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Background

Cardiac involvement is a major risk factor for sudden
death in patients with systemic sarcoidosis. Pathologi-
cally, cardiac sarcoid lesions can be classified as early
(mainly lymphocytic, similar to lymphocytic myocardi-
tis), intermediate (active granulomatous), and late phase
(primarily scar). These pathological processes can affect
the myocardial extracellular space volume (ECV) in car-
diac sarcoid. We hypothesize that quantitative measure-
ment of ECV using a T1 mapping technique with CMR
may yield new insights for the assessment of cardiac
sarcoid.

Methods

Nine patients with confirmed sarcoidosis were examined
on a 1.5T MR system. First, a short-axis SSFP stack of
slices covering the ventricles were acquired, and then a
pre-contrast modified Look-Locker sequence was per-
formed with 8 time points in a mid-LV level from
which a T1 map and average LV myocardium T1 was
derived. Post-contrast LGE-CMRs using IR-FGRE and
multi-contrast late-enhancement were performed 10-15
minutes after a double-dose intravenous bolus injection
of Gd-DTPA. A repeated T1 mapping sequence with
the same localization as pre-contrast T1 measurement
was acquired around 20 minutes post-contrast. The aver-
age myocardial T1 measurements did not exclude regions
corresponding to LGE positive foci. LV function, LGE
determination and quantitative T1 calculation used com-
mercial software CMR42. Myocardial ECV was calculated
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according to the formula of ECV = (1-haematocrit) x
(AR1myocardium/AR1blood).

Results

The LV functional parameters in nine subjects were in
the normal range (LVEF = 58.3 + 9.1%, LVESV = 56.6 +
39.6 ml, LVEDV = 127.0 + 55.0 ml, LVSV =704 + 17.0
ml, LVM = 83.5 = 23.0 g). Three of nine subjects
(33.3%) had cardiac involvement with LGE positive foci.
Figure 1 illustrated T1 mapping in sarcoid patients
(one with cardiac involvement and the other without).
Figure 2 is a summary of LV function parameters, T1
and ECV measurements. There is no statistically signifi-
cant difference in LV systolic functional parameters of
LVEF, LVESV, LVEDV, LVSV and LVM between the
LGE negative (n = 6) and LGE positive group (n = 3).
The hematocrits and T1 measurements of myocardium
and LV blood pool at pre- and post-contrast did not
show a statistically significant difference between these
two groups. However, a significantly increased ECV
measurement (P = 0.0001) was observed in the LGE
positive group (n = 3, 35.2 + 3.6%) compared to the
LGE negative group (n = 6, 23.4 + 1.1%).

Conclusions

This pilot study demonstrated increased myocardial
ECV in patients with cardiac sarcoid, which may repre-
sent the combination of diffuse interstitial fibrosis and
replacement scar. Further study is warranted for the
clinical utility of T1 mapping and determination of ECV
in the management of patients with cardiac sarcoid.
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Figure 1 Myocardial extracellular space volume (ECV) measurement using T1 mapping in sarcoid patients. The upper row images (A-E)
from a patient without cardiac involvement demonstrated a normal ECV of 25.3% and the lower row images (F-J) from a patient with cardiac
involvement showed an increased ECV of 35.0%. A&F: one T1 raw image pre-contrast, B&G: one T1 raw image post-contrast, C&H: post-contrst T1
fitting curve (red line indicating blood pool and green line indicating myocardium), D&: pre-contraset T1 map, E&J: post-contrast T1 map.

Table 1. CMR LV function parameters and ECV measurements in sarcoid patients

LGE-CMR (+) (n=3) = LGE-CMR (-) (N=6) P value

Duration since diagnosis (yrs) 1.3=575 9.5+8.0 0.71
Hematocrit (%) 422+6.9 40.8+1.8 0.64

CMR LV function

LV EF (%) 52.6 +13.4 61.2+£5.8 0.21
LV ESV (ml) 80.7 +67.9 445+ 12.0 0.22
LV EDV (ml) 154.6 + 97.2 113.3+£19.7 0.32

LV SV (ml) 73.8 £29.9 68.7 £9.9 0.70

LVM (g) 92.5 +40.8 78.9+10.4 0.44

Pre-Gd T1 Measurements
Myocardium (ms) 833.8+115.5 789.6 +93.9 0.55
LV blood pool (ms) 1811.9 + 364.9 1676.8 + 144.3 0.43
Post-Gd T1 Measurements
Myocardium (ms) 353.5+70.5 384.4 +46.7 0.45

LV blood pool (ms) 309.3+78.1 252.7+33.8 0.16

Extracellular space volume !%! 352+ 3.6 23.4+1.1 0.0001

Notes: Continuous data are expressed as mean + SD; CMR cardiovascular magnetic resonance,
LGE late gadolinium enhancement, LV left ventricular, EF ejection fraction, ESV end-systolic
volume, SV stroke volume, EDV end-diastolic volume, LVM LV mass at end-diastolic phase,
ECV myocardial extracellular space volume; P>0.05 indicates no statistically significant difference
between two groups.

Figure 2 CMR LV function parameters and ECV measurements in sarcoid patients.
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