
RESEARCH Open Access

Utility of magnetic resonance proton
density fat fraction technique in
quantification of liver fat in living donors
for liver transplantation
Fatma Mohamed Sherif1*, Sabry Alameldeen Elmogy1, Rihame Mohamed Abd EL-wahab1 and
Mohamed Abdel Wahab2

Abstract

Background: Hepatic steatosis in living donors for liver transplantation causes morbidity of both donor and
recipient. This study aims at evaluating magnetic resonance proton density fat fraction technique (MR PDFF) in
quantitative evaluation of living donor’s hepatic steatosis compared to histopathology.

Results: The examined potential living liver donors’ liver biopsies revealed hepatic steatosis < 5% (grade 0) in 40 donors
and 5–10% (grade 1) in 7 donors. MR PDFF technique with IDEAL sequence showed excellent results for prediction and
quantitative evaluation of liver fat with sensitivity, specificity, and accuracy of 85.7%, 97.5%, and 95.7%, respectively,
compared to histopathology (95% confidence interval 0.98–1.01). There was an excellent inter-reader agreement between
both readers in estimation of MR liver fat fraction (r = 0.969 at 95% confidence interval 0.946–0.983).

Conclusion: Noninvasive hepatic MR PDFF technique with IDEAL sequence is a precise reliable technique for
pre-operative quantitative assessment of hepatic steatosis in potential living liver donors.

Keywords: Hepatic steatosis, Magnetic resonance proton density fat fraction technique (MR PDFF), Living
donors, Liver transplantation

Background
Living donor liver transplantation has been widely ac-
cepted as a routine treatment modality for end-stage
liver disease for about 2 decades. Donor’s safety is an
important ethical concern, because donors are liable to
many surgical and health risks [1].
Hepatic steatosis is characterized by deposition of lipid

droplets in hepatocytes [2]. The prevalence was esti-
mated to be 32% in the Middle East and 25% globally
(worldwide) [3]. It is a remarkable risk factor in hepatic
surgery, and its incidence is nearly 25% in living liver do-
nors. Many authors stated that > 30% hepatic steatosis is
a serious risk factor with resultant poor graft function.
Even mild steatosis interferes with the recovery of the

donor’s remaining liver [4, 5]. Therefore, some medical
centers consider 10% steatosis as a safe cutoff value for
living donor liver transplantation to conserve donor’s
liver. Thus, prompt quantitative evaluation of liver stea-
tosis in potential living liver donors is of a paramount
importance for donor selection [6].
Hepatic histopathological assessment is still considered

the reference standard in numerous centers of liver
transplantation. However, it has many drawbacks, in-
cluding small sample volumes (sampling error) and
inter-observer variability [7]. Moreover, it has many
provisional complications like bleeding and infection,
and bile leakage is relatively of low incidence in living
donors [8], so, it is better to avoid this invasive proced-
ure with availability of reliable noninvasive technique for
detection of hepatic steatosis. Nowadays, in many med-
ical centers, liver biopsy is used selectively for hepatic
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steatosis measurement if it was diagnosed by noninva-
sive dependable imaging modality [5].
Many noninvasive radiological studies have been in-

creasingly used for evaluation of hepatic steatosis. Ultra-
sound (US) is a commonly used technique. However, it
provides only qualitative assessment by evaluation of
liver texture and echogenicity [8]. Computed tomog-
raphy is more accurate than ultrasound, but it has its
own disadvantages, including interference due to iron
deposition, fibrosis, and risk of radiation exposure and
lower sensitivity than MRI [9].
In some medical centers, MRI is currently used in

evaluation of hepatic steatosis, due to its availability and
high sensitivity for fat detection and measurement. But,
evidence-based studies are limited. Available information
declares how correct performance of MRI is important
to overcome confounders that interfere with accuracy of
conventional MRI [2, 10].
Many MR techniques are available for assessment of

hepatic steatosis, such as dual and triple-echo gradient-
echo MRI, chemical shift imaging, and hydrogen 1 (1H)
MR spectroscopy. In this study, we discussed MR proton
density fat fraction (MR PDFF) technique, a newly avail-
able technique for measurement of hepatic steatosis. It is
characterized by its short acquisition time and simple
post-processing [5, 11]. To our knowledge, a limited
number of studies discussed this technique. This study
aimed at evaluating MRI-PDFF technique in quantitative
assessment of hepatic steatosis in potential living donors
for liver transplantation compared to liver biopsy.

Methods
Study design and population
This was a retrospective study, approved by our institutional
ethics committee. It was conducted from August 2016, in-
cluding 47 potential living liver donors for liver transplant-
ation (37 males and 10 females). Their ages ranged from
19.5 to 37 years with the mean age + SD = 27.01 ± 4.9 years
old. Demographic and clinical criteria of studied group were
demonstrated in Table 1.
Exclusion criteria included the existence of contraindi-

cations to MRI including claustrophobia and proof of
presence of respiratory and motion artifacts in MR im-
ages, which evaluated as post-MRI exclusion criteria to
prevent bias in MR PDFF assessment [12, 13].

MRI acquisition
All MR PDFF examinations were done. Liver MRI was
performed with subjects scanned in supine position on
a 1.5T MRI scanner (Explorer, GE Medical Systems,
Milwaukee, WI, USA) using an 8-channel phased array
receiver coil. A multiecho three-dimensional (3D)
IDEAL sequence with fly-back gradients was employed
for the evaluation of the liver steatosis (IDEAL IQ, GE

Healthcare). The IDEAL IQ sequence is a T1-
independent, T2*-corrected estimating R2* (1/T2*),
and chemical shift-based fat-water separation method
for correction of T2* effects with multi-peak fat spec-
tral modeling creating fat fraction maps in a short-
time single breath-hold acquisition [1 14].
Patients were instructed to hold their breath at the end of

inspiration during MR sequence acquisition. IDEAL IQ se-
quence was carried out in axial plane with the following pa-
rameters: TR = 10.6 msec, TE = 5 msec, matrix size = 160
× 160, NEX = 0.69, FOV = 44 × 44 cm, flip angle = 7°, slice
thickness = 8 mm, 0 inter-slice gap, 125 kHz bandwidth,
and total examination time = 14 s. The gradient-echo
(GRE) MR images were put out in DICOM format for
post-processing.

MR image interpretation and data analysis
Images were analyzed by two independent experienced ra-
diologists on advantage window (GE volume share 7),
freehand circular ROIs were placed at segments 8 and 5 of
the right liver lobe and segment 2 of the left liver lobe
away from visible intrahepatic blood vessels and bile ducts,
ranging in size from 3.4 to 5.5 cm2 (Fig. 1) [1, 5, 8]. Each
ROI has mean and standard deviation value, and the mean
value of these ROIs for each patient was calculated.

Donor biopsy
Histopathology was performed within 1-month time
interval between MR examination and biopsy. Percu-
taneous tru-cut biopsies were obtained by 18-gauge
needles after local anesthesia and US guidance. Histo-
logic fat grading of macrovesicular steatosis was re-
ported by experienced pathologists with quantitation
of the percentage of hepatocytes containing fat drop-
lets using hematoxylin-eosin staining [1, 5].

Statistical analysis
The statistical analysis of data proceeded using Statistical
Package for Social Science version 22 (SPSS Inc., Chicago,

Table 1 Demographic and clinical criteria of studied donors

n = 47 Percent

Age/years

Mean ± SD (MIN-MAX) 27.01 ± 4.9 (19.5–37.0)

Gender

Male 37 78.7

Female 10 21.3

BMI (kg/m2)

Mean ± SD (MIN-MAX) 25.16 ± 0.41 (17.9–33.5)

Liver weight/kg

Mean ± SD (MIN-MAX) 1.56 ± 0.22 (1.11–2.14)

SD standard deviation, BMI body mass index, kg/m2 kilogram per square
meter, MIN-MAX minimum-maximum
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Ill, USA). Descriptive statistics in the form of mean, stand-
ard deviation, median, minimum, and maximum were
used. Whole-liver PDFF for each studied individual was
defined as the mean of the PDFFs of the determined ROIs.
Also, MR and pathological grading of liver fat were per-
formed for each measurement according to available grad-
ing system in literature [14–17]. The median and ranges
of MR liver PDFFs and MR liver fat grade were estimated
for the first and second observers.
Using liver histopathological fat percentage and grades

as reference standards, receiver operating characteristic
(ROC) curve analysis was used, calculation of sensitivity,
specificity, positive, and negative predictive values as
well as accuracy of MR liver PDFF technique was done.
Interclass correlation was carried out to detect inter-
reader agreement of both observers.

Results
A total 47 potential living donors for liver transplant-
ation were studied, their demographic and clinical infor-
mation were summarized descriptively (Table 1).
The median MR degree of macro-vesicular steatosis

for the first observer was 2.5% ranging from 1.1 to 16%
and for the second observer was 3.26% ranging from
1.43 to 14.7%. MR liver fat grade 0 were 43 donors for
the first observer and 42 donors for the second observer,
while MR liver fat grade 1 were 4 donors for the first ob-
server and 5 cases for the second observer. Results of ex-
amined donors’ liver biopsies revealed histopathological
liver fat content < 5% (grade 0) in 40 donors and 5–10%
(grade 1) in 7 donors (Table 2).
The estimated sensitivity and specificity for liver stea-

tosis detection with MR fat fraction technique were
85.7% and 97.5%, respectively, positive predictive value
was found to be 85.7%, negative predictive value was

97.5% with a cutoff of point 5.6 with area under the
curve 0.98 at 95% confidence interval of 0.98 to 1.01, ac-
curacy of 95.7% (Figs. 2 and 3). There was an excellent
inter-reader agreement between both readers in the esti-
mation of MR liver fat fraction (r = 0.969 at 95% confi-
dence interval of 0.946 to 0.983).

Discussion
Living donor liver transplantation is one of the present treat-
ment options of end-stage liver diseases. Living donor safety
is a remarkable priority in such treatment modality. Hepatic
steatosis is a serious risk factor in liver transplantation. A
fatty liver of donor is associated with increased morbidity in
both donor and recipient [1, 18, 19]. It was stated that hep-
atic steatosis of > 10% is one of most common causes for

Fig. 1 a, b Representative example of ROI measurement on axial MR HFF map. Three approximately 3.4–5.4 mm2 ROIs were drawn in the
midplane of the liver

Table 2 Median and range of estimated MR and
histopathological hepatic fat fractions and grades

n = 47 Percent

MR Fat % (1st observer)

Median(min-max) 2.5 (1.1–16.0)

MR fat % (2nd observer)

Median (min-max) 3.26 (1.43–14.7)

MR Grade (1st observer)

0 43 91.5

1 4 8.5

MR Grade (2nd observer)

0 42 89.4

1 5 10.6

Pathological fat grade

0 40 85.1

1 7 14.9
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donor disqualification [6]. Therefore, accurate quantification
of liver fat content is essential for assessment of the eligibil-
ity and safety of potential living donors.
There have been many attempts for noninvasive

evaluation hepatic steatosis by using different imaging
modalities [9, 11, 20]. MR techniques can decompose
fat and water signal of the liver, enabling more accurate
assessment of the amount of fat in the liver than other
imaging modalities [5].

Results of this study revealed that MR hepatic PDFF
using IDEAL technique proved to be a valid method for
quantitative evaluation of hepatic steatosis in comparison
to histopathology. This kept up with many recent previous
studies who stated that this supports the potential use of
MR PDFF technique as a reliable noninvasive quantitative
method for assessment of hepatic steatosis [1, 5, 10, 21].
Other MR techniques have been previously used for

assessment of hepatic steatosis such as hydrogen MR

Fig. 2 ROC curve demonstrating the diagnostic accuracy of MR hepatic proton density fat fraction technique in estimation of hepatic steatosis

Fig. 3 Bar chart for frequency of MR hepatic fat fraction grades versus histopathological grades of hepatic steatosis
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spectroscopy. MR HFF technique and MR spectroscopy were
declared to be similar in sensitivity and specificity. Despite its
validity, MR spectroscopy needs a long acquisition time and
sophisticated post-processing and data analysis [5, 22].
In this study, we were satisfied to use MR hepatic

PDFF technique as it is easier, simpler, having less time,
and can measure fat in any part of the liver, and this
choice was in agreement with Bonekamp et al., Awai
et al., and Harald et al. who demonstrated that MRI-
PDFF technique has a strong correlation with MR spec-
troscopy (r2 = 0.98) [2, 10, 23].
Multiple-segment hepatic fat fraction measurements

can be obtained using IDEAL sequence for proper quan-
tification of hepatic fat, thus reducing sampling error
compared to MR spectroscopy which is usually carried
out with single voxel technique for assessment of hepatic
steatosis and even liver biopsy [1, 5, 8].
The major strengths of this study include the use of

adult subjects with liver biopsy-confirmed percentage
and grade of hepatic steatosis. The study utilized a well-
validated, simple MR PDFF technique (IDEAL sequence)
which has overcome drawbacks of previous used MR fat
assessment techniques by correcting for T1 bias, T2*
decay, and the spectral complexity of fat. Moreover, this
technique corrects all of the known confounding factors
that interfere with the measurement of hepatic fat frac-
tion with MRI [5]. In addition, all patients underwent
the same liver fat mapping with assessment of multiple
liver segments. Also, the time interval between biopsy
and MRI was short (average 1 month).
However, this study had many limitations, such as rela-

tively small number of donors and using a 1.5-Tesla MR
scanner, not higher MR scanner for examination. Lower
magnetic field strength systems decrease the chemical shift
effect, reducing the separation of fat and water MR signals.
However, Kang et al. and Middleton et al. declared that no
difference of calculated PDFFs using 1.5-T and 3-T MR
scanners showed no difference in their results [24, 25].

Conclusion
In conclusion, noninvasive MR hepatic PDFF technique
with IDEAL sequence is a precise reliable technique for
quantitative assessment of hepatic steatosis with high
sensitivity (85.7%), specificity (97.5%), and accuracy of
(95.7%). It is recommended to be a part of preoperative
liver evaluation in living donors and selectively perform-
ing liver biopsy in donor candidates diagnosed to have
substantial steatosis based on MR PDFF findings.
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