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Abstract 

Objective and Hypothesis: Cardiac sarcoidosis (CS) is a difficult-to-diagnose complication of systemic sarcoidosis. 
T2 mapping is a radiation and contrast-free examination, but the normative values and correlation with important 
function metrics are not well described. The authors hypothesize segmental T2 values will provide additional infor-
mation about disease course. 

Materials Methods: In this retrospective case-control study 55 sequential patients with sarcoidosis who underwent 
1.5T gadolinium enhanced cardiac magnetic resonance imaging for suspected CS had American Heart Associa-
tion left ventricular segmental T2 values and MRI-derived cardiac function measurements performed. The ground 
truth was defined as patients who were defined as “At least probable” by the 2019 WASOG criteria for cardi-
ac sarcoidosis. 

Results: 32 patients met WASOG “at least probable” criteria. All left ventricular segments had higher T2 mapping 
values in patients with cardiac sarcoidosis. Segment medians were 48.9 – 51.4 msec in patients with CS vs 46.3 – 
47.9 msec in those without. The median ejection fraction (EF) for CS patients was 62% vs 68% for those without CS. 
Cardiac sarcoidosis patients in this study had significantly elevated end-systolic volume (ESV) (56mL vs 39 mL, P = 
0.002). All T2 segment measurements were negatively correlated with ejection fraction (R = -0.64 to -0.78) in pa-
tients with reduced EF, but only middle and apical segments were positively correlated with increased end systolic 
function (R = 0.31, 0.31). 

Conclusions: Median segmental T2 values for CS ranged from 48.9 – 51.4 msec. Patients with CS present with a 6% 
lower EF than their noncardiac controls. Elevated apical and mid T2 values were positively correlated with worsen-
ing systolic function and all segments were strongly negatively correlated with decreased EF. T2 mapping positively 
differentiates cases of cardiac sarcoidosis and correlates with important cardiac functional measurements. 
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mapping measures extent of acute 
pathology in cardiac sarcoidosis.

Methods 

Ethics Statement

In accordance with the Health In-
surance Portability and Accountabil-
ity Act of 1996, a study protocol was 
submitted to the institutional review 
board at the covering institution and 
was deemed to be IRB-review ex-
empt due to its retrospective nature 
and the need for informed consent 
was waived. All data was stored on 
encrypted network databases and 
no patient identifiers were shared 
across platforms. 

Study Design and Patient Cohort

For this retrospective case-con-
trol study all patients with sar-
coidosis who underwent a cardiac 
magnetic resonance imaging study 
with T2 mapping series from 2017 
to 2020 were queried at a single 
institution. Inclusion criteria 
included a clinical or pathologic di-
agnosis of systemic sarcoidosis and 
age > 18 years. Exclusion criteria 
included patients with amyloidosis, 
myocarditis, hemochromatosis, or 
severe pulmonary hypertension. 
Technical exclusion criteria in-
cluded severe artifact (pacemaker, 
motion, etc.) or outside institution 
referrals without access to nec-
essary demographic and medical 
records. The ground truth for CS 
was defined as patients meeting 
“at least probable” World Associ-
ation for Sarcoidosis and Other 
Granulomatous Disorders (WASOG) 
revised criteria independent of T2 
mapping.18 Fifty-five patients were 
ultimately included who met the 
criteria; seven patients with in-
complete records and four patients 
with severe pulmonary hyperten-
sion were excluded. 

Introduction
Cardiac sarcoidosis (CS) is present 

in up to 25% of patients with system-
ic sarcoidosis and represents a diag-
nostic challenge owing to the patchy 
distribution and paroxysmal flaring 
of disease.1 Current diagnostic meth-
ods revolve around the use of fluo-
rodeoxyglucose positron emission 
computed tomography (FDG-PET/
CT) for detection of hypermeta-
bolic foci in the myocardium, late 
gadolinium enhancement (LGE) on 
cardiac magnetic resonance (CMR) 
imaging for identification of fibro-
sis, T2 CMR imaging for detection of 
myocardial edema, or some combi-
nation thereof.2-4 Notably, radiologic 
diagnosis is the standard of care as 
endomyocardial biopsy has a report-
ed 20-30% sensitivity owing to the 
patchy nature of disease.1,5

Confounding the diagnostic 
approach are the drawbacks of each 
agent; use of gadolinium-based con-
trast is contraindicated in patients 
with severe chronic kidney disease 
due to risk of nephrogenic systemic 
fibrosis, and FDG-PET delivers a large 
radiation dose and is patient-depen-
dent for adequate glycemic suppres-
sion of the myocardial metabolic 
signal.6,7 FDG-PET is most avidly used 
for diagnosis of active myocardial 
inflammation due to the larger body 
of literature supporting normative 
values and distribution of myocardial 
metabolism, while MRI largely iden-
tifies LGE as chronic cardiac sarcoid-
osis due to the pathology of interest 
being myocardial fibrosis, which is 
not present in the acute setting.4,8 
Notably, substantial overlap occurs in 
acute-on-chronic cases of CS, where 
active myocardial inflammation is 
superimposed on a background of 
fibrosis and the variable chronicity of 
findings is not well described.9,10 

Recently, T1 and T2 mapping of 
the left ventricular myocardium has 

gained traction for its theoretical 
use as an adjunct for diagnosis of 
CS due to the lack of contrast need-
ed, lack of radiation, and ability to 
describe active and chronic sequel-
ae of myocardial inflammation.11 
Multiple studies have shown utility 
in T2 mapping for active disease, 
describing normative whole-heart 
T2 values, which are significantly 
elevated in patients with CS.11-14 
Further studies correlate elevated 
T2 mapping values with important 
cardiac outcomes and demon-
strate resolution of T2 signal with 
treatment initation.3,15 Ultimately, 
CS does not have a uniform cardiac 
predilection, and instead has a 
predilection for the basal and 
inferior myocardial segments.16 
Therefore, it is reasonable to con-
sider that regional and segmental 
variations in cardiac sarcoid, and 
hypothetically T2 mapping values, 
may have important implications 
for the diagnosis and prognostica-
tion of disease.

There is a lack of literature on the 
segmental variation and relevance 
to important cardiac measurements, 
limiting further characterization 
and radiologic-pathologic correla-
tion of disease. Notably, T2 mapping 
can address this deficiency because 
of the standard short-axis, three-
slice view of the left ventricle, which 
can be reconstructed according 
to American Heart Association 
(AHA) left ventricular segments.17 
Therefore, the purpose of this study 
is to identify normative values of 
the myocardium in patients with 
sarcoidosis who have undergone 
CMR for the investigation of cardiac 
involvement of disease and to deter-
mine the extent of relationship with 
important MRI-derived cardiac func-
tion metrics. The authors hypoth-
esize that segmental T2 mapping 
values will correlate with important 
cardiac function metrics because T2 
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WASOG Criteria for the diagnosis of 
cardiac sarcoidosis

1. “Highly Probable” — Defined 
as patients with a positive endo-
myocardial biopsy (EMB) with 
no alternative cause. EMB was 
not performed in any of these 
subjects and is not routinely 
performed at the authoring 
institution owing to noted sub-
par diagnostic performance. 
2. “At Least Probable” —  
Defined as one of the following: 
 i.  Treatment respon-

sive cardiomyopathy 
or atrioventric-
ular nodal block

 ii.  Reduced LVEF in 
the absence of other 
clinical risk factors

 iii.  Spontaneous or induc-
ible sustained ventric-
ular tachycardia with 
no other risk factors

 iv.  Mobitz type II or 
 third-degree  
heart block

 v.  Patchy uptake on dedi-
cated cardiac 18-fluoro-
deoxyglucose positron 
emission tomography

 vi.  Delayed enhancement 
on cardiac magnetic 
resonance imaging

 vii.  Positive 
gallium uptake 

 viii.  Perfusion defect 

Cardiac Magnetic Resonance  
Imaging and T2 Mapping 
Parameters

All MRI studies were conducted 
on a 1.5T system (MAGNETOM 
Avanto, Siemens Healthineers, 
Erlangen, Germany). Cine acquisi-
tions, native T2 mapping, and LGE 
imaging were performed as part of a 
comprehensive clinical cardiac MRI 
protocol. All subjects were scanned 
in a head-first supine position using 

N = 55 CARDIAC SARCOIDOSIS (N = 32) NO CARDIAC SARCOIDOSIS (N = 23)

Median IQR Median IQR

Age 56 18.8 53 14.5

N % N %

Sex

    Female

    Male

14 43.8 13 56.5

18 56.2 10 43.5

Race

    Black

    White

19 59.4 12 52.2

13 40.6 11 47.8

EF < 50% 8 25 0 0

Positive FDG-PET 15 46.9 0 0

LGE 29 90.6 1 4.3

Perfusion defect 3 9.4 0 0

Positive EMB 0 0 0 0

Ventricular arrythmia 3 9.4 0 0

2nd or 3rd degree AVB 5 15.6 0 23

Table 1. Demographics and summary statistics as stratified by probable diagnosis of cardiac 
sarcoidosis by WASOG criteria.

IQR = Interquartile range, EF = ejection fraction, FDG-PET = 18-fluorodeoxyglucose positron  
emission tomography, LGE = Late gadolinium enhancement, EMB = endomyocardial biopsy,  
AVB = atrioventricular (node) block

A B

Figure 1. Whole-heart T2 values stratified by diagnosis of cardiac sarcoidosis (A). Ejection fraction 
values stratified by cardiac sarcoidosis(B).

24-element spine and 6-element 
surface phased-array coils. All 
acquisitions were ECG triggered or 
gated and performed during end 
expiration. Native T2 mapping was 
performed in three short-axis slices 
(basal, midventricular and apical), 
using a commercially available T2 

prepared bSSFP sequence with three 
preparation pulses of 0.0ms, 30.0ms 
and 55.0ms and a recovery period of 
three heart beats to obtain T2 maps 
in the diastolic phase. Further typical 
pulse sequence parameters were ap-
plied as follows: TR/TE 2.49 / 1.06 ms; 
FOV 360 × 210 mm; matrix 256 × 256; 
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slice thickness 8 mm; flip angle 70°; 
and band width 1150 Hz/pixel.

Left Ventricular Segmentation

The left ventricle was divided into 
sixteen segments according to the 
AHA left ventricular mapping crite-
ria.17 Segment 17 was excluded due 
to inaccuracies in measurement in 

this region due to chest wall proxim-
ity. All segmentation was performed 
by one reader. 

Statistical Analysis

A pretest power analysis was 
conducted for the pairwise com-
parison of T2 and cardiac function 
values between patients with 

and without cardiac sarcoidosis. 
Assuming a standard alpha of 0.05 
and power of 0.8, effect sizes greater 
than or equal to 0.68 were reliably 
identified. For correlation of T2 and 
cardiac function values, correla-
tions with a magnitude greater than 
0.36 were reliably detected. Data 
was summarized using medians 

 N = 55 CARDIAC SARCOIDOSIS (N = 32) NO CARDIAC SARCOIDOSIS (N = 23)

Median IQR Median IQR P

SV 78 29.2 77 19 0.970

SVi 38.5 11.8 37 11 0.820

EDV 137.5 66.8 117 29 0.058

EDVi 63.5 29.2 57 19 0.038

ESV 56 31.2 39 14 0.002

ESVi 27 20 17 9 0.001

Ejection Fraction 62 18 68 9 0.009

Whole Heart T2 50.6 4.5 47.0 4.1 0.003

Average Basal T2 48.9 5.2 46.3 3.9 0.009

Average Mid T2 51.0 4.4 47.1 4.6 0.002

Average Apex T2 51.4 5.8 47.9 4.8 0.021

Average Septal T2 49.5 4.3 46.9 3.9 0.007

Average Inferior T2 50.4 4.6 46.3 5.1 0.002

Table 2. Summary values for cardiac function and segmental T2 values as stratified by diagnosis of cardiac sarcoidosis 
by CMR impression.

SV = stroke volume, SVi = stroke volume (indexed). EDV = End diastolic volume, EDVi = End diastolic volume (indexed), ESV = End systolic 
volume, ESVi = End systolic volume (indexed). IQR = Interquartile range.

Figure 2. Distribution of T2 values by AHA left ventricular mapping segments and stratified by cardiac sarcoidosis.
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and interquartile ranges given the 
non-parametric distribution of data. 
Quantitative comparisons were 
conducted using the Mann-Whitney 
U test. Correlation analyses were 
performed using spearman’s log-
rank correlation.   

Results
Fifty-five patients (32 with CS 

according to the WASOG criteria 
and 23 without) were included in the 
final cohort. (Table 1). Patients with 
CS had globally elevated T2 mapping 
values in comparison to those with-
out cardiac sarcoidosis (T2Wholeheart 

50.6 ± 4.5 vs 47.0 ± 4.1; p = 0.003). 
(Figure 1A). The segments with the 
highest T2 values were the apical 
and mid-ventricular segments (Me-
dian 51.4 and 51.0, respectively). The 
region with the most variability was 
also the apical segment (IQR 5.8). All 
segment T2 values were elevated in 
patients with CS as opposed to those 
without. (Table 2 and Figure 2). 

Figure 3. Distribution of cardiac volume measurements stratified by cardiac sarcoidosis.

Regarding cardiac function, 
patients with cardiac sarcoidosis 
had an average ejection fraction 
of 62 ± 18 vs 68 ± 9 (p = 0.009). 
(Figure 1B). Patients with CS also 
had elevated end-systolic volumes 
indexed to body mass index (BMI) 
(ESVi) compared to those without 
CS (27 ± 20 vs 17 ± 9; p = 0.002). 
Patients with CS also had higher 
end-diastolic volumes indexed to 
body mass index (EDVi) compared 
to those without CS (63.5 ± 29 vs 
57 ± 19, p = 0.038), but nonindexed 
values were not significantly differ-
ent (p = 0.058). 

There was no difference in 
stroke volume between patients 
with and without CS (78 ± 29 vs 77 
± 19). (Table 2 and Figure 3). The 
normative values for patients with 
and without CS as stratified by 
ejection fraction is given in Table 
3. Median T2 values for patients 
without CS ranged from 46.3 – 47.9. 
Patients without sarcoidosis but 
with ejection fractions of less than 

55% ranged from 46.2 – 47.1%. 
The 75th percentile whole heart T2 
value for patients without CS was 
50.4. The median whole heart T2 
value for patients with CS was 50.5 
(IQR 5.2). The highest values for CS 
patients were observed in the apical 
and mid-ventricular segments 
(51.6 and 51.5, respectively). As a 
group, CS patients with normal and 
abnormal ejection fractions did 
not vary widely.

For segmental T2-functional 
measurement correlation, no re-
gional T2 value was associated with 
increased EDVi. (Figure 4A). Cor-
relations observed for EDVi ranged 
from -0.16 to +0.12. All segmental 
T2 measurements observed a posi-
tive correlation with ESVi; however, 
only the average mid-ventricular 
and average apical segments (R = 
0.31 and 0.31; p = 0.032 and 0.039) 
were significant. Septal T2 values 
had a correlation coefficient of 0.25 
but were not significantly correlat-
ed with ESVi. (Figure 4B). 
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Patients were divided into sub-anal-
yses by classification of ejection 
fraction. A normal ejection fraction 
was defined as > 55%, the MRI-es-
timated threshold for abnormality. 
Patients with a normal ejection 
fraction only demonstrated correla-
tion with average apical T2 values with 
a moderately negative relationship 
(R = -0.37, p = 0.025). In patients with 

CARDIAC SARCOIDOSIS

Ejection Fraction < 55% Ejection Fraction > 55%

N = 11 N = 21

T2/msec Median IQR Median IQR

Whole Heart 50.5 5.2 50.6 3.8

Average Basal 47.3 4.6 49.7 5.0

Average Mid 51.5 5.4 50.7 4.2

Average Apex 51.6 6.8 51.2 5.0

Average Septal 48.1 4.5 49.6 4.5

Average Inferior 50.5 5.0 50.4 3.2

NO CARDIAC SARCOIDOSIS

Ejection Fraction < 55% Ejection Fraction > 55%

N = 2 N = 21

T2/msec Median IQR Median IQR

Whole Heart 46.7 — 47.0 3.4

Average Basal 46.2 — 46.3 4.2

Average Mid 47.0 — 47.1 4.4

Average Apex 47.1 — 47.9 4.0

Average Septal 46.9 — 46.9 3.1

Average Inferior 46.5 — 46.3 4.6

ALL PATIENTS

Ejection Fraction < 55% Ejection Fraction > 55%

N = 13 N = 42

T2/msec Median IQR Median IQR

Whole Heart 49.3 5.6 48.7 5.1

Average Basal 47.3 3.7 48.1 4.9

Average Mid 49.8 5.9 48.6 5.4

Average Apex 50.9 7.3 50.1 6.2

Average Septal 48.1 4.5 48.3 5.1

Average Inferior 49.7 4.9 48.5 5.2

Table 3. Segmental T2 values for patients stratified by reduced vs normal 
ejection fraction and cardiac sarcoidosis.

reduced ejection fractions (< 55%), 
all T2 measurements were highly 
associated with decreased ejection 
fraction. Correlations ranged from 
-0.64 to -0.78. The highest correlated 
measurements were the inferior (R 
= 0.78, p = 0.035) and the apical (R = 
-0.72, p = -0.013) segments. The lowest 
ejection fraction in this cohort was 
measured at 38%. (Figure 5). 

Discussion
The purpose of this study was to 

contribute normative segmental T2 
values and the association of these 
medians with important MRI-de-
rived cardiac function measure-
ments in a sequential cohort of 
sarcoidosis patients. Patients with 
cardiac sarcoidosis as defined by 
WASOG criteria had elevated global 
and segmental T2 mapping values, 
decreased systolic function, and 
decreased ejection fraction as com-
pared to patients without cardiac 
sarcoidosis. Median T2 values for 
CS patients were roughly found to 
be > 50 msec. Median values for 
patients without CS ranged from 
46-47 msec. Elevated apical and 
mid-ventricular T2 values were 
associated with increased end-sys-
tolic volumes indexed to BMI and 
all T2 mapping values were highly 
negatively correlated with wors-
ening ejection fraction in patients 
with heart failure with reduced 
ejection fraction. The T2 values of 
the inferior segments most highly 
correlated with worsening ejection 
fraction, but all measured seg-
ments were associated with varying 
degrees of dysfunction.. 

To date most studies regarding 
T2 mapping in CS have focused on 
either whole-heart or threshold T2 
values and information regarding 
the regional variation of disease is 
lacking. Previous literature dating 
back to 2017 found that patients 
with CS had a median 3T whole-
heart T2 value of 54 msec versus 
normal patients with 47 msec. 
Although 54 was higher than any 
of the median measurements in 
this study for patients with CS, it is 
within the interquartile range for 
both studies. The study cutoff for 
CS was found to be 47 msec, which 
is lower than the median reported 
in this study. This may be because 
the control patients in the previous 

IQR = Interquartile range
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Figure 4. Correlation of BMI-indexed cardiac function measurements with T2 values. (A) T2 values were not significantly associated with changes 
in end diastolic volumes. (B) Apical and middle segment T2 values were moderately positively associated with increased end systolic volumes  
(R = 0.31 and 0.31).

A

A

B

B

Figure 5. Correlation of T2 segment values with ejection fraction. (A) Patients with normal ejection fraction as measured by MRI-derived estimates 
(Normal > 55%). Apical T2 values were moderately negatively correlated with ejection fraction in patients with radiologically normal function (R = 
-0.37, p = 0.025). (B) Patients with reduced ejection fraction (< 55% by MRI-derived estimates).
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study were normal subjects with 
ostensibly normal hearts, while the 
control patients in this study rep-
resent older patients with baseline 
systemic sarcoidosis or because of 
the MRI field strength. A recent me-
ta-analysis further suggested a me-
dian value of 52.6 msec for CS, once 
again within range of results.14,19 
Normative values may even vary 
due to segmentation methods (CS 
50-54 T2msec) as demonstrated by 
Dabir, et al.12 Lastly, a study of PET/
MRI with T2 mapping found CS val-
ues to average 46 ± 5 msec, which 
is lower than previously published 
findings and likely related to their 
local parameters as mentioned in 
their methodology.

Recently, a previous meta-anal-
ysis summarized that CMR has a 
higher sensitivity for CS than PET/
CT, but there is a remaining role for 
FDG-PET in the diagnosis of active 
disease.2 T2 mapping as a measure-
ment of myocardial edema has 
been postulated to fill this role and 
potentiate CMR as a complete study 
for diagnosis of chronic and active 
disease.3 There is a distinct need for 
normative values indexed to AHA 
segments, as CS is well noted to have 
a predilection for the basal-, mid-, 
and inferior-left ventricular seg-
ments, and basal septal involvement 
is thought to lead to conduction 
system abnormalities.1,20,21 The role 
of regional segmental T2 variation 
in systolic dysfunction is a new 
addition to the literature, with this 
study suggesting that the mid-in-
ferior segments to be the most 
relevant. This correlates well with 
previous literate demonstrating LGE 
correlates with worsening LVEF.22 
Given the criteria for consideration 
of implantable defibrillation devices 
begins at an uncorrectable ejection 
fraction of 35%, the active phase 
edema represented by T2 may be 
an early warning for clinicians to 
pursue preventative therapies.23

The most controversial question 
regarding CS diagnosis must be the 
specific diagnostic criteria. Three 
criteria that have been put forth are 
those of the Japanese Circulation 
Society (JCS), the Heart Rhythm 
Society (HRS), and the World As-
sociation of Sarcoidosis and Other 
Granulomatous Disease (WASOG). 
Each takes a different approach: the 
JCS criteria use a major and minor 
criterion system, and the WASOG 
and HRS differ slightly regarding 
inclusion of perfusion imaging and 
T2 signal.18,23,24 The authors of this 
study chose to utilize the WASOG 
criteria modified without the T2 
signal to represent a diagnosis of 
CS. The authors chose the WASOG 
without T2 criteria in order to not 
create a circuitous diagnostic cri-
terion and to reduce bias favoring 
CMR from JCS criteria (FDG-PET 
and LGE being major criteria), 
given that all patients in this 
study received CMR. 

Additionally, given that endo-
myocardial biopsy is as low as 
20% sensitivity for CS, the authors 
also note that “at least probable” 
per WASOG criteria is regarded 
as usually sufficient to diagnose 
CS.18,25 Finally, the prevalence of 
CS in this study was 58%, which is 
higher than previously document-
ed cohorts. The authors note the 
prevalence of CS in patients with 
symptomatic sarcoidosis to be 39% 
in recent analyses and this study 
likely includes selection bias owing 
to the patient population already 
having a high suspicion of disease.26

Novel implications of this study 
include the redemonstration of 
normative T2 mapping values for 
CS in the low 50s with additional 
description of regional variation. 
Additionally, regional T2 values 
are found to highly correlate with 
decreased ejection fraction and in-
creased end-systolic volumes in pa-
tients with CS, especially those with 

< 55% EF. Limitations of this study 
include the lack of tissue-based cri-
teria in WASOG definition and this 
cohort, the prior noted selection 
bias in who received a CMR, and 
the poor evaluation of diastolic dys-
function on CMR with the methods 
used. Further study should include 
multiple comparisons of different 
criteria in an expanded dataset 
and consider further evaluation of 
diastolic function. 

Conclusions
Normative median segmental 

left ventricular T2 values in cardiac 
sarcoidosis range approximately 
from 49 to 51 msec. T2 values in the 
mid-apical region correlate with 
increased end-systolic volumes 
indexed to BMI. All segmental 
T2 values strongly correlate with 
decreasing ejection fraction in 
patients with ejection fraction of 
less than 55%. 
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