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How is MHE Diagnosed in Clinical Practice?

What is Minimal Hepatic Encephalopathy?
MHE is the earliest stages of brain dysfunction in patients with
liver cirrhosis and can affect up to 80% of this population.
Symptoms include cognitive impairments - attention, working
memory and response inhibition - as well as disruptions to sleep
and mood.

•
•
•
•

Blood Ammonia Levels
Spectral EEG – Increased theta activity and alpha suppression.
Stroop Test – Impaired response inhibition.
Critical Flicker Frequency Assessment – Lower than 39Hz.

These symptoms impact patients’ daily functioning, such as an
inability to continue working or driving and often cause
strained interpersonal relationships.
Non-absorbable laxatives are used in the management of MHE,
however, liver transplantation is the curative treatment
approach.

Research Questions
1: Can we enhance our understanding of MHE and
improve diagnostic sensitivity?
2: What are the functional and structural differences in
liver cirrhosis patients with and without MHE?
3: What are the cognitive, functional and structural
changes occurring pre- and post-liver transplant in liver
cirrhosis patients diagnosed with minimal hepatic
encephalopathy?

How is MHE Diagnosed for Research Purposes?
The Psychometric Hepatic Encephalopathy Score (PHES) is
the gold standard diagnostic tool for MHE in research.
This is a pen and paper assessment measuring:
Motor speed and accuracy
Visual perception
Visuo-spatial orientation
Visual construction
Concentration
Attention
Memory
A score below 4 is commonly used to identify MHE.

Addressing Research Q2:
Investigation 1: Critical Flicker and EEG.

MHE patients usually have a CFF score below 39Hz.
This means that when showing an obvious flashing light stimuli at a
low Hz, increasing by 0.1Hz per second, MHE patients will perceive
this light as fused at 39Hz or below. Non-MHE liver disease
patients report a fused light at roughly 42Hz. (Sharma et al., 2007).
We know that this discriminates between MHE and non-MHE
patients for diagnostic purposes, but we do not know why.
Previous studies of EEG and visual flicker stimuli indicate that we
elicit a response frequency at the same frequency as the flashing
light stimuli presented, see figure below (Herrmann et al., 2001).

Addressing Research Q1:

Addressing Research Q2:
Investigation 3: TMS and Cortical Excitability

In further attempts to identify a marker of dysfunction, we aim to
use transcranial magnetic stimulation to investigate the amplitude
of stimulation at the motor hotspot required to elicit a predetermined threshold of activity in the first dorsal interosseous
muscle measured using surface level electromyography.
As MHE patients experience a general slowing of brain activity,
we anticipate that a greater amplitude of stimulation will be needed
in this population. This TMS investigation will be assessed
alongside EEG findings, providing a supported understanding of
cortical activity in MHE patients.

We will investigate the presence of a range of Sleep, Mood and
Cognitive symptoms using the Pittsburgh Sleep Quality Index
(PSQI), O-life inventory and PHES.
Liu et al., (2015) evidences that MHE patients report significantly
greater scores on all SCL-90 subsets apart from bigotry and
compelling symptoms (See table below). Singh et al., (2017) also
find daytime sleepiness and disrupted night-time sleep as common
of MHE patients. (See figure below).

Investigation 4: Task-based fMRI
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1. There is no standard diagnostic routine for MHE.
2. It is not clear why some liver cirrhosis patients develop MHE
whereas others seemingly do not.

Participants and Comparisons:
1. Liver cirrhosis patients with a diagnosis of MHE (some will be
awaiting liver transplantation and others may not).
2. Liver cirrhosis patients without a diagnosis of MHE.
We will carry out inter-individual comparisons between MHE and
non-MHE patients to address research questions 1 and 2.
We will carry out intra-individual comparisons of members of the
MHE group pre- and post-transplantation to address research
question 3.

Addressing Research Q2:
Investigations 5: Diffusion MRI
We use diffusion MRI to investigate white matter microstructure –
investigating the density and integrity of axons, the amount of
myelin covering them and the amount of extracellular water
surrounding them.

Elevated ammonia levels are thought to cause cerebral edema in
MHE – an excess of extracellular water. Widespread
microstructural damage is seen in MHE patients through decreased
FA scores and increased diffusivity scores (Chen et al., 2015).
We can quantify damage using a DTI model, extracting mean,
axial and radial diffusivity scores to inform on extracellular water
dispersion and fractional anisotropy scores to investigate
axonal/intracellular properties.
We will then investigate any relationships between our diffusion
MRI findings and additional investigations.

Addressing Research Q3:

We will carry out all of our investigations again on MHE patients
returning 3-6 months post-transplantation in attempts to understand
the curative effect of liver transplantation. This will help us to
understand the extent and reversibility of damage caused by MHE.

Anticipated Outcomes:
1. To inform on MHE symptoms and the impact they have on
patients.
2. To influence future diagnostic practices.
3. To encourage future research into the management and
treatment of MHE.

We aim to investigate what happens when a patient reports a
flickering light becoming fused and the possibility of characterizing
this activity as a biomarker to increase diagnostic sensitivity when
used alongside the CFF assessment.

Sleep scores are found to correlate with scores in numerous
cognitive tests, including the PHES (Samanta et al., 2013).
In light of this, we will carry out all of our investigations on a
control group of healthy participants carrying out patterns of shift
work – as sleeping patterns will be similar to that of MHE patients
(daytime napping and reduced night-time sleep) - in attempt to
determine the extent that disrupted sleep impacts cognitive decline
in MHE.

What are the Issues?

Investigation 2: EEG and P300 response.
Previous findings indicate latency and reduced amplitude in P300
responses (Sharma et al., 2007) indicating attentional disruption and
reduced alertness.
We aim to use an oddball paradigm
to measure the P300 responses of patients
and investigate the relationship between
these neural responses and additional
investigations in hopes of improving
diagnostic sensitivity.

Previous research correlates MHE patient’s scores on elements of
the PHES with attention, response inhibition and working memory
dominant tasks.
Although the PHES cannot be carried out in the scanner due to
practical limitations, we will carry out a go-no-go and an n-back
task to measure these cognitive functions within the scanner.
We will investigate correlations between scores on in-scanner tasks
and the PHES, and will investigate differences in brain activation
between the MHE and non-MHE patient groups.
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