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Abstract: Background: Non – Alcoholic Fatty Liver Disease (NAFLD) is emerging as a considerable health problem in patients visiting 
gastroenterology clinics. It is of crucial importance to evaluate the extent of hepatic steatosis in potential candidates for living donor liver trans-
plantation (LDLT) to ensure donor safety as well as optimum graft regeneration. 

Objective: To validate the MRI quantification of liver fat keeping CT liver attenuation index as gold standard.

Materials and Methods: This cross-sectional study was carried out in the department of Diagnostic Radiology, Pakistan Kidney and Liver 
Institute and Research Centre from 10th October, 2022 to 10th December, 2022. We determined the sample size using WHO sample size calcu-
lator. The MR fat fraction sequence was acquired as a part of the obligatory MRCP in 70 potential liver donors who undertook CT abdomen. 
Liver Attenuation Index (LAI) and MR fat fraction were determined separately by two radiologists who were blinded to each other. LAI was 
calculated as: Mean liver attenuation - mean splenic attenuation. MRI fat fraction from seven areas of liver were taken and their mean calculated 
to determine the percentage of liver fat. SPSS version 20 was employed for statistical analysis and Pearson’s Correlation was applied. 

Results: Among the 70 donors 42 were males and 28 were females (M: F= 1.5: 1). The hepatic fat fraction values on MR were correlated with 
the liver attenuation index on CT using a two - tailed Pearson correlation test. The results showed a very strong negative correlation between the 
two; the lower the LAI, the higher the MR fat fraction (Pearson correlation coefficient r = -0.932, p<0.05).

Conclusion: Strong correlation was found between MRI estimation of liver fat and CT LAI fat estimation. MRI is safer than CT as it does not 
involve ionizing radiation, is quicker to perform, and hence can be recommended as future method of choice. 

Keywords: Non – Alcoholic Fatty Liver Disease, hepatic steatosis, Magnetic resonance cholangiopancreaticography, Magnetic Resonance 
spectroscopy.

INTRODUCTION

Non – Alcoholic Fatty Liver Disease (NAFLD) is emerging 
as a considerable disease in patients visiting gastroenterology 
clinics [1]. NAFLD is defined as the abnormal intracellular fatty 
infiltration, predominantly triglycerides, in the hepatic paren-
chyma which exceeds 5% on histological examination [2, 3]. 
The secondary causes and a daily consumption of alcohol ≥ 30g 
for men or ≥ 20g for women should be ruled out for the diagno-
sis of NAFLD [4]. Nonalcoholic fatty liver disease (NAFLD) 
involves spectrum of disease ranging from just steatosis (Non 
- alcoholic steatohepatitis NASH) to advanced stage of fibrosis/
cirrhosis (NAFLD - related liver cirrhosis) with both increasing 
the risk of liver cancer development. Unlike disease states that 
are irreversible, NAFLD can be managed by weight loss, and 
diabetic control with insulin and antioxidant agents. Therefore, 
timely diagnosis and observing the progress of the disease has 
great clinical importance.

NAFLD diagnosis can be made on different radiological imag-
ing, liver biopsy, and simpler non - specific fat measurements, 
such as body weight, abdominal girth, and body mass index 
but these cannot characterize fat location [5]. Generic serum 
markers of liver disease, such as aminotransferases are not very 
sensitive and specific for the detection of hepatic steatosis [6]. 
Currently, different imaging modalities are used for the evalua-
tion of fat content in the liver including ultrasonography (USG), 
Computed Tomography (CT), and Magnetic Resonance Imag-
ing (MRI). Each one of these has its own advantages and disad-
vantages. Most of the time the diagnosis of NAFLD is incidental 
on abdominal ultrasound imaging, which despite being readily 
available and inexpensive, has the limitation of being operator 
dependent and gives only qualitative information. Moreover, 
it may underestimate the presence of hepatic steatosis in cases 
with hepatic fat infiltration <20% [3]. Computed tomography is 
associated with the risk of increased radiation exposure as well 
as it has a limited role in the recognition of mild steatosis. MRI 
is considered highly reliable in the evaluation of even milder 
forms of hepatic steatosis. It is considered the most sensitive 
and specific technique for evaluation of liver fat content [7]. 
Many MRI techniques including in phase (IP) and out phase 
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(OP) imaging, chemical shift imaging (CSI), fat-suppressed 
imaging, MRI estimated fat fraction (MRI-PDFF) and Multi 
Echo Dixon (m DIXON) have been established for assessment of 
hepatic steatosis [8]. Nevertheless, its limited availability espe-
cially in comparison to USG, and increased cost might be its 
potential limitation for fat quantification. Liver biopsy has been 
considered the traditional gold standard method to diagnose 
and quantify hepatic steatosis, and helps differentiate simple 
steatosis from NASH [9]. However, it is an invasive procedure 
which is associated with potential complications such as bleed-
ing, procedure related mortality (although quite low) and small 
sample volume of hepatic parenchyma. These procedures related 
complications make it difficult to repeat liver biopsy as follow 
up in NAFLD monitoring during the course of the disease [3]. 
So, there is need for quantitative assessment of NAFLD using 
non-invasive methods. Therefore, the present study is aimed to 
validate MRI estimation of liver fat, a non-invasive and radia-
tion-free method, considering LAI on CT as the gold standard. 
The aim of this study is to validate MRI estimation of liver fat, 
a non-invasive and radiation-free method, considering LAI on 
CT as the gold standard.

MATERIALS AND METHODS

The approval of the research was taken from Institutional Review 
Board (IRB) No. PKLI-IRB/AP/79. This cross-sectional study 
was prospective and carried out in the department of Diagnostic 
Radiology, Pakistan Kidney and Liver Institute and Research 
Centre from 10th October, 2022 to 10th December, 2022. Accord-
ing to the WHO sample size calculator, 70 potential liver donors 
were included.

These were all healthy individuals, free from any underlying 
medical condition, had been accepted as potential living donors, 
and sent to the radiology department by the primary team for CT 
and MRI imaging as part of their essential radiological work-up. 
Patients with a history of alcoholism or taking drugs that could 
cause steatosis were excluded.

Those donors (35 in number) who were rejected by the depart-
ment of hepatobiliary surgery because of hepatic steatosis diag-
nosed on CT LAI, were requested for a complimentary MRI 
sequence after proper consent. The fat fraction sequence on MR 
was already a component of the compulsory magnetic resonance 
cholangiopancreaticography (MRCP) carried out on all liver 
donors with an LAI of greater than zero. Thus, the rest of the 
35 potential liver donors who undertook CT abdomen for LAI 
estimation had their MR fat fraction and therefore no consent 
was required for these 35 liver donors. The liver fat estimation 
on CT and MR were determined separately by two radiologists 
blinded to each other.

LAI was determined as:

LAI = Average hepatic density – Average splenic density (Fig. 
1A, 2A).

 

MRI fat fraction was estimated by drawing regions of interest 
on seven different parts of liver, and then calculating their mean 
(Fig. 1B, 2B). 

 
Fig. 1(A). NECT Showing Different Regions of Interest (ROI) 
from the Liver and Spleen in a Patient with Diffuse Hepatic 
Steatosis.

Fig. 1(B). MRI Abdomen Showing Different Regions of 
Interest (ROI) from Liver Showing Fat Fraction in the Liver in 
a Patient with Diffuse Hepatic Steatosis.

Fig. 2(A). NECT Showing Different Regions of Interest (ROI) 
from the Liver and Spleen in a Patient with a Healthy Liver.
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Fig. 2(B). MRI Abdomen Showing Different Regions of 
Interest (ROI) from Liver Showing Fat Fraction in the Liver in 
a Patient with a Healthy Liver.

STATISTICAL ANALYSIS

Sample size was approximately 70, calculated according to the 
correlation formula using Fisher’s z-transformation.

True correlation (r) = 0.637 [10].  
Correlation under null hypothesis = 0. 
Alpha = 0.002. 
Power = 0.998. 
Sample Size (N) = 67.

RESULTS

The sample size was 70, according to the WHO sample size 
calculator. Of these, 35 individuals had an LAI above 0 and 35 
had an LAI value below 0. Regarding the gender distribution, 42 
were male and 28 were female. The age range was 18 to 46 years 
with a mean of 32.15. The hepatic MR fat fraction values were 
noted in the range of 2% to 40.60% with a mean of 12%, whereas 
the minimum CT liver attenuation index was -45.9 and maxi-
mum was 14 with a mean of -3.7. The hepatic MR fat fraction 
values were correlated with the CT liver attenuation index using 
a two-tailed Pearson correlation test. The results showed a very 
strong negative correlation between the two; the lower the LAI, 
the higher the MR fat fraction (Pearson correlation coefficient r= 
-0.932, p<0.05). Fig. (3) shows the graphic representation of this 
correlation between the MR fat fraction and LAI, using an X-Y 
scatter-type line chart.

Fig. (3). Graphic Representation of the Correlation between 
MR Fat Fraction and LAI.

DISCUSSION

Nonalcoholic fatty liver has become a global health problem and 
has largely affected developed countries. NAFLD is the most 
common cause of fat infiltration of the liver and is linked with 
metabolic disorders and cardiovascular diseases. 

The role of noninvasive imaging has become crucial considering 
the invasive nature of liver biopsy. These include ultrasonog-
raphy, computed tomography (CT), and Magnetic Resonance 
Imaging (MRI). 

Ultrasonography (USG) is the initial investigation in assessment 
and hepatic steatosis is usually found as an secondary feature. 
Ultrasound is cost-effective and easily available. However, ultra-
sonography has a limited role in mild steatosis and in cases of 
chronic liver disease and fibrosis because fibrosis also increases 
the hepatic parenchymal echogenicity and can alter the sono-
graphic interpretations [2]. Computed Tomography (CT) is a 
simple and accurate modality for the assessment of hepatic ste-
atosis and is measured in terms of Hounsfield units (HU). The 
diagnostic criteria for hepatic steatosis in CT is that the liver 
attenuation should be at least 10 HU less than spleen attenuation 
or absolute attenuation of liver to be less than 40 HU [11]. How-
ever, due to it ionizing radiation and limited role in the detection 
of mild steatosis its efficacy declines. 

Magnetic resonance imaging (MRI) has now been considered the 
most accurate modality for liver fat estimation. It has no radiation 
exposure so can be safely used for liver fat estimation in potential 
liver donors and follow-up cases of NAFLD. 

MR spectroscopy (MRS), mDixon, and MR proton density fat 
fraction (PDFF) are different sequences to measure fat fraction. 
MR spectroscopy is an accurate method for liver fat fraction eval-
uation. The proportion of water and fat in a tissue can be precisely 
estimated by MRS. It is considered to be a recommended tool for 
the quantification of hepatic fat. Various studies show a good cor-
relation between MR spectroscopy with that of histopathology 
results [2]. However, it has certain limitations which include a 
limited sample size similar to liver biopsy. Another drawback 
of this method is that liver fat is inhomogenously distributed 
throughout the liver parenchyma. Hence a single MRS cannot 
predict the texture of entire liver parenchyma. 

The chemical shift-based water and fat separation Dixon MRI 
method had been widely used to analyze the characteristics of 
the resonance frequency difference of hydrogen atoms between 
water and fat molecules.

Recently, an innovative MRI technique called magnetic resonance 
imaging-estimated proton density fat fraction (MRI-PDFF) was 
developed and has powerful correlation and equivalence with 
MRS. Usually, qualitative imaging requires sampling through 
2-3 echoes, unlike quantitative imaging which employs six or 
more echoes. PDFF expresses the density of mobile protons from 
triglycerides as a fraction of the total density of moving protons 
from triglycerides and water. It is stated as an absolute percentage 
(%) and ranges from 0–100% [12]. The primary advantage of this 
method is that it allows simple calculation of liver fat from any 
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segment of the liver in a single breath acquisition. MRI-PDFF has 
effectiveness in the early detection of liver diseases [4]. 

In our study, we estimated hepatic fat content as fat percentage 
from seven different regions, averaged and taken as a mean 
hepatic fat percentage. A strong correlation of MR fat fraction 
with CT LAI is observed which depicts the more negative LAI 
value on non-enhanced CT, the higher the fat fraction on MR 
sequence. 

Our results are comparable to those of similar studies done in 
the past. One study compared magnetic resonance spectroscopy 
(MRS) with CT fat estimation and found remarkable correlation 
between MRS and CT observations [13]. However, there are 
certain limitations of MRS such as it is not widely available, it is 
time-consuming and involves complicated post-processing and 
data analysis [14-16]. Furthermore, MR-PDFF is convenient, 
offers speedy acquisition, estimates liver steatosis in any part, 
and according to Bonekamp et al., Awai et al., and Harald et al. It 
correlates effectively with MRS (r2 = 0.98) [17-19].

Sherif et al. declared in their findings that MR-PDFF was an 
invaluable tool for the quantitative determination of hepatic 
fat infiltration against histopathology as the gold standard [20]. 
Chiang et al. kept intraoperative liver biopsy as their gold stan-
dard. They had similar observations and found MR to be 100% 
sensitive and 77.1% specific for hepatic steatosis estimation [21].

LIMITATIONS

The limitation of our study includes a small sample size including 
only potential liver donors. The study can be extended to involve 
the general population with normal fat fraction and in cirrhotic 
patients with fibrosis. Secondly, due to limited biopsy of potential 
liver donors at our institution we were unable to compare our 
results with histopathology.

In future, correlation with Magnetic spectroscopy (MRS) can 
also be considered as it also provides a quantitative non-invasive 
method of measuring hepatic fat content. 

CONCLUSION

The use of MRI PDFF sequence accurately measures liver fat 
fraction. It is a non-invasive technique that can safely be per-
formed on potential liver donors and in follow-up cases of 
NAFLD. It has a short acquisition time with no radiation expo-
sure. Our study shows a strong correlation of MR fat fraction with 
CT LAI such that the more negative LAI value on non-enhanced 
CT, the higher the fat fraction on MR sequence.
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