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ABSTRACT
Cardiac MR (CMR) with late gadolinium
enhancement is commonly used to detect cardiac
damage in the setting of cardiac sarcoidosis. The
addition of T2 mapping to CMR was recently shown
to enhance cardiac sarcoidosis detection and
correlates with increased cardiac arrhythmia risk.
This study was conducted to determine if CMR T2
abnormalities and related arrhythmias are reversible
following immune suppression therapy. A
retrospective study of subjects with cardiac
sarcoidosis with abnormal T2 signal on baseline
CMR and a follow-up CMR study at least 4 months
later was conducted at The Ohio State University
from 2011 to 2015. Immune suppression treated
participants had a significant reduction in peak
myocardial T2 value (70.0±5.5 vs 59.2±6.1 ms,
pretreatment vs post-treatment; p=0.017), and 83%
of immune suppression treated subjects had
objective improvement in cardiac arrhythmias. Two
subjects who had received inadequate immune

suppression treatment experienced progression of
cardiac sarcoidosis. This report indicates that
abnormal CMR T2 signal represents an acute
inflammatory manifestation of cardiac sarcoidosis
that is potentially reversible with adequate immune
suppression therapy.

INTRODUCTION
Cardiac sarcoidosis (CS) is the second leading
cause of sarcoidosis-related mortality, and the
rate of CS-related death appears to be rising.1

Reliance on patient-reported symptoms and
screening ECG to initiate testing for CS is an
inadequate strategy, as many cases of CS are
undetected and sudden cardiac death may be
the presenting clinical manifestation.2 3 Recent
advances in imaging technology, such as cardiac
MR (CMR) and positron emission tomography
scan, markedly improve the detection of CS,
but the implications of improved detection are

Figure 1 Comparison of pretreatment horizontal long axis (HLA) (A) and mid short axis (SAX) (B) and
post-IS treatment HLA (C) and mid SAX (D) T2 maps for a patient receiving adequate immune suppression.
IS, immune suppression.

1148 Crouser ED, et al. J Investig Med 2016;64:1148–1150. doi:10.1136/jim-2016-000144

Brief report
 on A

pril 17, 2024 by guest. P
rotected by copyright.

file:/
J Investig M

ed: first published as 10.1136/jim
-2016-000144 on 27 June 2016. D

ow
nloaded from

 

http://crossmark.crossref.org/dialog/?doi=10.1136/jim-2016-000144&domain=pdf&date_stamp=2016-06-27
http://jim.bmj.com/


unclear. CMR is unique in that it is capable of discriminat-
ing injured myocardium, as detected by late gadolinium
enhancement (LGE), from inflamed and presumably viable
cardiac tissue, manifesting as increased T2 signal intensity.
Just as increased T2 in patients presenting with acute myo-
carditis has been used to identify acutely inflamed myocar-
dium,4 it follows that increased T2 in the myocardium of
patients with sarcoidosis may represent CS-related inflam-
mation that is responsive to immune suppression (IS)
therapy. Thus, we sought to determine if IS therapy results
in reversal of CMR T2 abnormalities and improved cardiac
function in patients with CS.

MATERIALS AND METHODS
With local IRB approval, we conducted a retrospective ana-
lysis of a CMR database between January 2011 and
September 2015 to identify consecutive cases fulfilling the
following criteria: CS diagnosis based on current consensus
criteria,5 presence of abnormal CMR T2 signal (≥60 ms6),
and availability of two consecutive CMR studies. Patients
with non-MR compatible implantable cardioverter defibril-
lators (ICDs) or pacemakers, representing a majority of the
cases in the CMR database, do not undergo serial CMR at
our institution and were excluded from this analysis. All
CMR studies were conducted on a 1.5 T scanner (Avanto,
Siemens Healthcare). The following images were obtained:
(1) precontrast myocardial single-shot balanced steady
state-free progression (SSFP) sequence T2 maps in long
and short axis planes (3 images in each plane) according to
previously published methods,6 (2) LGE imaging in long
and short axis planes and (3) standard cine imaging to
compute left ventricular volumes and ejection fraction
(LVEF). T2 maps were interpreted on standard worksta-
tions (Leonardo, Siemens). The source images for each T2
map were reviewed first to evaluate for motion and to
determine suitability for map interpretation. For each T2
map, the LV myocardium was divided into equal segments
using the standard 17-segment model. Within each
segment, multiple regions of interest were drawn with an
estimated average sample size of 10-20 pixels. Abnormal
segments were corroborated in short axis and long axis
views in all patients. Average and peak myocardial T2
values for each segment, with normal T2 values defined as
<60 ms,6 and presence or absence of myocardial injury by
LGE were recorded. Available clinical information relating
to subjective cardiac symptoms, including palpitations,
near-syncope or syncope and objective detection of
arrhythmias were recorded at the time of the baseline and
follow-up CMR studies.

RESULTS
The effects of IS treatment on serial CMR findings were
dramatic (figure 1). As shown in table 1, six of the eight
patients received sustained and adequate IS treatment (a
minimum of 4.8 months duration; and at least 20 mg pred-
nisone every other day +/− methotrexate 10–15 mg/week)
following the initial CMR, which was associated with a sig-
nificant reduction in the peak myocardial T2 value (70.0
±5.5 vs 59.2±6.1 ms, pretreatment vs post-treatment;
p=0.017). Five of the six IS-treated patients had complete
resolution of T2 abnormalities, including regional and
global T2 values, and there was no significant progression
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of LGE in this group. All six of the patients receiving
adequate IS treatment experienced improvement in clinical
cardiac parameters; five of six had subjective improvement
of palpitations or near syncope and five of six had objective
improvement of cardiac arrhythmias. One patient pre-
sented with asymptomatic left bundle branch block (LBBB)
which resolved after IS treatment. Two of six IS-treated CS
subjects had >5% improvement in LVEF; whereas the
remaining four in the IS treatment group had no significant
change in LVEF. One patient received low-dose IS treat-
ment (prednisone 10 mg every other day, a dose previously
shown to be associated with CS progression7), and demon-
strated no change in T2, LGE or LVEF. One patient
received no IS and was noted to have progression of LGE
and a 15% reduction in LVEF over a period of 18 months
complicated by an episode of syncope, and leading to
placement of an ICD.

DISCUSSION
This case series demonstrates the effectiveness of CMR
with T2 mapping to detect and quantify active CS and to
guide IS therapy. Although the diagnostic utility of T2
mapping for the detection of myocardial edema has been
well-established in patients with myocarditis and other
inflammatory cardiomyopathies, the literature is sparse
with respect to the use of T2 mapping or T2-weighted
imaging to evaluate changes in myocardial inflammation in
systemic inflammatory or autoimmune disorders.8 9 To the
best of our knowledge, this is the first study to utilize T2
mapping in this capacity in patients with CS. A similar
observation was recently reported in one patient with anti-
synthetase syndrome, whereby myocardial edema as
detected by T2 mapping resolved following oral cortico-
steroid therapy.10

The potential implications of reversible T2 changes in
response to IS treatment in CS are significant. The presence
of myocardial CMR T2 abnormalities is associated with
more adverse cardiac events, as reflected by significant
arrhythmias11 and related symptoms, and adequate IS treat-
ment is shown here to improve subjective and objective
manifestations of cardiac arrhythmias in conjunction with
resolution of T2 abnormalities. Furthermore, normalization
of LVEF during IS treatment has implications for reducing
the risk of sudden cardiac death and the need for ICD
placement.3 The commitment to place an ICD is not
without risk: in addition to being costly, ICDs are asso-
ciated with significant complications, including inappropri-
ate defibrillation events, displacement or fracture of
intra-cardiac leads, or development of severe infections.12

Limitations of our study include its small sample size and
retrospective design. Treatment by the clinician was neither
standardized nor mandated by imaging findings, thus there
was some heterogeneity in therapeutic management.

Additionally, follow-up imaging was performed at varying
intervals following IS therapy. These factors may have
impacted the degree to which myocardial tissue changes
occurred, thereby potentially limiting comparisons made
between subjects.

Further study is needed to determine if CMR is useful
for predicting the risk of serious adverse cardiac events (eg,
sudden cardiac death) and for guiding ICD placement.
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