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Abstract

Purpose: In recent years, proton magnetic resonance
spectroscopy (MRS) has emerged as a non-invasive
technique for measurement of fat content in the liver.
The technique is often applied for overweight and obese
patients. However, excessively obese patients cannot be
examined in most conventional magnetic resonance
systems due to limited space. The purpose of this study
was to examine the ability of open 1T system to monitor
liver fat with proton MRS and to compare hepatic fat
fractions (HFFs) obtained using an open 1T system with
assessment with 3T proton MRS.
Methods: The study included 23 children and adolescents
up to 20 years of age with a body mass index above the
97th percentile according to age and gender. Proton
MRS for each patient was performed in both 1T and 3T
using point resolved spectroscopy sequence in a single
volume positioned in the right liver lobe.
Results: Average T2 relaxation times obtained for an
open 1T system (55 ± 7 ms for water and 85 ± 11 ms
for fat) were higher than average T2 relaxation times
obtained for a 3T system (31 ± 4 ms for water and
66 ± 10 ms for fat). HFFs measured using an open 1T
system showed strong correlation with HFFs measured
using a 3T system (r = 0.99, P < 0.0001).

Conclusions: Proton MRS measurements of HFF with an
open 1T system are feasible. Open 1T system may
reliably replace 3T magnetic resonance system for the
assessment of liver fat.
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In recent years, obesity has become a growing problem
all over the world beginning at early age in children and
progressing into adulthood [1, 2]. One of the major
complications caused and worsened by obesity is non-
alcoholic fatty liver disease (NAFLD). NAFLD ranges
from simple steatosis through steatohepatitis to end-
stage liver disease (cirrhosis) and is defined as triglyceride
accumulation in hepatocytes exceeding 5 % of the liver
weight [3, 4]. It is hard to predict who are going to de-
velop steatohepatitis and liver function impairment. Li-
ver biopsy is the gold standard of diagnosis and severity
assessment of NAFLD [5, 6]. However, it is an invasive
procedure associated with serious risks. Obese children
are frequently affected by NAFLD, which cannot be
predicted by liver enzymes, clinical and/or anthropo-
metrical findings [7]. Magnetic resonance spectroscopy
(MRS) is a valid alternative for the detection of accu-
mulation of fat in livers in obese children [8].
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MRS is a unique technique that allows the study of
the metabolic tissue content in vivo noninvasively [4, 8].
Proton MRS (1H MRS) can measure the triglyceride
content in liver cells directly and can analyze the hepatic
fat fraction (HFF) quantitatively in the liver [9, 10]. 1H
MRS is more accurate in the detection of fatty liver than
computed tomography (CT) and exhibits higher sensi-
tivity in the detection of liver fat content than conven-
tional MR imaging and ultrasound investigations
[11, 12].

Obese patients over 120 kg often exceed the gantry or
bore diameter of MR-system because of their girth and
therefore cannot be examined in most conventional MR-
systems. New open MR-systems with greater table weight
capacity and larger gaps can be used for MR-imaging
examination and can diagnose excessively obese patients
offering sufficient image quality to impact the therapy [13].
The purpose of this study was to examine the ability of an
open 1T system to monitor liver fat by 1HMRS technique
and to compare HFF obtained using an open 1T system
with assessment with 3T proton 1H MRS.

Materials and methods

Patients

23 children and adolescents (16 girls and 7 boys; mean
age 14 ± 3; range 8.1–19.3 years) included in childhood
obesity treatment [14] participated in the study. The
patients had a body mass index (BMI) above the 97th
percentile according to Danish age and gender adjusted
BMI charts [15]. Mean BMI was 31 ± 6 (range 22.2–
48.4, weight/height squared).

Written informed consent was obtained from all pa-
tients older than 18 years of age and from parents of
children with an age younger than 18 years. The study
was approved by the institutional review board (ID-no.:
SJ-104 and SJ-98), by the data protection agency, and by
ClinicalTrials.gov (ID-no.: NCT00823277 and NCT
00928473).

Magnetic resonance examination

MR measurements were performed for each patient in
3T Achieva MR-imaging system (Philips Medical Sys-
tems, Best, the Netherlands) and in open 1T Panorama
HFO MR-imaging system (Philips Medical Systems,
Best, the Netherlands) with 5-30 min between the
examinations. Each examination took about 30 min.
Patients were examined in the supine position. No
respiratory triggering was used.

MR measurements at the 3T system were performed
with a Sense Cardiac coil. T2-weighted turbo spin echo
(TSE) coronal and axial slices through the upper abdomen
were acquired for positioning the spectroscopy volume of
interest (VOI). Parameters for the TSE sequence were:
TSE factor = 93, repetition time (TR) = 2182 ms, slice

thickness = 7 mm, echo time (TE) = 80 ms. Spectros-
copy VOI (11 mm 9 11 mm 9 11 mm) was positioned in
the right lobe of the liver avoidingmajor blood vessels and
intrahepatic bile ducts according to TSE images. A single
voxel spectrum without water saturation was recorded
using a point resolved spectroscopy (PRESS) sequence
with the parameters: TR = 4000 ms, TE = 75 ms,
spectral bandwidth = 2000 Hz, 1024 points, 32 averages.
A series of TE = 45, 60, 75, 90, and 105 ms was applied
for measuring HFF compensated for T2 relaxation, and
T2 relaxation times of water and of fat.

MR measurements at the open 1T system were per-
formed with a Sense Body Large or XLarge coil. A bal-
anced fast field echo survey scan (20 slices, 4-mm slice
thickness, TR = 3.8 ms, TE = 1.9 ms) in three orthog-
onal directions was used for positioning VOI. Spectros-
copy VOI (14 mm 9 14 mm 9 14 mm) was positioned in
the right lobe of the liver. A single voxel spectrum without
water saturation was recorded using a PRESS sequence
with the parameters: TR = 4000 ms, TE = 75 ms,
spectral bandwidth = 1000 Hz, 1024 points, 32 averages.
A series of TE = 65, 95, 125, 155, and 185 ms was applied
for measuring HFF compensated for T2 relaxation, and
T2 relaxation times of water and of fat.

Measurement of hepatic fat fraction

The water (4.7 ppm) and fat (1.3 ppm) peaks of the ac-
quired spectra were fitted to obtain their areas using a
standard post-processing protocol for fitting metabolite
peak areas available at the MR-imaging systems.

HFF was calculated according to the equation

HFF¼
�
fat peak area=

�
fat peak areaþwater peak area

��

�100:

For comparison, HFF was calculated for the two
different MR-systems from the single spectra at TE =
75 ms. HFF obtained at TE = 75 ms is overestimated
due to T2 relaxation effects [9]. Water and fat T2 relax-
ation times and HFF corrected for T2 relaxation effects
(HFF at TE = 0 ms) were calculated using an expo-
nential least-square fitting algorithm to the peak areas
with the series of TE as described earlier [9]. The T2
relaxation calculations for the fat peak were performed
when the fat peak was sufficiently large (HFF > 5 % at
TE = 75 ms).

A TR of 4 s was considered sufficiently long to avoid
influence of T1 relaxation in the post-processing calcu-
lations.

Statistical analysis

Mathematical and statistical calculations were per-
formed using MATLAB software. Quantitative vari-
ables were processed to give group mean values,
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standard deviations, a minimum and a maximum.
Pearson’s correlation coefficient r was used to describe
correlation. Statistical significance was described by a P
value below 0.05.

Results

Average T2 relaxation times obtained for the open 1T
system were higher than average T2 relaxation times
obtained for the 3T system. T2 values for water and fat
differed with a factor of almost 2 between the patients in
each MR-system. The corresponding results are shown in
Table 1. As an example, 1H MR spectra and T2 relaxa-
tion decays measured with 1T and 3T MR-systems are
shown in Fig. 1.

HFF obtained using the open 1T system showed
strong correlation with HFF measured using the 3T
system at both TE = 75 ms (r = 0.99, P < 0.0001) and
TE = 0 (r = 0.94, P = 0.002). The corresponding re-
sults are shown in Fig. 2. HFF at TE = 75 ms were
calculated for all patients. HFF corrected for T2 relax-
ation effects was calculated for the 7 patients with a
sufficiently large fat peak (HFF > 5 % at TE = 75 ms).

Discussion

In recent years, proton MRS has emerged as a non-
invasive technique for measurement of fat content in the
liver [16–18]. For the determination of the true HFF,
spectroscopic peak areas are usually corrected for T2
relaxations. Correction for T1 relaxation can be avoided
by long TR. A number of studies [11, 17, 19–22] used
average T2 values to correct for all patients. In the other

studies [9, 23, 24], T2 values were calculated individually
for each patient. Reported T2 values for 3T ranged from
12.4 to 54.3 ms with averages of 27 [24], 28 [9], and 34 ms
[25] for water, and from 28 to 99 ms with averages of 61
[24], 64 [9], and 68 ms [25] for fat. The values for 3T are
in line with the results obtained in this study. Average T2

Fig. 1. A 1H MR spectra at TE = 75 ms in 1T and 3T MR-
systems in a 12-year-old. The water peak is visible at a fre-
quency of 4.7 ppm, the fat (methylene) peak is visible at a
frequency of 1.3 ppm. B, C Comparison between T2 relaxation
decays. Intensities are normalized so that initial intensities at
TE = 0 ms are equal to 100. B Water peak area (3T fit: y =
100*exp(-0.037*x), R2 = 0.99; 1T fit: y = 100*exp(-0.021*x),
R2 = 0.99). C Fat peak area (3T fit: y = 100*exp(-0.021*x),
R2 = 0.97; 1T fit: y = 100*exp(-0.011*x), R2 = 0.99).

c

Table 1. T2 relaxation times of water and fat components for 1T and
3T MR-systems

T2 of water (ms) T2 of fat (ms)

3T 1T 3T 1T

Mean 31 55 66 85
Standard

deviation
4 7 10 11

Minimum 22 45 48 67
Maximum 38 71 83 104

T2 relaxation times of water were calculated for the 23 patients. T2
relaxation times of fat were calculated for the 7 patients when the fat
peak was sufficiently large (HFF > 5 % at 1T, TE = 75 ms)
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values at 1T have been reported based on 5 morbidly
obese patients [25, 26]: T2 = 69 ms for water, and
T2 = 60 ms for fat. Our study reports slightly different
T2 values at 1T. The disagreement may be due to large
range of T2 values in different patients and a small
number of patients [26]. In general, T2 relaxation times
are expected to be lower at higher field strengths [27].
This is in agreement with the present data.

The technique of using 1H MRS for the evaluation of
HFF is highly reproducible in the same spectroscopic
volume [16, 19]. Although fat is not always equally dis-
tributed within the liver and HFF obtained in different
positions can vary by up to 20 % [17, 19, 20, 28, 29], the
present data show high correlation between the HFF
obtained with 1T and 3T systems. It has recently been
shown that measurements of HFF with 1H MRS in an
open 1T MR-system are in good correlation with clinical
and histopathological results [26].

In conclusion, 1H MRS measurements of HFF with
an open 1T system are feasible. Open 1T system may
reliably replace 3T system for the assessment of liver fat.
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