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INTRODUCTION: 
In the management of end-stage liver disease patients, liver 
transplantation is being used as a conclusive therapeutic option. Living 
donor liver transplantation (LDLT) is being progressively used as a 
safe, viable, and efcacious surgical procedure in the management of 
patients with liver failure (acute and chronic liver disease) and 
hepatocellular carcinoma. The role of imaging techniques in 
preoperative evaluation of a potential donor is vital as it aids not only in 
excluding focal or diffuse liver disease but also provides a thorough 
evaluation of the vascular as well as biliary anatomy along with 
estimation of liver volumes. This information is of prime importance 
before taking up such a key surgical task. This procedure involves the 
excision of the right hepatic lobe (segments V–VIII) from a healthy 
donor, without compromising the vascular supply or metabolic 
function of the residual left lobe (1). Liver procurement is possible 
because of its unique bi-lobar multi-segmental anatomy which aids 
surgeons to create grafts of varying size. Hepatic fat quantication is 
critical for donor selection in LDLT since graft steatosis may lead to 
increased risk of post-operative complications in both donor and 
recipient. In addition, it affects postoperative liver regeneration in the 
donor. Hepatic steatosis or excess fat accumulation within the 
intracellular vesicles, is the key histopathological feature of all cases of 
fatty liver, including non-alcoholic fatty liver disease (NAFLD)(2,3). 
Plain CT imaging acts as a non-invasive modality in detecting hepatic 
steatosis by using the difference between hepatic and splenic 
attenuation values (L-S) or liver to spleen attenuation ratio (4), with 
radiation exposure being the main drawback (4). Proton density fat 
fraction (PDFF), quantied as the ratio of mobile protons (H1) 
belonging to triglyceride with respect to those to water, has been 
proposed as a standardized MR biomarker of steatosis (5). By design, 
MR-PDFF is an unconfounded and universal measure of triglyceride 

concentration, overcoming previously described aws in conventional 
US, CT, and MRI (6). MRI-PDFF is the best modality for the non-
invasive assessment of hepatic steatosis in the literature, however CT 
is the most commonly employed modality for donor assessment. MRI-
PDFF is already proven to be correlating with histopathology (7). 
Hence the statistical comparison between MRI-PDFF and CT gradings 
of hepatic steatosis is of high relevance.

METHODS: 
Institutional review board approval was taken for this prospective 
study. Informed consent was taken from all patients before they 
underwent CT and MRI. The study period was from August 2018 to 
August 2020.

Study population:
All prospective liver donors who underwent MDCT and MRI scan 
with PDFF sequence in the department of Radio-Diagnosis, Amrita 
Institute of Medical Sciences Research Centre, Kochi were assessed. 
MDCT was done followed by MRI with PDFF sequence. Interval 
between MDCT and MRI was less than a week. Patients with 
contraindications to MR or CT imaging, those who were not willing for 
CT or MRI-PDFF imaging, cirrhotic patients, those who were already 
diagnosed with hepatic space occupying lesions/ diffuse malignant 
inltration/ storage disorders and those with history of multiple blood 
transfusions were excluded from the study.

Based on Pickhardt et al. (8) with 99.9% condence level and 90% 
power, the minimum sample size came to 12. In my study, a total of 35 
cases where included. 

Technical Information:

Background: Living donor liver transplantation is being used as the main therapeutic option in the management of end-
stage liver disease patients especially since there is inadequate availability of deceased donors. Degree of hepatic 

steatosis in prospective liver donors can affect the tissue regeneration in both donors and recipients and as well as the success of the surgery. MRI-
PDFF is the best modality for the non-invasive assessment of hepatic steatosis in the literature, however CT is more commonly employed for the 
same. The qualitative data of hepatic fat using CT based methods are compared with MRI-PDFF based gradings.
Methods: The study included 35 prospective liver donors assessed between August 2018 to August 2020. All patients were evaluated with MRI- 
PDFF (IDEAL) sequence and fat fraction maps were obtained. The mean fat percentage was calculated and grading of hepatic steatosis was done.  
In plain MDCT 0.5 mm CT cuts, mean values of hepatic CT attenuation values corresponding MRI fat fraction maps were taken. Grading of the 
hepatic steatosis based on CT parameters like liver-spleen attenuation ratio (L/S) and liver-spleen attenuation difference(L-S) was done. Both CT 
and MRI based gradings were assessed for any statistical difference.
Results: The categorical data (grading) based on MR derived fat fraction and both CT based parameters mentioned above were evaluated with 
Chi Square test that showed no signicant difference (p = 0.083). 
Conclusion: Grading of hepatic steatosis using CT based parameters shows no statistically signicant difference with MRI-PDFF based grading. 
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Techniques:
3T Discovery MR750W MRI machine, GE Medical system, 
Milwaukee, WI and Philips Brilliance iCT 256 slice CT machine 
(Philips Health care, Cleveland, OH) were used for the study. For 35 
samples, MRI-PDFF imaging was performed on 3.0 T clinical MR 
systems (GE Healthcare) using a 12- or 32-channel (3.0 T) phased 
array torso coil. At 3.0 T acquisition parameters generally included 
44×44 cm eld of view, 256×160 matrix, 8-mm slice thickness, 32 
slices, 3° ip angle, ± 111 kHz receiver bandwidth, TR= 8.6 ms, and 6 
echoes (TEinit= 1.2 ms, ΔTE= 1.0 ms) acquired in two interleave echo 
trains of three echoes per repetition times (TR). Separated fat and water 
images were reconstructed using one of two region growing 
algorithms to avoid water-fat swapping, as well as perform spectral 
modelling of fat and T2* correction. Eddy current-related phase errors 
were addressed by using a hybrid magnitude/complex tting 
technique. Auto-calibrated parallel imaging with a nominal 2D 
acceleration of 4 was used to reduce scan time to within a 20 second 
breath-hold. The MRI-PDFF images are calibrated to allow for direct 
region-of-interest (ROI) placement to derive an estimate of PDFF 

2expressed as an absolute percentage (0–100%). ROI (100 mm ) was 
placed in the desired seven segments of liver, avoiding large vessels 
and bile ducts, focal lesions and any obvious image artifacts. ROI 
placement was made side-by-side with CT to match ROI placement as 
closely as possible. All CT examinations were performed with 
multidetector CT (MDCT) device (256 iCT Philips). Filtered back-
projection image reconstruction was typically with 5-mm thickness at 

23-mm intervals. As described above, a 100 mm  ROI was placed in the 
desired hepatic segments and are co-registered manually with the ROI 
placed on the MRI-PDFF map, as closely as possible.

Variables
On unenhanced MDCT and MRI-PDFF, the following data were taken 
to consideration and analysis was done.

On MRI in IDEAL IQ fat only sequence, mean PDFF values are 
2calculated from seven segments of liver with an ROI of 100mm .

(I)  Mean attenuation values of liver attenuation values calculated 
2from seven different segments with an ROI of 100mm . 

(ii) Mean attenuation of seven splenic attenuation values was 
2calculated from different sections with an ROI of 50mm . From 

this, Liver to Spleen attenuation difference values (L-S) and Liver 
to spleen attenuation ratio (L/S) were obtained.

Following references of grading were adopted from Pickhardt et 
al. (8): 
Steatosis categories were dened as normal fat fraction less than 5%, 
mild for 5%-14%, moderate for 14%– 28%, and severe for greater than 
28%.

(ii) L/S grading: Less than 0.8 – moderate to severe, 0.8 to 1.1 mild, 
greater than 1.1 = normal 

(iii) L-S grading: Greater than 5 – Normal, 5 to -10 mild, less than -10 – 
moderate and severe. The grading of the hepatic fat was done 
based on liver-spleen CT attenuation ratio and liver-spleen CT 
attenuation values.

STATISTICAL ANALYSIS: 
Categorical variables are presented using frequency and percentage. 
Continuous variables are presented using mean and standard 
deviation. Qualitative study was done by assessing the relationship 
between categorical data obtained from MR-PDFF and those obtained 
from CT through various parameters (Liver minus spleen attenuation 
and liver to spleen ratio). To measure the statistical signicance of 
categorical data obtained from CT based fat fraction values and MRI-
PDFF values, Chi Square test was used. A p value of < 0.05 was 
considered as statistically signicant difference between the gradings.

RESULTS: 
Total of 35 cases were taken for the study. The mean age of the patient 
involved in the study was 37.96 ± 10.41 years. There were 17 were 
males and 18 were females.

On grading the hepatic fat content on the samples using MRI-PDFF 
derived fat fraction values, 10 (28.6%) were found to be having normal 
values, 18 (51.4%) showed mild steatosis and 7 (20%) showed 
moderate and above steatosis (Figure 1).

Figure 1 - Distribution of percentage of hepatic fat grading based 
on MRI-PDFF derived fat fraction values.

While assessing the grades of hepatic steatosis based on liver to spleen 
CT attenuation ratio (L/ S), 13 (37.1%) were categorized as normal 
values, 15 (42.9 %) showed mild steatosis and 7 (20%) showed 
moderate and above steatosis (Figure - 1). The categorical data of 
grading obtained from MRI fat fraction and liver to spleen CT 
attenuation ratio (L/S) were evaluated with Chi-Square Test to look for 
any signicant difference between the two gradings. The results 
showed that there was no difference between the categorical data with 
a p value of 0.083 (Table 1). 

Table 1- Shows the statistical comparison between the qualitative 
data – Grading based on L / S and grading based on MRI-PDFF Fat-
fraction.

Figure 2 - Bar diagram showing categorical distribution of various 
grades of hepatic fat based on liver by spleen (L/S) CT attenuation 
values

While assessing the grades of hepatic steatosis based on liver to spleen 
CT attenuation difference (L-S), 13 (37.1%) showed normal values, 15 
(42.9 %) showed mild steatosis and 7 (20%) showed moderate and 
above steatosis (Figure- 2). Both the categorical data of grading 
obtained from MRI derived fat fraction and liver to spleen CT 
attenuation difference (L-S) were evaluated with Chi-Square Test to 
look for any signicant difference between the two gradings. The 
results showed that there was no signicant difference between the two 
gradings with a p value of 0.083 (Table 2)

Table 2 - Shows the statistical comparison and agreement between 
the qualitative data – Grading based on L / S and grading based on 
MRI-PDFF Fat-fraction.

Volume - 11 | Issue - 01 | January - 2021 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar

Grading based on CT 
(L/S ratio) 

MRI-PDFF Fat-fraction Grading P
ValueNormal

n(%)
Mild
n(%)

Moderate and 
above n(%)

Normal (13) 10(76.9) 3 (23.1) 0 (0) 0.083
Mild (15) 0 (0) 15(100) 0 (0)

Moderate and above (7) 0 (0) 0 (0) 7(100)

Grading based on CT L-S 
values

MRI-PDFF Fat-fraction Grading P
ValueNormal

n(%)
Mild
n(%)

Moderate and 
above n(%)

Normal (13) 10(76.9) 3 (23.1) 0 (0) 0.083
Mild (15) 0 (0) 15(100) 0 (0)

Moderate and above (7) 0 (0) 0 (0) 7(100)
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Figure 3 – Shows categorical distribution of various hepatic fat 
grades using liver and spleen attenuation value difference (L-S).

DISCUSSION: 
Incidence of NAFLD is on the trend of rise both in the developed and in 
the developing countries due to the strong relationship between 
hepatic fat content with metabolic syndrome and cardiovascular 
disease. There can be subsequent progression of hepatic steatosis to 
non-alcoholic steato-hepatitis, chronic liver disease and HCC. 
Incidence of chronic liver disease and the need for liver transplant has 
been increasing in the Indian population predominantly due to its 
association with alcoholism, viral etiology and with an approximate 
number of around 800 – 1000 LDLTs per year. Imaging modalities 
helps in assessing the vascular and biliary anatomy, fat quantication, 
donor liver volume assessment and to rule out any underlying lesions. 
The objective of the study is to assess whether there is any correlation 
between CT and MRI-PDFF based qualitative hepatic fat 
quantication.

Grading of hepatic steatosis using a) MRI derived fat fraction and liver 
to spleen CT attenuation ratio (L/S) showed that there is no statistically 
signicant difference between these gradings (categorical data) with a 
p value of 0.083 on Chi-Square test. Grading of hepatic steatosis using 
a) MRI derived fat fraction and liver to spleen CT attenuation 
difference (L-S) showed that there is no statistically signicant 
difference between these gradings (categorical data) with a p value of 
0.083 on Chi-Square test. No other studies in the literature have 
simultaneously assessed both the various CT based gradings and MRI-
PDFF based gradings together for comparison. 

Only correlational analysis has been done between the same in the 
limited available number of studies done on hepatic fat quantication. 
Zhe Guo et al., conducted a similar study showing signicant negative 

2correlation for L/S with MRI PDFF (r = - 0.837, r  = 0.70, p value - 
0.002) (9) MRI derived fat fraction values and liver to spleen CT 
attenuation difference (L-S) values showed statistically signicant 

2negative correlation (r = - 0.828, r  = 0.68, p value < 0.001) Zhe Guo et 
al., conducted a similar study showing signicant negative correlation 

2for L/S with MRI PDFF (r = 0.854, r  = 0.73, p value = 0.03) (9). 

Based on our study, hepatic steatosis, which is graded qualitatively 
based on various CT parameters described above and MRI-PDFF 
statistically show no signicant difference. However, our study has the 
added benet of having qualitative assessment with test of 
signicance.

Case 1: Prospective liver donor - moderate fatty

Figure 3: Unenhanced CT axial sections (a) ROI of 100mm2 is 
placed in segment IVa and VII of liver and ROI of 50 mm2 in 
spleen (b) ROI of 100mm2 is placed in segment V and VI of liver. 
Average HU less than < 42 HU, L-S: < -10 HU and L/S: < 0.8 
suggestive of moderate hepatic steatosis.

2Figure 4: MRI PDFF Sequence (a) ROI of 100mm  is placed in 
2segment VIII and VII of liver (b) ROI of 100mm  is placed in 

segment V and VI of liver. Mean PDFF value - >14% suggestive of 
moderate hepatic steatosis

Limitations: 
The minimum sample size calculated was 12. A sample size of 35 is 
almost three times the requirement. The studies dening frequency 
distribution in general population needs larger sample size. Samples of 
ROI taken from MRI Fat fraction map and corresponding CT images 
were from the same segments. No softwares were used to achieve 
synchronization. This would have increased the observer bias. 

CONCLUSION: 
Since there is no statistically signicant difference between qualitative 
assessment of hepatic steatosis using both CT based methods and MR-
PDFF fat fraction, both non-invasive methods can be used for 
qualitative assessment of hepatic steatosis. As CT is better in assessing 
vascular anatomy and liver volume assessment, it can be used as a 
conveniently reliable method for assessing hepatic steatosis.
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