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Background
Efficacy of reperfusion therapy can be assessed as myo-
cardial salvage index (MSI) by determining the size of
myocardium at risk (MaR) and myocardial infarction
(MI), (MSI=1-MI/MaR). Cardiovascular magnetic reso-
nance (CMR) can be used to assess MI by late gadoli-
nium enhancement (LGE) and MaR by either
T2-weighted imaging or contrast enhanced SSFP (CE-
SSFP). Automatic segmentation algorithms have been
developed and validated for MI by LGE as well as for
MaR by T2-weighted imaging. There are, however, no
algorithms available for CE-SSFP. Therefore, the aim of
this study was to develop and validate automatic seg-
mentation of MaR in CE-SSFP.

Methods
The automatic algorithm applies surface coil intensity
correction and classifies myocardial intensities by Expec-
tation Maximization to define a MaR region based on a
priori regional criteria, and infarct region from LGE.
Automatic segmentation was validated against manual
delineation by expert readers in 183 patients with reper-
fused acute MI from two multi-center randomized clini-
cal trials (RCT) (CHILL-MI and MITOCARE) and
against myocardial perfusion SPECT in an additional set
(n = 16). Endocardial and epicardial borders were manu-
ally delineated at end-diastole and end-systole. Manual
delineation of MaR was used as reference and inter-
observer variability was assessed for both manual deli-
neation and automatic segmentation of MaR in a subset
of patients (n = 15). MaR was expressed as percent of

left ventricular mass (%LVM) and analyzed by bias
(mean ± standard deviation). Regional agreement was
analyzed by Dice Similarity Coefficient (DSC) (mean ±
standard deviation).

Results
MaR assessed by manual and automatic segmentation
were 36 ± 10 % and 37 ± 11 %LVM respectively with
bias 1 ± 6 %LVM and regional agreement DSC 0.85 ±
0.08 (n = 183) (Figure 1). MaR assessed by SPECT and
CE-SSFP automatic segmentation were 27 ± 10 %LVM
and 29 ± 7 %LVM respectively with bias 2 ± 7 %
LVM (Figure 1). Inter-observer variability was 0 ± 3 %
LVM for manual delineation and -1 ± 2 %LVM for
automatic segmentation.

Conclusions
Automatic segmentation of MaR in CE-SSFP was vali-
dated against manual delineation in multi-center, multi-
vendor studies with low bias and high regional agree-
ment. Bias and variability was similar to inter-observer
variability of manual delineation and inter-observer
variability was decreased by automatic segmentation.
Thus, the proposed automatic segmentation can be used
to reduce subjectivity in quantification of MaR in RCT.
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Figure 1 Scatter plot of MaR as % of LVM (left column) and Bland-Altman plot of MaR bias as % of LVM (right column) for the
automatic segmentation algorithm Segment MaR CE-SSFP against manual delineation in 183 patients (top row) and against SPECT in
16 patients (bottom row). The line of identity is shown as a solid line for both scatter plots and mean bias (solid line) and mean ± two
standard deviations (dashed line) is shown for both Bland-Altman plots.
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