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ABSTRACT

NAFLD is hepatic pandemic of the twenty first century, being leading cause of chronic hepatic disease in western world. We did a cross sectional
study to find out prevalence of NAFLD among prospective healthy liver donors at a tertiary care hospital at New Delhi, India over a period from
June 2014 to March 2016. 124 apparently healthy prospective liver donors were selected. Exclusion criteria were set to exclude all those who had
significant history of alcohol intake (defined as greater than 30g/day for men and greater than 20g/day for women over last two years), Hepatitis B
or C infection, severe surgical weight loss or emaciation, Obstructive Sleep Apnea, Celiac disease, history of drug intake known to cause hepatic
steatosis. Out of 124 prospective liver donors included in this study, 29 (23%) donors were found to have fatty liver on USG abdomen; 38 (31%)
donors had fatty liver on unenhanced CT of the abdomen (LAI of <5 HU); 61 (49%) donors had fatty liver on magnetic resonance.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is the hepatic pandemic of
the twenty first century, being the number one cause of chronic hepatic
disease in the western world." The diagnosis of NAFLD is usually
established with radiological imaging techniques or by the presence of
> 5% hepatic fat accumulation on liver biopsy in the absence of other
recognized causes of fatty liver. NAFLD is histologically further
categorized into non-alcoholic fatty liver (NAFL) and non-alcoholic
steatohepatitis (NASH). NAFL is classically defined by the presence
of hepatic steatosis with no evidence of hepatocellular injury in the
form of ballooning of the hepatocytes. NASH is defined as the
presence of hepatic steatosis with evidence of inflammation and
hepatocyte injury (ballooning) with or without fibrosis."

The assessment of hepatic steatosis is essential for living liver donor
selection because significant hepatic steatosis can affect postoperative
outcomes in the donor. The utilization of steatotic living liver donors
has been highly variable among surgeons in different medical centers
and in different countries. Therefore, an accurate diagnosis of hepatic
steatosis and objective quantification of this condition is of paramount
importance for the clinical decision making regarding liver donation
by live donors, the safety of the living donor, and for estimation of
recipient prognosis. The maximum amount of steatosis for a safe
LDLT has not been established although values ranging between 30%
and 60% are mentioned in the literature.”

Subject And Methods

This was a prospective cross sectional study carried out in the
departments of Medical Gastroenterology and Liver transplantation in
a tertiary care hospital at New Delhi over a period from June 2014 to
March2016.

The study population was based on prospective liver donors. These

prospective liver donors underwent pre liver donation work up as per

existing protocol followed at IAH (The pre donation work up protocol
followed at IAH-Delhi is appended at the end —Appendix A). We
excluded donors who had:

» Significant history of alcohol intake (defined as greater than
30g/day for men and greater than 20g/day for women over last two
years).

»  Hepatitis B or C infection.

»  Severe surgical weight loss or emaciation.

*  Obstructive Sleep Apnea.
» Celiac disease.
» History of drug intake known to cause hepatic steatosis.

After explaining to the participants the purpose of the study and
obtaining a valid informed consent (Consent proforma attached as
Appendix B) the demographics, examination findings, results from
blood investigations, radiological investigations and liver biopsy
findings were noted. Testing for fatty liver was done with:

A) USG abdomen: USG abdomen for assessment of hepatic fat was
done by sonologists blinded to the data about laboratory
investigations. Grading of steatosis was based on visual analysis of the
intensity of the echogenicity. When the echogenicity was just
increased, it was graded as grade I; when the echogenic liver obscured
the echogenic walls of portal vein branches, it was graded as grade II
and, when the echogenic liver obscured the diaphragmatic outline, it
was graded as grade 11 fatty infiltration.”

B) CT Abdomen: Imaging protocol on MDCT consisted of obtaining
non-contrast images through the liver parenchyma, followed by CT
angiography in the arterial, portal, and hepatic venous phases. CT
examination was done on 64-row MDCT (Aquilion; Toshiba Medical
Systems, Tokyo, Japan). Low-dose, unenhanced CT (80 kV, 100 mAs
with dose modulation, collimation of 128 x 0.625, 10-mm section
thickness) were performed. For each case, the hepatic attenuation was
measured by means of a random selection of circular regions of interest
(ROIs) on both lobes. The ROI values were averaged as a mean hepatic
attenuation. To provide an internal control, the mean splenic
attenuation was also calculated by averaging three random ROI values
of splenic attenuation measurement. The largest possible ROI (size
range: 200-400 mm?2) were selected to represent splenic parenchymal
attenuation. The liver attenuation index (LAI) was derived from the
difference between mean hepatic attenuation and mean splenic
attenuation and was used as a parameter for prediction of the degree of
macrovesicularsteatosis. A difference in attenuation of the liver and
spleen of 10 HU was taken as normal."

C) Magnetic Resonance Spectroscopy: MR examinations were
performed in supine position on 3.0 T MR Scanner (Achieva; Philips,
Netherlands) with a single-channel body coil and a phased-array sense
torso coil. The commonly used field of view (FOV) for MRI studies
was 450 x 340 mm. A three-plane localization imaging sequence was
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performed at the beginning of the examination. Forin vivo 1H-MRS, a
20 x 20 x 20 mm’ voxel was placed in the right hepatic lobe (Couinaud
segments V-VIII), avoiding major blood vessels, bile ducts, or liver
edges seen on the localization images, and was shimmed
automatically. Hepatic fat content was measured by 1H respiratory-
gated stimulated-echo acquisition mode (STEAM) spectroscopy by
using a repetition time of 2000ms. After a single Pre-acquisition
excitation pulse to balance T1 saturation on subsequent excitations,
five stimulated-echo acquisition mode spectra were acquired at echo
times of 15,20, 25,30, and 35ms ina 72 s free breathing technique with
respiratory triggering of excitation. This echo time range enabled
reproducible T2 estimation while minimizing the confounding effects
of fat-peak J coupling. An average display spectrum of the five
different TE spectra was obtained and areas of water and the three
major fat spectral peaks (0.9, 1.3, and 2.1ppm) were measured.

Hepatic fat fraction (HFF) was calculated and was expressed as:
HEFF (=lipid peak area/ (water peak area + lipid peak area) x 100).

A single experienced observer analyzed the spectra using MRI vendor
supplied standard MRS post-processing software package followed by
an in-house developed method to address the inherent effect of spin
relaxation on metabolite estimation.”

Liver biopsy was not done in all prospective liver donors included in
this study. Consequently, Magnetic resonance spectroscopy (MRS)
was used as gold standard against which the accuracy and predictive
values of other radiological diagnostic modalities like USG abdomen
and non-contrast CT abdomen was compared. There is a lot of data
available in literature suggesting MRS is highly sensitive and specific
for estimation of hepatic fat as compared to liver biopsy. Some studies
have found MRS to be better than liver biopsy in the estimation of
hepatic fat."”

D)Liver Biopsy: Ultrasound guided 18 gauge percutaneous biopsies
of the right lobe were performed by a radiologist in those donors in
whom biopsy was deemed to be essential (Low LAI values, high
hepatic fat on MRS or transaminitis). Samples were fixed in 10%
formalin and processed routinely. Two to three tissue cores were
obtained, each averaging 1.2 cm in length. Six connective tissue
sections of 4-micron thickness were taken and stained with
hematoxylin and eosin (H&E). Biopsies were evaluated by an
experienced hepatic pathologist blinded to clinical characteristics of
patients. Fat was graded quantitatively employing a 20X objective
according to the total percentage of hepatocytes involved over the six
tissue levels. We followed histological scoring system for non-
alcoholic fatty liver disease (NAFLD)."" In the present study, liver
biopsy for the assessment of hepatic fat was only done in twenty five
prospective liver donors. As per the donor evaluation policy followed
at our hospital, liver biopsy is only done in those prospective liver
donors who have low LAI values on CT (LAI <OHU) or are found to
have hepatic fat of more than 20% on MRS or have transaminasemia.

RESULTS AND OBSERVATIONS

1.Age And Sex Distribution Of Prospective Liver Donors

A prospective, observational, cross sectional study was carried out
from June 2014 to March 2016. In this study, a total of 124 apparently
healthy prospective liver donors were included. Out of these 124
prospective donors, 73 (59%) were male and 51(41%) donors were
female. Table 1 shows the sex distribution of prospective donors
included in this study.

Table 1: Sex Distribution Of Prospective Liver Donors.

Sex Count % age
Female 51 41%
Male 73 59%
Grand Total 124 100%

Table 2 shows the age distribution of the prospective liver donors
included in this study. Mean age of prospective liver donors was 31.71
years. Mean age of male donors was 30.47 years and mean age of
female donors was 33.49 years. Majority of the donors (68%) were in
the age group of 21-40 years. 10% donors were less or equal to 20 years
ofage. 5% donors were above 50 years of age.

21-30 56 45%
31-40 28 23%
41-50 22 18%
> 50 6 5%
Grand Total 124 100%

2. Prevalence Of Fatty Liver Among Prospective Liver Donors On
USG Abdomen

Out of 124 prospective liver donors included in this study, 29 (23%)
donors were diagnosed to have fatty liver on USG abdomen while as
95 (77%) did not have fatty liver on USG abdomen. Prevalence of fatty
liver among prospective liver donors on USG abdomen is shown in
table 3.

Table 3: Prevalence Of Fatty Liver On USG Abdomen

USG abdomen Count %
No Fatty Liver 95 77%
Fatty Liver 29 23%
Grand Total 124 100%

3.Prevalence of fatty liver on Non Contrast Computerised
Tomographic Scan of the Abdomen (NCCT abdomen) using Liver
Attenuation Index (LAI)

Out of 124 prospective liver donors, 38 (31%) donors had CT LAI <5
HU (fatty liver) while as 86 (69%) donors had CT LAI>5HU (no fatty
liver). Prevalence of fatty liver amongst prospective liver donors is
shown in table 4.

Table 4: Prevalence Of Fatty Liver On CT LAI

LAI Count %
<5 38 31%
>5 86 69%
Grand Total 124 100%

4.Prevalence of fatty liver on Magnetic Resonance Spectroscopy
(MRS) among prospective Liver donors

Out of 124 prospective liver donors, 61 (49%) donors had hepatic fat >
5% on Magnetic.

Resonance Spectroscopy (MRS) while as 63 (51%) donors had hepatic
fat < 5%. Prevalence of fatty liver on MRS in prospective liver donors
isshown intable 5.

Table S: Prevalence Of Fatty Liver On MRS

MRS Count %
<5% 63 51%
>5% 61 49%
Grand Total 124 100%

Comparison of prevalence of fatty liver on USG abdomen, CT LAl and
MRS among prospective liver donors is shown in figure 1.
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Figure 1: Comparison of prevalence of NAFLD on different imaging
modalities among prospective liver donors

5. Prevalence Of Fatty Liver On Liver Biopsy (Percentage fat >
5%)

Liver biopsy was done only in twenty five prospective liver donors,
who either had low LAI value (LAI< 0HU) on CT abdomen or hepatic
fat>20% on MRS or unexplained transaminitis. Consequently, out of
25 prospective liver donors in whom liver biopsy was done, hepatic fat
> 5% on liver biopsy was found in 22 (88%) and hepatic fat < 5% was
present in only 3 (12%) prospective donors. Hepatic fat distribution on
liver biopsy is shown in table 6.

Table 6: Hepatic Fat Distribution On Liver Biopsy

Table 2: Age Distribution Of Prospective Liver Donors. LIVER BX Count Y%
Age (years) Count % <5% 3 12%
<20 12 10% >5% 22 88%
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DISCUSSION

Diagnosis of NAFLD among prospective liver donors is of utmost
importance. The development of primary graft dysfunction, early
allograft dysfunction, poor overall graft survival and other
complications have been reported in recipients of steatotic grafts in
liver transplantation."*" An accurate diagnosis of hepatic steatosis and
objective quantification of this condition is thus of paramount
importance for the clinical decision making regarding liver donation
by live donors, the safety of the living donor, and for estimation of
recipient prognosis.

100%
| |

Prevalence Of Non Alcoholic Fatty Liver Disease (NAFLD)
Among Prospective Liver Donors

Out of 124 prospective liver donors included in this study, 29 (23%)
donors were found to have fatty liver on USG abdomen. From India,
community based studies report prevalence of NAFLD on USG
abdomen to range between 16.6% to 32%."*"” Singh et al. and Bajaj et
al. in hospital-based studies reported a prevalence 0f 24.5% and 32.2%
respectively on USG abdomen."*"” This is similar to the prevalence of
NAFLD on USG abdomen reported by our study. Western Literature
also reports prevalence of USG diagnosed NAFLD in general
population to range between 17% to 46% depending upon the
population studied.”” The reported prevalence of NAFLD on USG
abdomen from other countries like Ttaly”™'(20%), Israel*'(30.5%),
China®™(15.3% and 17.2%) and Srilanka™"(32%) is also similar to the
prevalence reported by our study.

In an elegant study assessing the degree of hepatic steatosis using
unenhanced CT of the abdomen and correlating the findings with Liver
biopsy in prospective liver donors for living donor liver
transplantation, Liver Attenuation Index (LAI) correctly predicted the
degree of liver steatosis. LAI higher than +5 HU was associated with
hepatic steatosis of 0-5% and LAI values <5 HU were associated with
higher degree of hepatic steatosis (NAFLD). We used LAI of <5 HU to
predict hepatic fat of more than 5% (NAFLD). Out of 124 prospective
liver donors, 38(31%) donors on unenhanced CT of the abdomen had
LAI of <5 HU and 86 donors (69%) donors had LA of > 5 HU. Using
LAI of < 5HU to predict fatty liver, the prevalence of NAFLD in
prospective liver donors using unenhanced CT was 31% in our study.

Magnetic Resonance Spectroscopy (MRS) directly measures the
hepatic triglyceride content and has been found to be very useful for
measuring hepatic fat content in prospective liver donors for living
related liver transplantation. Out of 124 prospective liver donors
included in our study, 61 (49%) donors had hepatic fat content of more
than 5% on magnetic resonance spectroscopy while63(51%) donors
had hepatic fat of less than 5%. Thus, the prevalence of NAFLD
(Hepatic fat > 5%) in our study on Magnetic Resonance Spectroscopy
was 49%. Lee etal.”” in his study reported NAFLD prevalence of 51%,
that included 589 living donors and hepatic fat was measured using
USG, CT, MRS and liver biopsy. MRS is known to have very high
sensitivity, and specificity, in comparison to liver biopsy for measuring
hepatic steatosis and has obviated the need for liver biopsy in certain
situations.”""" Therefore Prevalence of NAFLD of 49% in our study is
very similar to the prevalence of 51% reported by Lee et al. Marcos et
al. from USA, using Liver biopsy to diagnose NAFLD found the
prevalence of hepatic fat >30% to be 20% among prospective liver
donors."""Petrowsky et al. reported variable degree of hepatic steatosis
in 50% of patients planned for major liver resections which is similar to
the prevalence in our study."

In this study, liver biopsy was done in only 25 (20%) of 124
prospective liver donors. As has been discussed above, liver biopsy is
dispensed with in many cases if imaging shows less than 5% fat on CT
as well as MRS. As per our agreed protocol, liver biopsy was advised
only to those prospective donors, who were predicted to have high liver
fat (>20%) on basis of imaging or had unexplained transaminasemia
on LFTs. Thus, most of the prospective liver donors who undergo liver
biopsy at our institute are expected to have hepatic steatosis of > 5% on
histology. This is the reason that out of 25 prospective liver donors who
underwent liver biopsy in our study 22 (88%) donors had hepatic fat of
>5% and only 3 (12%) donors had hepatic fat of less than 5%. Hepatic
steatosis diagnosed by histology is thus not representative of
prevalence of NAFLD among the prospective donors in our study.

CONCLUSIONSAND RECOMMENDATIONS
The prevalence of Non Alcoholic Fatty Liver Disease (NAFLD)

among apparently healthy prospective liver donors in this study was
23% on USG abdomen, 31% on unenhanced CT abdomen using LAI
and 49% on Magnetic Resonance Spectroscopy (MRS). There is high
prevalence of Non Alcoholic Fatty liver disease (NAFLD) among
apparently healthy prospective liver donors. Hence screening of
prospective liver donors for NAFLD is justified and is recommended.
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