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Aims Late gadolinium enhanced cardiovascular magnetic resonance (LGE-CMR) is a valuable test to detect myocardial
damage in patients with sarcoidosis; however, the clinical significance of LGE in sarcoidosis patients with preserved
left ventricular ejection fraction (LVEF) is not defined. We aim to characterize the prevalence of LGE, its associated
cardiac findings, and its clinical implications in sarcoidosis patients with preserved LVEF.

Methods
and results

One hundred and fifty-two patients with biopsy proven extra-cardiac sarcoidosis, no known cardiac sarcoidosis, and
LVEF ≥50% referred for LGE-CMR were included in this observational study. The presence of LGE in the left ven-
tricular myocardium was considered diagnostic for cardiac sarcoidosis. The cohort was divided into two groups based
on the presence or absence of LGE. Twenty-nine patients (19%) had LGE involving 11+9% of the left ventricle. The
modified Japanese Ministry of Health and Welfare (JMHW) criteria for diagnosing cardiac sarcoidosis only had a sen-
sitivity of 52% and specificity of 83% for identifying myocardial LGE in these patients. Compared with those patients
without LGE, those with LGE had a higher heart rate (84+ 19 vs. 76+ 18 b.p.m., P ¼ 0.002), greater prevalence of
an abnormal electrocardiogram (76 vs. 31%, P , 0.001), diastolic dysfunction (67 vs. 33%, P ¼ 0.05), reduced right
ventricular ejection fraction (49+8 vs. 55+ 6%, P ¼ 0.012), and evidence of non-sustained ventricular tachycardia
(33 vs. 6%).

Conclusions In patients with sarcoidosis and preserved systolic function, myocardial damage is commonly present and may
increase the risk of ventricular tachy-arrhythmias. The JMHW Criteria were neither sensitive nor specific for
predicting the presence of myocardial LGE.
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Introduction
Sarcoidosis is a multisystem disorder characterized by the infiltration
of various organs with non-caseating granulomas. Infiltration and
resultant damage of the myocardium is an important cause of
death. Autopsy series suggest that the heart is involved in 20–30%
of patients;1,2 however, just a fifth of those patients have grossly
visible cardiac involvement while the rest only have histological

evidence of cardiac sarcoidosis. In one series, two-thirds of patients
with histological evidence of cardiac sarcoidosis at autopsy had
sudden cardiac death.3 Currently, the diagnosis of cardiac sarcoidosis
is made using clinical criteria outlined by the Japanese Ministry of
Health and Welfare (JMHW)4 which requires a tissue diagnosis of
sarcoidosis, the presence of an abnormal electrocardiogram, and
evidence of structural deformation or functional abnormality as diag-
nosed by echocardiography, nuclear imaging, or cardiac
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catheterization. Using the JMHW diagnostic criteria, the 5-year mor-
tality from cardiac sarcoidosis, when structural deformation or func-
tional abnormality is present, is �25% with the cause of death being
progression of heart failure or cardiac arrest.5 Based on the poor
prognosis and the relatively high prevalence of sudden cardiac
death, recent guidelines have stated implantable cardioverter-
defibrillators ‘(ICD) implantation is reasonable for patients with
cardiac sarcoidosis (Class IIa; level of evidence C)’.6 Additionally,
some have suggested that ventricular arrhythmias may not be pre-
vented with corticosteroid therapy.7 There is currently no consen-
sus on the optimal approach to medical therapy for cardiac
sarcoidosis patients.

Unlike other cardiac imaging tests, late gadolinium enhanced car-
diovascular magnetic resonance (LGE-CMR) has been used not
only to evaluate global and regional abnormalities in cardiac func-
tion but also to directly visualize the presence of even small
amounts of myocardial damage.8 Recent data suggest that
LGE-CMR is more sensitive than the clinical JMHW criteria used
for detecting cardiac sarcoidosis9,10 and may be present in as
many as 20–35% of patients with extra-cardiac sarcoidosis.
Others have shown that LGE of the myocardium may be present
in patients with sarcoidosis who have normal electrocardiograms,
echocardiograms, nuclear tests, and 24 h ambulatory electrocar-
diograms.11 Late gadolinium enhanced cardiovascular magnetic res-
onance is emerging as the imaging test of choice for diagnosing
cardiac sarcoidosis12 and has recently been shown to identify
patients with sarcoidosis who are at increased risk of death.13

Studies performed prior to routine incorporation of LGE-CMR
into the clinical evaluation of sarcoidosis have shown that cardiac
sarcoidosis patients with a left ventricular ejection fraction
(LVEF) ,50% may have a 5-year survival rate of as low as 59%.5

However, LGE-CMR readily identifies the presence of cardiac sar-
coidosis even in those with preserved systolic function (LVEF ≥
50%).13 The clinical significance of myocardial LGE in patients
with sarcoidosis and preserved systolic function has yet to be sys-
tematically determined. The goals of this study are (i) to better
define the prevalence of cardiac sarcoidosis diagnosed by
LGE-CMR in patients with sarcoidosis with preserved systolic func-
tion and no known history of cardiac sarcoidosis; (ii) to identify the
presence of associated structural abnormalities; and (iii) to deter-
mine whether a relationship to ventricular tachy-arrhythmias
exists.

Methods

Population
An observational cohort of 152 individuals with LVEF ≥ 50% (as deter-
mined by CMR), biopsy proven extra-cardiac sarcoidosis, and no
known history of cardiac sarcoidosis were selected from 174 consecu-
tive patients referred for LGE-CMR at the University of Chicago
Medical Center between January 2007 and December 2010 to evalu-
ate for possible cardiac sarcoidosis [from the 174 patients, 16 were
excluded for having LVEF , 50%, 2 for having an alternative cardiac
diagnosis (apical variant of hypertrophic cardiomyopathy and cardiac
amyloidosis), and 4 for poor image quality] (Figure 1). The LGE-CMR
was ordered at the discretion of the referring physician. Patients
with severe renal impairment (glomerular filtration rate ,30 mL/

min/1.73 m2) and those with typical contra-indications for magnetic
resonance imaging (ICD, pacemaker, cerebral aneurysm clips, severe
claustrophobia, etc.) were excluded. The Institutional Review Board
approved this study.

Cardiovascular magnetic resonance protocol
All patients underwent LGE-CMR imaging performed on a 1.5 T
magnetic resonance imaging scanner (Achieva, Philips Healthcare,
Best, Netherlands) using a five-channel flexible surface coil. Retrospec-
tively gated steady-state free precession cines (repetition time [TR]
2.9 ms, echo time [TE] 1.5 ms, flip angle 608, temporal resolution
25–40 ms) of the left ventricular (LV) two-chamber, three-chamber,
four-chamber, and contiguous short axis slices spanning from the LV
base to the LV apex were acquired. Late gadolinium enhanced
images of the same views were obtained 10–20 min after infusion of
gadolinium-diethylene triamine pentaacetic acid (0.15–0.2 mmol/kg)
typically using a phased sensitive inversion recovery pulse sequence
(TR 4.5 ms, TE 2.2 ms, inversion time 200–300 ms, flip angle 308,
phase sensitive inversion recovery flip angle 58, voxel size 2 × 2 ×
10 mm, sense factor 2). Philips Extended MR Workspace software
was used to quantify CMR data. Left ventricular end-diastolic volume
(LVEDV), LV end-systolic volume (LVESV), LVEF, right ventricular ejec-
tion fraction (RVEF) and LV mass were measured from the LV short
axis cines using the method of discs. The diagnosis of cardiac sarcoido-
sis was made when any amount of LGE was present anywhere in the
LV myocardium. The presence or absence of LGE was determined by
consensus of two reviewers (with an arbitrator if needed) for each of
the 17 segments of the American Heart Association LV model. Late
gadolinium enhancement was considered to be present if seen in
two different views and the mean signal intensity was .4 SD higher
than the noise of remote normal myocardium. The extent of LV
LGE was semi-quantitatively determined as the number of myocardial
segments that had any LGE expressed as a percentage.

Figure 1 Selection of patient cohort.
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Echocardiogram
From the first 125 consecutive patients enrolled into the study, those
with adequate Doppler and tissue Doppler datasets (n ¼ 75) under-
went assessment of diastolic function and LV filling pressures
using comprehensive transthoracic echocardiography including two-
dimensional echocardiography, Doppler echocardiography, and tissue
Doppler echocardiography. Studies were performed using the iE33
imaging system (Philips Healthcare). Pulsed wave mitral inflow was
used to evaluate diastolic dysfunction according to traditional classifi-
cation of E/A ratio and E wave deceleration time. The American
Society of Echocardiography criteria for diastolic dysfunction were
not used for the determination of diastolic dysfunction because a
large number of patients in our cohort had conflicting data points
leading to an ambiguous grading of diastolic dysfunction. Pulsed wave
tissue Doppler was obtained of the septal and lateral mitral annulus
according to usual practice. Left atrial volume was determined using
the area-length model and was indexed to body size by dividing by
body surface area.14 The presence or absence of elevated LV filling
pressures was determined using the septal mitral annular tissue
Doppler e’ and LA volume index using a previously published algor-
ithm.15 Right ventricular systolic pressure was estimated from the tri-
cuspid valve regurgitation jet velocity according to the modified
Bernoulli equation plus estimated right atrial pressure based on inferior
vena cava size and its variation with respiration.

Resting and ambulatory electrocardiogram
A 12-lead surface electrocardiogram was recorded. The findings were
interpreted by an experienced cardiologist and classified as abnormal
when right or left bundle branch block, left axis deviation, atrio-
ventricular nodal conduction disease, ventricular tachycardia, prema-
ture ventricular contraction, pathological Q-wave, or ST-T abnormal-
ities were noted. Ambulatory cardiac rhythm monitoring for
24–72 h was performed at the discretion of the patient’s physician
(n ¼ 73) and were considered abnormal if there was .100 premature
ventricular contractions per day,11 non-sustained ventricular tachycar-
dia (NSVT) (3–30 consecutive premature ventricular contractions),
sustained ventricular tachycardia (.30 s), or atrioventricular block.

Implantable cardioverter-defibrillator
selection
Patients with LGE-positive CMR and biopsy proven extra-cardiac sar-
coidosis were considered candidates for ICD implantation. Patient risk
stratifying contributors without specific importance included: the pres-
ence of NSVT, abnormal electrocardiographic data, and/or abnormal
echocardiographic findings as detailed by the methods above. The
risks and benefits of ICD implantation were described to the patients
in detail with the implantation of an ICD at the discretion of the patient
and their cardiologist/electrophysiologist. Most of the mismatch
between qualifying abnormalities and lack of an ICD implantation
were due to patient refusal of the procedure.

Statistical analysis
Patients were divided into two groups (those with LGE and those
without LGE). Analysis was performed using Prism (GraphPad
Software, San Diego, CA). Continuous variables were expressed as
mean + standard deviation and were compared using unpaired
t-tests. Dichotomous variables were compared using the x2 test. A
P-value ,0.05 was considered statistically significant. Statistical analysis
was not performed on data regarding the prevalence of NSVT in LGE-
positive and LGE-negative populations because of the non-uniform
monitoring that these populations may have received.

Results
As predetermined by the study design, all 152 patients had an
LVEF ≥ 50%. Twenty-nine (19%) patients had evidence of LGE.
The typical patient had a small burden of LGE (11+ 7% of the
myocardial segments). Figure 2 shows the distribution of LGE
lesions among the myocardial segments. Figure 3 is an example
of a patient with preserved LV systolic function and a region of
LGE. Patients were followed for 651+340 days. Fifteen (52%)
of these 29 patients underwent ICD implantation at the discretion
of the patient’s treating physician. Two of these patients received
successful anti-tachycardic pacing for ventricular tachycardia. One
patient was inappropriately shocked for atrial fibrillation and
another was inappropriately shocked for T-wave over-sensing.

Patient characteristics
The average age of the study population was 49+ 11 years. The
majority of patients were women (74%). African-American race
was most common (49%). There was no difference in gender
between those with or without LGE (Table 1); however, those
with LGE were more likely to be African American (69 vs. 45%,
P ¼ 0.019) and older (54 vs. 48 years, P ¼ 0.021). In both groups
the majority had lung involvement and were equally likely to
have been treated with corticosteroids or non-steroidal immuno-
suppressive therapy. More patients with LGE were on angiotensin-
converting enzyme inhibitors (ACE-I) or angiotensin receptor
blockers (ARB) therapy (44 vs. 23%, P ¼ 0.021). Patients with
LGE also had a longer duration of sarcoidosis than those
without LGE (12+12 vs. 8+ 9 years, P ¼ 0.021). More patients
with LGE satisfied the JMHW criteria for the diagnosis of cardiac
sarcoidosis (CS) than patients without LGE (48 vs. 17%, P ¼
0.0001). Using the presence of LGE as the gold standard for the
diagnosis of CS, the JMHW criteria had a sensitivity of 52% and
a specificity of 83%. The positive predictive value of JMHW criteria
was 40% and the negative predictive value was 89% in our cohort.

Figure 2 Percentage of total late gadolinium enhanced lesions
detected in each of the American Heart Association myocardial
segments.
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Cardiac morphology and function
Those with LGE and those without LGE had no significant differ-
ences in LVEDV, LVESV, LV mass, left atrial volume, and right ven-
tricular end-diastolic volume (Table 2). Although likely influenced
by the systematic exclusion of patients with depressed LV function,
both groups had similar LVEF (LGE 60+5% vs. no LGE 61+6%, P
¼ 0.149). Patients with LGE had greater RVESV (86+28 vs. 72+
24 mL, P ¼ 0.008) and lower RVEF (49+8 vs. 55+6%, P , 0.001)
when compared with those without LGE suggestive of right ventri-
cle (RV) involvement and/or pulmonary hypertension in these
patients. Patients with LGE were more likely to have a wall
motion abnormality (41.4 vs. 13.8%, P ¼ 0.0007) and regional wall
thickening (10.3 vs. 1.6%, P ¼ 0.017) when compared with those
without LGE. A subgroup of 75 patients with adequate

echocardiographic images underwent assessment of diastolic dys-
function and estimation of LV filling pressures using mitral inflow
and tissue Doppler indices. Left ventricular diastolic dysfunction
was present in 67% of patients with LGE and in 33% of subjects
without LGE (P ¼ 0.05). Elevated LV filling pressures were
present uncommonly in both groups, and the frequency of elev-
ated LV filling pressures were not different between the two
groups of subjects (23% of patients with LGE vs. 25% of patients
without LGE, P ¼ 0.86). Estimated right ventricular systolic
pressure was higher (but did not reach statistical significance) in
patients with LGE than in those without (46.0 vs. 36.1 mmHg, P
¼ 0.068). Tricuspid regurgitation jet velocity was higher in patients
with LGE than those without (290 vs. 250 cm/s, P ¼ 0.05);
however, only 12 patients with LGE had an adequate jet of tricus-
pid regurgitation from which to estimate right ventricular systolic
pressure and tricuspid regurgitation jet velocity.

Electrocardiography
Seventy-six per cent of those with LGE had an abnormal electro-
cardiogram compared with only 31% of those without LGE
(P , 0.001). As demonstrated in Table 3, patients with LGE had

Figure 3 Late gadolinium enhanced cardiovascular magnetic resonance images are shown of a left ventricular short axis slice (left) and a left
ventricular two-chamber view (right). The arrows point to two different views of a small region of late gadolinium enhancement.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Patient characteristics and their relationship
to cardiac sarcoidosis

LGE1
(n 5 29)

LGE2
(n 5 123)

P-value

Age (years) 54+11 48+11 0.021

Gender (female) 21/29 (72%) 92/123 (75%) 0.792

Race (African
American)

20/29 (69%) 55/123 (45%) 0.019

Years since diagnosis 12+12 8+9 0.021

Steroid use 12/27 (44%) 50/116 (43%) 0.900

Non-steroidal
immunosuppressive
therapy

6/25 (24%) 36/116 (31%) 0.485

ACE-I or ARB use 12/27 (44%) 27/119 (23%) 0.021

Beta-blocker use 5/27 (19%) 17/119 (14%) 0.589

Statin use 8/27 (30%) 21/119 (18%) 0.159

Lung involvement 23/27 (83%) 97/122 (80%) 0.500

Satisfy JMHW criteria 14/27 (48%) 21/123 (17%) ,0.001

The changing denominators reflect data points that were not available for analysis.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Cardiac morphology and function and their
relationship to cardiac sarcoidosis

LGE1 (n 5 29) LGE2 (n 5 123) P-value

LVEDV (mL) 142+38 148+38 0.415

LVESV (mL) 56+18 58+19 0.643

LVEF (%) 60+5 61+6 0.149

LV mass (g) 99+40 89+27 0.115

LAV (mL) 56+21 53+21 0.571

RVEDV (mL) 165+36 158+42 0.424

RVESV (mL) 86+28 72+24 0.008

RVEF (%) 49+8 55+6 , 0.001

A.R. Patel et al.1234



higher heart rates (84+ 19 vs. 76+18 b.p.m., P ¼ 0.035), longer
PR intervals (171+ 49 vs. 156+ 28 ms, P ¼ 0.036), longer QRS
duration (98+20 vs. 90+ 14 ms, P ¼ 0.024), and longer QTc
intervals (450+38 vs. 432+28 ms, P ¼ 0.005) than those
without LGE. In the patients who had an ambulatory electrocardio-
gram performed, it was abnormal in 40% of those with LGE and in
only 19% of those without LGE (P ¼ 0.087).

Non-sustained ventricular tachycardia
In our cohort a higher percentage of patients with LGE had docu-
mented NSVT (on either 12-lead electrocardiogram, 24 h ambulat-
ory electrocardiogram, cardiac event monitor, or device
interrogation) than those without LGE (33 vs. 6%). The subgroup
of patients with LGE plus NSVT (when compared with patients
with LGE minus NSVT) had a statistically non-significant higher
percentage of myocardial segments involved with LGE (15+12
vs. 10+ 6%, P ¼ 0.12).

Discussion
We used LGE-CMR to better define the prevalence and clinical
significance of myocardial damage in sarcoidosis patients with pre-
served LV systolic function (LVEF .50%) and no known history of
cardiac sarcoidosis. In our cohort, 19% of patients had evidence of
LGE despite having preserved LV performance. We additionally
demonstrated that, despite preserved LV systolic function, those
with LGE were more likely to have diastolic dysfunction, a
modest reduction in RV systolic function, higher heart rates, and
longer PR, QRS, and QTc intervals compared with those
without LGE.

The use of LGE-CMR to identify sarcoidosis patients who have
myocardial involvement is appealing. Early validation studies have
clearly demonstrated LGE-CMR’s ability to accurately identify
even small myocardial scars.8,16 The strength of the technique
lies in its ability to directly visualize abnormalities in the myocar-
dium rather than relying on secondary sequelae such as reduced

systolic function, wall motion abnormalities, wall thinning, wall
thickening, or abnormal haemodynamics to make the diagnosis of
cardiac sarcoidosis.4 Previous investigators have shown that
LGE-CMR is more sensitive than electrocardiography, echocardio-
graphy, or the JMHW criteria for the diagnosis of cardiac sarcoido-
sis.10,11 Our data suggest that the fulfilment of JMHW criteria may
also not be specific for the presence of myocardial involvement (as
defined by the presence of LGE) in patients with sarcoidosis.
Limited data are available regarding the role of biomarkers such
as N-terminal pro b-type natriuretic peptide (NT-proBNP) and
troponin for the detection of cardiac sarcoidosis. However
Handa et al.17 have suggested that NT-proBNP may be a useful
biomarker to identify cardiac involvement. In another study, Yasu-
take et al.18 showed that BNP levels (but not troponin levels) were
higher in patients with cardiac sarcoidosis. The relationship
between biomarkers and LGE is yet undefined.

Based on recent LGE-CMR studies the frequency of cardiac
sarcoidosis is believed to be as high as 35%.10,12,13 Previously,
in a study of 31 patients, Cheong et al.19 reported that 26% of
patients with no known history of cardiac involvement with
sarcoid had evidence of myocardial late gadolinium enhancement.
In another study,13 which included 81 patients with extra-cardiac
sarcoidosis, 6 patients had LGE despite having a normal LVEF;
however, the overall prevalence of LGE in patients with pre-
served function could not be determined based on the data
reported. In our significantly larger cohort (which by design
only included patients with preserved LVEF), nearly one out of
every five patients (19%) had evidence of myocardial damage.
We also found that patients with LGE had a reduction in RV sys-
tolic function likely suggestive of biventricular involvement from
cardiac sarcoidosis and/or the concomitant presence of pulmon-
ary hypertension.

It is commonly believed that cardiac sarcoidosis is associated
with the presence of diastolic dysfunction, however, to the best
of our knowledge, this has not been systematically investigated in
the past. In our study, we found that two-thirds of patients with
LGE had evidence of diastolic dysfunction compared with only
one-third of those without LGE, supporting the notion that
cardiac sarcoidosis is associated with diastolic dysfunction.
However, our results also highlight the fact that a third of patients
with LGE did not have evidence of diastolic dysfunction, suggesting
that diastolic dysfunction would be neither sensitive nor specific
for diagnosing cardiac sarcoidosis.

Identification of patients with cardiac sarcoidosis is clinically
important because this disease may result in sudden cardiac
death or heart failure.2,3,5,13 The presence of increased mortality
has also been confirmed in patients with cardiac sarcoidosis
when cardiac involvement is identified by LGE-CMR.13 Current
guidelines suggest that it may be reasonable to implant an ICD
for primary prevention of sudden cardiac death in this patient
cohort;6 however, these guidelines are predominantly based on
data collected prior to the routine incorporation of LGE-CMR
into the clinical management of patients with sarcoidosis. In fact,
the guidelines were likely to have been influenced by the work
of investigators such as Yazaki et al.5 who demonstrated that
patients with cardiac sarcoidosis and LVEF , 50% had a 5-year sur-
vival of only 59%. Three of the patients who were excluded from

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Electrocardiography features and their
relationship to cardiac sarcoidosis

LGE1

(n 5 29)
LGE2

(n 5 123)
P-value

Abnormal EKG 22/29 (76%) 34/111 (31%) ,0.001

Heart rate
(b.p.m.)

84+19 76+18 0.035

PR interval (ms) 171+49 156+28 0.036

QRS duration
(ms)

98+20 90+14 0.024

QT interval (ms) 390+40 391+36 0.913

QTc interval
(ms)

450+38 432+28 0.005

Any NSVT 5/15 (33%) 4/67 (6%) Not calculated

Abnormal
Holter

6/15 (40%) 13/67 (19%) 0.087

Myocardial damage in sarcoidosis patients 1235



our cohort because of reduced systolic function (LVEF , 50%)
received appropriate shocks for treatment of ventricular tachycar-
dia from their ICD. However, as seen in our cohort, LGE-CMR can
readily identify cardiac sarcoidosis even in patients with LVEF .

50%, and it remains to be determined whether evidence of myo-
cardial damage in the setting of preserved systolic function has
an equally poor prognosis as in those with an LVEF , 50%. Inter-
estingly, two of the patients in our cohort with preserved systolic
function received appropriate anti-tachycardic pacing for ventricu-
lar tachycardia suggesting that these patients may still be at risk for
sudden cardiac death. However, two patients received inappropri-
ate shocks as discussed above. More data are needed to determine
whether there is a benefit from ICD implantation in sarcoidosis
patients with LGE and a preserved systolic function. Some
investigators have advocated the use of programmed ventricular
stimulation for further risk stratification of these patients.20

Detection of cardiac sarcoidosis in patients with preserved
systolic function may also have important treatment implications;
in fact, some have suggested that treatment with long-term corti-
costeroids may prevent adverse LV remodelling and deterioration
of LVEF.21 The role of steroid sparing agents in the treatment
of cardiac sarcoidosis is currently unknown.22– 24 In our cohort
of sarcoidosis patients with LGE and preserved systolic function,
we found that their clinical course commonly included the pres-
ence of NSVT suggesting a pro-arrhythmic milieu. In fact, patients
with LGE also had longer PR, QRS, and QTc intervals than those
without LGE suggesting an increased prevalence of conduction
system disease. Although it is unclear whether the pro-arrhythmic
state in cardiac sarcoidosis is mediated by re-entry circuits created
around the regions of myocardial damage7,25 or whether it is a
result of the prolongation of the QTc interval, the high prevalence
of NSVT (33%) is noteworthy. Recently, in a cohort of cardiac
sarcoidosis patients with less severe LV systolic dysfunction, Jefec
et al.26 reported that they were able to induce a single ventricular
tachycardia (VT) morphology in one-third of patients, which
potentially arose from lesions such as those detected in our
study. These small regions of myocardial damage might provide a
sufficient substrate to create the re-entry circuit needed to initiate
VT in patients with cardiac sarcoidosis. Further studies are
required to determine the natural history and the best therapeutic
strategy for this cohort of patients. The role of immunosuppressive
agents to reduce the burden of arrhythmias in these patients is not
well defined.7,27,28

There are several limitations of our study. First, it is a retro-
spective study. The specific testing, including CMR, that any indi-
vidual patient underwent was performed at the discretion of the
patient’s physician. As such, any bias created by test choice
cannot be accurately quantified. Also, since our study was per-
formed at a tertiary care centre, a referral bias likely influenced
our results. Additionally, long-term follow-up of our cohort
(patients with LGE and normal LV systolic function) is not yet
available. Most previous studies that have shown that patients
with cardiac sarcoidosis have a poor prognosis typically used
the JMHW criteria to make the diagnosis and likely represented
patients with a higher burden of myocardial involvement. It is
unclear whether these previous outcomes data could be
applied to a cohort like ours.

Conclusions
In this study, we have demonstrated that myocardial damage is
commonly present in patients with sarcoidosis who have pre-
served systolic function. Importantly, patients with evidence of
late gadolinium enhancement and preserved systolic function
were more likely to have diastolic dysfunction, reduced RV systolic
function, abnormalities in regional wall motion and thickening, and
evidence of conduction system disease. The optimal treatment
strategy for patients with cardiac sarcoidosis and preserved systolic
function remains to be determined. Multicentre trials will be
required to guide therapy in this patient population.
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