
ABSTRACT

Objective: To evaluate and compare the diagnostic accuracy of Iterative Decomposition of Water and Fat with Echo Asymmetry and Least 
Squares Estimation (IDEAL) Magnetic Resonance Imaging (MRI) sequence with Computed Tomography (CT) for the quantitative assessment of 
hepatic steatosis in living donor liver transplantation using histopathology as the standard of reference.

Methods: A total of 21 donors (11 females and 10 males) underwent CT and MRI prior to biopsy. MR IDEAL IQ sequences and CT were performed. 
Fourty-three biopsies in 21 patients were evaluated by a pathologist by traditional determination of the cell-count fraction. Histopathologically, 
the presence of steatosis was assessed on a four-point scale (1=<5%, 2=5%-10%, 3=10%-20%, 4=>20%). The relationship between fat fraction 
and histological grade was analyzed using the Spearman correlation test. To evaluate the diagnostic performance of the parameters, Receiver 
Operating Characteristics analysis was performed.

Results: Histopathologically, <5% fat content was found in 12 donors (57%), 5%-10% fat content was found in 4 donors (19%), 10%-20% fat 
content was found in 3 donors (14%), and >20% fat content was found in 2 donors (10%). Both MR IDEAL IQ and CT results correlated with the 
pathological grade (r=0.736, p=0.005; r=0.510, p=0.018, respectively). MR IDEAL fat fraction results were a better predictor for the evaluation of 
liver steatosis. MR IDEAL fat fraction sensitivity was 83%.

Conclusion: MR IDEAL sequence for the measurement of liver fat content provides a non-invasive and accurate estimation of the presence and 
grading of hepatic steatosis.
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INTRODUCTION

Liver transplantation is divided into two as deceased and living 
donor liver transplantation (LDLT). Nowadays, LDLT is preferred 
instead of deceased liver transplantation because of long wait-
ing lists, long duration of ischemia, difficulty of finding a suitable 
liver, and inability to plan operation (1-3).

The most important ethical problem in LDLT is donor safety be-
cause donors encounter both surgical and medical health prob-
lems. The pre-transplant radiological preparation of living do-
nors includes the evaluation of the degree of steatosis, hepatic 
arterial and venous anatomy, bile duct anatomy and variations, 
focal parenchymal lesions, and volumetric evaluation of the liver. 
Evaluating steatosis is a critical decision for donor selection be-
cause the degree of steatosis is directly proportional to the risk 

of post-transplant complications in both the recipient and the 
donor (4).

Non-invasive methods to measure liver steatosis include ultraso-
nography (US), computed tomography (CT), and magnetic reso-
nance imaging (MRI). US has low sensitivity for detecting low-to-
moderate hepatic steatosis (5). The main disadvantage of CT is 
radiation.

MRI is a very sensitive method in the determination, characteriza-
tion, and grading of fat in the liver. Chemical shift imaging, rapid 
spin echo imaging, and MR spectroscopy (MRS) are used in MRI 
to determine the presence and amount of fat in the liver (6). The 
aim of the present study was to evaluate hepatic steatosis by tak-
ing histopathology as the standard reference in LDLT with MR it-
erative decomposition of water and fat with echo asymmetry and 
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least-squares estimation (IDEAL) sequence and BT densitometer 
and to compare the diagnostic accuracy of the two methods in 
determining fatty tissue.

METHODS

Cases
This was a retrospective study conducted between September 
2016 and February 2018. The study included 21 donors who were 
donor candidates for liver transplantation and had CT, MRI, and 
liver biopsy due to hepatic steatosis. Of the 21 donors, 11 (52%) 
were female, and 10 (48%) were male. The mean age of the pa-
tients ranged from 23 to 55 (37±8.3) years. Patients who did not 
have sufficient cooperation during the examination, who had 
claustrophobia, and who had contrast agent allergy were exclud-
ed from the study.

Our study was approved by the Ethics Committee of Istanbul 
Bilim University in accordance with the Declaration of Helsinki.

Image Formation Technique 
Multiphasic abdomen CT (Somatom Sensation 16; Siemens 
Healthcare, Erlangen, Germany) was applied to all donors with 
120 kV, 350 mAs, and 1 mm collimation parameters. Scanning 
was made in a triphasic manner; after non-contrast sections, first 
140–150 cc, 300–400 mg L/100 mL at a rate of 4-6 mL/s nonionic 
contrast material, and then 40 mL normal saline at a rate of 2.5 
mL/s were injected from the antecubital vein by an automatic in-
jection device.

MR cholangiopancreatography for evaluation of biliary tracts in 
donors was performed by using MR IDEAL IQ sequence, maximal 
gradient power of 45 mT/min, and 1.5 T MR with op slew rate and 
value of 200 mT/m/ms (Optima MR450w; GE Healthcare, Milwau-
kee, WI, USA). An 8-channel phased-array body coil was used 
for examination. IDEAL IQ sequence is an oil–water separation 
method that is T1 independent T2* correction based on chemical 
shift multiplicity oil spectral modeling. Sequence parameters are 
detailed in Table 1. The IDEAL IQ sequence produces oil, water, 
phase-in, non-phase, T2* corrected oil, T2* corrected water, R2* 
map, and oil fraction map during single breath hold time (21s) 
(Figure 1. a-f).

Measurement of Hepatic Steatosis 
Hepatic steatosis was calculated by liver attenuation index (LAI). 
LAI was obtained from unenhanced axial cross-sections of CT by 
the mean hepatic density measurement of 20 samples with a di-
ameter of 10 mm, which did not have vascular structure in the 
liver parenchyma, and by subtracting the mean splenic density of 
the same axial sections. According to this, if LAI is >5, steatosis is 
<5%; if 5>LAI>−10, steatosis is between 6% and 30%; and if LAI 
is <−10, steatosis is >30% (7) (Figure 2a).

Hepatic steatosis was calculated from the fat fraction map with 
MR IDEAL IQ sequence by taking the mean of three samples 
from parenchyma areas approximately 10 mm in diameter from 
segments II, V, and VIII (Figure 2b).

Donor Biopsy
Two tru-cut biopsies from each of the 21 liver donors were ob-
tained from liver segment VI and three from 1 donor. Hepatic 
steatosis was assessed by the pathologist to determine the cell 

count fraction by conventional detection and by a computer-
based algorithm.

Statistical Analysis
Pathologic classification was used as the gold standard. Accord-
ing to this classification, the presence of steatosis was assessed 
by a four-scaled scale with 1=<5% fat, 2=5%–10% fat, 3=10%–
20% fat, and 4=>20% fat. The relationship between parameters 
and histological class was analyzed using the Spearman correla-
tion test. The sensitivity and specificity of MR IDEAL and CT in 

TR	 17,107

TE	 1,3, 3,3, 5,3, 7,3, 9,3, 11,3

FA	 8

ST	 10 mm

SG	 5 mm

FoV	 40x28

Matrix	 224x192

Band Width	 100

Breath Holding	 Yes

Inspection Time	 22 s

TR: time of repetition; TE: time of echo; FoV: field of view, FA: flip angle; SG: 
slice gap; ST: slice thickness

Table 1. MR IDEAL IQ sequence parameters

Figure 1. a-f. Maps obtained in the MR IDEAL IQ sequence. (a) Water 
only, (b) water only, (c) phase-in, (d) non-phase, (e) R2*, and (f) oil 
fraction maps
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determining steatosis were analyzed by receiver operating char-
acteristic (ROC) curve. Data were analyzed by using the Statistical 
Package for the Social Sciences (SPSS Inc., Chicago, IL, USA).

RESULTS 

According to the histopathological evaluation, of the 21 liver do-
nors, 12 (57%) had <5% steatosis, 4 (19%) had 5%–10% steatosis, 
3 (14%) had 10%-20% steatosis, and 2 (10%) had >20% steatosis.

In the measurement of hepatic steatosis, both MR and CT values 
were correlated with histopathological grading (r=0.736, p=0.005 
and r=0.510, p=0.018, respectively). When MR IDEAL was com-
pared with CT in evaluating hepatic steatosis, the results of MR 
IDEAL fat fraction were more correlated with histopathological 
evaluation. Of the 21 donors, 6 MR IDEAL fat fraction results were 
found to be closer than BT densitometry (Figure 3a, b).

The best results were obtained with MR IDEAL IQ sequence in 
the diagnostic evaluation of steatosis. The area under the ROC 
curve for MR IDEAL IQ sequence was 0.976±0.078 (p=0.002), the 
sensitivity was 83%, and the specificity was 89%. For CT, area un-
der the ROC curve was calculated as 0.866±0.104 (p=0.019), sen-
sitivity as 78%, and specificity as 84%.

DISCUSSION

In LDLT, for a normal person who will give a part of his liver, name-
ly the donor, being healthy after the transplantation is very im-
portant. Post-transplant morbidity is reportedly 21%, and mortal-
ity is reportedly 0.5% for the donor in LDLT (8). Hepatic steatosis 
affects graft function, increases the risk of postoperative compli-
cations for the donor, and prevents regeneration of the liver after 
resection. Therefore, the determination of preoperative hepatic 
steatosis is essential to reduce the potential complications in do-
nors and to increase the success of the operation.

Although biopsy is the gold standard for detection of hepatic 
steatosis, it is an invasive technique and has potential morbidity 
and mortality. It is not practical to repeat the degree of lubrica-
tion of donors with liver fatty tissue over time with frequent bi-
opsies. It is not practical to repeat biopsies frequently over time 
to determine the degree of steatosis in donors with hepatic ste-
atosis (9). The distribution of fat in the liver may not always be 
homogeneous. Focal steatosis protected fields are common in 
diffuse steatosis, as well as focal steatosis areas. Ratziu et al. (10) 
reported an error rate of 24% due to sampling errors in biopsies.

Previous studies have shown that the lower density of the liver 
compared with that of the spleen in non-contrast CT detects ste-
atosis in the liver with 88%–95% sensitivity and 90%–99% specific-
ity (7, 11). However, radiation is the biggest disadvantage, and 
since iron and copper accumulation in the liver and spleen will 
affect attenuation, values may cause false results.

MRI is currently the most specific imaging modality for the pres-
ence of fat in the liver (12). The presence of fat in the liver can be 
visualized by chemical shift imaging, rapid spin echo imaging, 
and MRS. Dixon method and the modified Dixon method are ad-
vanced techniques based on chemical shift imaging for detect-
ing the presence of fat in the liver.

Proton density fat percentage is calculated by IDEAL IQ based 
on chemical shift imaging (13, 14). Hepatic steatosis can be cal-
culated from a large number of regions. Previous studies have 
shown a good correlation with MRS and liver biopsy, which is 
the gold standard as in our study (15-17). Kim et al. (15), in their 
study of 28 obese patients, found that MRS and MR IDEAL se-
quences are highly correlated with histopathology (r=0.954 and 
0.973, respectively). İdilman et al. (16), in their study of 86 patients 
with nonalcoholic fatty liver disease, found a very high correla-
tion between MR proton density fat fraction and histopathology 
(r=0.82). In our study, the MR IDEAL sequence was highly corre-
lated with histopathology (r=0.736).

Our study has some limitations. The most important limitations 
of the study are the study is retrospective and the low number 
of donors due to the time between CT, MRI, and biopsy is kept 
short.

CONCLUSION 

The MR IDEAL IQ sequence, which is used to measure liver fat 
content, calculates the presence and grading of fat in the liver 
more effectively than CT and non-invasively.
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Figure 2. a, b. Measurement of hepatic steatosis. (a) Samples obtained 
from the liver and spleen in the axial plane image of a CT of at least 
10 mm in diameter used in the calculation of LAI. (b) Examples from 
segments II, V, and VII of the axial plane from the fat fraction map of the 
MR IDEAL IQ sequence

a b

Figure 3. a, b. A 43-year-old male donor liver biopsy result showing 
10% steatosis. (a) 0% steatosis as a result of BT densitometer, and (b) 
IDEAL IQ result was 6% steatosis

a b
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