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ABSTRACT

Purpose:

To optimize data acquisition parameters in cardiac proton MR spectroscopy, and to
evaluate the intra- and intersession variability in myocardial triglyceride content.

Materials and Methods:

Data acquisition parameters at 3 Tesla (T) were optimized and reproducibility measured
using, in total, 49 healthy subjects. The signal-to-noise-ratio (SNR] and the variance in
metabolite amplitude between averages were measured for: (i) global versus local power
optimization; (i) static magnetic field (B ) shimming performed during free-breathing or
within breathholds; [iii) post R-wave peak measurement times between 50 and 900 ms;
(iv] without respiratory compensation, with breathholds and with navigator triggering; and
(v) frequency selective excitation, Chemical Shift Selective [CHESS) and Multiply Opti-
mized Insensitive Suppression Train (MOIST) water suppression techniques. Using the
optimized parameters intra- and intersession myocardial triglyceride content reproduc-
ibility was measured. Two cardiac proton spectra were acquired with the same parame-
ters and compared (intrasession reproducibility) after which the subject was removed
from the scanner and placed back in the scanner and a third spectrum was acquired
which was compared with the first measurement (intersession reproducibility).

Results:

Local power optimization increased SNR on average by 22% compared with global power
optimization (P = 0.0002). The average linewidth was not significantly different for pencil
beam B, shimming using free-breathing or breathholds (19.1 Hz versus 17.5 Hz; P = 0.15).
The highest signal stability occurred at a cardiac trigger delay around 240 ms. The mean
amplitude variation was significantly lower for breathholds versus free-breathing (P =
0.03) and for navigator triggering versus free-breathing (P = 0.03) as well as for navigator
triggering versus breathhold (P = 0.02]. The mean residual water signal using CHESS
(1.1%, P = 0.01) or MOIST (0.7%, P = 0.01) water suppression was significantly lower than
using frequency selective excitation water suppression (7.0%). Using the optimized

parameters an intrasession limits of agreement of the myocardial triglyceride content of
-0.11% to +0.04%, and an intersession of -0.15% to +0.9%, were achieved. The coefficient
of variation was 5% for the intrasession reproducibility and 6.5% for the intersession
reproducibility.

Conclusion:

Using approaches designed to optimize SNR and minimize the variation in inter-average
signal intensities and frequencies/phases, a protocol was developed to perform cardiac
MR spectroscopy on a clinical 3 T system with high reproducibility.
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INTRODUCTION

Cardiac proton MR spectroscopy (MRS] can be used to study the effects of lipid accumula-
tion and lipid toxicity in the heart by means of quantitative measurement of the myocar-
dial triglyceride content (MTGC)."? This value is relevant in patients with metabolic
syndrome and type 2 diabetes mellitus (DM2), because higher levels have been linked to
an increased risk of heart failure.® Because the metabolic syndrome and DM2 can
potentially be reversed by therapy or diet, it is important to have a reliable and quantita-
tive way of measuring cardiac lipid accumulation. Currently, the application of MRS is
limited to clinical research mainly due to the complexity of the technique in terms of the
number of parameters which need to be optimized. These include breathing-motion
compensation technique because motion due to breathing introduce dynamic variations in
the local static magnetic field leading to an increase in spectral linewidth and decrease in
the signal-to-noise ratio (SNR] of the lipid peaks.

Similar effects are seen due to the motion related to the cardiac cycle, deformation of the
septum as well as the in- and outflow of blood, therefore, the acquisition must be trig-
gered to the cardiac cycle. Transmit field (B™ inhomogeneity across the heart leads to
under- or overestimation of the tip angle in the myocardial wall if conventional global
power optimization routines are used, and subsequently lead to loss in the SNR.*® It has
also been shown that the nonuniform flip angle distribution results in sections of the free
right ventricular wall and the mid-ventricular and apical septum being obscured.6,7 The
low abundance of lipid protons (generally > 100 times less abundant than water protons)
means that many signal averages must be acquired, and a high degree of phase stability
between averages is required for optimal SNR.28"" Because the water signal is much
larger than the lipid signal, the water signal needs to be efficiently suppressed to mini-
mize baseline distortions and spurious signals that otherwise complicate metabolite
quantification due to vibration induced signal modulations.'

The aim of this study is to optimize five of the main parameters and methods used in
cardiac proton MRS measurements, namely the method of RF power optimization, B
shimming, the measurement point within the cardiac cycle, the method of respiratory
motion compensation and the choice of water suppression technique. The choices made
also considered the requirement of minimal input from the user to make the overall
protocol more robust in order to incorporate it into a clinical scan. Finally, we use these
optimized parameters to assess the intra- and intersession reproducibility of cardiac
MRS in healthy volunteers.
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MATERIALS AND METHODS

Participants

The study was approved by the institutional review board, and written informed consent
was obtained from all participants. The study was conducted according to the principles
expressed in the Declaration of Helsinki. Forty-nine healthy subjects underwent cardiac
MRS between July 2013 and September 2015.

Data Acquisition

Experiments were performed on a 3 Telsa (T) Ingenia whole-body MRI scanner (Philips
Healthcare, Best, Netherlands). The body coil was used for transmission and an anterior
(16 elements) and a posterior (12 elements) array for reception. The most commonly used
sequence in cardiac MRS is point resolved spectroscopy ([PRESS)®-' due to its availabil-
ity as a standard “product sequence” on commercial platforms, and the fact that it gives
twice the SNR of the stimulated echo acquisition method (STEAM) method.”” Two disad-
vantages of PRESS localization compared with STEAM are the increased chemical shift
displacement and increased minimal echo time.

However, because for this study we were mainly interested in a small chemical shift
range of the lipid peaks (CH,)" at 1.3 ppm and CH, at 0.9 ppm], this will result in only a
minor mismatch in the location of the two metabolites. If both the lipids (1.3 ppm) as well
as creatine (3 ppm) are of interest, care should be taken planning the spectroscopy voxel
to ensure the creatine still falls within the septum. The water signal (4.7 ppm] used as a
reference for the lipid quantification does have a significantly different chemical shift;
however, data for non-water-suppressed spectra are acquired with a different transmit-
ter offset, resulting in overlap of the spectroscopic volume of interest (VOI] of the lipid-
and water-acquisition. The increased minimal echo time does negate the theoretical
double SNR of PRESS localization compared with STEAM; however, this effect is only
large when the T2 of the metabolite of interest low. In a previous study, it has been shown
that the use of a high permittivity pads increases the SNR of localized cardiac spectra
without affecting spectral linewidth.”® A similar arrangement was used in this study. A
first order pencil beam shimming technique was used to shim the static magnetic field
(B,). This technique requires minimal user input and reconstructs the B  distribution in
the spectroscopy voxel by capturing multiple (nine) projections.

A 30 s survey and a single breathhold coronal image were acquired to plan the navigator
volume. Four-chamber and shortaxis cine images were acquired to plan the MRS voxel in
the myocardial interventricular septum. Spectra were recorded using PRESS localization
with an echo time (TE) of 35 ms and a repetition time (TR) of 9 s for the non-water-sup-
pressed spectra, and 3.5 s for the water-suppressed spectra to ensure full relaxation of
the water and lipid signals. The spectroscopic VOI (15 x 25 x 40 mm?) was placed in the
interventricular septum and pencil beam B, shimming was performed on this VOI. The
bandwidth of the MRS acquisition was 1500 Hz and 2048 samples were acquired resulting
in spectral resolution of 0.73 Hz / sample. Five different parameters were optimized as
described below:

Power Optimization.

Spectra were acquired in 15 subjects comparing the standard system “global” power
optimization with “local” power optimization. Global in this case refers to the fact that
power optimization is performed by integrating the signal intensity over an entire trans-



verse slice through the heart, whereas local applies only to the spectroscopic VOI. It is
well-known that there is substantial variation in the transmit (B,*) field through the body
(and within the heart itself ) at 3 T, and so global power optimization is unlikely to result in
the correct tip angles within the spectroscopic VOI.* Previous studies reported a variation
in B, of 100% over the short axis of the heart.*” Local power optimization method was
performed by monitoring the intensity of the water peak and incrementing the tip angles
of the excitation pulse and the two refocusing pulses in the PRESS sequence in steps of
5% (range, 90%-150% of the global power optimization result), and choosing the power
which produced the maximum signal intensity. The SNR of the water signal was compared
for the local and global power optimization using a Wilcoxon signed-rank test.

Comparison of Spectral Linewidth for Freebreathing and Breathhold B, Shimming.

First order B, pencil beam shimming [nine projections) was performed during freebreath-
ing and in two breathholds of 13 s [max. five projections per breathhold) in eight healthy
subjects, after which non-watersuppressed spectra (four averages) were acquired. The
full width at half maximum (FWHM] of the water peak was determined for each spectrum
and compared using a Wilcoxon signed rank test. To determine the reproducibility of the
B, shimming, each scan was repeated three times in each subject and the standard
deviation determined for these three measurements.

Amplitude Stability as a Function of the Measurement Point within the Cardiac Cycle.
Non-water-suppressed spectra (16 averages) were acquired in three subjects at eight
different times (50, 150, 200, 250, 300, 500, 700, and 900 ms) after the peak of the R-wave.
The variation of the signal was determined by calculating the standard deviation of the
water signal amplitude. The average heart rate was recorded for each subject.

Comparison of Signal Reproducibility Between Freebreathing, Breathhold, and Navigator
Triggering.

Non-water-suppressed spectra (16 averages) were acquired in seven subjects with
free-breathing, breathholds and navigator triggered respiratory compensation.” The
breathhold acquisition was performed in eight breathholds of 18 s acquiring two averages
per breathhold. The navigator volume was placed on the lung- liver interface and had a
gating window of 3 mm. The navigator triggers the spectroscopy sequence and tracks the
position of the diaphragm updating the spectroscopy voxel location dynamically with
respect to the actual position of the heart. The stability of the amplitude was determined
by calculating the standard deviation of the signal for the three respiratory compensation
methods. The variations of the center frequency and phase of the water signal were also
determined. The amplitude variation, center frequency variation, and phase variations for
the three different methods were compared using Friedman'’s test and post hoc Wilcoxon
signed rank test.

Efficiency of Different Water Suppression Methods.

Three different water suppression techniques were assessed in eight subjects: frequency
selective excitation,”” Chemical Shift Selective (CHESS]?*?' and Multiply Optimized
Insensitive Suppression Train (MOIST) water suppression.?? Frequency selective exci-
tation water suppression uses two selective RF pulses combined with crusher gradients
to minimize the water magnetization at the beginning of the acquisition. CHESS water
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suppression uses three narrowband chemical shift selective pulses, while MOIST water
suppression uses four phase-modulated RF pulses, such that the longitudinal magnetiza-
tion of the water signal is minimized at the beginning of the acquisition. Four non-
water-suppressed averages and 16 water-suppressed averages were acquired for each
subject. A residual water fraction was calculated by dividing the water signal in the
suppressed spectrum by the water signal in the non-watersuppressed spectrum. A
Friedman'’s test was performed to analyze differences in the residual water signal
between the three water suppression techniques, and post hoc tests were performed with
the Wilcoxon signed-rank test. Spectra were also visually inspected to assess spectral
quality in terms of baseline distortion and the presence of spurious signals from incom-
plete water suppression.

Assessment of the Inter- and Intrasession Reproducibility of MTGC Quantification
Using the optimized parameters derived in the results section, spectra (6 averages
without water suppression, 32 averages with water suppression) were acquired in eight
subjects. The MTGC was calculated from the formula:

triglyceride methyl (CH3) + triglyceride methylene (CH,)"

MTGC =
water + triglyceride methyl (CH3) + triglyceride methylene (CH,)"

x 100% (Equation 1)

The scan was then repeated and the MTGC of the two scans compared with determine the
intrasession reproducibility. In seven of the eight cases (one was not possible duetoa 1 h
time limit on scanning), the subject was then fully removed from the scanner, positioned
back on the patient bed, and the protocol was re-run to determine the intersession
reproducibility. To determine the intersession reproducibility, spectra were compared
with the first scan acquired. The coefficient of variation (C,) was determined and the
Spearman correlation coefficient was calculated to determine the intra- and intersession
correlation and Bland-Altman plots were constructed.

Data Processing

All spectra were fitted in the time-domain using the Java-based MR User Interface
(j]MRUI).? The advanced method for accurate, robust and efficient spectral fitting (AMA-
RES] algorithm was used to fit the resonances to a Gaussian line shape. The water and
lipid SNRs were defined as the integrated area under the water peak and the sum of the
integrated area under the triglyceride-methyl [CH,) and the triglyceride-methylene (CH,)"
peaks, divided by the standard deviation (SD] of the noise, respectively. The noise was
taken from the last 100 points of the free induction decay.

Statistical Analysis

All statistical analyses were performed using the statistical software IBM SPSS Statistics
(version 20, IBM, Chicago, IL). Plots were created using GraphPad Prism (GraphPad
Software, San Diego, CA). Numerical data were reported as mean + standard deviation.
Data were considered statistically significant at P-values < 0.05.
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RESULTS Power optimization method F:G:TH:dSlNRcifthewatetr,signzi,lfor. N
POWER OPTIMIZATION glo _a - and tocal power optimization in
Figure 1 shows water-suppressed spectra acquired using global and local power optimi- 4000- p= 0.0002 jseuctifzivjzeh?;f::;fr: Lss,ii]fgt};;cz :Eaer
zations in a male subject with a body mass index (BMI) of 30.3 kg/m?2. The SNR of the lipid optimization compared with global power
increased from 17 to 38 arbitrary units (a.u.) using the local power optimization compared

with the global power optimization. Figure 2 plots the SNR of the water signal for all 15
subjects. The spectra of 13 of the 15 subjects show a higher SNR using local power
optimization compared with global power optimization, while for the remaining two
subjects the SNR did not differ. The mean SNR (£SD) of the water signal was 1787 (x787)
using global power optimization versus 2173 (£626) for local power optimization (P =
0.0002).

optimization, while for the remaining two

subjects the SNR did not differ.
4.

SNR (Water Signal)
- N w
o o o
o o o
S R

Global Local 0
Power Optimization Power Optimization Global PO Local PO

o Mean 1787 Mean 2173
Lipid SNR = 17

Lipid SNR = 38

AMPLITUDE STABILITY AS A FUNCTION OF THE MEASUREMENT POINT WITHIN THE
CARDIAC CYCLE

Figure 3 plots the standard deviation of the nonsuppressed water signal as a function of
the cardiac trigger delay for three subjects. The average standard deviations were 0.18,
0.06, 0.07, 0.06, 0.22, 0.34, 0.15, and 0.15 for a cardiac trigger delay of 50, 150, 200, 250,
300, 500, and 700 ms, respectively. For all subjects, the SD had a minimum value,
corresponding to the highest signal stability, at a trigger delay around 240 ms. This value
agrees well with a previous study,? which is why only a relatively small number of
subjects were used for this particular optimization step.

= 05'
£,
T l Ly 2 : S 0.41
2.5 0 2.5 0 =
chemical shift (ppm) > 0.3
Q -e- Subject 1, 46 bpm
FIGURE 1: Cardiac MR spectrum acquired with global subject, is shown using local power optimization within the ko] 0 .2' - Subject 2 56 bpm
power optimization (left), a spectrum (right), in the same spectroscopic VOI. E 1 ’
2 g1 -4+ Subject 3, 60 bpm
g ) -¥-- Subject 4, 67 bpm
00 T T T T 1
COMPARISON OF SPECTRAL LINEWIDTHS FOR FREE-BREATHING AND BREATHHOLD B, 0 200 400 600 800 1000
SHIMMING
The mean linewidth after performing pencil-beam B shimming during free-breathing Cardiac Trigger Delay [ms]
was 19.1 Hz (3.2 Hz) compared with 17.5 Hz (£4.6 Hz) when shimming was performed
during breathholds: these values were not significantly different (P = 0.15). The mean of
.. . . . . FIGURE 3: Standard deviation of the water signal for eight point in the cardiac cycle is around 200 ms after the peak
the standard deviation of the three successive linewidth measurements in each volunteer measurement time points in the cardiac cycle. The lowest of the R-wave. The heart rate is shown in beats per minute

was 2.3 Hz [free—breathing] and 1.5 Hz [breathholds]. standard deviation and thus the most stable measurement (bpm).
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COMPARISON OF SIGNAL REPRODUCIBILITY BETWEEN FREE-BREATHING, BREATH- Due to the poor suppression the selective excitation sequence often introduced a signifi-
HOLD, AND NAVIGATOR TRIGGERING cant baseline distortion in the spectrum, making MTGC quantification more difficult. In
The mean variations of the amplitude (P = 0.001), frequency (P = 0.001) and phase (P = terms of choosing between the CHESS and MOIST techniques, the CHESS sequence is
0.016) of the water peak were significantly different for the three different breathing relatively long, requiring an increase in the suppression bandwidth to 240 Hz to be able to
compensation methods (Figure 4). The mean amplitude variation was significantly lower use a cardiac trigger delay of 200 ms. The length of the MOIST sequence is less than that
for breathholds versus free-breathing (0.09 versus 0.22; P = 0.03) and for navigator of CHESS, requiring a lower suppression bandwidth of 190 Hz for a trigger delay of 200
triggering versus free-breathing (0.06 versus 0.22; P = 0.03), as well as for navigator ms. Given this, and the slightly higher degree of water suppression, the MOIST sequence
triggering versus breathhold (0.06 versus 0.09; P =0.02). was used for MTGC quantitation.

The mean variation of the water peak center frequency was 4.81 Hz (£5.18 Hz), 2.86 Hz
(£2.82 Hz), and 1.37 Hz (£0.71 Hz) using free-breathing, breathholds, and navigator

triggering, respectively (P = 0.008). The center frequency variation was significantly lower Excitation CHESS MOIST
;or br;athtf;]c?lds[\;e_rsoung]re_rer;breathw{mg[[)I]D = O-.OE] an(: Iﬁr n§VIgeEtor: trlggerlragzvzers:.s Residual Water Residual Water Residual Water
ree-breathing (P = 0.02). The mean variation of the signal phase was 0.22 radians Signal 3.6% Signal 2.3% Signal 0.9%

(0.07 radians), 0.13 radians (£0.05 radians), and 0.12 radians (+0.02 radians) using
free-breathing, breathholds, and navigator triggering, respectively (P = 0.016). The center
frequency variation was significantly lower for breathholds versus free-breathing (P =
0.05) and for navigator triggering versus freebreathing (P = 0.02).

e
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FIGURE 4: Variations in the amplitude, center frequency, mean amplitude, center frequency and phase were signifi- . . ) )

and phase of the water signal over 16 acquisitions for cantly different between free-breathing versus breath- Water SuppreSS|0n teChanue FIGURF6: Re5|dualwater5|gn?lf0rthe

free-breathing and two methods of motion compensation. holds as well as between free-breathing versus navigator three different water.suppress!on tech-

The Friedman's test showed significant differences for the triggering. The mean of the amplitude variation was also p = 0 01 nqu.JeSforlallthesubJects studled.The

amplitude variation (P = 0.001) (left), center frequency significantly different between breathholds and navigator —_— r - ™ res?dugl signals for frequency selectl\_/e

variation (P = 0.001) (middle), and phase variation (P = triggering. 0\0 20‘ eXCItatllonAa.nd CHEsS water suppression

0.016) [right). Post hoc tests showed that variations in the — p= 0.01 were significantly different, as were those
© for frequency selective excitation and
g_) 15_ [ J MOIST water suppression.
K7

EFFICIENCY OF WATER-SUPPRESSION METHODS h d

Figure 5 shows three water-suppressed spectra with the three different suppression % 10-

techniques in the same subject. The Friedman’s test showed significant differences in the = °

residual water signal for frequency selective excitation, CHESS, and MOIST water ©

. . . . > -

suppression techniques (P = 0.001). Figure 6 shows the results from all subjects. The ro) S °

mean residual water signal was 7.0% (4.8%) using frequency-selective excitation, 1.1% $

(0.9%) using CHESS water-suppression, and 0.7% (0.4%) using the MOIST technique. Both Y 0 : %

the MOIST (P = 0.01) and CHESS (P = 0.01) techniques gave significantly lower residual )
water signals than the frequency selective excitation sequence, but there was no statisti- Sel_eCtl_Ve CHESS MOIST
cal significance between MOIST and CHESS (P = 0.46). Excitation



ASSESSMENT OF THE INTER- AND INTRASESSION REPRODUCIBILITY OF MTGC QUAN-
TITATION

Figure 7 shows three spectra acquired from the same volunteer using the optimized scan
parameters determined in the previous sections. The spectra on the left and center of
Figure 7 were acquired in a single scan session to determine the intrasession reproduc-
ibility. The spectrum on the right was acquired in a separate scan session to determine
the intersession reproducibility. The mean (£SD) MTGC of the intrasessions (n = 8) was
0.55% (+0.40%) and 0.59% (+0.42%), with a correlation coefficient r = 1.000 (P <0.0001).
The coefficient of variation for the intrasession reproducibility was 5% and the Bland-Alt-
man analysis showed a mean difference of 0.04% with limits of agreement from -0.11% to
+0.04% (Figure 8A). The mean (+SD) MTGC of the intersessions (n = 7) was 0.60% (£0.42%)
and 0.63% (£0.45%) with a correlation coefficient r = 1.000 (P = 0.0004). The coefficient of
variation for the intersession reproducibility was 6.5% and the Bland-Altman analysis
showed a difference of 0.03% and limits of agreement from -0.15% to +0.9% (Figure 8B].

Intra Scan Reproducibility Inter Scan Reproducibility
TG content TG content TG content
0.32% 0.34% 0.34%

25 0
chemical shift (ppm)

FIGURE 7: Left and center: Two spectra acquired succes- acquired in a different scanning session to assess the
sively are shown to calculate the intrasession reproduc- intersession reproducibility.
ibility. Right: A spectrum from the same volunteer
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DISCUSSION

This study looked at the effect of several different data acquisition parameters with the
aim of being able to perform reproducible cardiac proton spectroscopy on a clinical 3T
platform. In terms of SNR, using local rather than global power optimization showed a
significant increase. Indeed, from the 15 subjects studied there were five cases that
resulted in a SNR gain of 35% or more which is in line with a prior study.® Local power
optimization requires no changes to the system software, and so is easy to implement in a
clinical setting. We observed that the power underestimation from a global power
measurement was greatest in subjects with either high BMI or athletic subjects with high
lung volume, but further study would be required to confirm this observation.

With respect to spectral quality, i.e., linewidth and lineshape, there was no statistical
difference between performing B shimming during free-breathing or breathholds. In this
study we did not compare image-based shimming to the pencil beam technique because
the former technique is not implemented on most clinical systems. In the future, this
would be interesting to investigate because image-based shimming is generally more
robust and gives improved linewidths in cardiac imaging.?®

With respect to spectral reproducibility (and SNR because individual spectra are
co-added in signal averaging), the key parameters are the measurement point within the
cardiac cycle, and the form of motion compensation used. In previous publications some
authors have measured in systole and others in the diastolic phase.?%1%2 The results in
this study show that the beginning of the systolic heart phase (200-250 ms after the peak
of the R-wave) has the highest stability: this agrees well with the findings of a previous
study.? Given that the range of heart rates was not extensive (range, 46-67 bpm) the
optimal measurement point was only minimally affected by the heart rate for these
subjects, which can be explained by the small influence of the heart rate on the length of
the systolic heart phase.?’

In another study of Weiss et al, it was shown that the maximum SNR in cardiac spectros-
copy was achieved in midsystole with a trigger delay <300 ms. However, mid-systole is
relatively close to the point that the stability of the signal decreases strongly.?® In that
study, they also propose an improved spectroscopy sequence to decrease the sensitivity
of the sequence to cardiac motion, using very strong crusher gradients. In earlier studies,
it was also shown that respiratory compensation should be used to increase the repro-

S Intra-session reproducibilit < Inter- i ducibili o . . o .

N P Y & nter-session reproducibility ducibility of cardiac MRS.™2%30 Qur results show that, by using breathholds, it is possible
8 0.24 1000 8 0.21 to increase the signal stability significantly. However, the navigator-based respiratory

E. - Spearman E o1 Ispearman = 1.000 compensation resulted in significantly lower variations in signal intensity and signal

iy % ’ frequency/phase than using breathholds. In addition, many classes of patients have

8 00{ e . O 00 . problems maintaining breathholds for prolonged periods of time. Therefore, the naviga-

[ N . . .

£ e . . g - tor-based respiratory compensation is preferred over breathhold.

o 017 e 3 011 ® With respect to water suppression, the CHESS and MOIST techniques both showed

o o 0 . . . . . .

S e suppression ratios of approximately 100:1, with MOIST giving slightly better water

5 -0.2 T T T 1 o 02 . . . -

2 00 05 10 15 20 £ 00 05 10 15 50 suppression and more consistent results. However, MOIST is a manufacturer specific

o Average of MTGC #1 and #2 [a) Average of MTGC #1 and #2 variant on the CHESS sequence in terms of parameter optimization. Because no statisti-

(A) B) cal difference was measured between the two techniques, the more standard CHESS
_ _ _ o sequence may be able to be substituted where necessary.

F.IGURE 8: Bla.nc.J—.Altman plots for both |ntra'— and |nto.er.ses— mean difference was 0..04% Wlth limits ofagr.e?r.nentfrom Using the optimized protocol proposed in this study, it was possible to get anintersession
sion reproducibility. The Spearman correlation coefficient -0.11% to +0.04%. The intersession reproducibility mean o o . o . L 3
was 1.000 for both the intersession (left) and intrasession difference was 0.03% with limits of agreement from -0.15% reprOdUC|b|l|ty of the MTGC of 6.5% which is in line with the flndlngs of Ith et al.*! It should
(right) measurements. The intrasession reproducibility to +0.9%. be noted that in that study the creatine signal was used as a reference whereas in our



current study we used the water signal. The reproducibility reported here is also much
higher than other studies performed at 1.5 T. For example, it was shown by Felblinger et
al that, by using the ECG electrodes to measure the respiratory phase while an optical
ECG sensor was used to measure the cardiac cycle, it was possible to get an intersession
coefficient of variation of 13%. Szczepaniak et al showed that using a respiratory pressure
belt and ECG triggering it was possible to get an intersession coefficient of variation of
17%.% In van der Meer et al, the coefficient of variation was 17.9% using navigator-based
respiratory compensation.® With the optimized protocol proposed in this study the limits
of agreement for the Bland Altman analysis lay between -0.15% and +0.9% compared with
-0.14 and +0.19 for the study performed by van der Meer et al.

In terms of study limitations, one is that we have only provided optimized parameters for
the measurement location in the myocardial septum, which is a relevant region for
studying the effects of metabolic syndrome and type 2 diabetes mellitus but not for
localized tissue changes such as myocardial infarcts. In this study, the total group of
volunteers was relatively large: however, because there were multiple topics of interest
the sample size for each individual topic were smaller. We also note that this study was
performed on healthy subjects where the efficiency of the navigator is high (around 50%)
but some patients tend to have irregular breathing patterns that will most likely result in
decreased navigator efficiency and increased scan time.

In conclusion, using the optimized protocol with local power optimization, pencil beam B0
shimming, a cardiac trigger delay of 200 ms, pencil beam navigator-based respiratory
compensation, and MOIST water suppression, we were able to achieve an high intra- and
intersession reproducibility of the MTGC. The preparation time of the spectroscopy scan
was 1 min and 3 s [power optimization 3 s, resonance frequency determination 24 s, and
pencil beam B0 shimming 36 s}, and the acquisition of the spectra (4 unsuppressed
averages and 32 suppressed averages) was 4 min and 24 s with an navigator efficiency of
50%. This resulted in an average total scan time of 5.5 min.
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