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Diagnosis of significant hepatic graft steatosis remains vital for success of any transplant program as it has an
impact on donor morbidity and recipient survival. Even histopathological quantification faces limitations. The
present study compared the diagnostic accuracy of CT-LAl and MRI fat fraction imaging with histopathological
analysis for donor graft parenchymal fat quantification.

CT-LAl and MR-FF values and histopathological fat quantification results of 273 patients were identified from
electronic records of the author’s institutes from September 2015 to April 2020. Data analysis was done using
SPSS version 21.0.

Most participants were young with nearly equal sex distribution and significant number of overweight and
obese patients. Moderate agreement and significant positive correlation were found between MR fat fraction
(%) and biopsy-macrosteatosis (%). Diagnostic accuracy and negative predictive value of MRI for fat fraction
calculation was high (95.24% and 98.07% for fat fraction of 10% threshold, respectively), and it further im-
proved for fat fraction threshold of 15%.

MRI-based fat quantification calculation displayed near-perfect negative predictive values and very high diag-
nostic accuracy, suggesting that it can obviate the need for biopsy in patients with graft fat percentage <10%
on MRI.
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Material and Methods

An acute shortage of cadaveric grafts (less than 5 per mil-
lion population) in the Asia-Pacific region has led to devel-
opment of a robust living donor liver transplant program in
the region, which has been evolving rapidly in the past 2 de-
cades [1]. However, with rapidly expanding programs the con-
cern for donor safety has been increasing. Many authors have
considered factors leading to morbidity and prolonged hos-
pitalization among living donors [2,3]. Steatosis of the donor
liver is one of the factors responsible for donor morbidity [4].
Besides having an impact on donor health, it also affects graft
rejection and recipient survival [5]. Hence, diagnosis of signifi-
cant graft steatosis remains vital for the success of any trans-
plant program.

The threshold of significant graft steatosis remains institution-
al and no standard guideline exists for defining acceptable fat
steatosis percentage. Multiple authors have claimed that even
donors with moderate to severe hepatic steatosis can be ac-
cepted for transplant programs with slight alterations and strict
surgical algorithms [6-8]. Most authors agree that mild steato-
sis (£30%) is an acceptable threshold with non-significant ef-
fects on donor morbidity or graft survival. However, there are
biochemical derangements and subclinical effects of even mild
steatosis leading to a more conservative acceptable thresh-
old of 10-30% in many transplant centers [9,10]. Various diag-
nostic methods exist for this purpose, with histopathological
analysis of the graft liver being the reliable criterion standard,
but this method is not free from limitations when used for the
purpose. A very small area of the liver is assessed, which can
lead to erroneous interpretation due to extrapolation of that
result to the entire liver graft. Also, there is subjective variabil-
ity on assessment of intracellular lipid droplets in the hepat-
ic cells. This, combined with the invasiveness of the method,
leads transplant teams to search for non-invasive imaging al-
ternatives for fat quantification and selection for transplant.

Multiple authors have investigated the utility of non-invasive
investigations as a screening tool, but few authors have as-
sessed if any of these investigations can obviate the need for
biopsy and act as a stand-alone reliable indicator of parenchy-
mal fat percentage. If a non-invasive investigation can quan-
tify the graft parenchymal fat percentage with high negative
predictive value and accuracy, it may be possible to use it as a
primary tool for fat quantification and donor rejection in cas-
es of higher fat values. The second criterion is that the inves-
tigation should be qualitatively and quantitatively reproduc-
ible with little inter-observer variation in terms of analysis and
interpretation [11,12]. The present study compared the diag-
nostic accuracy of CT (computed tomography) LAI (liver atten-
uation index) and MRI fat fraction imaging with histopatho-
logical analysis for donor graft parenchymal fat quantification.
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Our Institutional Ethics Committee waived the need for con-
sent from patients for such retrospective analysis and data
publication.

Patients

A total of 273 patients were identified from electronic records
of the authors’ institutes (first institute from September 2015
to July 2019 and second institute from July 2019 to April 2020)
from the list of liver donors who underwent pre-operative non-
invasive image-guided liver fat quantification and intraoper-
ative graft biopsy as a part of their pretransplant institution-
al protocol. These included 152 males and 121 females with
complete pretransplant CT, MRI (magnetic resonance imaging)
evaluation, and liver biopsy results. Demographic character-
istics and body mass index (BMI) were recorded. The maxi-
mum interval between imaging and transplant (biopsy) was
30 days. Their ages ranged from 18 to 61 years, with a mean
age 32 years and a standard deviation of 9 years. The BMI
ranged from 15.5 to 37 kg/m? with mean value of 24.6 kg/m?
and standard deviation of 3.9 kg/m2

CT Scanner & Technique

The CT scanning in the first institute was performed on a
64-slice dual-energy GE scanner (CT750HD) and in the second
institute on a 128-slice GE scanner (Revolution).

CT-LAI calculation was done as described in the literature [13].
Twenty-five ROIs each measuring 1 cm? were placed over the
liver parenchyma (non-enhanced phase) in both lobes, avoid-
ing the inclusion of any large vessels or biliary structures. The
average of the values was taken as the mean liver parenchy-
mal attenuation. Similarly, 5 ROIs were placed in the splenic
parenchyma, avoiding large vessels, and the averages of the
values were calculated as the splenic parenchymal attenuation
index. The liver attenuation index was calculated as the differ-
ence of the hepatic and splenic attenuation index.

MR Scanner & Technique

MR scanning in the first institute was performed on a Philips
Ingenia 3 tesla scanner and in the second institute on a GE
Sigma 1.5 tesla scanner.

The liver fat fraction was measured by the dual-echo sequenc-
es Dixon/IDEAL sequences. The individual sequence parame-
ters in institute 1 were: FOV — 400x353, TR — 3.4, TE1 - 1.16,
TE2 - 2.2, and matrix — 236x207, and the parameters in in-
stitute 2 were: FOV - 620x400, TR — 12, TE1 - 2.2, TE2 — 4.5,
and matrix — 128x160.
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Histopathological Analysis

Intraoperative liver biopsy was performed from all the pa-
tients from the edge of the graft liver during the transplant
surgery. Biopsy was done using an 18 G automatic needle with
22 mm throw and 19 mm sample notch length. The steatosis
was quantified by the histopathologist as the percentage of
cells with intracellular fat vacuoles.

Statistical Analysis

The data were entered in an MS EXCEL spreadsheet and anal-
ysis was done using SPSS version 21.0. Categorical variables
are presented as number and percentage (%) and continuous
variables are presented as mean+SD and median. Inter-rater
kappa agreement was used to assess the strength of agree-
ment between MRCP (magnetic resonance cholangio-pancre-
atography) fat and biopsy-macrosteatosis and between CT-LAI
and biopsy-macrosteatosis. Diagnostic testing was used to cal-
culate sensitivity, specificity, PPV (positive predictive value),
and NPV (negative predictive value). Receiver operating char-
acteristic curve analysis was used to determine the AUC (area
under the curve). Spearman rank correlation coefficient analy-
sis was used to determine the correlation of CT-LAI, MRCP fat
(%), and biopsy-macrosteatosis (%) with each other. Bland-
Altman plots were used to compare findings of biopsy-mac-
rosteatosis and MRCP fat. A P value of <0.05 was considered
statistically significant.

Results

Patient Characteristics (Table 1)

Most participants were young, with 42.86% in the age group
21-30 years; 55.68% of patients were males and 44.32%
were females. Most (51.65%) patients had a body mass in-
dex (BMI, kg/m?) within normal limits (18.5-24.9), but a sig-
nificant percentage of patients were overweight (30.77%) or
obese (13.19%).

CT-LAI (Figure 1A)

In most (70.70%) patients, CT-LAI was >5, and CT-LAI was <5
in 80 out of 273 patients (29.30%). The mean value of CT-
LAl of study subjects was 7.45+5.22, with a median (IQR) of
7.3(5-10.3).

MRI Fat Quantification (Figure 1B)
The mean value of MRCP fat (%) of study subjects was

3.52+3.26, with a median (IQR) of 2.8 (1.2-4.8). In most (94.87%)
patients, the MRCP fat fraction was <10%, and the MRCP fat
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Table 1. Demographic distribution of cohort of study subjects.

Mean age (years)+Std. dev. 31.9749.1

BMI range

fraction was >10% in only 14 out of 273 patients (5.13%).
In fact, 99.27% had <15% parenchymal fat as detected by
MRCP. The MRCP fat fraction was >15% in only 2 out of 273
patients (0.73%).

Histopathology Results (Figure 1C)

Mean value of biopsy-macrosteatosis (%) of study subjects was
1.5+3.15, with a median (IQR) of 0 (0-2). In most (95.97%) pa-
tients, biopsy-macrosteatosis (%) was <10%, and biopsy-mac-
rosteatosis (%) was >10% in only 11 out of 273 patients. In
most (99.27%) patients, biopsy-macrosteatosis (%) was <15%.
Biopsy-macrosteatosis (%) was >15% in only 2 out of 273 pa-
tients (0.73%).

Accuracy of the Non-Invasive Imaging Tests Compared to
Histopathology

There is poor agreement between biopsy-macrosteatosis (%)
and CT-LAI, with kappa 0.035 and P value 0.027 (Table 2).
Among 271 patients diagnosed as having non-significant via
biopsy-macrosteatosis (%), 193 patients had similar findings
in CT-LAl. Among 2 patients diagnosed as having significant
via biopsy-macrosteatosis (%), 2 patients had similar findings
in CT-LAL. The overall concordance rate was 71.43% and the
overall discordance rate was 28.57% between biopsy-macro-
steatosis (%) and CT-LAI.

There was moderate agreement between biopsy-macrosteato-
sis (%) and MRCP fat, (%) with kappa 0.455 and P value <.0001
(Table 3). Among 262 patients diagnosed as <10% via biopsy-
macrosteatosis (%), 254 patients had similar findings in MRCP
fat (%). Among 11 patients diagnosed as having >10% via bi-
opsy-macrosteatosis (%), 6 patients had similar findings in
MRCP fat (%). The overall concordance rate was 95.24% and
the overall discordance rate was 4.76% between biopsy-mac-
rosteatosis (%) and MRCP fat (%) (Table 4).

A significant positive correlation was seen between biopsy-mac-
rosteatosis (%) and MRCP fat (%), with a correlation coefficient
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A Distribution of CT-LAI study subjects B Distribution of MRCP Fat(%) (<10% or >10%) of study subjects

<5 W <10%
| >5 E>10%
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29.30%

259

- 94.87%

70.70%

C Distribution of Biopsy-Macrosteatosis(%) (<10% or >10%) of study subjects

W <10%
& >10%

262
95.97%

Figure 1. Distribution of A) CT-LAI (<5 and »5), B) MRCP fat (%) (£10% or >10%), and C) biopsy-macrosteatosis (%) (<10% or >10%) of
study subjects. (SPSS Version 21.0. IBM).

Table 2. Inter-rater kappa agreement of CT-LAl and biopsy-macrosteatosis (%).

P value

Significant 78 (28.57%) 2 (0.73%) 80 (29.30%) 0.027 0.035

Total 271 (99.27%) 2 (0.73%) 273 (100.00%)

Table 3. Inter-rater kappa agreement of MRCP fat (%) and biopsy-macrosteatosis (%).

Biopsy-macrosteatosis (%)
P value

<10% (n=262)

<10% 254 (93.04%) 5 (1.83%) 259 (94.87%)
>10% 8  (2.93%) 6 (2.20%) 14 (5.13%) <.0001 0.455
Total 262 (95.97%) 11 (4.03%) 273 (100.00%)
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Table 4. Sensitivity, specificity, PPV, and NPV of MRCP fat (%) and CT-LAI for predicting significant fat.

Biopsy-macrosteatosis (%) MRCP Fat(%) (>10%) MRCP Fat(%) (>15%) CT-LAI
BaiAs I amosay oometosaiy assieto 10000
eyl . promoseny graceiomovy esamioTesTy
el omio0sy  aswion  Gswosy

Pt predlaie vele (2575 ) (17.66?/02.'(806;/01.14%) (0.00% ?:/084.19%) (0.30%2 .33%8.74%)
””””””””””””””””””””””””””””””””””””””””””””””” N o .

(95.55% to 99.37%) (97.36% to 99.91%) (98.11% to 100.00%)

Diagnostic accuracy 95.24% 98.53% 71.43%

Table 5. Correlation of CT-LAI, MRCP fat (%) and biopsy-macrosteatosis (%) with each other.

Variables CT-LAI MRCP Fat(%) Biopsy-macrosteatosis (%)
CT-LAI
”””” Correlation coefficient - -0a43 0283
”””” Pvate - o001 <0001
CMRCPFRat®s)
"""" Correlation coefficient ~ -0443 - o
"""" Pvave <000l - o0
© Biopsy-macrosteatosis (%)
”””” Correlation coefficient ~ -0283 o4 -
"""" Pvave <000l <000l -
Spearman rank correlation coefficient.
of 0.441. A significant negative correlation was seen between Br
biopsy-macrosteatosis (%) and CT-LAI, with a correlation co- ok e %o
o +1.96 SD

efficient of -0.283 (Table 5).

The average of the differences between MRCP and actual fat
was 2.02%. This means that on average, the fat measured by
MRCP measures 2.02% more than the actual fat. The limits of
agreement estimated an interval of -3.7151 to 7.762. The re-
sults obtained from fat measured by MRCP may be 3.7151%

MRCP Fat(%) — Biopsy-Macrosteatosis (%)

below or 7.762% above the actual fat (Figure 2). a5h . . ) )
0 5 10 15 20
Mean of MRCP Fat(%) and Biopsy-Macrosteatosis (%)
Discussion

Figure 2. Comparison of biopsy-macrosteatosis and MRCP fat

We assessed the diagnostic accuracy of CT-LAI and MR Dixon
fat fraction (FF) calculation in computation of graft steatosis in
living donors using histopathology as the criterion standard ref-
erence. The results demonstrate very high negative predictive
values (»97%) of both of these imaging studies in ruling out

This work is licensed under Creative Common Attribution-
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using Bland-Altman plot. (SPSS. Version 21.0. IBM).

minimal graft parenchymal steatosis (10% or more). The crite-
rion of 10% steatosis agrees with the institutional threshold,
but also kept with the intention to be an accurate predictor in
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institutions with the most conservative thresholds. If the imag-
ing studies display good diagnostic accuracy with this thresh-
old, the results can be extrapolated with even higher accura-
cy for institutes with higher thresholds.

Although both CT-LAI and MR Dixon imaging results were pos-
itive in terms of high diagnostic accuracy, CT-LAI had limita-
tions due to the semi-quantitative nature of its results, rela-
tively poor statistical correlation with histopathology results,
and low specificity. However, the steatosis percentage calcu-
lation based on MR-FF imaging revealed a very high nega-
tive predictive value (>98%) and diagnostic accuracy (>95%)
in predicting fat percentage <10%, which improved at higher
fat percentages (>99% NPV and >98% diagnostic accuracy in
prediction of fat percentage <15%).

Our results reaffirm the conclusion of previous authors re-
porting good correlation of CT-LAI and MR-FF imaging with
histopathology and high diagnostic accuracy and near-per-
fect negative predictive values of MR-FF imaging when com-
pared to histopathology for quantification of macrosteato-
sis in donor livers. Few published studies have assessed the
role of MRI-based fat quantification for creating a more se-
lective role of liver biopsy for potential liver donors. However,
to the best of our knowledge, there have been very few stud-
ies assessing the role of MR fat quantification techniques al-
lowing total replacement of liver biopsy in potential liver do-
nors [12]. A study with the same intent, extracted from data
from a different cohort of population, with similar findings of
high NPV, could help establish the reproducibility of the re-
sults and validate its utility. To the best of our knowledge, our
study has the largest sample of patients studied for this pur-
pose. The present study has the strength of being conducted
in 2 different institutions, although sequentially, and with the
same team of transplant surgeons and investigators. We did
not study MR spectroscopy due to lack of institutional proto-
col of the sequence being used regularly for the purpose, but
we believe that it would be technically more challenging, time
consuming, and has the same limitation as biopsy of analyz-
ing a small region of interest rather than diffuse parenchyma.,
Rastogi et al and other authors studied the correlation of MR
spectroscopic fat quantification with MR Dixon-based quan-
tification and histopathology, and found no significant differ-
ence in results, suggesting that Dixon-based imaging is suffi-
cient for the purpose [14,15].

The low positive predictive value of MRI seen in our study
agrees with previous studies. We also noticed that few au-
thors have used MR fat fraction-based cut-off values of 5% to
predict steatosis of 10% when compared with histopatholog-
ical analysis [12,15,16]. This difference of scale was justified
and expected, as MR-based methods revealed a relative mea-
sure of fat proton signal, whereas histopathology measures
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intravesicular fat component directly. In this study, we kept the
MR fat fraction threshold as 10% for a head-to-head compar-
ison, and found that results did not greatly vary, although the
lower threshold and scale difference might lead to even more
robust results in terms of NPV. With the results of our study
and review of multiple previous retrospective studies men-
tioned above, we conclude that MR-based fat fraction imag-
ing using the Dixon method can be used for hepatic steato-
sis calculation in potential liver transplant donors, obviating
the need for biopsy in most if not all patients. Patients with
higher graft parenchymal percentage detected by MRI (above
the institutional threshold) may benefit from dietary modifi-
cations and have repeat MRI-based calculations done instead
of subjecting them to repeat biopsies. Thus, MRI can be used
to completely obviate the need for invasive biopsy in most po-
tential liver donors for liver steatosis quantification.

The major limitation of this study is its retrospective data col-
lection. Although data were collection from 2 institutes, it was
done sequentially due to the liver transplant team moving from
one institute to the other. Hence, the surgical team and proto-
col were similar. However, it did have the advantage of using
different MRI scanners and confirming reproducibility. The oth-
er limitations were small, but the variable time gap between
MRI and intraoperative biopsy could have resulted in a slight
change in fat percentage. However, in practical real-life set-
tings, such a time gap is to be expected and may give a fair
assessment of the utility of imaging-based fat calculation in
predicting intraoperative fat percentage. Complex techniques
like multi-echo techniques and MR spectroscopy were not
used, but would have the benefit of confirming the diagnos-
tic accuracy and reproducibility of the present results obtained
using the simpler method of dual-echo fat fraction imaging.

Conclusions

In conclusion, imaging-based hepatic steatosis assessment (CT-
LAl and MR-FF imaging) correlated well with histopathologi-
cal assessment in living donors for liver transplant. The MRI
Dixon-based fat quantification calculation displayed near-per-
fect negative predictive values and very high diagnostic ac-
curacy, suggesting that it can obviate the need for biopsy in
such patients with graft fat percentage <10% on MRI. The re-
sult can be verified with few large-volume multi-center studies
and can help avoid invasive biopsy altogether in these patients.

Declaration of Figures’ Authenticity
All figures submitted have been created by the authors who

confirm that the images are original with no duplication and
have not been previously published in whole or in part.
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