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Abstract
Background: Noninvasive quantification of liver fat by gradient echo  (GRE) technique is an 
interesting issue in quantitative magnetic resonance imaging. In this study, the fat content in patients 
with nonalcoholic fatty liver disease  (NAFLD) was quantified with GRE sequences with different 
T1 and T2* weighting. Methods: This prospective, cross‑sectional study was performed on thirty 
NAFLD patients. Sixteen GRE sequences with different T1 weighting were performed with four echo 
times. In each sequence, repetition time  (TR) or flip angle was changed and other parameters were 
fixed. Forty‑eight fat indexes  (FIs) from 16 sequences were calculated based on three methods. To 
determine the relationship between FIs and histological findings, Pearson’s correlation coefficient 
was used at the level of 1% significance. Results: Mean FIs which obtained from Eq. 3 have the 
maximum values in comparison to other FIs. The maximum FI was 23.58%, which related to heavily 
T1 weighted sequence obtained with method 3. The minimum FI was  −2.49%, which related to the 
minimal T1 weighted obtained with method 2. FIs increase with a flip angle, especially at low flip 
angles. Increase the TR parameter decrease the FIs gradually. Calculated FIs with methods 1 and 3 
stronger correlated with histological findings relative to calculated FIs with method 2. Conclusion: 
For fat quantification, T1 relaxation effects probably more critical than T2*. Flip angle parameter 
could be a major factor causing the overestimation of liver fat content. Sequences with low flip 
angle are more suitable for fat quantification with methods 1 and 3. In fat quantification with GRE 
techniques, it is possible that the third and fourth echoes are unnecessary.
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Introduction
Nonalcoholic fatty liver disease  (NAFLD) 
is the most common chronic liver disorder 
in Western countries. The prevalence rate 
of this disease is 20%–30% in the general 
population and 60%–80% among diabetics 
and obese patients.[1,2] Hepatic steatosis 
or accumulation of lipid vacuoles within 
hepatocytes is the primary histologic 
hallmark for diagnosis of NAFLD.[3]

Noninvasive detection and quantification of 
the steatosis has a considerable importance 
in clinical hepatology. In liver surgery, since 
the presence of moderate or severe steatosis 
may lead to graft failure in recipients 
and postponed the recovery process of 
donors, so the degree of steatosis should 
be measured accurately for transplant 
decision‑making.[4,5] The steatosis should 
be carefully determined in NAFLD patients 

who underwent interventional activities 
such as exercise, diet, and lifestyle changes 
for judgment about the effectiveness 
of these treatments.[6] Early diagnosis 
and treatment of NAFLD can prevent 
the progression of the disease to more 
severe conditions such as nonalcoholic 
steatohepatitis (NASH), cirrhosis, and 
hepatocellular carcinoma.[7] Liver fat content 
can be evaluated by biopsy and imaging 
modalities such as ultrasonography  (US), 
computed tomography, magnetic resonance 
imaging (MRI), and MR spectroscopy.[8]

A biopsy is a current gold standard for 
assessment of liver fat content; however, 
due to invasive nature, this method has 
a number of limitations such as risk of 
bleeding, infection, and bile leakage.[9] 
Moreover, this procedure is not reproducible 
and associated with sampling errors.[10] 
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Hence, there have been comprehensive efforts to substitute 
this procedure by noninvasive imaging modalities.

US considered as a rapid and low‑cost instrument for 
assessment of hepatic steatosis whereas this subjective 
modality suffered from low sensitivity and accuracy.[11,12] 
Several studies have been reported that good correlation 
between fat quantification by chemical‑shift Gradient 
echo  (GRE) MRI techniques and histopathological 
findings.[13‑15]

Despite the numerous advantages of GRE techniques 
such as rapidity, good accuracy, and ability to perform at 
different scanners, the main weakness of this technique 
is that the fat measurement may be biased by T1 and T2* 
relaxation effects. Modifying the imaging parameters that 
control T1 and T2* weighting may lead to miscalculation 
of liver fat quantity. Although comprehensive research[14‑18] 
has been carried out on quantifying liver fat by GRE MR 
imaging, only a few studies have attempted to investigate 
the effects of the imaging parameters that control the T1 and 
T2* weighting on in vivo liver fat quantification.[19‑22] Hence, 
this study was set out to examine the GRE protocols with 
different T1 and T2* weighting for liver fat quantification in 
patients with NAFLD.

Methods
Study design and patient population

This prospective, cross‑sectional, single‑center study 
was approved by the local ethical committee. In a period 
of  >2  years  (from September 2015 to November 2017), 
34 adult patients over  18  years with biopsy‑confirmed 
NAFLD in consistent with NASH Clinical Research 
Network  (NASH CRN)[23] were recruited from Golestan 
Educational Hospital of Ahvaz, Iran, to participate in 
this research. Exclusion criteria were as follows: patients 
with pregnancy  (none), alcohol consumption  (none), 
use of therapeutic interventions between biopsy and 
MRI test (3  cases), MRI contraindications  (1  case), and 
known history of other hepatic diseases. The mean time 
interval from biopsy to MRI examination was 21  days 
(range = 8–34 days). The purpose of the study was clearly 
explained and written informed consent was obtained from 
all participants.

Liver biopsy and histopathological assessment

Ultrasound‑guided needle biopsies were performed with 
18G from the right lobe of the liver. The mean specimen 
size was 2  cm  ×  0.1 cm fixed in formalin for 24 h, then 
0.4 µm sections of the tissue stained with hematoxylin and 
eosin, trichrome, and reticulin. Two hepatic pathologists 
who were blinded to the MRI reports examined slides 
according to NASH CRN histological scoring system.[23] 
Steatosis was classified into four grades: fat deposition 
in 0%–5% of hepatocytes  (Grade  0), 5%–33%  (Grade  1), 
34%–66% (Grade 2), and above 67% (Grade 3).

Magnetic resonance imaging sequences

All examinations were performed using 1.5 Tesla MR scanner 
(Essenza, Siemens Medical Systems, Erlangen Germany) 
equipped with four‑channel torso coil. Sixteen GRE sequences 
with different T1 weighting contrast were performed for each 
patient with four echo times (TE1 = 2.31, TE2 = 4.86, 
TE3 = 7.67, and TE4 = 10.58 ms). In each sequence, three 
slices with 6‑mm thickness, field of view  =  380  mm, 

bandwidth  =  500 
Hz
Pixel

 were performed from the liver at 

hilarious level. The taken images were included of three first 
out‑of‑phase images (OP1) for TE1, three first in‑phase images 
(IP1) for TE2, three second out‑of‑phase images (OP2) for TE3, 
and three second in‑phase images (IP2) for TE4. Therefore, 12 
images were achieved from any sequence. In each sequence, 
repetition time  (TR) or flip angle  (α) parameter was changed 
and set out according to Table  1, and other scan parameters 
were fixed at all sequences [Table 1].

Image analysis

All analyzes were performed by two experienced radiologists 
who were blinded to histopathological findings at the same 
workstation. To consider the effect of fat inhomogeneity, regions 
of interest  (ROIs) were placed on three slices at 7 different 
regions of liver parenchyma by avoiding other structures such 
as diaphragm, major vessels and so on. ROIs which placed on 
OP1 images were copied into other images identically. The mean 
signal intensity of OP1, IP1, OP2, and IP2 images were measured 
separately for each sequence by averaging the 21 ROIs.

Calculation of fat indexes by magnetic resonance 
imaging signals

In this study, fat index (FI) values were measured for all 16 
sequences separately with three different methods. Method 

Table 1: Characteristics of repetition time (ms) and flip 
angle (α: Degree) at different sequences

Sequence number TR Flip angle (α)
Sequence 1 50 20
Sequence 2 50 45
Sequence 3 50 70
Sequence 4 50 90
Sequence 5 100 20
Sequence 6 100 45
Sequence 7 100 70
Sequence 8 100 90
Sequence 9 150 20
Sequence 10 150 45
Sequence 11 150 70
Sequence 12 150 90
Sequence 13 200 20
Sequence 14 200 45
Sequence 15 200 70
Sequence 16 200 90
RT: Repetition time
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1: In this method, FIs (1–16) were calculated by considering 
signal intensity changes from first dual echoes (OP1 and 
IP1 images) according to Eq. 1 for all 16 sequences, 
respectively. Method 2: FIs values from 17 to 32 were 
calculated by providing this method. Like the first method 
and taking into account of the second dual echoes (OP2 and 
IP2 images), FIs (17–32) were achieved by Eq. 2. Method 3: 
In this method, signal loss due to T2* decay was corrected. 
Estimated FI by this method was achieved using Eq. 3.
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Where SIOP1 and SIIP1 are out of phase and in phase 
corresponding to the mean signal intensity of first dual 
GREs, respectively, SIOP2 and SIIP2 and are corresponding to 
mean signal intensity of second dual GREs. ∆TE is the time 
difference between IP2 and IP1  (10.58  −  4.86  =  5.72 ms). In 
each sequence, three FIs were calculated with three different 
methods (Eqs. 1–3). Therefore, 48 FIs obtained for each patient 
normally. As stated in Eq. 1, FIs  (1–16) which are related 
to sequences  (1–16) were measured by considering signal 
intensity changes at first dual echoes. FIs  (17–32) established 
using Eq. 2 from signal intensity changes at second dual echoes 
of each sequence. Finally, FIs (33–48) were obtained using Eq. 
3 and correction of T2* decay effects for each sequence.

Statistical analysis

The calculated FIs by MRI are presented as a mean ± standard 
deviation. The correlation between histopathologic findings 
and MRI FIs was performed using Pearson coefficient. Data 
management and analysis were performed using SPSS 16.0 
(SPSS Inc., SPSS for Windows, Chicago, USA). Significance 
levels were set at the 1% level.

Results
Demographic and clinical data

In this study, MRI sequences were performed for the 
thirty confirmed NAFLD adult patients  (mean age: 
41.4 ± 11.4 years). Characteristics and clinical data of these 
patients are given in Table 2.

The results of calculated fat indexes

The first set of analysis indicated the impact of variable T1 
and T2* weighting imaging parameters for calculation of FIs. 
Totally 48 FIs were calculated using three equations. The 
results obtained from the calculation of FIs are shown in 

Table  3. As can be seen in this table, the mean FIs (17–32) 
which calculated from Eq. 2 are very low and in some indexes 
have a negative value. The mean FIs  (33–48) which obtained 
from Eq. 3 have the maximum values in comparison to the 
other FIs. The maximum mean FI was 23.58%  (FI36) which 
corresponds to heavily T1 weighted pulse sequence (sequence 4 
TR = 50 ms, α = 90° quantified by method 3. The minimum 
mean FI was −2.49% (FI29) which corresponds to the minimal 
T1 weighted pulse sequence  (sequence 13 TR  =  200 ms, 
α = 20° quantified by method 2 [Table 3].

Relationship between flip angle parameter and 
calculated fat indexes

Figure  1a‑c illustrates the relationship between mean 
calculated FI and flip angles for different TR parameters. 
As can be seen in these figures, the mean calculated 
FI increases with rising of flip angle, especially at low 
flip angles. Mean FI was obtained by extrapolating the 
curves to flip angle → 0°  for minimizing the effect of this 
parameter [Figure 1].

Relationship between calculated fat index and repetition 
time parameter

From Figure  2a and c, it can be seen the relationship 
between mean calculated FIs and TR parameter. These 

Table 2: Demographic and clinical results for the thirty 
patients with nonalcoholic fatty liver disease

Characteristics Result
Age (year) Mean: 41.4±11.4 year (19‑62)
Gender (%)

Female 19 of 30 (63.3)
Male 11 of 30 (36.7)

BMI (kg/m2) 29.0±4, (21.6‑36.6)
Steatosis grade (%)

Fat deposited in <5 of 
hepatocytes

None (0)

5‑33 of hepatocytes 16 (53.3)
34‑66 of hepatocytes 10 (33.3)
>66% of hepatocytes 4 (13.3)

Lobular inflammation
No foci 4 (13.3)
<2 foci per 200× field 19 (63.3)
2‑4 foci per 200× field 7 (23.3)
>4 foci per 200× field 0 (0)

Hepatocellular ballooning
None 19 (63.3)
Few balloon cells 9 (10)
Many balloon cells 2 (6.7)

Fibrosis grade
None 16 (53.3)
Perisinusoidal or periportal 13 (43.3)
Perisinusoidal and periportal 1 (3.3)
Bridging fibrosis 0 (0)
Cirrhosis 0 (0)

BMI – Body mass index
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Table 3: Calculated fat indexes by different magnetic resonance imaging sequences
Calculated FI 
number

Equation number 
for estimation

Sequence 
number

Mean fat±SD (percentage) Range (minimum‑maximum) (%)

FI1* Equ1** Seq1 11.83±10.28 −1.87‑35.98
FI2 Equ1 Seq2 15.02±12.02 −1.31‑40.84
FI3 Equ1 Seq3 17.03±12.64 −0.34‑42.29
FI4 Equ1 Seq4 17.59±12.7 0.32‑42.93
FI5 Equ1 Seq5 10.03±9.25 −2.13‑32.44
FI6 Equ1 Seq6 12.92±12.83 −1.74‑37.74
FI7 Equ1 Seq7 15.04±12 −1.61‑41.27
FI8 Equ1 Seq8 16.05±12.35 −0.67‑42.48
FI9 Equ1 Seq9 9.22±8.9 −2.49‑30.87
FI10 Equ1 Seq10 11.6±10.49 −1.76‑35.67
FI11 Equ1 Seq11 13.66±11.42 −1.76‑39.51
FI12 Equ1 Seq12 14.72±11.9 −1.58‑40.93
FI13 Equ1 Seq13 9.42±8.97 −1.92‑31.23
FI14 Equ1 Seq14 11.2±10.09 −2‑35.18
FI15 Equ1 Seq15 13.18±11.18 −1.37‑39.07
FI16 Equ1 Seq16 14.29±11.75 −1.86‑40.57
FI17 Equ2*** Seq1 −1.49±2.73 −4.46‑5.48
FI18 Equ2 Seq2 0.25±4.34 −5.18‑10.33
FI19 Equ2 Seq3 1.14±5.25 −4.66‑14.09
FI20 Equ2 Seq4 2.09±5.81 −5.88‑14.7
FI21 Equ2 Seq5 −2.33±1.98 −4.84‑2.83
FI22 Equ2 Seq6 −0.98%±3.15 −4.77‑6.7%
FI23 Equ2 Seq7 −0.05±4.37 −4.87‑11.45
FI24 Equ2 Seq8 0.3±4.74 −7‑12.03
FI25 Equ2 Seq9 −2.47±1.86 −5.29‑2.42
FI26 Equ2 Seq10 −1.83±2.71 −5.01‑5.59
FI27 Equ2 Seq11 −0.61±3.56 −4.58‑8.83
FI28 Equ2 Seq12 −0.45±4.1 −4.94‑10.35
FI29 Equ2 Seq13 −2.49%±1.78 −4.45‑2.57
FI30 Equ2 Seq14 −1.85±2.84 −7.43‑5.4
FI31 Equ2 Seq15 −0.96±3.33 −5.86‑8.16
FI32 Equ2 Seq16 −0.5±3.92 −5.57‑9.47
FI33 Equ3 Seq1 17.85±10.68 2.53‑40.32
FI34 Equ3 Seq2 20.92±11.97 4.09‑43.87
FI35 Equ3 Seq3 22.95±12.27 4.65‑44.88
FI36 Equ3 Seq4 23.58±12.22 5.69‑45.34
FI37 Equ3 Seq5 16.13±9.84 2.21‑37.61
FI38 Equ3 Seq6 18.97±11.02 2.88‑41.69
FI39 Equ3 Seq7 21.09±11.91 3.69‑44.2
FI40 Equ3 Seq8 22.16±12.04 5.07‑45.09
FI41 Equ3 Seq9 15.32±9.48 2.67‑36.45
FI42 Equ3 Seq10 18.1±11.55 2.97‑48.94
FI43 Equ3 Seq11 19.69±11.54 3.45‑42.97
FI44 Equ3 Seq12 20.88±11.82 4.03‑43.96
FI45 Equ3 Seq13 15.49±9.59 2.13‑36.76
FI46 Equ3 Seq14 17.35±10.47 2.54‑39.69
FI47 Equ3 Seq15 19.22±11.35 2.02‑42.54
FI48 Equ3 Seq16 20.39±11.69 3.34‑43.68
*FI – Fat index calculated by MRI signal changes according to sequence number and equation; **Equ1=Equation 1: Equation for calculating 
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graphs show that the mean FI declines gradually with 
increasing TR parameter; however, as TR increases, 
calculated FI by method 2  [Figure  2b] decreased more 
intensely and irregularly [Figure 2].

Correlational analysis

Pearson’s correlation coefficients were used to determine 
the relationship between obtaining various FIs by MR 
imaging and histopathologic liver steatosis. There is a 
strong correlation between all 48 FIs calculated with MR 
imaging and liver biopsy  (correlation coefficients range 
from r  =  0.81 to r  =  0.92). The results of the correlation 
analysis are shown in Table  4 and all correlations are 
significant at the 0.01 level. It can be seen from the 
data in Table  4 that the correlations determined with the 
use of methods 1 and 3 were slightly stronger than the 
correlation with the use of method 2 in fat calculation 
at all sequences. Correlation coefficients corresponding 
to calculations with method 2 in all sequences were 
improved with a flip angle increasing  (r  =  0.82 to 

r = 0.9). From Table 4, FIs from sequence with small flip 
angle calculated with methods 1 and 3 have a slightly 
better correlation than FIs with large flip angle  (r  =  0.92 
in FI1 vs. r = 0.89 in FI4) or (r = 091 in FI33 vs. r = 0.88 
in FI36) [Table 4].

Discussion
The present study was designed to investigate different 
chemical‑shift GRE methods for fat quantifying in patients 
with NAFLD. Another more important question was to 
determine the effect of imaging parameters that control 
T1 and T2* relaxation in these methods. Our results 
demonstrate that first dual GRE techniques  (method 1) 
and GRE techniques with correction of T2* decay effects 
(method 3) are better than second GRE techniques 
(method 2). Moreover, there was no significant difference 
observed between diagnostic accuracy of methods 1 and 3 
in fat quantification. On the question of imaging parameters 

Figure 2: (a) Relationship between fat indexes calculated from Eq. 1, 
with repetition time parameter at different flip angles. (b) Relationship 
between fat indexes calculated from Eq. 2, with repetition time 
parameter at different flip angles. (c) Relationship between fat indexes 
calculated from Eq. 3, with repetition time parameter at different flip 
angle

c

b

a

Figure  1:  (a) Relationship between fat indexes calculated from Eq. 1, 
with flip angle at different repetition time.  (b) Relationship between fat 
indexes calculated from Eq. 2, with flip angle at different repetition time. 
(c) Relationship between fat indexes calculated from Eq. 3, with flip angle 
at different repetition time

c

b

a
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which affects fat measurement, this study found that flip 
angle parameter could be a major factor, if not the only 
one, causing the overestimation of liver fat content.

By referring to the data in Table  3, maximum and 
minimum quantified FIs are related to the sequences with 
maximum and minimum T1 weighting. From the literatures, 
phase interference is not only reason for using of GRE for 
fat quantification. Due to the shorter T1 relaxation, signal 
of fat is higher at T1 weighted sequences and leads to fat 
overestimation.[24] These results are consistent with those 
of other studies and many previous authors suggest that to 
mitigate T1 confounding effects, GRE sequences should be 
conducted with long TR and low flip angles.[26‑28]

As shown in Table  3, most measured FIs with method 2, 
especially measured FIs in patients with low fat grades 
(FIs: 17–32), were negative. Signal loss due to T2* 
decay effects leads to more reduction of signal intensity 
at latter IP2 images relative to earlier OP2 images. As 
a consequence, FIs which calculated by method 2 have 
negative values. Furthermore, increasing of TE and T2* 
decay at last dual echoes causes that signal‑to‑noise ratio 
(SNR) diminished considerably. Thus, OP2 and IP2 images 
typically do not have an acceptable quality. Cassidy 
et al.[24] recommended the use of first dual echoes to avoid 
this problem in practice.

Bydder et  al.[22] first explained the effect of flip angle for 
fat measurement on three NAFLD patients. Hansen et  al. 
experimentally illustrated direct relationship between 
estimated fat and flip angle.[20] Our findings are consistent 
with their studies and suggest that modifying flip angle 
affects T1 weighting clearly and as a consequence measured 
FI.[22] Theoretically, another parameter that controls T1 
weighting is TR. Increasing of TR parameter  (slight 
decrease of T1 weighting) decreases is calculated fat degree 
gradually. However, this parameter is not as effective as flip 
angle. Hansen et  al.[20] findings show that the effect of TR 
on fat measurement did not statistically significant. In their 
study, TRs above 130 ms were examined. According to the 
results of this study, the amount of FIs remains constant 
at TRs above 100 ms. The data reported here appear to 
support the assumption that the TRs above 100 ms do 
not have a significant effect on T1 weighting contrast and 
determination of fat content.

Our findings show that the correlation coefficient of 
calculated FIs by methods 1 and 3 was more reliable than 
calculation by method 2. Weaker SNR at last echoes relative 
to first echoes could be the major reason. As in this method, 
correlation coefficients improve when flip angle increases 
(raising SNR). In accordance with the present study, some 
previous studies demonstrate that the correlation between 
calculated fat and biopsy findings was same with and 
without correction of T2* decay effects.[17,29] Conversely our 
result is not in agreement with reported data by Westphalen 
et al that indicated the liver iron as a potential pitfall for fat 
quantification.[30] This variation could be due to differences 
in the sample characteristics. Evidence from this study 
suggests that, in fat quantification with GRE techniques, it 

Table 4: Correlation between calculated fat indexes and 
liver biopsy

Fat index Pearson correlation coefficient with liver*
1 0.92
2 0.91
3 0.89
4 0.89
5 0.91
6 0.91
7 0.90
8 0.90
9 0.91
10 0.91
11 0.91
12 0.91
13 0.91
14 0.91
15 0.91
16 0.91
17 0.86
18 0.87
19 0.89
20 0.87
21 0.82
22 0.88
23 0.89
24 0.90
25 0.81
26 0.86
27 0.87
28 0.90
29 0.84
30 0.83
31 0.86
32 0.90
33 0.91
34 0.90
35 0.87
36 0.88
37 0.81
38 0.90
39 0.89
40 0.89
41 0.90
42 0.90
43 0.89
44 0.91
45 0.91
46 0.91
47 0.90
48 0.90
*All correlations are significant at the 0.01 level (P<0/01)
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is possible that the third and fourth echoes are unnecessary. 
Furthermore, these last echoes subject to noise and maybe 
prolonged scan time and limit anatomy coverage.

Due to the nature of cross‑sectional study, current 
investigation was limited by small sample size and caution 
must be applied, as the findings might not be transferable 
to NAFLD patients with fibrosis or iron deposition. Thus, 
more research will need to be done to determine the fat 
content in patients with these conditions.

Conclusion
T1 relaxation effects probably more critical than T2* to 
measurement of fat content. Our findings suggest that flip 
angle parameter could be a major factor, if not the only 
one, causing the overestimation of liver fat content. The 
sequences with low flip angle are more suitable for fat 
quantification. In this case, using of long TR is recommended 
to maintain SNR and image quality. However, increasing of 
scan time should be considered. The results of this research 
can be useful for adjustment of imaging parameter in GRE 
techniques to measurement of fat content.
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