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Background

Evaluation of regional wall function is of importance for
diagnosing cardiac disease, as well as for evaluation of
treatment. Qualitative assessment of wall function is how-
ever highly variable between observers. Using velocity-
encoded magnetic resonance imaging (VE-MRI), wall
function may be assessed quantitatively in terms of strain.
Different velocity-encoding techniques have been used to
acquire the images needed to calculate strain. Fast field
echo (FFE) has been validated but has several disadvan-
tages to the faster Turbo Field Echo (TFE) which has not
yet been validated for strain measurement. TFE would be
more suitable in clinical routine since it is faster and offers
improved image quality (Figure 1). We hypothesized that
there is a good agreement between TFE and FFE strain and
that TFE strain is reproducible between observers.

Methods

VE-MRI images from 10 healthy volunteers (5 male and 5
female) were obtained in 2-, 3-, and 4-chamber projec-
tions. The TFE echo train length was 5. The myocardium
was manually outlined by two independent and blinded
observers in end-diastole in TFE images, and by one
observer in both TFE and FFE images. In-house developed
software http://segment.heiberg.se was used for auto-
matic tracking of the myocardium and calculated strain
for each of the 17 AHA left ventricular segments. Maxi-
mum left ventricular strain over the cardiac cycle was
determined, and intra- and interobserver variability for
each of the 17 sections were determined.

Results

Bland-Altman analysis showed no systematic difference in
strain between TFE and FFE images (bias -0.01 + 0.19)
(Figure 2). Interobserver variability regarding strain in TFE
images (-0.03 + 0.10) was smaller than the intraobserver
variability between TFE and FFE images (Figure 3).

Discussion

There was a good agreement between TFE and FFE strain,
and TFE strain was reproducible between observers. It
takes a relatively long time to acquire the FFE sequence,
and the patient is unable to hold their breath for that time.
Breathing artifacts make the images difficult to interpret.
TFE is a faster image acquisition method that makes it
possible to acquire the images in one breathhold, which
leads to fewer breathing artifacts, and therefore makes the
images easier to interpret. TFE would therefore be a better
choice for clinical routine. The in-house developed soft-
ware http://segment.heiberg.se automatically tracks the
myocardium and calculates strain for each of the 17 AHA
segments within seconds.

Conclusion

Strain acquired by TFE VE-MRI shows good agreement
with FFE strain, and low interobserver variability. Both the
acquisition and the evaluation method for strain measure-
ment by TFE VE-MRI are very fast, and therefore suitable
for clinical use.
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Figure |
Image quality in 2-chamber FFE (left) and TFE (right), used for delineation of the left ventricle to measure strain.
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Figure 2
Bland-Altman showing good agreement between TFE and FFE strain.
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Figure 3
Bland-Altman showing low interobserver variability for TFE strain.
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Sir Paul Nurse, Cancer Research UK
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