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Abstract

Macrovesicular Steatosis (MS) is an independent risk factor for adverse post-liver
transplant (LT) outcomes. The degree of MS is intimately related to the viability of
the liver graft, which in turn is crucial to the success of the operation. An ideal
liver graft should have no MS and most centres would find it unacceptable to use
a donor liver with severe MS for LT. While a formal liver biopsy is the gold-
standard diagnostic test for MS, given the logistical and time constraints it is not
universally feasible. Other tests like a frozen section biopsy are plagued by issues
of fallibility with reporting and sampling bias making them inferior to a liver
biopsy. Hence, the development of an accurate, non-invasive, easy-to-use,
handheld, real-time device for quantification of MS would fill this lacuna in the
deceased donor selection process. We present the hypothesis, design and proof-of-
concept of a study, which aims to standardise and determine the feasibility and
accuracy of a novel handheld device applying the principle of diffuse reflectance
spectroscopy for real-time quantification of MS.

Key Words: Macrovesicular steatosis; Deceased donors; Liver transplantation; Real-time
devices; Diffuse reflectance spectroscopy
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Rajamani AS et al. Real-time assessment of steatosis

Core Tip: The degree of macrovesicular steatosis (MS) is intimately related to the
viability of the liver graft, which in turn is crucial to the success of the liver transplant
operation. The development of an accurate, non-invasive, easy-to-use, handheld, real-
time device for quantification of MS would fill a lacuna in the deceased donor
selection process. We present the hypothesis, design and proof-of-concept study for a
novel handheld device for real-time quantification of MS.

Citation: Rajamani AS, Rammohan A, Sai VR, Rela M. Non-invasive real-time assessment of
hepatic macrovesicular steatosis in liver donors: Hypothesis, design and proof-of-concept
study. World J Hepatol 2021; 13(10): 1208-1214

URL: https://www.wjgnet.com/1948-5182/full/v13/i10/1208.htm

DOI: https://dx.doi.org/10.4254/wjh.v13.i10.1208

INTRODUCTION

Macrovesicular Steatosis (MS) is an independent risk factor for adverse post-liver
transplant (LT) outcomes. The degree of MS is intimately related to the viability of the
liver graft, which in turn is crucial to the success of the operation. An ideal liver graft
should have no MS and most centres would find it unacceptable to use a donor liver
with severe MS for LT. While a formal liver biopsy is the gold-standard diagnostic test
for MS, given the logistical and time constraints it is not universally feasible. Other
tests like a frozen section biopsy are plagued by issues of fallibility with reporting and
sampling bias making them inferior to a liver biopsy. Hence, the development of an
accurate, non-invasive, easy-to-use, handheld, real-time device for quantification of
MS would fill this much vaunted lacuna in the deceased donor selection process. We
present the hypothesis, design and proof-of-concept of a study, which aims to
standardise and determine the feasibility and accuracy of a novel handheld device
applying the principle of diffuse reflectance spectroscopy for real-time quantification
of MS.

AIM

The objective of the present investigation is to apply the principle of diffuse reflectance
spectroscopy (DRS) to standardize and determine the feasibility and accuracy of a
handheld device for real-time quantification of MS.

PRINCIPLE AND HYPOTHESIS

DRS is an optical measurement method which is based on the principle of tissue
illumination and the measurement of reflectance[8]. Briefly, the tissue is illuminated
with light from a broadband light source, and after interacting with the tissue the
diffusely reflected light is collected and analyzed. By fitting the analyzed data to a
mathematical model, tissue characteristics such as its structure and composition can be
estimated. Quantification of MS with infrared (IR) spectroscopy directly depends on
the absorption of IR light due to vibrational excitation in molecular groups[9]. In liver
tissues, the absorption in the visible wavelength range is dominated by bile and
hemoglobin, whereas lipid, water and collagen are the main source of absorption in
the near-infrared wavelength range. Hence IR spectra is the wavelength of interest for
this study. Recent studies on the human liver show that the absorption of light around
1200 nm is dominated by the lipid and this can be used for the assessment of steatosis
[9-11].

We hypothesize that the broadband light source can be replaced with a narrow
band light emitting diode (LED) of 1200 nm and the spectrometer with a highly
sensitive photodetector. Using the absorption characteristics, a calibration curve can be
determined based on the fat content on the liver; allowing for the development of a
mathematical model and a real-time quantitative analysis of MS. We also hypothesize
that once the difference in absorbance spectrum between normal and MS liver is
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established, the optical device can be miniaturized further. This novel optic-based
handheld device for MS detection will retain its accuracy whilst being portable and
affordable as well.

DEVICE SETUP AND METHOD

A handheld device was designed and developed with a single infrared LED (IR-LED)-
photodetector (PD) arrangement coupled through a fibre optic reflection probe bundle.
One end of the reflection probe was coupled to a LED, and the other end to a highly
sensitive photodetector. These optoelectronic components were placed in a custom-
made plastic block to avoid ambient noise or cross-coupling between the LED and PD.
The optoelectronic circuitry comprised of a 5 V linear voltage regulator followed by a
constant current circuit using two bipolar junction transistors to drive IR-LED and a
trans-impedance amplifier circuit for the PD to convert photocurrent into photo-
voltage. This circuit was powered by a 9 V battery placed within the handheld device
(Figure 1A). The obtained photovoltage was then transmitted to a low-power system
on a chip microcontroller via a buffer integrated circuit[12]. The device has an LED
display that shows voltage response corresponding to the diffused reflectance data
from the liver (Figure 1B).

The measurement was carried out with the handheld device employing a mathem-
atical model. With the device powered on, the fiberoptic reflection probe was placed
on the diffuse reflectance standard (WS-1 ocean optics, United States) and the initial
voltage value made note of. This was taken as the reference value; the probe was then
placed on the test sample to record its voltage value. An algorithm was formulated to
calculate the resultant fat absorbance value (A;) with this reference (V,) and test (V)
voltage values from the below equation.

Vi
A f=" lo Jd1o V_

7

Proof-of-concept

For a practical assessment of the above hypothesis, an initial proof of concept analysis
was done using 50 abattoir retrieved large animal livers, with varying percentage of fat
(Figure 2). Calibration of the device was initially done with 100% fat and normal liver.
The results from fat and normal liver were compared to determine the fat composition.
Absorbance data was normalized by taking the closest valley to 1300 nm to improve its
sensitivity towards estimation of fat percentage [13,14].

ap X}\Z
as X}\l

The above equation was used to calculate the normalized absorbance value. This
was done by taking the ratio of absorbance responses (al, a2) at two wavelengths (A1
and A2) and subtracting it from 1. The specific absorption spectrum of fat peaked at
approximate 1200 nm and the normal liver had a Gaussian response at 1200 nm
(Figure 3A). Figure 3B shows the calculated absorbance response of fat and liver was
noted to be 0.3203 + 0.09 and 0.058 + 0.01 respectively. The absorbance values obtained
were evaluated against the gold standard biopsy results of these animal livers.

Normalized-absorbance = 1 —

STUDY DESIGN

It is an observational study where the point-of-care device is used to assess MS in a
non-invasive manner. The study is to be conducted at organ retrieval centres across
the city of Chennai, India. The study design is presented in Figure 4.

Calibration cohort

Initial calibration of the device is to be conducted on 50 livers. Fifteen live liver donors
will be assessed for levels of MS. Ten recordings with the device per liver will be noted
across the right lobe. As a standard unit protocol, all live liver donors undergo an
intraoperative liver biopsy which will be used for comparison. 100% fat as a baseline
calibration will be used by analyzing the excised falciform ligament from each of these
patients. 35 livers in the real-world deceased donor situation will be analyzed using
the device to correlate the estimated MS content with a standard biopsy estimation.
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the prototype model of the device.

These observations will enable the development of a calibrated algorithm based on the
reflectance for MS. Optimum conditions for use, including lighting, temperature,
distance from the liver, will also be standardized.

Validation cohort

Analysis will be performed on 50 deceased donor livers to test and evaluate the
accuracy of the developed algorithm and the point-of-care device.

Inclusion criteria
For the calibration cohort, all living liver donors will be included. The standard
selection criteria for these living donors are include: (1) Age 18-50 years; (2) ABO
compatible blood group with the recipient; (3) No comorbidities, or 1 comorbidity; (4)
Liver attenuation index > +6; (5) Body mass index < 30 kg/m? (6) Graft to recipient
weight ratio > 0.8; (7) Functional liver remnant volume > 30%; (8) Anatomically
suitable for donation; and (9) Any other donor who beyond the above criteria but
approved for donation based on the decision of the multi-disciplinary team meeting.

The deceased donors include all brain-dead donors consented for organ donation:
(1) Adults between 18 years and 75 years of age; and (2) Donation after brain death.
For the validation cohort, all brain-dead donors consented for organ donation will be
included: (1) Adults between 18 years and 75 years of age; and (2) Donation after brain
death.

As the device analyses the fat content of the donor liver, no specific recipient-based
inclusion criteria were defined. Donors of all recipients who underwent the LT
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operation and recipients of all etiologies were included.

Exclusion criteria
(1) Paediatric deceased donors; (2) Donation after cardiac death; (3) Donations where a
frozen section/standard biopsy could not be performed; and (4) Discarded organs.

Concerns and untested variables
Liver with underlying fibrosis, cholestasis, sinusoidal obstruction syndrome (blue
color) and those which could possibly bias the spectral analyses.

Ethics, informed consent, safety, and registration of trial

The study will be conducted in accordance with the principles of the Declaration of
Helsinki and “good clinical practice” guidelines. Approval from the institutional ethics
committee has been obtained. As a testimonial to its bona fide nature, the study has

October 27,2021 | Volume13 | Issuel0 |
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also been registered with the Clinical Trials Registry of India, National Institute of
Medical Statistics, Indian Council of Medical Research, India. CTRI No: CTRI/
2021/01/030223.

STATISTICAL ANALYSIS

Statistical analysis will be performed with the SPSS V.20.0. To compare specific
variables, the extended y? test will be used. For non-parametric analysis of continuous
distributed variables, the Mann-Whitney U test and the Kruskal-Wallis test will be
used. P < 0.05 is considered statistically significant.

DISCUSSION

The need for a quick, portable, efficacious and economical device to diagnose MS is
evident by the number of proof-of-concept studies available in this regard[7,9,11,15].
DRS as a diagnostic modality has been used in endoluminal studies of upper and
lower gastrointestinal endoscopies[16,17]. Using the absorption and scattering patterns
of biological tissues, DRS allows for accurate differentiation of polyps and
subendothelial pathology. Reports on the use of DRS in the identification of MS in
murine and porcine liver models show promising results[10,11]. Clinical studies are
however sparse and those attempted involve using a micro-spectrometer placed
directly over the liver graft[8,10,15]. Nonetheless, there are several drawbacks to these
devices. The micro-spectrometers require a sophisticated optical setup, which included
an optical spectrometer and other expensive optical components. In addition, due to
concerns of sterility, a spectrometer cannot be used on multiple patients. Moreover,
these devices require network access, without which the diagnostic algorithm may not
be useful. Put together these devices have proved cumbersome to the organ-retrieving
surgeon.

To overcome the pitfalls of these prototype models, our device uses IR light guided
via an optical fibre, and the diffuse reflections are obtained from the tissue sample by
measuring the steady-state spectrum. The broadband light source is replaced with a
narrow band LED and the spectrometer with a photodetector. Once the algorithm is
standardized this optical setup can be miniaturized further, and linked to the internet
allowing for remote viewing by the concerned teams.

To push the envelope further, should our device be validated in the current study,
we propose that there is potential to link our device with a smartphone application
incorporating the algorithm and make use of the current generation of high-resolution
smartphone cameras. This would allow for a real-time high-resolution image along
with MS percentage to be remotely transmitted using the mobile network to the
concerned senior members of the transplant team.

CONCLUSION

We hypothesize that once validated, our device can potentially prove to be an
invaluable apparatus at the hands of the organ retrieving surgeon. It will be non-
invasive, portable (hand-held), economical, provide real-time readings of the
percentage of MS with image reference and be efficaciously handled by junior
surgeons, while not requiring any special network capabilities apart from the presence
of the now ubiquitous smartphone. This will dramatically ease the currently available
circuitous and subjective process of determining MS and decision making in selecting
deceased donor organs for LT. Nonetheless, ours is a hypothesis and initial proof-of-
concept study which requires real-world validation across multiple centres and in a
large cohort of patients before it can become an integral part of the liver retrieval
algorithm.
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