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Abstract To prospectively compare image quality and
myocardial T, relaxation times of modified Look-Locker
inversion recovery (MOLLI) imaging at 3.0 T (T) acquired
with patient-adaptive dual-source (DS) and conventional
single-source (SS) radiofrequency (RF) transmission.
Pre- and post-contrast MOLLI T, mapping using SS and
DS was acquired in 27 patients. Patient wise and segment
wise analysis of T, times was performed. The correla-
tion of DS MOLLI measurements with a reference spin
echo sequence was analysed in phantom experiments. DS
MOLLI imaging reduced T, standard deviation in 14 out
of 16 myocardial segments (87.5%). Significant reduction
of T, variance could be obtained in 7 segments (43.8%).
DS significantly reduced myocardial T, variance in 16 out
of 25 patients (64.0%). With conventional RF transmission,
dielectric shading artefacts occurred in six patients causing
diagnostic uncertainty. No according artefacts were found
on DS images. DS image findings were in accordance with
conventional T; mapping and late gadolinium enhancement
(LGE) imaging. Phantom experiments demonstrated good
correlation of myocardial T, time between DS MOLLI and
spin echo imaging. Dual-source RF transmission enhances
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myocardial T, homogeneity in MOLLI imaging at 3.0 T.
The reduction of signal inhomogeneities and artefacts
due to dielectric shading is likely to enhance diagnostic
confidence.
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Abbreviations

DS Dual-source

ECG Electrocardiography
FOV Field of view

GRE Gradient echo
IR Inversion recovery

LGE Late gadolinium enhancement

MOLLI Modified look-locker inversion recovery
MR Magnetic resonance

PSIR Phase-sensitive inversion recovery

RF Radiofrequency

ROI Region of interest

SE Spin echo

SNR Signal-to-noise ratio

SAR Specific absorption rate

SS Single-source

SSFP Steady state free precession
T Tesla

TSE Turbo spin echo
Introduction

T, relaxation time mapping is an emerging technique for
quantitative characterization of the myocardial structure. In
contrast to conventional late gadolinium enhancement (LGE)
imaging, T, mapping allows for detection and quantification
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of rather subtle or diffuse myocardial disease such as fibro-
sis or amyloid depletion [1-4]. Quantitative T, measurements
are usually obtained by serial acquisition of inversion-recov-
ery (IR) sequences with varying inversion times. The proto-
type of this technique is the so-called Look-Locker sequence,
which has been widely implemented in MR devices of the
newer generation [5, 6]. It is commonly used for calculation
of the optimal myocardial inversion time prior to IR LGE
imaging (“TT Scout”). An important drawback of this tech-
nique is its inherent susceptibility to cardiac motion thus
allowing only for regional-wise T, estimation. The modi-
fied Look-Locker inversion recovery sequence (MOLLI) has
been developed to overcome these limitations [7, 8]. ECG-
gated image acquisition has significantly reduced heart-
rate dependency compared to conventional Look-Locker T,
measurement.

MOLLI imaging can be performed at 1.5 T (T) and 3.0 T
[9]. Pre-contrast myocardial T, relaxation time at 3.0 T was
found to be 22-33% greater than at 1.5 T [10]. Cardiac MRI
at 3.0 T generally offers an improved signal-to-noise ratio
(SNR) compared to 1.5 T. Nonetheless, high field strength
imaging is accompanied by new challenges. Image quality
is quite susceptible to inhomogeneities in the B-field with
consequent local peaks of energy deposition (SAR) and flip
angle nonuniformities [11, 12]. Moreover, the actual aver-
age flip angle is typically lower in the heart region than the
desired flip angle [13].

At 3.0 T, small variations introduced by off-resonance and
local variation of flip angle may lead to significant biases in
measured myocardial T, [14, 15]. Local artefactual T, varia-
tions might be falsely confused with real pathology.

Independent parallel transmission of the radiofrequency
(RF) pulse (dual-source parallel RF transmission) has been
implemented in MR scanners of the latest generation to
reduce the abovementioned artefacts by enhancing B-field
homogeneity at 3.0 T. Patient-adaptive local RF shimming
improves signal homogeneity across the heart via a signifi-
cant reduction of flip angle variation [16]. Enhanced signal
uniformity and contrast-to-noise ratio with dual-source RF
transmission has been demonstrated for abdominal, spinal
and cardiac workups at 3.0 T [16-19].

The purpose of the present investigation was to prospec-
tively compare image quality and myocardial T, relaxation
time homogeneity of 3.0 T MOLLI imaging using patient
adaptive dual-source RF transmission with conventional RF
transmission.
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Materials and methods
Study population

27 adult patients (7 women, 20 men; age range 24-85
years; mean age 53.0+16.6 years) were enrolled in this
study between September 2015 and April 2016. Written
informed consent was obtained prior to the examination.
The study has been approved by the local ethics commit-
tee of the Medical Faculty of the Technische Universitit
Miinchen. All patients underwent conventional and dual-
source RF transmission MOLLI as well as LGE imaging
within the same session. Clinical indication for cardiac
MRI were suspected or known myocarditis (11 patients),
suspected or known ischemia (8 patients) and suspected
cardiac manifestation of systemic diseases (sarcoidosis,
thalassaemia, amyloidosis, lupus erythematodes, M. Erd-
heim-Chester, 8 patients). Patients with contraindications
for MRI (pacemaker etc.) were excluded.

Imaging

Cardiac imaging was performed at 3.0 T using a clinical
dual-source RF transmission MR system (max. gradi-
ent amplitude 45 mT/m; slew rate 200 T/m/s; rise time
0.2 ms) with local RF transmission (Ingenia, Philips
Healthcare, Best, the Netherlands). Standard 12-ele-
ment posterior and 16-element anterior coils were used
for signal reception with the ‘SmartSelect’ option for the
automated selection of coil elements with sufficient SNR.
ECG-gated breath-hold 2D MOLLI sequences were per-
formed prior to and 10-15 min after intravenous appli-
cation of gadopentetate dimeglumine (Magnevist®) at
a dose of 0.2 mmol/kg body weight with the following
pulse sequence parameters: Ty 2.4 ms, Ty 1.08 ms, flip
angle 20°. Acquired voxel size was 1.9x2.0x 10.0 mm,
FOV was 363 x300 mm. The MOLLI protocol used a
5(3 s) three sampling scheme with a steady-state free
precession (SSFP) readout. Three slices in short-axis
orientation were obtained covering the basal, midven-
tricular and apical myocardial segments. For acquisition
of “single-source” images, the RF transmit system was
operated in conventional quadrature mode with a fixed
phase difference of 90° between the two transmit sources.
The transmit power was identical for both sources. Using
dual-source RF transmission, the RF power was distrib-
uted to the coil system via two transmission sources with
independent control of the amplitude and phase of the
RF waveforms. Prior to imaging, a Bl-calibration scan
for adjustment of dual-source patient adaptive RF trans-
mission was performed. The shim volume was planned
to include the entire heart. Parallel imaging (SENSE
[20], factor 2) was enabled. Besides MOLLI imaging, all
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patients received a clinical cardiac MR protocol adjusted
to the respective clinical issue. CINE SSFP imaging, T,
TSE dark-blood imaging and LGE imaging (3D IR GRE
or 2D PSIR) was performed in all subjects according to
the institutional standard protocol.

Phantom imaging

A T, phantom with 11 cylindrical test tubes was built. Each
50 ml tube had a dimension of 115X30 mm. The tubes
were filled with distilled water and gadopentetate dimeg-
lumine at concentrations varying from 0.0 to 1.0 mmol/l.
The respective T, values ranged from 200 to 3125 ms. For
reference values, the T, phantom was scanned using a 3D
inversion-recovery spin echo sequence with the follow-
ing pulse sequence parameters: Ty 15,000 ms, Ty 11.5 ms,
matrix 256x256, FOV 160x160 mm, slice thickness
3 mm, 25 inversion times from 25 to 5000 ms. Then single-
source and dual-source RF transmission MOLLI imaging
was performed in a perpendicular plane to the long axis of
the phantom (Ty 2.4 ms, Ty 1.08 ms, flip angle 20°). T,
times were then measured by manually drawn ROIs on the
automatically generated T, maps using a dedicated post-
processing software (Philips IntelliSpace Portal®). Meas-
urements were repeated three times for both single-source
and dual-source RF transmission.

Image analysis

For assessment of myocardial T, times, regions-of-interest
(ROI) were manually drawn into the automatically gen-
erated pre- and post-contrast T; maps using a dedicated
post-processing software (Philips IntelliSpace Portal®).
Therefore, the three short-axis slices obtained in each sub-
ject (basal, midventricular and apical) were divided into
16 segments modified to the AHA recommendations [21].
ROIs were of comparable size and did not include adjacent
anatomical structures. Areas with pathologic findings on
T,w dark-blood images or LGE images such as myocardial
edema or infarction were carefully excluded. An AHA seg-
ment was excluded from further analysis if it was in total
affected by pathology. The reader was blinded to the type
of RF transmission. For determination of signal-to-noise
ratio (SNR), signal intensity (SI) was measured by three
regions-of-interest placed in the interventricular septum
in a midpapillary short-axis plane in each patient. The SI
was measured in the image with the longest inversion time.
To perform SNR calculation, the signal deviation of the
noise (SD) was measured by a ROI placed in the air out-
side the body in the respective slice. SNR was defined as
SNR = SIgepum/SDnoise-

Statistical analysis

Correlation between phantom T, times measured with sin-
gle- and dual-source RF transmission MOLLI and refer-
ence values acquired with a 3D IR SE sequence was ana-
lysed using linear regression analysis. The Wilcoxon test
was used to assess differences of T, measurement between
the methods. Homogeneity of myocardial T, was evaluated
patient wise, plane wise and segment wise. Differences in
myocardial T, time between images acquired with single-
source and dual-source RF transmission were assessed
using a two-sided paired student’s ¢ test. A p value less than
0.05 was considered significant. For assessment of myo-
cardial T, variance, standard deviation, standard error and
coefficient of variation were analysed. The F-test was used
to test for statistical significance of variance differences.
Statistical analyses were performed with Prism (Version 5,
GraphPad, La Jolla, USA).

Results
Phantom experiments

Figure 1 shows the automatically generated T, maps
of the T, phantom acquired with single-source and

3000
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Fig.1 T, maps of the T, phantom acquired with single-source (a)
and dual-source RF transmission (b). ¢ Mean reference T, values
obtained with a 3D IR SE sequence ranged between 200 ms (Gd
concentration 1.0 mmol/l) and 2970 ms for the water tube (hatched
bars). T values of the ten test tubes measured with single-source RF
MOLLI (white bars) and dual-source RF MOLLI (grey bars), and the
water tube (W). Error bars represent standard error of mean (SEM)
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dual-source RF transmission. Mean reference T, val-
ues obtained with a 3D IR SE sequence ranged between
200 ms (Gd concentration 1.0 mmol/l) and 2970 ms for
the water tube. Regression analysis showed a good corre-
lation between IR SE T, values, single-source RF MOLLI
(y=0.9769x — 8.550, R?=0.9990) and dual-source RF
MOLLI (y=0.9477x —18.8, R?=0.9937), Fig. 2. T, times
measured with single-source and dual-source RF transmit
MOLLI did not significantly differ from IR SE acquisition
(p=1.0 for single-source RF transmission and p=0.43 for
dual-source RF transmission, Wilcoxon test). In our phan-
tom, neither absolute T, values nor standard deviation (SD)
and standard error of mean (SEM) did significantly differ
between both transmission modes.

Patient experiments
Segment wise analysis

Single-source and dual-source RF transmit MOLLI imag-
ing was performed in 27 subjects. In two patients, sig-
nificant motion artefacts occurred in all three slices due
to patient movement and insufficient breath hold. These
patients were excluded from further analysis.

Segment wise T, analysis was exclusively performed
for pre-contrast MOLLI images to foreclose myocardial T
inhomogeneities due to interindividually varying gadolin-
ium washout dynamics. 16 AHA-segments in 25 patients
were analysed. 30 AHA segments were excluded from
analysis as these were completely affected by pathology,
resulting in a total of 370 myocardial segments analysed.
Patient-adaptive dual-source RF transmission resulted in a
reduction of T, standard deviation and coefficient of vari-
ation in 14 out of 16 myocardial segments (87.5%). Sig-
nificant reduction of T, variance could be obtained in 7
segments (43.8%). For two segments (segment 10 and 13),
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T, variance was higher for dual-source RF transmission
without reaching statistical significance. No significant dif-
ferences in absolute myocardial T, time could be observed
for both techniques. SNR measured in the interventricular
septum was 20.3+1.5 for single-source RF transmission
and 34.9+1.7 for dual-source transmission with patient
adaptive shimming resulting in an improvement of 71.9%
(p<0.0001). Results of segment wise analysis are detailed
in Table 1.

Slice wise analysis

T, variation in three short-axis slices (basal, midventricular
and apical) was analysed in 25 patients. The use of dual-
source RF transmission resulted in a significant reduc-
tion of T, variance in all three planes. F-Test p values
were 0.001 for the basal slice, 0.03 for the midventricular
slice and 0.0003 for the apical slice. For the basal slice,
absolute T, was significantly higher on images acquired
with conventional RF transmission (1279+4.9 ms vs.
1260+2.9 ms, p<0.0001). No significant difference in
myocardial T, relaxation time was observed in the midven-
tricular and apical slice.

Patient wise analysis

Myocardial T, was assessed in 16 AHA segments in each
patient before and after administration of gadolinium-based
contrast agent. For pre-contrast MOLLI imaging, dual-
source RF transmission resulted in a significant reduction
of overall T, variance in 12 out of 25 patients (48%). In
another ten patients, T, standard deviation and standard
error were reduced without reaching statistical significance.
In three patients, T, variance was higher with dual-source
RF transmission, in one case significantly. For post-con-
trast T; maps, dual-source RF transmission resulted in a
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Fig. 2 Regression analysis shows a good correlation between IR SE T, values, single-source RF MOLLI (y=0.9769x — 8.550, R?=0.9990) and

dual-source RF MOLLI (y=0.9477x — 18.8, R2=0.9937)
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Table 1 Segment wise analysis
Myocardial segment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Mean T1 (ms)
SS 1281 1288 1264 1281 1276 1288 1277 1282 1247 1287 1271 1267 1282 1268 1283 1294
DS 1260 1259 1263 1266 1253 1257 1263 1272 1267 1273 1272 1256 1269 1269 1278 1270
p mean 0.11 008 09 033 0.15 030 032 041 021 036 098 049 043 092 0.8l 026
Std. deviation
SS 5.1 679 477 615 635 564 494 437 622 494 529 607 538 705 841 904
DS 312 376 339 360 381 30.1 444 367 418 522 420 539 548 538 488 435
Std. error
SS 10.5 1.2 99 128 132 11.8 105 93 133 103 11.0 127 112 147 179 189
DS 6.7 18 7.1 7.5 79 63 93 1.7 8.7 109 88 112 114 112 104 9.1
Coefficient of variation (%)
Ss 39 53 38 48 49 44 39 34 49 41 42 48 42 56 66 69
DS 2.5 29 27 29 30 24 35 29 33 42 33 43 43 42 38 34
p value F-test 0.02 0008 0.12 0.02 0.02 0.005 062 042 007 079 029 058 093 021 0.02 0.001

Italic values suggest statistically significant at p < 0.05

Segment wise analysis of myocardial T, relaxation time measured in 16 AHA segments in 25 patients. Mean values for myocardial T, standard
deviation, standard error and coefficient of variaton are given for dual-source (DS) and single-source RF transmission (SS) MOLLI. Dual-source
RF transmission resulted in a reduction of T, standard deviation and coefficient of variation in 14 out of 16 myocardial segments (87.5%). Sig-
nificant reduction of T, variance could be obtained in seven segments (43.8%)

significant reduction of T, variance in 16 out of 25 patients
(64%). In three patients T, variance was significantly
higher with DS RF transmission. Results of patient wise
analysis are detailed in Tables 1 and 2 of the electronic sup-
plementary material.

In six patients (24%), artefacts due to dielectric shading
were seen on MOLLI images and the respective T, maps
acquired with conventional RF transmission. The artefacts
were in all cases located in the area of the right ventricle
and the interventricular septum. No such artefacts occurred
in T, maps acquired with dual-source RF transmission
(Figs. 3, 4). In one patient, inhomogeneous T, alterations
appeared in the anterolateral wall of the left ventricle
with conventional RF transmission suggesting myocardial
pathology. A correlate for this was neither found in images
acquired with patient-adaptive RF shimming nor in conven-
tional T,w and LGE sequences (Fig. 5).

In our cohort, ten patients had pathologic findings
on cardiac MRI. Findings suggestive of myocarditis
were seen in five patients. In these subjects, pre-con-
trast T, difference between the affected and the remote
myocardium was 136.2+48.5 ms for single-source RF
MOLLI and 185.6+43.5 ms for dual-source RF MOLLI
(p=0.47). Post-contrast T, differences were 89.0+30.4
and 87.4+20.8 ms (p=0.97), respectively. Five patients
had findings suggestive of focal fibrosis or infarction. Pre-
contrast T, difference between the affected and the remote
myocardium was 160.6+45.1 ms for single-source RF
MOLLI and 166.6+51.6 ms for dual-source RF MOLLI
(p=0.93). Post-contrast T, differences were 125.6+24.2

Fig. 3 67 year-old male patient with suspected myocarditis. On pre-
contrast single-source RF MOLLI images (SS) and the respective T,
map, signal drop-off artefacts are seen in the right ventricular cavity
partially affecting the interventricular septum. Dual-source RF trans-
mission with local RF shimming (DS) results in a more homogeneous
signal over the whole heart. No correlation was found on T, TSE and
LGE images (not shown)
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Fig. 4 33 year-old male patient with suspected myocarditis. Post-
contrast single-source (SS) and dual-source (DS) RF MOLLI images
and the respective T; maps. On single-source RF MOLLI images,
signal drop-off artefacts are seen in the right ventricular cavity and
over the anterolateral septum with reduced diagnostic confidence.
Dual-source RF transmission (DS) significantly reduces these arte-
facts. No correlation was found on T, TSE and LGE images (not
shown)

Fig. 5 55 year-old male patient
with suspected myocarditis.
Post-contrast single-source
(SS) and dual-source (DS) RF
MOLLI images and the respec-
tive T; maps. Artifactual signal
alterations of the anterolat-

eral left ventricular wall on
single-source MOLLI images
(arrows). These might falsely
be interpreted as myocardial
pathology. A correlate was
neither found in the dual-source
RF MOLLI imaging nor in the
3D IR images after gadolinium
application (LGE)
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and 141.4+23.2 ms (p=0.65), respectively. In all patients
there was good accordance of imaging findings between
single-source MOLLI, dual-source MOLLI and LGE imag-
ing. (Fig. 6).

Discussion

Differences of T, relaxation times between pathologically
altered myocardium and the remote myocardium can be
subtle, even in case of acute myocardial infarction [22].
Hence, accurate measurement of myocardial T is a prereq-
uisite for diagnostic reliability of MOLLI imaging. Artefac-
tual T1 variations may easily be misinterpreted as myocar-
dial pathology.

This investigation assessed the performance of car-
diac MOLLI T, mapping at 3.0 T using dual-source RF
transmission with patient adaptive RF shimming. Com-
pared to conventional RF transmission, this technique
resulted in a significant reduction of pre-contrast myo-
cardial T, variance in 7 of 16 AHA segments assessed
in 25 patients (43.8%). Dual-source RF transmission sig-
nificantly reduced overall pre-contrast T, variance in 12
out of 25 patients (48.0%). For post-contrast imaging, a
significant reduction of T, variance could be obtained in
16 out of 25 patients (64.0%). Distinct dielectric shading
occurred in six patients examined with single-source RF
transmission causing a diagnostic uncertainty in the clini-
cal setting. No according artefacts were seen in MOLLI
images acquired with dual-source RF transmission. In all
patients there was good accordance of imaging findings
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Fig. 6 Upper row 31 year-old female patient with suspected myo-
carditis. Post-contrast MOLLI T, maps acquired with single-source
(SS) and dual-source (DS) RF transmission. In accordance with LGE-
imaging, a band-like subepicardial area with reduced T, relaxation
time is seen in the anterior aspect of the left ventricular wall suggest-
ing myocardial inflammation (arrows). Myocardial edema was seen

between single-source MOLLI, dual-source MOLLI and
LGE imaging.

Magnetic resonance imaging at 3.0 T holds the prom-
ise for higher SNR compared to 1.5 T [11, 23]. However,
adoption to cardiac imaging has long been hampered by
inhomogeneities of both the static magnetic field (B)
and the transmit radiofrequency field (B;). At 3.0 T, these
magnetic field inconsistencies have a greater impact on
image quality compared to 1.5 T. Variations in local off-
resonance as well as signal loss due to dielectric shad-
ing are more likely to occur at 3.0 T. There is a compli-
cated relationship between the variation of off-resonance,
B, homogeneity and flip angle variations due to local B,
field inconsistencies [14]. Flip angle variations across the
scan volume are the main cause for higher T1 variation
using single-source MOLLI imaging. Flip angle varia-
tion has been shown to reach up to 63% of the desired flip
angle across the entire LV volume [23, 24]. Significant
T1 bias due to flip angle nonuniformity has been noticed
by several groups. Sung et al. reported a 52% T1 estima-
tion bias in breast MRI at 3.0 T without B1 correction
[25]. As suggested by Kellman et al., a reduced flip angle
of 20° was used for single-source and dual-source RF
transmission MOLLI in the present investigation. This
can be regarded as a tradeoff between dielectric shading
at the cost of decreased SNR.

on T,w images (not shown). Lower row 52 year-old male patient
with acute embolic infarction of the inferior left ventricular wall.
In accordance with LGE imaging, an area of prolonged T, relaxa-
tion time is found on pre-contrast single-source and dual-source RF
MOLLI T, maps (arrow). Note the signal drop-off over the right ven-
tricular cavity on images acquired with conventional RF transmission

Patient adaptive parallel transmission of the radiofre-
quency (RF) pulse has been implemented in MR scanners
of the latest generation to enhance B, field homogeneity
at 3.0 T. Prior to image acquisition, the B, field generated
by the two radiofrequency sources is analysed. The ampli-
tude and the phase of the RF waves are then tailored in a
patient adaptive manner. Enhanced B, homogeneity result-
ing in improved image quality has been documented for
abdominal, spinal and cardiac workups [16—19]. Flip angle
homogenization across the cardiac scan volume has been
demonstrated [16]. Dual-source RF transmission improves
B1 homogeneity with a consequent reduction of local RF
energy absorption (SAR) peaks. This allows for an opti-
mization of the local and whole-body SAR [26, 27]. Con-
sequently, TR can be shortened with reduced examination
time. This is especially favorable in patients with problems
to lay still during imaging. To our best knowledge, there is
no data comparing image quality and diagnostic confidence
of 3.0 T MOLLI T, mapping with patient adaptive dual-
source and conventional RF transmission.

RF field inhomogeneity inside the patient is highly
dependent on the patient’s individual anatomy and struc-
tural abnormalities. This might explain why a significant
improvement of myocardial T homogeneity due to dual-
source RF transmission could not be obtained in every
patient in this study. Hence, this technique might be more
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beneficial in patients with higher BMI, pleural effusions
or sternal wires.

The precision of the T1 estimates is also a function of
SNR [28]. Segment-wise analysis of our data resulted in
T1 standard deviation of 60.3 ms for single-source RF
and 42.4 ms for dual-source RF transmission resulting
in a reduction of 42.2%, while improvement of SNR was
71.9%. It seems that higher SNR does not fully translate
into reduction of T1 standard deviation. This phenome-
non might be due other sources of error like uncompen-
sated heart or respiratory motion.

In our cohort, average myocardial T, relaxation times
for both methods were in line with previously published
data [10, 29]. As described before, pre-contrast T, times
slightly increased from base to apex [29]. Phantom exper-
iments demonstrated good correlation of myocardial T,
relaxation time measured with dual-source RF transmis-
sion MOLLI and the IR spin echo reference sequence. In
our phantom, neither absolute T, values nor SD and SEM
did significantly differ between both transmission modes.
This is likely owing to the small volume of the test tubes
(50 ml) since flip angle variances with consequent signal
fluctuation at 3.0 T increase with the scan volume [16,
19].

We found notable inter-patient variation in absolute pre-
contrast myocardial T1 relaxation times. This observation
is in line with previously published data reporting a coef-
ficient of variation of up to 4.5% for pre-contrast MOLLI
imaging at 3.0 T [30]. In eight patients (32.0%), average
pre-contrast myocardial T, relaxation time was signifi-
cantly different for dual-source and single-source RF trans-
mission. There is no sufficient explanation for this phenom-
enon. After administration of contrast agent, significant
differences in myocardial T, values were observed between
both imaging protocols. This is attributable to the sequen-
tial acquisition of single-source and dual-source MOLLI
sequences after Gd-application. The myocardial concen-
tration of Gd is largely dependent on the exchange rate
with the blood pool and the renal clearance with washout
dynamics differing interindividually [29].

Our study had several limitations. First, it was conducted
as a single centre study with only 27 patients included.
Myocardial T; homogeneity using dual-source RF trans-
mission has only been tested against the results obtained
from the conventional MOLLI sequence. No histopatho-
logic workup is available to confirm imaging findings since
no patient had a clinical indication for myocardial biopsy.

Artefacts occurring with single source transmitting are
most likely a result of this specific method due to local
appearance. However, since imaging with dual source and
single source transmitting was performed subsequently the
observed artefacts may theoretically result from motion or
respiration.
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Ten patients in our cohort had pathologic findings on
cardiac MRI. Five patients showed focal myocardial scar
or focal fibrosis, five patients had findings suggestive of
myocardial inflammation. Areas of recognizable myocar-
dial disease were carefully excluded from T, measurement.
However, we cannot exclude structural alterations of the
remote myocardium with altered T, relaxation time, espe-
cially in case of inflammatory disease. Dedicated analysis
of sensitivity and specificity of dual-source RF MOLLI for
the detection of cardiac disease was beyond the scope of
the present investigation. However, there was good accord-
ance between dual-source MOLLI and conventional imag-
ing sequences in all patients with myocardial pathology.

In conclusion, dual-source RF transmission with patient-
adaptive local shimming enhances myocardial T, homoge-
neity in MOLLI imaging at 3.0 T. The reduction of signal
inhomogeneity and dielectric effects is likely to enhance
diagnostic confidence.
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