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Introduction

Summary
The myocardium examination by MR spectroscopy is very
challenging due to movements caused by the cardiac rhythm and
breathing. The aim of the study was to investigate the influence
of breathing on the quantitative measurement of lipid/water
ratios in different groups of volunteers and different measuring
protocols. We examined the lipid content of myocardium at 3T
using the proton single voxel spectroscopy. Three protocols (free
breathing, breath hold and the use of respiratory navigator)
controlled by ECG were used for the examination of 42 adult
volunteers including 14 free divers. Spectra were evaluated using
jMRUI software. An average content of lipids in the healthy
interventricular septum, gained by all protocols was equal to
0.6 %, which is in agreement with other published data. Based
on the quality of examinations and the highest technical success,
the best protocol seems to be the one containing a respiratory
navigator since it is more acceptable by patients. Based on our
results and the literature data we can conclude that MR
spectroscopy is able to distinguish patients from controls only if
their myocardial lipid content is higher than 1.6 % (mean value
of lipids plus two standard deviations).
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The first in vivo 1H MR spectra of the
myocardium were measured in the early 1990s (Kreis et
al. 1998) and so far the majority of data have been
obtained at magnetic field 1.5T (Table 1). A typical
spectrum of the myocardium shows signals of lipids in
the area of aliphatic protons (0.7-2.5 ppm) and water
(4.7 ppm) which is used as a standard for the calculation
of fat content in the myocardium. Some authors also
describe a signal of the methyl group of creatine/
phosphocreatine with the chemical shift of 3.0 ppm and
signal at 3.2 ppm corresponding to the protons of the
betaine group of water soluble choline-containing
compounds (Kreis et al. 1998).
In the heart of adults, 60-80 % of adenosine
triphosphate (ATP) comes from beta-oxidation of fatty
acids (FA). Esterified FAs are a major source of lipids for
human heart. All tissues obtain lipids from free FAs
associated with albumin, lipoproteins, and de novo
synthesis, which is supposed to play a minor role in heart
lipid metabolism. An imbalance between FA uptake and
oxidation leads to accumulation of long chain FAs in
form of triglycerides (TG) and phospholipids. Redundant
lipids, especially TG, are stored in lipid droplets and can
cause lipotoxic myopathy. These droplets were found in
hearts e.g. of patients suffering from diabetes mellitus
and metabolic syndrome (Goldberg et al. 2012).
1
H MR spectra of the myocardium may be used
to determine the lipid concentration in the cardiac tissue.
Fat in myocytes is an early manifestation of the type 2
diabetes mellitus and it is also typical for population
suffering from obesity (Rijzewijk et al. 2008, McGavock
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et al. 2006). Previous research has shown that heart
failure may be associated with excessive lipolysis and
lipotoxic myocytes damage (Sharma et al. 2004).
Measurement of fat distribution in the myocardium
provides useful information about the degree of its
loading and damage.
In most cases, the single voxel spectroscopy
(SVS) has been used to acquire 1H MR spectra from the
myocardium. The measured volume of interest (VOI) is
typically placed on the septum separating the right and
left ventricles with the VOI size of several cubic
centimeters. The ratio of signal intensity of lipids (Lip,

triglycerides) to the unsuppressed water signal is usually
used for the quantification. Table 1 summarizes these
ratios together with measurement parameters obtained for
healthy controls by several authors. Recently, the use of
new scanners with a higher magnetic field (3T) and new
sequences has had the ability to increase sensitivity and to
partly eliminate the influence of some artifacts;
nevertheless, the obtained results are very similar to the
results obtained at 1.5T (Table 1). Similar examinations
can also be implemented using the MR imaging methods
(Liu et al. 2010).

Table 1. Studies concerned the measurement of lipid content in myocardium. According Pubmed up to April 2015.

First Author

B0
Method Sequence Technique
[T]

Liu 2010

3

MRI

Liu 2010
Rial 2011

3
3

MRS
MRS

Dual-echo
SPGR
PRESS
STEAM

Winhofer 2012

3

MRS

Krssak 2011

3

TR
[ms]

TE
[ms]

VOI
[ml]

Relaxation
time
correction

Lipids/water
[%]

T2*

1.04±0.40
0.7±0.5
0.46±0.20
0.5±0.4*
(0.20±0.17)
1.0±0.5*
(0.4±0.2)

R-R wave
4000

2.46
(3.69)
30
10

8-16

T2*
None

BH

700-1250

30

6

T1.T2

PRESS

RN

According
breathing

30

6

T1.T2

PRESS

RN

>3000

26

8

None

0.38±0.02

RN

3000

26

8

None

0.35±0.14

PRESS

RN

4000

26

6

None

0.99±0.15

MRS

PRESS

RN

>3000

26

8

None

0.38±0.05

1.5
1.5
1.5

MRS
MRS
MRS

PRESS

RN
RN
RN

4000
3000
>3000

26
10
26

6
8
8

None
None
None

0.26±0.04
0.66±0.09
0.65±0.05

1.5

MRS

PRESS

RN

4000

6

None

0.46±0.30

1.5

MRS

PRESS

FB

30

2

None

0.9±0.4

Wu 2012

1.5

MRS

PRESS

BH

35

50

None

6.7**

Graner 2014
Petrisch 2012

1.5
1.5

MRS
MRS

PRESS

RN
RN

>4000
2x (3x)
R-R wave
>3000
2x R-R wave

6

None
None

0.86 (0.31-2.24)
0.52±0.11

van der Meer
2007a
Hammer 2008b
SchrauwenHinderling 2010
van der Meer
2007b
Bilet 2011
Hammer 2008a
Rijzewijk 2008
McGavock
2007
Sai 2013

BH

6.3

BH
BH

PRESS

MRS

1.5

MRS

1.5

MRS

1.5

MRS

1.5

35
30

TR, repetition time; TE, echo time; VOI, volume of interest; BH, breath hold; RN, respiratory navigator; FB, free breathing; * data
without relaxation correction (Krssak et al. 2004), ** data were not used for comparison, the average value gained on 3T (1.5T)
scanner is 0.7 % (0.6 %).
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The aim of our study was to describe the
influence of breath holding, controlled breathing and
cardiac cycle and some other parameters on the
calculation of lipid content in the cardiac tissue and to
compare these data with the ones available in the
literature. These three different modes of breathing
during signal acquisition were tested with volunteers who
were able to hold their breath up to several minutes.

Methods
Subjects
42 healthy subjects were examined and divided
into three groups. In groups A (pilot group of 16 subjects:
14m/2f, mean age of 30±11 years) and B (12 subjects:
9m/3f, mean age of 29±12 years) there were volunteers
without any special training and they were able to hold
their breathing for 30 s. Group C consisted of 14 free
divers (13m/1f, mean age of 37±8 years) who were able
to hold their breathing up to several minutes. All the
examined subjects were informed about the examination
protocol, and their written consent was obtained
according to the local Ethical Committee rules.
MR imaging and spectroscopy
The examinations were performed in the supine
position at the Siemens Trio 3T system equipped with the
eight channels surface array coil.
The turbo FLASH (Fast Low Angle Shot)
sequence with repetition time/echo time (TR/TE) = R-R
wave/1.32 ms in long and short axes of the heart was
used for the positioning of spectroscopic VOI in the
interventricular septum (Fig. 1). The localized 1H MR
spectroscopy with the PRESS (Point Resolved
Spectroscopy) sequence (Work In Progress (WIP)
sequence kindly provided by Siemens) was used with the
following parameters: 64 acquisitions with water
suppression, 4 without water suppression (spectra were
summed during measurements), TE = 35 ms (the shortest
possible TE). TR was controlled by ECG (electrocardiography) and navigator sequences and was given as
TR = n·bp + ∆BHn – ∆BH1 where bp is the period of
breathing and ∆BH is the difference between the start of
the acquisition controlled by ECG and the navigator
respectively (Fig. 1d). TR equal to double of the heartbeat
period was applied in case of protocols without
a navigator. Acquisition time depends on breathing and
cardiac cycle. In case of free breathing the acquisition
time takes approximately two minutes and with
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respiratory navigator it’s over five minutes.
The VOI size was set at 6 ml. The homogeneity
of the static magnetic field was set by the GREshim
shimming method (WIP sequence) and the fine-tuning
was done manually. The full width at half maximum
(FWHM) of the water signal less than 50 Hz (magnitude
spectra) was considered to be acceptable for the
measurement of the Lip/water ratio; spectra with
a broader signal of water were excluded from the study.
Three different examination protocols were
applied and compared (all protocols included ECG
triggering): 1) free breathing (FB); 2) breath-holding
(BH); and 3) application of respiratory navigator (RN).
Spectra evaluation
Two evaluation procedures were applied:
a) Spectra were evaluated using jMRUI with the
AMARES module. Gaussian-Lorenzian peaks were
applied with maxima at 4.7 ppm for water signal and
three peaks for lipids signals (at 0.9, 1.2 and 2.0 ppm).
Integral of water was gained from the spectrum with
water suppression (Fig. 2a). Signal of lipids was
calculated as a summation of individual integrals;
however, in most cases only one component with
maximum at 1.2 ppm was detected due to the quality of
spectra (there was no detailed structure to recognize)
(Fig. 2a).
b) Another subroutine of jMRUI was used for
the calculation of magnitude spectra (Fig. 2b). Signal
intensities of water and lipids were calculated from the
FWHM and height (de Graaf 2007) assuming the
Lorentzian shape of the peaks. Application of magnitude
spectra solves the problem of signal phasing, which is not
easy in some cases of real spectra, especially in the case
of spectra where water suppression pulses are used, due
to the different phase of the residual signal of water
(Fig. 3).

Results
A summary of results of all measurements is
shown as ratios of lipid signals to the water signal
(Table 2). No corrections to T1 and T2 were applied. Data
in Table 2 also compare results obtained from real and
magnitude spectra. The quality of magnitude spectra was
sufficient only for group C; in the other cases, the signal
of lipids was too broad for the processing (Fig. 2b).
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Fig. 1. Orientation of VOI (size 6 ml) in cardiac axes – long axes
(a) and (b) and short axis (c) – measured by turbo FLASH
sequence. Screenshot with a record of diaphragm’s position in
time by respiratory navigator is shown in part d of the picture.
Sequence waits for the moment when the position of diaphragm
(green line) reaches the yellow rectangle and the sequence starts
when the first ECG signal (red triangular) comes. Letters A in the
figure mean that condition of double-triggered sequence is
fulfilled and acquisition starts. In case B condition is not fulfilled.

The technical success of the measurement is
primarily given by the experience of the operator and
motion artifacts which can be eliminated or even
dismissed by using ECG. Our technical success of the
examination was 56 % in group A, 100 % in case of
group B and 79 % and 71 % in group C. We can see that
also respiratory navigator triggering can significantly
improve the quality of the spectra.
One subject was examined repeatedly by the
protocol with the respiratory navigator. The
reproducibility measured from the subject was found to
be approximately 13 % (ratio of standard deviation and
mean value).
Fig. 2. In vivo spectrum (lipids area at
0-3 ppm is highlighted) with water
suppression (a) and comparison of real (red
line) and magnitude (black line) MR
spectrum (b).

Fig. 3. Comparison of spectra with water suppression measured by free breathing (a) and by respiratory navigator (b) protocol (same
person).
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Table 2. Lipid content (mean ± SD) obtained by different 1H MR spectroscopy examination protocols.

Group A
Examination protocol
N/n
Technical success %
Mean ± SD

FB
16/9
56
0.6±0.4

Group B
FB
12/12
100
0.5±0.3

RN
12/12
100
0.6±0.4

Group C
BH
14/11
79
0.6±0.5

RN
14/10
71
0.7±0.3

14/11
79
1.0±0.7

14/9
64
1.1±0.7

Total

68/54
79

Absolute spectra
N/n
Technical success %
Mean ± SD

28/20
71

FB, free breathing with the ECG signal triggering; BH, breath-holding with the ECG; RN, application the respiratory navigator and the
ECG; N, total examined subjects; n, successfully examined subjects. There are no significant differences among groups and protocol
according to ANOVA (p=0.73 or 0.85 with group A, resp.).

Discussion
To the best of our knowledge, we have found only
15 papers focused on the measurement of fat content in the
myocardial tissue with healthy control values. Published
data (without relaxation times correction) for the 1.5T
examination show the mean value of the Lip/water ratio to
be 0.6 %; the results of the 3T examinations indicate
0.7 %. These values are not significantly different because
of high data variation. In our experience, two main factors
influence the final value of the ratio. The first one is
motion artifact due to heartbeat and breathing which
significantly changes local shim, the second factor is the
saturation effect due to T1 and T2 relaxation times.
The technical design of our protocol is similar to
protocols described in other papers (Rial et al. 2011,
Winhofer et al. 2012, Schrauwen-Hinderling et al. 2010);
nevertheless, the authors do not describe the influence of
breathing in detail.
Our comparison of protocols shows that spectra
with the double triggering sequence (ECG and respiratory
navigator) provide the best quality and can be used as
a routine protocol of myocardium examination because the
position of the myocardium is more stable and exactly
defined during the examination (Fig. 3). It corresponds to
the fact that water suppression procedure is more effective
with regard to this protocol due to better phasing. A very
important part of such measurement is the shimming
procedure. Using the GREshim sequence brought
improvement to the quality of the obtained spectra
according to reached FWHM.

It is in agreement with other authors who used
double triggered sequences (Krssak et al. 2011, Hammer et
al. 2008a, McGavock et al. 2007) and obtained similar
results and accuracy as in our case (Table 1). However,
there is still demand for further improvement in
minimizing the movement artifacts and improvement of
the magnetic field homogeneity in the investigated area
which is influenced by blood stream in the vicinity.
Reduction of the T1 saturation effect is possible
by using at least a doubled cardiac period for triggering
which increases TR. Another effect that can influence the
result of the measurement is echo time which should be
used as short as possible (TE=10 to 35 ms in the published
studies). Correction for relaxation times T2 and T1 is not
considered in most of these studies because the direct
measurement of the relaxation times is difficult to perform.
Up to now, T2 and T1 corrections in myocardium spectra
were only done with relaxation times obtained in skeletal
muscles (Krssak et al. 2004) in studies by Winhofer et al.
(2012) and Krssak et al. (2011). This correction reduces
the Lip/water ratio by a factor of approximately 2.5.
We have not used corrections for T1 and T2 and
our results summarized in Table 2 are in the range of the
published data for healthy subjects examined at 3T (Liu et
al. 2010, Rial et al. 2011, Winhofer et al. 2012, Krssak et
al. 2011). ANOVA statistical tests (Analysis Of Variance)
with Bonferroni correction show no differences in the lipid
content between groups of volunteers A, B and C and
examination protocols.
It is known that some pathologies (mostly
connected with diabetes mellitus) are associated with
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a higher cardiac lipid content (McGavock et al. 2007). As
the results are affected by a rather high standard deviation,
the practical use of the method in clinical practice must
take this fact into consideration. Our data show that the
content of fat to be considered out of controls must be
higher than 1.6 %, i.e. mean value of the lipid content in
healthy controls (i.e. 0.6 %) plus a doubled standard
deviation (probability of 95 %). On a pilot group of six
patients diagnosed with cardiomyopathy and diabetes
mellitus type 2 were gained values over our set limit.
Nowadays, even with very high level technical
facilities, measurement of myocardial lipid content at 3T
still remains challenging. The use of respiratory navigator
improves the spectra quality, but it does not affect the final
lipid value determination. Nevertheless, based on our
results and the literature it can be concluded that useful
clinical data can be obtained for subjects with a lipid
content higher than 1.6 %, which represents the mean
value of lipid content plus two standard deviations.
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