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Abstract

Background Because of its prevalence, NAFLD is having a great concern these days. It was previously
diagnosed using a liver biopsy, which is an invasive procedure; thus, a noninvasive method of diagnosis
was required. To fulfill this role, the MRI [P OP technique was introduced. Aim The aim of this study was
to assess the efficacy of the MRI in phase and out of phase (IP OP) technique in diagnosis of nonalcoholic
fatty liver disease (NAFLD). Patients and methods MRI of the liver with IP OP technique was performed on
40 asymptomatic patients with a clinical diagnosis of NAFLD, showing diffuse hyper echogenicity of the
liver by the ultrasound, from January 2020 to September 2020. A manually placed region of interest and
an equation was used to determine the grades of steatosis. Results One patient (male pateint) had minimal
steatosis, 18 patients (11 female and 7 male patients) had mild steatosis, 19 patients (14 female and 5
male patients) had moderate steatosis, and two patients (one female and one male patients) had severe
steatosis. Conclusion Liver MRI with the IP OP technique can be used rapidly and quantitatively in

estimating the liver fat content (LFC) in patients with NAFLD.
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Introduction:

Fatty liver, also referred to as hepatic steatosis,
has increased in prevalence during the past 20
years. Due to the fact that fatty liver patients
usually have no symptoms when they are
diagnosed, this is related to an increase in the
prevalence of fatty liver combined with the
increasing use of radiologic tests that identify
fatty liver. [1] Increased liver fat content (LFC) is
linked to factors like obesity, type 2 diabetes,
insulin resistance, dietary problems, metabolic
and genetic abnormalities, infections, and binge
drinking. [2].

Hepatic steatosis is typically painless, although it
may progress into a more serious liver condition.
Regardless of the patient's BMI, type 2 DM
increases both the likelihood and the severity of
NAFLD. [3].

Histologic analysis, ultrasonography, computed
tomography, and magnetic resonance imaging
can all be used to assess the LFC [4]. Histologic
analysis regarded to be the most accurate
approach for staging and grading fatty liver
disease; however, it is an invasive procedure
making it less desirable. Although histologic
analysis has been shown to be the most reliable

procedure for fatty liver disease staging and
grading, its invasive nature makes it less appealing,
especially in asymptomatic patients. Furthermore,
sampling mistakes can occur during a histologic
analysis [1]. Furthermore, patient monitoring
cannot be done with it. There are many non-
invasive techniques.

Waist circumference, lipid profile (especially
triglycerides), and body mass index (BMI) may be
used to indirectly diagnose NAFLD, although they
are unreliable in identifying hepatic fat fraction [5].
For the detection of fat buildup, noninvasive
radiologic techniques that can evaluate the entire
liver, such as US, CT, and MR imaging, are favoured.
[1].

The ultrasound was the first imaging method
employed owing to its wide availability,
noninvasive nature, low cost, as well as lack of
radiation. However, because it is based on a
qualitative  assessment of hepatic hyper
echogenicity on US, which is very arbitrary, it is a
highly subjective approach. [6,7].

Ionizing radiation limits the use of computed
tomography in diagnosis and therapy response
monitoring despite its good accuracy and
semiquantitative diagnosis [7].
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The MRI use in assessing the severity of hepatic
steatosis seems attractive. MRI is the most
precise method in detecting fat quantities below
0.5% thanks to the in phase and out of phase (IP
OP) methodology, which has been demonstrated
to be superior to other noninvasive imaging
methods in assessing hepatic steatosis. [8,9].

With the liver biopsy serving as the gold
standard, this study’s purpose was to compare in
phase and out of phase MRI in the assessment of
liver fat content in patients with NAFLD.

Patients and Methods:

A set of 40 patients in whom NAFLD is clinically
suspected (14 males and 26 women) were
enrolled in a prospective study with IRB approval
at our radiology department, from January 2020
to September 2020. The patients gave their
informed permission.

Inclusion criteria: included patients of both
gender with NAFLD were enrolled in the study.

Exclusion criteria: included those with hepatic
focal lesions, a history of drug or alcohol abuse,
and a contraindication to MRI scanning.

Preparing the patient: All patients were
referred to our MRI Unit for liver MRI IP OP. A
full history of each patient was collected, with
special attention paid to any indications of
diabetes, hypertension (HTN), and drug or
alcohol addiction. A clinical examination and BMI
calculation were also carried out.

Imaging techniques
US examination

Real-time ultrasound was used, along with
traditional B mode scanning using a curved
probe operating at 2.5-5 MHZ. The liver's
homogeneity, echotexture, size, focal lesions, and
intrahepatic  vascular patency were all
considered. Once hepatic focal lesions had been
ruled out by US, all patients were referred to the
MRI unit.

MRI examination

For the liver MRI examination using the IP OP
technique, a 1.5 T MRI system (Optima 450 W
GEM suite MRI; GE an integrated body coil with
additional linear general purpose flexible
phased-array surface coil) was employed. It was
necessary for the patient to fast for two hours
prior to the surgery. Patients were evaluated
while lying flat on their backs with the special
coil in place.

The requisite axial photos were planned on

coronal scout when the patients had reached the
magnet's centre, and a three-plan localizer was
then obtained. The entire liver was imaged using an
axial T1 weighted dual echo fast spoiled gradient
recalled sequence, from the diaphragm to the iliac
crest. Patients were asked to hold their breath
throughout the scan. Saturation bands were
employed to minimise the breathing and arterial
pulsation artefacts, saturation bands were used
above and below the scan block. The used imaging
parameters were discussed in (Table1).

Post scan processing

After that, a picture archiving and communication
system was used to send the MR scans to a
workstation (Osirix system; PixmeoS.rl, Geneva,
Switzerland) where they were utilised to determine
whether hepatic steatosis existed and how severe it
was on a qualitative and quantitative level.

The presence of characteristic signal change
features regions of the liver that displayed a
reduction in the signal intensity (SI) on out of phase
pictures at the same levels as the in-phase images
was used to identify the presence of diffuse fatty
infiltration. Spleen and skeletal muscle signals were
chosen as a benchmark for SI alterations since they
had low intracellular lipid contents. The SI from
three locations of the liver were then assessed
quantitatively using a manually placed region of
interest (ROI) in the Tlweighted IP OP gradient
echo sequences (two were placed in right lobe and
one was placed in left lobe). The ROIs were
manually created and have a 2 cm2Z area to
encompass realistic hepatic parenchyma regions
devoid of significant blood arteries or artefacts. For
each sequence, the ROIs were matched at the same
spots. This equation was used to determine fat
indices by averaging the three ROI results: FI = (2SI
in)/ (SI'in - SI out) X100.

This equation was used to grade the degree of
steatosis using the following scale: Up to 5% of
damaged cells are considered to be in grade 0 (low
steatosis),) 5.1%: < 15% (for grade 1 (mild (, (15%:
<30% (for grade 2 (moderate), and (230%: 50%)
for grade 3(severe). [11]. SI in denotes SI that is in
phase, whereas SI out denotes SI that is out of
phase.

Statistical analysis

On a personal computer, the data were tabulated
and statistically analysed using the Epi Info 2000
and IBM statistical package for social sciences,

version 20 (SPSS Inc., Chicago, Illinois, USA). The
student t-test and Mann-Whitney U-test were used
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to compare both groups, with a P value of (<
0.05) being regarded as statistically significant.

RESULTS:

Of the 48 patients who presented to our
radiology department with clinical and
ultrasound signs of NAFLD, eight patients were
eliminated from our study (they did not match
the inclusion criteria because three patients had
hepatic focal lesions and five patients had
undergone medication treatment). The 40
patients who were still eligible for our study
received [P OP MRL

Participants' ages ranged from 35 to 71 years
(5449.5 years), with 14 men (35.0%) and 26
women (65.0%). The mean BMI for the patients
under study was (34.4 +7.7); according to the
BMI classification, 4/26 (15.4%) female patients
and 19/26 (73%) female patients were
overweight or obese, respectively, and 10/14
(71.4%) male patients were overweight or
obese.in addition to other comorbidities, diabetes
and hypertension were found in 23 (57.5%) and
15 (37.5%) of the patients, respectively. 11
(27.5%) of the patients have previously had
chemotherapy. On US, the liver was larger in 24
(60%) of the patients, and the liver was
hyperechogenic in virtually all the instances.
(Table 2).

Using the previously mentioned method, IP OP
MRI calculated the hepatic steatosis % and found
a mean steatosis of 16.3. The classification of
hepatic steatosis by IP OOP MRI in the patients
who were the subject of the study revealed a
higher percentage of moderate steatosis in 19/40
patients (47.5%), [5 male (26.3%) and 14 female
(73.6%) patients] despite the lack of a significant
statistically difference between the sexes
(P=0.50). 18/40 patients (45%) were found to
have mild steatosis, with 7 male (38.9%) and 11
female (61.1%) patients. Additionally, these
variations were determined to be
inconsequential (P=0.54) (Table 3) (Figure 1).
Discussion:

NAFLD patients are more likely to develop liver
disease and die from cardiovascular causes, and
it is now one of the main causes of liver cirrhosis
[12]. Therefore, it's crucial to risk stratify those
who have been given a NAFLD diagnosis or who
are suspected of having one. Noninvasive
approaches were required since liver biopsy is a
highly invasive diagnostic procedure with known
risks. Because it is noninvasive and does not emit

ionising radiation, MRI is growing in popularity.
Additionally, because it uses the in phase/opposed
phase methodology to detect intracellular fat, it
offers a quantitative way for evaluating and
monitoring patients with suspected NAFLD.

A total of 40 patients included in our study, 65% of
whom were women and 35% of whom were men,
who had a clinical suspicion of NAFLD. The
patients' median age was (54+9.5 years), (range:
35-71 years). This was in line with the
observations made by Browning et al. [16], who
reported that NAFLD prevalence seems to rise with
age. The patients in their study were (46+10) years
old on average.

The percentage of hepatic steatosis evaluated by
the IP OP MRI and the BMI of the patients under
study showed a statistically insignificant positive
connection. This was in line with a prior work by
Eguchi et al. [17], which discovered that the hepatic
steatosis can be influenced by the visceral fat
accumulation regardless of BMI. Even when carried
out by a skilled radiologist, the SI measurements on
the IP OP pictures in our study population provided
a good tool for estimating liver fat content (LFC),
which is far more reliable than subjective image
interpretation. This approach can be utilized as a
guide for radiologists with less experience due to
the large range of LFCs typically seen in individuals
with NAFLD. Patients were more likely to acquire
NAFLD in a 14-month follow-up study by
Hamaguchi et al. [18] when they had comorbidities
at baseline. They discovered that 95% of patients
who had one or more comorbidities also had
NAFLD. This was supported by the findings of our
study, which included 15 (37.5%) HTN patients and
23 (57.5%) type Il DM patients. This was also in
line with the findings of Bang et al. [19], who
discovered that the incidence of NAFLD increased
when comorbidities were present. The capabilities
of the technique were highlighted by Bahl et al.
[21], who found a strong association between IP OP
MRI using the equation and liver biopsy in
determining the percentages of hepatic steatosis
(significant P value). A slight association between
SI changes in IP OP pictures and the amount of
hepatic fat in liver biopsy samples, on the other
hand, was discovered in another study. [22]

Increased liver iron level in their study group
(those with established and advanced cirrhosis),
which altered the T2* in the liver and,
consequently, altered the IP OP imaging results,
was attributed to the weak connection. The liver
iron level of the patients in our study was most
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likely low because they did not have cirrhosis or
other serious liver illnesses; as a result, the fat
index computed using I[P OP imaging is accurate.

When putting our findings into practice, specific
safety measures must be followed. As iron
accumulation inside the liver tissue is a
drawback of IP OP imaging for evaluating liver
fat, our results demonstrate that this approach is
accurate in the individuals with NAFLD who
don’t have any additional hepatic problems.
People with cirrhosis, hemochromatosis, or
hemosiderosis may experience this. The liver SI
on MRIs can change as a result of repeated blood
transfusions, which can result in secondary
hemochromatosis. Furthermore, this method
may not work in severe cases of NAFLD since the
condition can develop into cirrhosis, which is
accompanied by fibrosis and hemosiderosis. [23]

Conclusion:

Our results show that IP OP imaging can provide
a quantitative tool for the initial evaluation and
subsequent monitoring of the LFC in NALFD
patients. Increased use of IP OP imaging to assess
LFC and grade hepatic steatosis has the ability to
encourage NAFLD early detection and
subsequently enhance therapy evaluation.
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Table 1: Imaging parameters of In-phase and Out-of-phase MRI technique.

Repetition time (TR) (ms) 75-100
Echo time (TE) for OOP (ms) 2.3
Echo time (TE) for IP (ms) 4.6
Slice thickness (mm) 7-8
Acquisition time (s) 23

Table 2: Socio demographic data and comorbidities among the studied cases (N=40).

Variables Meanz+ SD Range

Age/year 54+9.5 35.00-71.00
Gender No. %

Male 14 35

Female 26 65
Diabet DM 23 57.5
HTN 15 37.5
Chemotherapy 11 27.5

Table 3: Degree of hepatic steatosis among studied cases. (N=40).

Total
= = 2
Variables Males (n=14) Females (n=26) (n=40) , :Xo o
No. % No. % No. % '
Minimal steatosis (>0-<5%) 1 2.5 0 0 1 2.5
Mild steatosis (>5-<15%) 7 17.5 11 27.5 18 45
Moderate steatosis (215-
<30%) 5 12.5 14 35 19 47.5
Severe steatosis (230-<50%) 1 2.5 1 2.5 2 5
40%
35%
35%
30% 27.50%
£ 259
@
T 20% 17.50%
E 15% 12.50%
®
10%
5% 2.50% 2.50% 2.50%
0% 7 - N .
Minimal Mild Moderate Severe
Degree of steatosis
HFemale mMale

Fig. (1): Degree of hepatic steatosis among studied cases.
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Fig. (2): (A) In-phase GRE and (B) out-of-phase GRE images showing mild hepatic steatosis with signal drop on opposed phase
images. Percentage fat fraction corresponding to 10%.
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Fig. (3): (A) In-phase GRE and (B) out-of-phase GRE images showing moderate hepatic steatosis with moderate signal drop on
opposed phase images. Percentage fat fraction corresponding to 23.8%.

Y

Fig. (4):(A) In-phase GRE and (B) out-of-phase GRE images showing severe hepatic steatosis with severe signal drop on opposed
phase images. Percentage fat fraction corresponding to 40.9%.
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