 5+5%, P<0.01) and right ventricular dysfunction (right
ventricular EF 45+12 versus 53+28%, P=0.04). LGE burden was the best predictor of death/VT (area under the receiver-
operating characteristics curve, 0.80); for every 1% increase of LGE burden, the hazard of death/VT increased by 8%.

Conclusions—Sarcoidosis patients with LGE are at significant risk for death/VT, even with preserved left ventricular
ejection fraction. Increased LGE burden and right ventricular dysfunction can identify LGE+ patients at highest risk of
death/VT. (Circ Cardiovasc Imaging. 2016;9:¢003738. DOI: 10.1161/CIRCIMAGING.115.003738.)

Key Words: cardiac arrhythmias B cardiac magnetic resonance B cardiomyopathy B defibrillator
B gadolinium M heart failure ® sarcoidosis

Sarcoidosis is a systemic disorder characterized by nonca-
seating granulomatous infiltration that most commonly
affects the lungs and lymph nodes. However, autopsy data
suggest that the major cause of death is cardiac arrhythmia and
heart failure due to myocardial infiltration.' Manifestations of
cardiac involvement can range from no symptoms to advanced
heart failure requiring transplantation and to sudden cardiac
death. Regions of granulomatous infiltration are thought to
evolve into scar tissue that serves as a substrate for re-entry
ventricular tachycardia (VT)? and atrial arrhythmias.>* Current
guidelines from the American Heart Association consider car-
diac sarcoidosis (CS) a class IIA indication for implantable
cardioverter defibrillator (ICD) insertion. However, the level
of evidence to support this recommendation is limited® and no

specific guidelines are provided accounting for the associated
changes in left ventricular ejection fraction (LVEF) and it is
unclear if this recommendation should also apply to patients
with CS or other forms of associated myocardial damage
who have a preserved LVEF of >50%. It has previously been
shown that the primary and secondary prevention annualized
ICD therapy rates in patients with CS are 10% and 20%.°7

See Editorial by Greulich and Mahrholdt
See Clinical Perspective

Unfortunately, because CS is a patchy disorder that often
involves only small amounts of myocardium without causing
obvious abnormalities in LV function, commonly used tests,
such as the ECG, echocardiogram, and stress testing do not
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reliably detect CS.® It has recently been shown that cardio-
vascular magnetic resonance (CMR) with late gadolinium
enhancement (LGE) imaging can readily identify individuals
with CS or associated myocardial damage that are not oth-
erwise clinically recognized because of its ability to accu-
rately detect even small areas of abnormality.’ In fact, >15%
of patients with sarcoidosis have cardiac involvement based
on CMR, despite the absence of significant LV dysfunction.'
Although it is well known that the presence of CS in indi-
viduals with reduced LV systolic function portends a poor
prognosis,''? the prognosis for those with CS or associated
myocardial damage and preserved LV function is unclear. In
fact, due to insufficient data, a recent expert consensus docu-
ment from the Heart Rhythm Society did not identify these
individuals as being at sufficient risk to warrant ICD implanta-
tion without further risk stratification.'

The aim of this study was to establish whether CMR with
LGE imaging (LGE-CMR) can be used to risk stratify patients
with known extracardiac sarcoidosis and preserved LVEF
(>50%). The specific objectives were to determine (1) the prev-
alence of CS or associated myocardial damage in this patient
population; (2) the rates of major adverse cardiac events in sar-
coidosis patients with and without cardiac involvement, and
(3) imaging-based covariates that may help to identify individ-
uals with CS or other forms of associated myocardial damage
who are at highest risk for adverse cardiac events.

Methods
Study Population

We retrospectively identified 226 subjects with biopsy proven extra-
cardiac sarcoidosis referred for CMR as part of their clinical care to
evaluate for suspected CS or associated myocardial damage who had
LVEF >50% measured by CMR. This study was performed at a ter-
tiary care referral center; as such, many patients included in this cohort
have more complex sarcoidosis. A significant portion of the patients
underwent the CMR examination as part of widespread screening,
despite the absence of symptoms or ECG abnormalities. This study
is an extension of our previously published report.”® Individuals with
incomplete CMR data sets (n=9) were excluded. Medical and device
records were reviewed to determine patient demographics and identify
death (any cause), sustained ventricular arrhythmia (ie, lasting 230 s
or any polymorphic VT), or appropriate ICD shock. Of note, antit-
achycardia pacing was not considered as a reason for meeting the end
point. The Social Security Death Index was used to identify deaths
that are not documented in medical records. Attempts were made to
contact patients without documented medical record follow-up at least
12 months after CMR. Although the vital status of all patients was
confirmed, those with no follow-up via the medical record or direct
telephone call were excluded (n=12, all alive), leaving 205 subjects.
Institutional Review Board approval was obtained for this study.

CMR Protocol

CMR was performed using a 1.5T scanner (Achieva, Philips Healthcare)
using a 5-channel surface coil. Steady-state free-precession cine CMR
of the left ventricle in 3 long-axis (2, 3, and 4 chamber views) planes
were acquired, along with a stack of short-axis slices spanning the
LV base to apex (retrospectively gated, temporal resolution 25-40
ms). LGE images of the same views were obtained 10 minutes after
infusion of gadodiamide or gadobenate dimeglumine (0.1-0.2 mmol/
kg) using a T1-weighted gradient-echo pulse sequence with a phase-
sensitive inversion recovery reconstruction (typical inversion time
200-300 ms, voxel size 2x2x10 mm, sense factor 1-2). Commercially
available software was used to quantify CMR volumetric data, such
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as LV end-diastolic volume index, LV end-systolic volume index, LV
mass index (LVMi), LVEEF, right ventricular (RV) EDVi, RVESVi, and
RVEE. CS or other associated myocardial damage was defined as the
presence of any myocardial LGE, that is, if any LV myocardium had
a signal intensity >5 SDs above the mean signal intensity of normal
remote myocardium, irrespective of LGE pattern or location in the
LV. Total amount of LGE was calculated as a percentage of LV mass
(%LGE) using Virtue (Diagnosoft, Durham, NC), Figure 1.

Staging and Matching Patients for Pulmonary
Sarcoidosis

To exclude the confounding effects of lung disease on patient out-
comes, the severity of lung disease was determined by a pulmonolo-
gist for the entire cohort using the following parameters: severity
of pulmonary sarcoidosis (using Scadding stage'!), and pulmonary
function test parameters (%predicted total lung capacity, forced ex-
piratory volume 1, forced vital capacity, forced expiratory volume 1/
forced vital capacity ratio, and diffusing capacity for carbon mon-
oxide). Subsequently, a subgroup of patients without LGE identified
from the entire cohort were matched to the 41 patients with LGE
based on age, sex, and the above parameters.

Statistical Methods

Normally distributed continuous variables are presented as mean+SD.
Non-normally distributed variables are presented as median (inter-
quartile range). Patients were divided into 2 groups: those with and
without LGE on CMR (LGE+ and LGE-, respectively). The LGE+
group was further subdivided into those who did and did not die or
have sustained ventricular arrhythmia. Each group was tested for nor-
mal distribution using the Kolmogorov—Smirnov test and compari-
sons between groups were performed using unpaired -tests. Pearson
correlation was used to assess relationships between parameters that
predicted adverse events. Composite end point was defined as death
or VT. Patients not experiencing the end point were censored at the
last known follow-up. Kaplan—-Meier method was used to estimate
the survival curves in the LGE+ and LGE- groups. In addition,
logrank test was used to compare the survival time between the 2
groups. Univariate Cox proportional hazard model was used to as-
sess the relationship between covariates and the survival in the entire
study group and in the LGE+ group. Time-dependent receiver—oper-
ator characteristics analysis based on the Cox models was performed
in the LGE+ group for each of the covariates, and used to evaluate
the predictive accuracy for the end point at a mean follow-up dura-
tion of 36 months. The optimal cut-off value was identified as the co-
variate value closest to the point (0.1), representing 100% sensitivity
and 100% specificity. Statistical calculations were performed using
SPSS (version 22.0, Armonk, NY) and R statistical software (The R
Foundation for Statistical Computing, Vienna, Austria).

Results

Population Demographics

This was a middle-aged, predominantly female population
(mean age, 56+7 years; 69% female) at moderate cardio-
vascular risk; 9% had coronary disease, almost half had
hypertension, over a fifth had diabetes mellitus and almost
a third had dyslipidemia (Table 1). Corticosteroids had been
used at some point in almost 60%, whereas just under half
were documented as being treated with immunomodula-
tors. Of the 205 study patients, 41 (20%) had evidence of
LGE (LGE+ group) and are detailed in Table 2. There was
no significant difference in the demographics between those
with and without LGE, although there was a trend toward
more immunomodulator use in the LGE+ group. There was
a significant difference in LVEF, RVEF, and RVES Vi, but not
in LVMi, LV end-diastolic volume index, LV end-systolic
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Figure 1. Detection and quantification of late gadolinium enhancement. Images from patient with a history of transient binocular diplopia
of unclear pathogenesis presenting with dyspnea on exertion and palpitations. Coronary angiography without obstructive coronary artery
disease but with basal inferior wall motion abnormality. Cardiac magnetic resonance reveals mediastinal lymphadenopathy, normal left
ventricular ejection fraction (63%), and late gadolinium enhancement as shown above. Lymph node biopsy with non-necrotizing granu-
lomas. Left, A T1-weighted gradient-echo pulse sequence with a phase-sensitive inversion recovery reconstruction showing subepicar-
dial distribution of late gadolinium enhancement in the septum (yellow arrows). Middle, Commercially available software was used to
delineate late gadolinium enhancement. Right, Corresponding diastolic frame from steady-state free-precession cine imaging. Red areas
denote regions in which the myocardial signal intensity is >5 SDs above the region designated as normal (white arrow) by the operator.

volume index, or RVEDVi between those who had LGE and
those who did not (Table 1). The extent of pulmonary disease
in our patient cohort was severe in almost half of the 82 (41
LGE+ and 41 LGE-) subjects matched by age, sex, and lung
disease severity; 36 (43.9%) of these patients were assigned
Scadding stage IV, 29 (35.4%) stage I1 or II1, and only a fifth
(17, 20.7%) stage 0 or I. The percent predicted pulmonary
function testing parameters for this subgroup were total lung
capacity, 82+19%; forced vital capacity, 74+21%; forced
expiratory volume 1, 78+24%; forced expiratory volume

1:forced vital capacity, 77+10%; and diffusing capacity for
carbon monoxide, 76x29%).

Outcomes

Patients were followed for a mean of 36+18 months. Despite
having preserved LVEF (61+5.6%), 12 (5.9%) patients had a
cardiac event (8 [3.9%] patients died and 4 [2.0%] had sustained
VT) during follow-up. Ten of these 12 (83.3%) patients were in
the LGE+ group. Details about the 12 individual who had an
event are presented in Table 3. Of the patients with LGE who

Table 1. Patient Demographics and Imaging Variables: Comparison of Patients With and Without LGE
Total Population, n=205 LGE (=), n=164 LGE (+), n=41 PValue
Female 141 (69%) 116 (71%) 25 (61%) 0.27
Black 120 (59%) 92 (56%) 28 (68%) 0.40
Hypertension 94 (46%) 74 (45%) 20 (49%) 0.73
Diabetes mellitus 42 (21%) 31 (19%) 11 (27%) 0.28
Dyslipidemia 55 (27%) 41 (25%) 14 (34%) 0.17
Coronary artery disease 19 12 (7%) 7 (17%) 0.07
Smoking 15 7%) 12(7%) 3(7%) 0.51
Atrial fibrillation ) 20 (12%) 6 (15%) 0.61
Current steroid use ) 70 (43%) 23 (56%) 0.22
Previous steroid use 6%) 73 (47%) 24 (59%) 0.22
Current or previous immunomodulator therapy 75 (37%) 55 (34%) 20 (49%) 0.10
LVEF, % 61+5.6 61.4+5.7 59.3+4.7 0.04*
LVEDVi, mL/m? 72.9+14.9 72.3+x14.9 71.1+£15.4 0.70
LVESVi, mL/m? 28.7+8.0 28.1+8.1 28.7+7.9 0.69
LVMi, g/m? 471131 45.9+12.4 50.7+14.5 0.05
RVEF, % 54.4+7.3 55.2+6.5 51.1+9.0 <0.01*
RVEDVi, mL/m? 76.5+17.1 76.1+17.1 77.5+17.6 0.67
RVESVi, mL/m? 35.1+£11.5 34.1+10.1 38.8+15.1 0.02*

LGE indicates late gadolinium enhancement; LVEF, left ventricular ejection fraction; LVEDVi, left ventricular end-diastolic volume
index; LVESVi, left ventricular end-systolic volume index; LVMi, left ventricular mass index; RVEF, right ventricular ejection fraction;
RVEDVi, right ventricular end-diastolic volume index; and RVESVi, right ventricular end-systolic volume index.

*Statistically significant.
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Table 2. Comparison of Patient Demographics in Those With LGE Who Died or Sustained VT Against Those Who Did Not

Total LGE+, n=41 (%) No Death/V'T, n=31 (%) Death/V'T, n=10 (%) PValue
Female 25 (61) 20 (65) 5 (50) 0.72
Black 28 (68) 18 (58) 10 (100) 0.02
Diabetes mellitus 11(27) 9(29) 2 (20) 0.99
Dyslipidemia 14 (34) 12 (39) 2 (20) 0.69
Hypertension 21 (52) 14 (45) 7(70) 0.13
Coronary artery disease 7(17) 4(13) 3(30) 0.17
Smoking 3(7) 2(7) 1(10) 0.54
Atrial fibrillation 6 (15) 3(10) 3(30) 0.11
Current steroid use 23 (56) 18 (58) 5 (50) 0.99
Prior steroid use 24 (59) 18 (58) 6 (60) 0.71
0ngoing or previous immunomodulator therapy 19 (46) 15 (48) 4 (40) 0.99

LGE indicates late gadolinium enhancement; and VT, ventricular tachycardia.

had events, only a minority of patients had an LGE pattern that
might suggest the presence of a confounding disorder, such as
pulmonary hypertension or myocardial infarction. Specifically,
7 individuals had a nonmyocardial infarction pattern (suggest-
ing sarcoid infiltration or other some other form of associated
myocardial damage), 2 had RV insertion point pattern suggest-
ing pulmonary hypertension, and 1 had a myocardial infarction
pattern. Of the 31 patients who had LGE but no event, 26 had
a nonmyocardial infarction pattern of LGE, 2 had RV insertion
point pattern, and 3 had a myocardial infarction pattern.

The rate of death or VT per year within the LGE+ group
was >20x higher than that of the LGE- group (annual-
ized event rate 4.93% versus 0.24%, respectively; P<0.05;
Figure 2). Cox proportional hazard models (Figure 3 showed
that the presence of LGE (hazard ratio [HR], 24.5), the percent
amount of LGE (HR, 1.14), RVESVi (HR, 1.07), and RVEF
(HR, 0.88) were significantly associated with the end point.

The specific cause of death could not be determined in the
majority of patients who died. Notably, 6 of the 10 patients in
the LGE+ group who had a cardiac event had an ICD. Of these,
3 had received appropriate shocks for ventricular arrhythmias, 2
for VT who survived, and 1 for VT/ventricular fibrillation who

died without receiving therapy for VT/ventricular fibrillation. Of
the 2 patients who died in the LGE— group, one had a pulseless
electric activity arrest and the other had an unknown cause of
death. Of note, 17 of the 41 (41%) LGE+ patients had a Holter
Monitor; whereas only 43 of 164 (26%) LGE— patients did.
When 41 LGE+ patients were blindly matched with 41
LGE- patients by age, sex, and severity of lung disease, no cases
of death/VT were found in the LGE- subjects, suggesting that
the adverse outcomes in the LGE+ group were not explained
by severity of pulmonary disease. Similarly, when we excluded
patients with documented coronary artery disease from our
cohort, 7 of the 34 (20.6%) LGE+ patients still had death/VT;
whereas only 2 of 152 (1.3%) LGE- patients did, P<0.0001,
suggesting that the adverse events occur even in the absence of
coronary disease. Although 3 of the patients who died had coro-
nary disease, it is difficult to draw any meaningful conclusions
from our cohort about the influence of concomitant coronary
disease on outcomes in patients with CS given the small number
of patients who were known to have both conditions and because
a coronary artery disease evaluation was performed at the dis-
cretion of the treating physician and not as part of a systematic
protocol. Of the 3 patients who had documented coronary artery

Table 3. Detailed Demographics of Patients Who Died or Sustained VT

Death/V'T CS (+/-) Age, Y Sex Race CAD (+/-) ICD (+/-) Shock (+/-) ECG LVEF, %
Death + 52 F Black - + - SB 61
Death + 68 M Black - - N/A NSR, RVH 62
Death + 42 M Black - - N/A ST, RVH 54
Death + 56 F Black - - N/A NSR 55
Death + 48 F Black - - N/A NSR 63
Death - 75 F Black - - N/A NSR, LVH 60
Death - 56 M Black - - N/A ST 57
Death + 80 M Black - + + NSR, LVH 56
VT + 45 F Black - + - NSR, LVH 61
VT + 64 F Black + - ST, 1st AVB 66
VT + 74 M Black + + NSR, LVH 68
VT + 55 F Black + + NSR, RBBB 63

1st AVB indicates first degree atrioventicular block; CAD, coronary artery disease; CS, cardiac sarcoidosis; EPS, electrophysiology study; F, female; ICD, implantable
cardioverter defibrillator; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; M, male; NSR, normal sinus rhythm; RBBB, right bundle branch block;
RVH, right ventricular hypertrophy; SB, sinus bradycardia; ST, sinus tachycardia; ST, ST-segment abnormality; and VT, ventricular tachycardia.
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100 rp—=

P<0.01

Event-free survival (%)

Survival time (months)

Months 0 12 24 36 48 60 72 84

IGE+ 41 32 21 12 5 1 0 0

LGE- 164 149 124 92 60 14 2 0
Number at risk

Figure 2. Kaplan—-Meier curves demonstrating the impact of car-
diac sarcoidosis on survival in the late gadolinium enhancement
(LGE)+ (red) and LGE- (blue) groups. P value refers to logrank
test LGE+ vs LGE- survival.

disease and a cardiac event, their LGE pattern was: 1 subendo-
cardial pattern typical for previous myocardial infarction, 1 focal
subendocardial pattern atypical for previous myocardial infarc-
tion, and 1 subepicardial pattern atypical for previous myocardial
infarction. In the subgroup of patients who had both preserved
LVEF and RVEF 250% (n=154), 27 (17.5%) had LGE involving
the LV and 127 (82.5%) were LGE—, whereas 38% of patients
with RVEF <50% had LGE involving the LV. Of the patients
with LVEF and RVEF >50%, 5 (18.5%) of the LGE+ had death/
VT (2=VT and 3=death), whereas only 1 (0.8%) LGE— patient
in this cohort died and none had VT (P=0.0000).

Covariates That Predicted Death/VT Within the
LGE+Group

Within the LGE+ subgroup, all patients in our cohort who expe-
rienced death or VT were black; whereas only 58% of patients

Prognosis of Cardiac Sarcoidosis Using Cardiac MRI

who did not experience death or VT were black (P=0.02).
Demographics and cardiovascular risk factors were otherwise
similar. When compared with those without death or VT, indi-
viduals who died or had VT demonstrated a higher burden
of LGE (14.1£10.7 versus 5.1+4.7%, P=0.004), as well as
more RV dysfunction (RVEF, 45.4+12.3 versus 52.7+27.5%;
P=0.037) and RV end-systolic dilation (RVESVi, 50.1+17.9
versus 36.2+13.1 mL/m?; P=0.048; Table 4). Covariates asso-
ciates with the end point in the LGE+ group (Figure 4) were
the same as in the entire study group, with a 8% increase in the
risk of death or VT for each 1% increase in LGE burden (HR,
=1.08 [1.02-1.14]; P=0.01; Figure 4).

In patients with LGE, receiver—operator characteristics
analysis indicated that LGE burden was the best predictor
of adverse events in the mean follow-up (36 months), with
an area under the receiver-operating characteristics curve of
0.79. In this cohort, the optimal level of LGE burden for the
detection of such events was 5.7%, which resulted in a sensi-
tivity of 87% and specificity 62% for identifying individuals
with CS or other forms of associated myocardial damage who
were at highest risk of death or VT, despite preserved LVEF.
Similarly, Crawford et al'> found that in patients with CS and
an LVEF >35%, and LGE burden of >6% was associated with
an increased risk of death or VT. However, these cut-off val-
ues should be further prospectively validated in other cohorts
before being widely used in clinical practice.

In the subgroup of LGE- patients matched to the LGE+
patients for severity of lung disease, the LGE+ group had signifi-
cantly lower RVEF (50.4+9 versus 54.4+6.7%, P=0.026) and a
trend toward higher RVESVi (39.6+14.7 versus 34.3+11.1 mL/
m?, P=0.07) suggesting that direct myocardial involvement of the
right ventricle may be responsible for added risk of death/VT,
rather than RV remodeling related to underlying lung disease.

Discussion
CMR has the ability to identify individuals with CS or other
forms of associated myocardial damage, even when it is

Variable Hazard Ratio (95% Confidence Interval) p-value
Any LGE ‘ L 24.5(5.3-112.9) <0.01
LGE Burden (%) ‘ n 1.14 (1.09-1.18) <0.01
LV EDVi (ml/m?) + 0.99 (0.95-1.03) 0.54
LV ESVi (ml/m?) -l‘- 0.99 (0.92-1.06) 0.72
LV EF (%) -T‘- 0.98 (0.89-1.09) 0.76
LV Mass (g/m?) | 1.04 (1.00-1.08) 0.06
RV EDVi (ml/m?) ‘F 1.02 (0.99-1.05) 0.21
RV ESVi (ml/m?) ‘l 1.07 (1.03-1.11) <0.01
RV EF (%) = ‘ / 0.88 (0.83-0.93) <0.01
06 10 16 10.0 1ou.cL
'S
Death/VT

Figure 3. Univariate Cox proportional hazard models for the total population demonstrating that the presence of LGE has a hazard ratio
of 24.5 (5.3-112.9; P<0.01) for death or ventricular tachycardia (VT). LVEDVi indicates left ventricular end-diastolic volume index; LVEF, left
ventricular ejection fraction; LVESVi, left ventricular end-systolic volume index; RVEF, right ventricular ejection fraction; RVEDVi, right ven-
tricular end-diastolic volume index; and RVESVi, right ventricular end-systolic volume index.
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Table 4. Comparison of Imaging Variables in Patients With LGE Who Died or Sustained VT Against Those Who Did Not Die or Have VT

Total Population, n=41 No Death/VT, n=31 Death/VT, n=10 PValue AUC for Death/V'T
Total LGE, % 8.1+9.5 51+4.7 14.1£10.7 <0.01 0.80
LVEF, % 59.3+4.7 58.8+4.8 61.5+4.4 0.26 0.69
LVEDVi, mL/m? 71.1£15.4 71.6+135 74.0£20.4 0.93 0.55
LVESVi, mL/m? 28.7+7.9 29.2+7.7 28.6+9.0 0.66 0.50
LVMi, g/m? 50.7+14.5 49.3+12.5 58.8+19.6 0.09 0.58
RVEF, % 51.1£9.0 52.7+7.5 45.4+12.3 0.04 0.68
RVEDVi, mL/m? 77.5+7.6 75.8+16.4 87.9+17.9 0.35 0.600
RVESVi, mL/m? 38.8+15.1 36.2+13.1 50.1£17.9 0.05 0.69

AUC indicates area under the receiver-operating characteristics curve; LGE, late gadolinium enhancement; LVEDVi, left ventricular end-diastolic volume index; LVEF,
left ventricular ejection fraction; LVESVi, left ventricular end-systolic volume index; LVMi, left ventricular mass index; RVEF, right ventricular ejection fraction; RVEDVi,
right ventricular end-diastolic volume index; RVESVi, right ventricular end-systolic volume index; and VT, ventricular tachycardia.

otherwise not clinically evident. Although it is recognized
that patients with CS who have reduced LVEF are at increased
risk for heart failure and sudden cardiac death, it is unknown
whether those with preserved LVEF also have a poor prog-
nosis. In this study, we found (like others>!*!¢!7) that 1 in 5
individuals with sarcoidosis have cardiac involvement based
on the presence of LGE, despite having a preserved LVEF. We
also found that cardiac involvement in this cohort was associ-
ated with a ®5% annual risk of death or sustained VT. In fact,
almost a quarter of LGE+ patients with a preserved LVEF had
a significant event during the average 41 months of follow-
up, whereas <2% of patients without LGE had an event dur-
ing the same time period. This suggests that LGE-CMR is a
valuable tool for the cardiac risk stratification of patients with
extracardiac sarcoidosis. In patients with LGE, death/VT were
significantly more frequent among those with a higher burden
of LGE or RV dysfunction, even after attempting to eliminate
the confounding effects of lung disease.

With increasing use of CMR, it is apparent that cardiac
infiltration and its sequela in sarcoidosis affects more patients
than was previously recognized. This is important because
progressive heart failure and sudden cardiac death are well
known manifestations of CS, even in the absence of significant
echocardiographic abnormalities.”'”"! Within our population,
all-cause mortality in the LGE+ cohort was 15% (6/41). This
is comparable with 2-year all-cause mortality in major trials of

ICD placement for primary prevention, such as the Multicenter
Automatic Defibrillator Implantation Trial (MADIT) II*
(21%) and Defibrillators in Non-Ischemic Cardiomyopathy
Treatment Evaluation (DEFINITE?!; 11%). The overall event
rate for death/VT in our LGE+ population was 24% (10/41).
Again this is similar to ICD trials that report the number of
appropriate ICD therapies, which varied between 18% in the
DEFINITE trial*! and 21% in Sudden Cardiac Death in Heart
Failure Trial (ScD-HEFT).?

LGE—-CMR is one of the most promising modalities in this
regard, allowing for high-resolution tissue characterization,
so that small areas of myocardial fibrosis or infiltration that
occur before abnormalities of regional or global LV function
can be identified.?** Previous studies, which included patients
with both normal and abnormal LVEF, have shown that LGE—~
CMR is more sensitive than ECG, echocardiography, or the
Japanese Ministry of Health and Welfare criteria in predicting
death and adverse events in CS®*>?¢ and thus may provide the
means by which those who seem low risk by ECG and echo-
cardiography but remain vulnerable to ventricular arrhythmias
can be identified. Interestingly, none of the 12 patients who
had death or sustained VT within our cohort met the JMHW
criteria for the diagnosis of CS. This suggests that the appli-
cation of the JMHW criteria may not be well-suited for use
in those whose LVEF is >50%, and that the other diagnostic
tools such as LGE-CMR may be helpful. In fact, based on

Variable Hazard Ratio (95% Confidence Interval) p-value Figure 4. Univariate Cox proportional
LGE Burden (%) 108(1.02-114)  <0.01 hazard models for the late gadolinium
enhancement (LGE)+ group, dem-
LV EDVi (ml/m?) - 1.00 (0.96-1.05) 0.93 onstrating that hazard ratio of the
| burden of LGE for predicting death or
LV ESVI (ml/m?) —_— 0.98 (0.90-1.07) 0.61 ventricular tachycardia (VT) was 1.08
(1.02-1.14; P=0.01) equivalent to a
LV EF (%) —_ e 1.12 (0.97-1.30) 0.13 8% increase in the hazard of death or
VT for each 1% increase in burden of
LV Mass (g/m?) - 1.02 (0.98-1.06) 0.36 LGE. LVEDVi indicates left ventricular
end-diastolic volume index; LVEF, left
RV EDVi (ml/m?) - 1.03(0.99-1.08)  0.15 ventricular ejection fraction; LVESVi,
[ left ventricular end-systolic volume
RV ESVi (ml/m?) - 1.05(1.01-1.09)  0.03 index; RVEF, right ventricular ejection
fraction; RVEDVi, right ventricular end-
RVEF (%) = 0.93(0.88-0.99) 003 diastolic volume index; and RVESVi,
0.6 10 right ventricular end-systolic volume
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the most recent expert consensus document published by the
Heart Rhythm Society,'”> CMR would not have been recom-
mended for the majority of our population given the absence
of a concerning abnormality on the ECG, echocardiogram,
or obvious cardiac symptoms (of note, we were not able to
determine the presence or the absence of symptoms in every
single patient because of the retrospective nature of the study).
It must be noted that, unlike what we observed in our cohort,
1 recent study of patients with preserved LV function and no
clinical evidence of CS did not find an association between
LGE and increased rates of adverse events.”” However, the
patients included in that study seemed to have milder disease
not requiring immunomodulator therapy and the amount of
LGE was not quantified. Thus, it is possible that their cohort
was less vulnerable to adverse events than the sarcoidosis pop-
ulations described by us and other groups.

Previous studies have shown that the presence or the
absence of LGE is a strong prognostic marker in patients with
suspected CS; however, the relationship between the amount
of LGE present and the risk of adverse outcomes was not
reported. LGE estimation has often been performed in a qual-
itative rather than quantitative fashion, relying on the pres-
ence or the absence of LGE in each ventricular segment as
determined visually. In addition, programmed electric stimu-
lation and possible ICD implantation has been advocated for
those whose LVEF is >35% and also have a large burden of
LGE."” However, it has not been defined what constitutes a
large burden of LGE. In our study, we quantified LGE burden
by delineating areas with a signal intensity =5 SDs brighter
than user-defined normal remote myocardium. We were thus
able to refine risk prediction by calculating the increased haz-
ard of death or sustained VT conferred by each additional
1% increase of LGE burden. Not only did an increasing LGE
burden predict adverse cardiac events in our population, but
conversely the absence of LGE on CMR provided reassurance
that the risk of death/VT is extremely low. On the basis of
the Kaplan—Meier curves, the warranty period for a negative
CMR study in patients with extracardiac sarcoidosis seems
to be at least 4 years. The falloff in the LGE— group on the
Kaplan—Meier curve may be confounded by the limited fol-
low-up data available after 4 years.

Although LGE is clearly an important prognostic marker,
it is also important to recognize that some patients with LGE
will not have adverse events. We examined the role of other
imaging-based covariates to further refine the risk of death/
VT, and found that RV dysfunction may also play an impor-
tant role. An association between LV LGE and reduced RV
systolic function has been noted in previous studies.'*!* Like
Crawford et al," our results also indicated that these factors
independently predicted adverse outcomes; however, our
study expands their findings by only including patients with
LVEF >50%. Because pulmonary involvement in sarcoidosis
is common, it is logical that this could have either a primary
(granulomatous infiltration of the RV muscle) or secondary
(pulmonary hypertension) effect on the RV. Unfortunately, as
a consequence of the limited spatial resolution of the LGE
pulse sequence used in our clinical CMR protocol, our image
quality is not sufficient enough to reliably determine how
often the RV had evidence of LGE. Similarly, a limitation of

Prognosis of Cardiac Sarcoidosis Using Cardiac MRI

some previous studies was that the extent of subjects’ pulmo-
nary disease was unaccounted for, and adverse outcomes may
have occurred because of more severe lung disease, rather
than as an independent effect of CS or other forms of asso-
ciated myocardial damage. The role played by RV dysfunc-
tion in influencing outcomes seems to be independent of lung
disease because in the subgroup of LGE— patients matched
to the LGE+ patients for severity of lung disease, the LGE+
group had significantly lower RVEF and a trend toward higher
RVESVi, suggesting that direct myocardial involvement of
the RV may be responsible for added risk of death/VT, rather
than adverse RV remodeling related to underlying lung dis-
ease. To the best of our knowledge, this is the first study to
match patients by severity of lung disease and thus eliminate
this confounding factor, demonstrating that the ability of both
LGE burden and RV dysfunction to predict death/VT is inde-
pendent of the severity of pulmonary disease.

Our findings suggest that in sarcoidosis patients with
LGE and preserved LVEEF, the presence of RV dysfunction or
a higher LGE burden involving the myocardium may iden-
tify patients who are at highest risk of death/VT. This could
have significant clinical implications because recent recom-
mendations" acknowledge that invasive testing such as pro-
grammed electric stimulation may be required in patients with
preserved LVEF needing further risk stratification. Although
previous studies involving programmed electric stimulation
in patients with CS have suggested that the greatest yield in
terms of a positive test was in those with reduced LVEF,*
preserved LV systolic function did not rule out the possibility
of significant inducible arrhythmia. Our results demonstrate
that the presence of LGE is an important risk factor for death/
VT and that the burden of LGE is an important modulator of
risk. Further studies are needed to better define the interplay
between CMR findings and programmed electric stimulation
for identifying which patients are most likely to benefit from
ICD implantation.

Although LGE-CMR seems to be a promising technique
for the evaluation of patients with suspected CS, it is limited
in its ability to differentiate CS in the inflammatory stage ver-
sus those in the fibrotic stage. As such, there is an increasing
interest in the evaluation T2-mapping techniques, which are
thought to be more sensitive for detecting inflammation.?” A
comprehensive technique that includes both LGE imaging and
T2 mapping may prove to be useful for not only identifying
individuals at increased risk for ventricular arrhythmia but also
those individuals with CS in the inflammatory stage, which
might benefit from treatment with immunomodulator therapy.
In addition to CMR, cardiac F(18)-fluorodeoxyglucose posi-
tron emission tomography also clearly has role to not only
detect the presence of CS but also to potentially guide titra-
tion of immunosuppressive therapy.® It has recently also been
shown to be an important tool to risk stratify these patients.’!
The relationship between positron emission tomography and
CMR for the evaluation of CS has yet to be fully elucidated but
the 2 modalities are likely complementary with each provid-
ing unique information to be used in the care of these patients.

Although not a focus of this article, another interesting
finding that cannot be ignored is that within the LGE+ sub-
group, all patients in our cohort who experienced death or VT
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were black; whereas only 58% of patients who did not experi-
ence death or VT were black (P=0.02). Although we have no
doubt that whites with CS can also die or have VT, our cohort
provides a strong signal that blacks may be at particularly
increased risk. Unfortunately, most other studies related to
the use of CMR 1in patients with sarcoidosis have not reported
patient race, so we do not know how this finding compares
to other cohorts. However, an outcomes study similar to this
but using positron emission tomography also reported a higher
risk of major cardiovascular events in blacks.?' Interestingly,
data from The Black Women’s Health Study have suggested
that women with sarcoidosis were nearly twice as likely to
die prematurely as women without the disease.* Further work
is needed to better understand the mechanism underlying this
racial difference.

Limitations of this study include the fact that it was retro-
spective, and it was performed in a single tertiary center, thus
referral bias is likely present. Our findings need to be validated
prospectively in another cohort before being adopted widely
in clinical care. Another limitation of our study is that Holter
Monitoring was not performed consistently in all patients and
some patients with VT could have been missed. In addition, the
cause of death is not always known in our cohort. Because of
the slice thickness, we used on our LGE pulse sequence, we
were also not able to reliably assess for RV LGE. In addition,
although we tried to account for the confounding effects of pul-
monary hypertension and coronary artery disease as best as pos-
sible, right heart catheterization and coronary angiography were
not routinely performed in this cohort, which limits our under-
standing of these potential confounders. Finally, because of the
low event rate and the retrospective nature of our study, we are
unable to reliably determine if results from the CMR exami-
nation were used to modify immunomodulator therapy and
whether such changes might have influenced patient outcomes.

Conclusions
CS is associated with an increased rate of death/VT even in
patients with preserved LV function. The burden of LGE and
the severity of RV dysfunction further refine the risk of death/
VT in patients with CS.
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CLINICAL PERSPECTIVE

Cardiac sarcoidosis is associated with an increased risk of heart failure and sudden death, especially when associated with
reduced left ventricular ejection fraction. In this study, we show that myocardial damage, as detected by cardiovascular
magnetic resonance late gadolinium enhancement imaging, is present in a fifth of individuals with known extracardiac
sarcoidosis, despite having a preserved left ventricular ejection fraction. Furthermore, the presence of myocardial damage
in these patients is associated with a significantly increased risk of death and sustained ventricular tachycardia and that the
risk is further modulated by the burden of late gadolinium enhancement and the presence of concomitant right ventricular
dysfunction. Our data also show that the absence of late gadolinium enhancement in these patients is associated with a low
risk of death or sustained ventricular tachycardia. It is well known that cardiac sarcoidosis is difficult to diagnose and not
readily detected by electrocardiography, echocardiography, or even endomyocardial biopsy. Our findings continue to build
on the growing body of data establishing the important role of cardiovascular magnetic resonance in the assessment and risk
stratification of patients with suspected cardiac sarcoidosis, even those who have a preserved left ventricular ejection frac-
tion. Sarcoidosis patients who have evidence of a significant amount of myocardial damage and associated right ventricular
abnormalities should be evaluated for possible implantable cardioverter defibrillator insertion; however, the role of cardio-
vascular magnetic resonance to guide immunosuppressive therapy in these patients is yet to be determined.






