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Definition of Hepatic Encephalopathy (HE)

» Hepatic encephalopathy is brain
dysfunction caused by liver insufficiency
and/or porto-systemic shunting

» It manifests as a wide spectrum of
neurological/psychiatric abnormalities
ranging from subclinical alterations to
coma

AASLD EASL 2014 Guidelines Hepatol/J Hepatol.



Why should we care?

Comatose people with HE wake up after
bowel movements!!
The best human model for the gut-brain

axis in action!!!
The question is how and why?

Bustamante et al J Hepatol 2009, Cordoba et al J Hepatol 2014, Bajaj et al CGH 2015,
Bajaj et al Hepatol 2016, Rakoski et al Hepatol 2012, Volk et al Am J Gastro 2014, Bajaj et al
Am J Gastro 2011, Ampuero et al Gastro 2014, Sanyal et al NEJM 2021




Pathophysiology of HE: not just the liver
and the brain!
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GADPH ratio

GADPH ratio

Gut microbiota are necessary for brain inflammation
(microglial and glial) in cirrhotic mice
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4 mouse groups: GF, GF made cirrhotic using CCL4 gavage,
Conventional control and Conventional mice made cirrhotic using

CCL4 gavage Kang, Bajaj et al Hepatology 2016



The brain is sensitive to the type of microbiota
HE pathogenesis is related to microbes with

inflammatory potential
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Non-Bacterial Kingdoms and HE
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Hepatic Encephalopathy and Hospitalizations in Outpatients

Microbial changes related to brain dysfunction in

: Hospitalizations in Outpatients
Hepatic encephalopathy (HE)

06 Autochthonous taxa

Saliva

Stool: 278 patients, 37%
hospitalized within 90 days
Predictors of hospitalization

SCFA-producing bacteria= | ammonia-related . MELD score, PPI, HE PLUS
changes +  Clostridiales Cluster XIV and
Oral bacteria="]* Inflammation-related changes * Bacteroidaceae

Bajaj et AJP 2011/2013, Chen et al J Gastro Hepatol 2015, Bajaj et al J Hepatol 2014, Bajaj et al Hepatol 2015, Ahluwalia et al Sci Rep 2016,
Bajaj et al Am J Gastro 2019, Bajaj et al, Hepatology 2015, Bajaj et al Scientific Reports 2016
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Admission Serum Metabolites and Thyroxine Predict Advanced Hepatic

Microbial composition and metabolites can predict

Encephalopathy in a Multi-center Inpatient Cirrhosis Cohort

)

who will develop advanced HE

g
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Need bet%er biomarkers to predict

Blood collected
on admission for
metabolomics
& validated using
clinical labs
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Advanced (Grade 3-4) HE Multi-center derivation .o 1 Microbial | Thyroxine
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-Predict advanced HE
despite clinical factors
-/ Thyroxine levels validated
using clinical laboratories

A. Death

B. ACLF

C. ICU transfer

D. Who develops grade 3-4 HE

E. Recovery and recurrence of HE

Low admission thyroxine
predicts advanced HE

81 inpatients at 2 sites

Bajaj JS et al NACSELD 2022

Lin et al CMGH 2019, Chen et al J Gastro Hep
2015, Bajaj et al J Hepatol 2014, Bajaj et al
Clin Gastro Hep 2018, Bajaj et al CGH 2022




Clinical Classification of HE



Overall Classification of HE: Four Axes

Presence of

Type Grade Time Course precipitating
factor
A Minimal -
(Acute Liver Covert Episodic —
Failure) 1 (no further HE for Precipitated
> 6 months) (specific factor
found)
5 2
(portoi Recurrent
systemic _
Bypass or overt (fu.rtr?er6ep|sr<])de
: ver within 6 mths
shunt without 3 Spontaneous
cirrhosis) _ o
Persistent (no precipitating

(Ci :1: is) 4 (never resolved) factor found)
Cirrhosis

EASL/AASLD Hepatic Encephalopathy guidelines Hepatology 2014



Multi-disciplinary Approach: The Three
Villages of Hepatic Encephalopathy

The Village Within for HE
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Bajaj JS American Journal of Gastroenterology 2021

doi: 10.14309/ajg.0000000000001212



*Covert HE
*Inpatient Management
*Preventing Recurrence



Diagnosing patients earlier

Covert HE



Covert HE is important to our patients

Outcomes in cirrhotic patients Affected?

Progression to overt HE ‘/

Health-related Quality of life J

Driving impairment and accidents J

Overall Survival J
Socio-economic status J

Can be tested for J



Covert/Minimal HE is present in almost 40% of patients

Prevalence of MHE in patients with cirrhosis
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Gairing et al Am J Gastro 2023, Lv et al Am J Gastro 2023




Covert HE testing time & resource
requirements

Real world testing <15%




Real-World Settings
HRQOL, Animal Naming and EncephalApp Stroop can

be used to diagnose covert/minimal HE
L —

| do not maintain balance

ENCEPHALAPP

| act irritable or impatient with myself SJU/OOD T@SJ[

| am not doing any of my usual physical recreation or activities

New Test

| am eating much less than usual

Test Results

Quick Play

5

Nabi et al . Clin Gastroenterol Hepatol 2014;12:1384-9, Lauridsen et al . Hep Communications 2020,
Bajaj JS et al Hepatology 2013, Clin Gastro Hep 2015, Allampati et al Am J Gastro 2015, Campagna et al Hepatology 2017



S I Hepatic Encephalopathy is Associated with Slow Speech
OW Speech rate
h 2004
Speec (D Mw_%
L ] History of
2" Overt HE
E |_Fami hen she’s washing the dishes kids are climbing a lodder
ﬁ Patlents with an HE history spoke 23 fewer words / minute
§ 100 1 L X 0 20 0 .0 0 0 20
Q»)
: ; No History
Normal Low of Overt HE ‘ 1
Looks like a kitchen where mom's having a problem sink is_overflowing kids are getting into the cookie jar falling off their chair
Psychometric HE Scores
Bloom et al. Am J Gastroenterol. 2021. doi:10.14309/ajg.0000000000001351 AJ G The American jayrnal o
m Traditional EncephalApp Stroop=5 Off + 5 On Runs

On State
(Harder)

0 8- 9 - 8

QuickStroop

QuickStroop

Bloom et al Am J Gastro 2021, Acharya et al Clin Gastro Hep 2022, Kanagalingam and Park et al CGH 2023



Ammonia levels?

a

Blood ammonia
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Overnight
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d
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episode

Ammonia is an independent predictor of hospitalisation with liver-related complications and mortality in clinically stable
outpatients with cirrhosis and performs better than traditional severity scores in predicting liver-related complications.

The AMMON
Study Consortium
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Exclusionary for HE if normal; not diagnostic if high

Could be prognostic

Vary with dehydration, meals, and methods of

drawing blood
Upper limit of normal varies between laboratories

AASLD/EASL 2014 HE Guidelines, EASL HE CPG 2021, Bajaj JS et al Am J Gastro
2019, ISHEN Consensus Am J Gastro 2020, Tranah et al J Hepatol 2021



Obesity
Alcohol

'Etiology
Opioids and
Addiction

HE Altered gut-

o Cirrhosis- brain axis &
edications related ..
—— cognitive
Complications |mpa|rment

Co-morbid
Ag'ng conditions

Physical Social
Health Mental determinants
Health

|

Impaired
Daily
Function
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Increased
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Are all cognitive complaints in cirrhosis HE?

<50% of patients with cognitive complaints
seen In the specialized clinic had Covert or
Minimal HE

- Dementia/MCI
- Obstructive sleep apnea
- Alcohol-related




What about sleep as an indicator for HE? Not a slam dunk!

| Cirrhosis |
Stress/Anxiety Clinical Sleep Disorders Lifestyle &
i 5 Environmental . ..
Physical Obstructive Sleep Apnea m—————— A Distal-proximal temperature B Melatonin C Lightintensity and physical activity
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Eognitive c‘i?clme Type 2 Diabetes = E Elevated PSQI scores Excessive daytime Increased sleep Evening chronotype Fragmented sleep
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Sleep alterations alone are inadequate to diagnose HE and HE-treatment does not
resolve sleep problems

Also consider:
- Obstructive sleep apnea
- Alcohol-related or medication-related issues

Montagnese et al Hep 2014, Marjot et al Lancet GH 2021, Bajaj et al CGH 2015, Kappus et al J Clin Sleep Med 2013, Buckholz et al Hep Comm
2022



HE therapies overview

Focus on the gut-brain axis



Direct: Adding something beneficial

Indirect: Fixing the cirrhosis etiology
directly

Indirect: Fixing the cirrhosis through
microbes; FMT for endogenous and
Exogenous alcohol

.%. !

-
= e b L d
G =

Leclerg et al PNAS 2014, Wellhoner et al Hepatol 2021, Hsu et al Hep Comm 2022, Bajaj et al Hepatol 2020, Ren et al Hepatol 2017, Allegreti et al Am J Gastro 2019, Bajaj Idilman et
al Hepatology 2018, Bajaj, Torre et al Liver Intern 2019, Alvares da Silva et al CGH 2022, Bass et al NEJM 2010, Bajaj, Matin et al AJP Gl Liver 2018, Bajaj et al Am J Gastro 2018, Badal
et al Hepatology 2023



Optimization of Inpatient Therapy



(' Stabilize airway, vital
signs

* Triage appropriately

* Lab work

e |V fluids, NG tube,
antibiotics empirically
if indicated

\.

-

e Lactulose either orally
or via NG tube or via
enemas depending on
mentation

® Other therapies
.

Initiate
general care

Commence
empirical
therapy

® Drug screen

e Psychiatric disorder

* Neurological disorders

* Dementia

® Obstructive sleep apnea

Evaluate for J
alternatives

Identify

precipitating

factors and )
reverse

* Infections

* Gl bleeding

e Electrolyte disorder
* Diuretic overdose

e Unidentified

J
Acharya et al Am J Gastro 2018




Who will develop advanced HE?

Admission Serum Metabolites and Thyroxine Predict Advanced Hepatic
Encephalopathy in a Multi-center Inpatient Cirrhosis Cohort

Advanced (Grade 3-4) HE

developmentis difficult to predict

Multi-center derivation
cohort of 602 inpatients

ﬁagﬁ_?’
>

| /-/

Need better biomarkers to predict

who will develop advanced HE

v
Validation cohort of
81 inpatients at 2 sites

Blood collected
on admission for
metabolomics
& validated using
clinical labs

(1]

1 Microbial | Thyroxine
metabol_ites _

®

-Predict advanced HE
despite clinical factors
-/ Thyroxine levels validated
using clinical laboratories

Low admission thyroxine

predicts advanced HE

Bajaj JS et al NACSELD 2022

Bajaj JS et al NACSELD Clin Gastro Hep 2022
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Drugs for Acute HE episodes

Agent

Mechanism of Action/Comments

Potential AEs and challenges

Nonabsorbable
disaccharides

Potential shifting of microbes from
urease- to non-urease-producing
bacteria; exerts a cathartic effect

Aspiration pneumonia
Dehydration

Hypernatremia

Severe perianal skin irritation

Reduces NH; by eliminating NH;-
producing colon bacteria; indicated

None major compared to

ifaximi D lacebo
Rifaximin for reducing risk of OHE recurrence P . :
. Cost considerations
in adults
. Enhances urea formation from NH, .
Zinc . . None but not efficacious alone
and amino acids
PEG 3350- Purgative; causes water to be
electrolyte retained in the colon, produces a * Needs more study
solution watery stool

Leise MD, et al. Mayo Clin Proc. 2014;89(2):241-253; Flamm SL. Ther Adv Gastroenterol. 2011;4(3):199-206; Lynn AM, et al. Liver
Transpl. 2016 Jun;22(6):723-31; Elwir S, et al. J Clin Transl Hepatol. 2017;5(2):142-151., Bajaj et al Am J Gastro 2020




Prevention of HE Recurrence

1. Medication-related approaches
2. Other approaches



Checklist at discharge

Does the patient know the change in their
prognosis and daily function and tested for J

covert HE?
Does the patient and family know signs of ‘J
recurrence and ways to get in touch?
Do they have a scheduled appointment for ‘j
follow-up?
Do they have medications to prevent HE ‘J
recurrence with instructions in hand?
Have potential recurring precipitating Vj

factors been investigated?




G Lactulose therapy for patients with cirrhosis, portal
The M | KflStaI RCT hypertension, and poor patient reported outcomes
Patients with high daily activity impairment due to cirrhosis(n=52)
RANDOMIZATION

Standard care Crystalline Lactulose

+6.6 95%CI(2.3-10.8) Change in HRQOL +8.1 95%CI(3.7-12.4)
(SF-8 , p=0.6 )

Change in

-0.15 95%CI(-1.7-1.4)  Animal Naming Test 3.7 95%Cl(2.1-5.4)
(p=0.001)
51.9% Good sleep quality 92.0%

p=0.001

HEPATOLOGY

Bloom et al Hep Comm 2023

Tapper, et al. Hepatology.




Prevention of Overt HE recurrence: Lactulose

-
o
]

Sharma et al
Gastro 2009

o
(o0}
1

o
o
1

Placebo (n=64)

o
F N
1

P=.001 Lactulose (n=61)

o
(V)
1

.............

Probability of hepatic encephalopathy

............

o©
o
!

Patients at risk

Lactulose 61

Placebo 64 62(1) 59(4) 50(13) 37(24) 33(27) 28(27)

* Minimal change in microbiome structure or
function

e Poorly tolerated and Western countries have
poor acceptance

* Lactulose non-adherence is the #1 reason for
HE-related readmissions

Sharma et al Gastro 2009, Wang et al JDD 2019, Rathi et al
JCEH 2018, Bajaj et al NACSELD APT 2019




Quality not just Quantity of Stools: Bristol Stool Scale for HE

Bowel movement frequency
Is often used to titrate
lactulose

Two outpatient cirrhosis
groups analyzed prior to
and after BSS incorporation

Lower 6-month total 1
Outpatient Cohort admission
(4% vs 36%, p<0.001) _)

In Post-BSS group versus
pre-BSS cohort

A

Bowel movement Bowel movement ] )
Bristol stool scale(BSS) is a frequency (N=114) frequency + stool Lower Hepatic
. “Pre-BSS” consistency (N=112) Encephalopathy-related
quick and low-cost method re- “Post-BSS” admission

(1% vs 12%, p=0.002)

to assess stool consistency )

( )
Greater stability of HE

Medication Regimens
(37% vs 20%, p=0.04)
. J

Improves stability of HE Rx and prevents recurrence
If BSS=25 = don’t increase lactulose dose or initiate it

Duong et al. Am J Gastroenterol. 2021



Dieta App to Manage Hepatic Encephalopathy in Cirrhosis

Using Bristol Stool Scale (BSS) rather than simple Bowel movement Numbers can reduce lactulose dose
fluctuation but could be difficult to gauge in patients with Hepatic Encephalopathy

Qutcomes
« Comfort with App and
taking stool pictures
 Lactulose dose
adjustment when Al
generated BSS was

. Patients with Cirrhosis & Controls Commumcated or not
Al-based Dieta App calculates  jth Cross-sectional & Longitudinal Correlation of self and

BSS using stool pictures & Analysis with and without Al Al-generated BSS
transmits back to users securely communication

+ Most subjects were comfortable with the App and taking pictures
« Al and Self-generated BSS correlations increased over time
« Self-titration of lactulose was 1 when Al communication was switched on

GASTROENTEROLOGY

Fagan et al. Am J Gastroenterol. 2024. [doi] AJ G The American Journal of

© 2024 by The American College of Gastroenterology



Prevention of Overt HE recurrence:
Lactulose + Rifaximin

B Rifaximin 550 mg bid

p<0.0001 (n=140)
Patients % Placebo (n=159)
whose
HE 46%
recurred
(%)

Treatment

*Patients who had 22 episodes of HE within 6 months
prior to screening and who were in remission at trial start

Bass N et al. NEJM 2010, Sharma et al Gastro 2009



Challenges:
1.Needs bile to solubilize for optimal
bio-availability

2.Expensive in certain countries,
which can be a barrier

3.Not available in some countries,
which is also a barrier




Work the body and mind

L . Dietary . 30
Exercise intervention Tt ntah Mechanism Target Outcome
Aerabic training |
‘ ”~ I n;‘p;oc\;elz Metabolic 25
-Cydling F; y complications
-Jogging - m itness
-Walking >
-Light swim Increase cardiopulmonary Complications
endurance from portal 20

hypertension

Resistance training
-

'v‘f\/e'gh“’ (1-2lb) Halt/reverse Health-related
-Chair dips sarcopenia

-Resistance band l 1 ’ = quality of life 15
-Squats { 2P e
11 Increase muscle mass
: and strength Wait-list
Balance & strength P survival
o | B d,
-Side/back leg raise 10
-Sit-to-stand reps ' F e * Reverse
-Go around chair 1 £ ; Posttransplant
ﬁb : {4 frail p
-Toe stand . v { o complications
! Improve balance, ADL, &
independence 5
Run-in phase Mindfulness and Group Therapy
| |
0

Improve malnutrition

Declining functional status
Nutritional therapy

1
[ | LN | 1
S Wk 5
coEr:;fr':'a':i‘; ) P’;gl: :“p wk2 | wks wka | wk5 | Endofstudy Pre Post
screening visit visit gEroup g Eeroup group § group L m Beck Dep M Pittsburgh mSIP
Moertiect” | | Weekiy hourdong group session and || ‘ra, wer In patients with cirrhosis and depression, Mindfulness
Screening caregiver MBSR, including home practice caregiver decreased depression, Sleep impairment, improved QOL
burden documented through logs for burden d Careaiver burden
(BD1) evaluation patients and caregivers run by evaluation an 9
(before psychology personnel (after _ _ o _
groups) groups) Duarte-Rojo et al Liver Transpl 2017, Bajaj JS et al Clin Transl| Gastro 2017




Co-morbid conditions and drugs affect cognitive test
results and HE risk differently

Affecting HE risk Affecting cognitive tests
PPIs P Age Impairs
Opioids 1 Opioids Impairs
Statins J Antidepressants Improves
Beta-blockers Diabetes ™
Other neuro-active drugs Renal Impairment ~
(benzodiazepines,
gabapentin ) 1

Tsai et al Gastro 2017, Tapper et al Hepatol 2017, Dam et al Hepatol 2016, Metab Brain Dis,
Bajaj et al Liver Transpl 2012, Acharya et al Am J Gastro 2021




Persistent HE may be associated with shunts

% with shunts
50
70 -
60 -
50 -
40 -
30 -
20 -
0 |
Pers HE No pers HE

Embolization of these shunts can improve the course of HE
Especially with low MELD <11 and a single shunt

Riggio et al Hepatol 2005 , Sakurabayashi Cardiovasc Intervent Radiol 1997, Laleman et al Hepatol 2013



Enforce Checklists and Keep in Touch with Patients To prevent Readmissions

30-day readmission by intervention pH
service and hospital
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30 4
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30-day
readmissions (%)
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Hospital

Discharge team
preparesthe patient
for discharge and

Caregiver and Patient are

Patient

Buddy app is
informs caregiver and asked to bring their loaded on
patient of the Patient smartphones to allow both

Buddy App dlinician to load program smartphones

Authentication and
verification datais

Patient Buddy server

Secure Tablet —
interface for Readmission
Nurse Rate Reports
Manager
mobility
e
Datais . ‘ N Patient
seritto —= Performance
NGrsd < . Dashboard
Manager
1\ Analytics
Improved workflow, patient
Inonitoring and adherence for @
reduced readmission rates N—

Patient demographics, discharge|
instructions, prescription info,
assigned Nurse manager are pre-|
populated to app

exchanged with

Patient and
caregiver use
Buddy App and
recorded datais
transmitted
wirelessly to our
serversfor
monitoring and
reporting

()

HIPAA Compliant
Server/Database:
(HL-7 and Clinical Data
Architecture (CDA) as
part of its architecture)

Communications, data, and
instructions flow back to patient and
caregver from Nurse manager

(B)  schema of Study Design

Enroliment, App training
and counseling

Hospitalized
decompensated
cirrhotics and
caregivers at
discharge

Telephone call by
study team

In-person visit
with study team

In-person visit with
study team, end of

study

Telephone call
by study team

discharge Day 0 Week 1

[ ¥ CirrhoCare®

Novel digital-health system to diagnose and treat early
new decompensation events in advanced cirrhosis

Daily patient data input and communication
to hepatologist

- Measurements of hemodynamics, weight,
water percentage, and cognitive testing

- Self-reported well-being and intake of
food, fluid and alcohol

- Voice messages

- Text messages

|

Hepatolbgist

Patient at home

~-

Direct two-way communication
to patient
- Phone calls
- Text messages
- Community intervention, e.g. advice
on fluid intake, adjustment of
diuretic and laxative doses

A pilot study of CirrhoCare® - remote
home management in patients with
decompensated cirrhosis

- 20 patients with advanced cirrhosis

- Home r g t for a of 10

weeks

- 20 contemporaneous cirrhosis control
patients receiving standard-of-care
management

T
Week 4  Day 30

CirrhoCare® prompts early diagnosis of
new decompensating events and their
specialist intervention in the community

- High patient engagement

- Fewer and shorter readmissions than
controls

- Markedly reduced unplanned
paracentesis

- Improvement in disease severity scores

Ganapathy et al Liver Int 2017, Tapper et al CGH 2016, Kazankov et al J Hepatol 2022




In addition to optimizing medications,
further recurrence needs a multi-

disciplinary approach
A. Interventional Radiology (embolize SPSS)

B. Nutrition (inpatient and outpatient consultation)
C. Physical and occupational therapy (exercise, driving)
D. Mental health (psychotherapy, mindfulness, mood
disorders and substance abuse assessment)

E. Oral health (attention towards gum disease and
inflammatory foci in the mouth; clean teeth!)

F. System changes(Checklists, Apps and other modes of
communication)

G. Driving safety



The Three Villages of Hepatic Encephalopathy

The Village Within for HE Development

The Village Affected by
HE

Development

Patient
with HE

The Village Required to Manage

HE

Outpatient MDs,
APPs, RNs and
transplant team

__
L

Bajaj JS American Journal of Gastroenterology 2021

doi: 10.14309/ajg.0000000000001212

Hospital
medicine

Mental
Health m

Family and
caregivers

Physical
therapy




Special Situations
- TIPS
-Driving
- Post Liver Transplant



Liver transplant

Do things get better once the diseased liver is
replaced by a healthy new liver?

It’'s complicated because
LT is not a perfect model



Alcohol

= HCV

= Depression

= PTSD

= HE -
= Medications

= Hyponatremia :
\ ‘ " i ‘\ I = p n -t:ml: !“‘ O Infectlons

o Immunosuppressive
drugs

o Early complications,
plus:
o Recurrence of disease

Al-Abhaisi and Bajaj Current Transpl Rep 2020 o Obesity



Substantial Burden of Neurological Complications Post-LT

Ea r|v=1§% 1 month & month Later=30%

CNS infections

5-10% HSV, VZV, CMV, EBV, HHV-6, HHV-7 _
Toxoplasma gondii JC virus
Health care—related infection Candida spp. Aspergillus spp.
Donor-derived infection Aspergillus spp. Nocardia spp.
Recipient-derived infection HEV Mycobacterium tuberculosis
Candida spp. Listeria monocytogenes Listeria monoctyogenes
2-7% Aspergillus spp. Trypanosoma cruzi Cryptococcus neoformans
Stroke (ischemic or hemorrhagic)
2-4% :
1-10%
Seizures (secondary to complications, drugs, CNIs, PRES)
Metabolic encephalopathy
(renal dysfunction and drug accumulation due to graft dysfunction)
1%

()
» " 30%
Neurocognitive complications

Weiss et al Liver Transpl 2019



Microbial diversity & function, and Cognition recovers post-LT

v’ Cognitive function
Improves and is linked
with change in gram-
negative bacteria

v’ Intercurrent events:
Microbiota are disrupted
by infections, surgical
issues and rejection

v’ Stability after 6 mths:
Better diversity and
return of microbial
function

Cognitive Impairment
Improved

Pre m Post

Venous Ammonia Reduced

Ammonia

Pre m Post

900
800
700
600
500
400
300
200

100

L X

Control

*kok

Pre-LT

Post-LT

1 )
—

3.0xo-bile acid formation 4%
4.1so-bile acid formation I
5.7 alpha de-
hydroxylation to form I
secondary BAs

1.Total Fecal BAs
2.Deconjugation

Bajaj JS et al Liver Transplantation 2017 and 2018, Sun et al Scientific Reports 2017, Lai et al Front Physiol 2022



High Burden of HE after TIPS

e Qverall, all comers =25-45%

* New or worsened?=13-36%

 Cause of 50% of readmissions post-TIPS

 Canresultin multiple episodes

* Major reason for poor HRQOL post-TIPS

 However, should not stop one from putting
one in for variceal bleeding

Riggio et al Clin Liver Dis 2012, Bajaj ISHEN consensus Am J Gastro 2020, Riggio et al
Am J Gastro 2008, Vozzo et al Gastro Rep 2017, Campbell et al Hepatol 2005, Rudler et al Gut 2022



Predictors and Decision Points

RISK HIGH

1. Older patient without social support

2. Prior Overt HE

3. Current Cognitive Impairment

4. Sarcopenia

5. Advanced liver disease

6. Elective TIPS with alternatives BENEFIT HIGH

1. Urgent TIPS

2. Younger, functional
patient

3. Adequate social support

4. Adherent

i

Riggio et al Clin Liver Dis 2012, Bajaj ISHEN consensus Am J Gastro 2020,



Rifaximin , HE after Elective TIPS Placement

Does rifaximin reduce hepatic encephalopathy after transjugular intrahepatic

i L g g g i
100 A
Group Events/Total, Median Time Day  Cumulative Incidence
n/N (95% ClI), d* (95% ClI), %
90 Placebo 49/93  99.0 (65.0-NE) 28 31.9 (21.6-40.9)
168 55.5 (43.7-64.8)
'''''' Rifaximin 32/93 NE (NE-NE) 28 21.7 (12.8-29.7)
80 168 35.3 (24.6-44.4)
Stratified log-rank P value =0.008 + Censor
70
i
I
Tt 60+
>
(@) — 1
S 50-
2
-
a 404
g
a 1 e pm e e ——— e-—-=-=-0
30
20
10
0 -
1 I I
112 140 168
Time, d
Patients at Risk, n
Placebo 93 61 52 47 40 37 35
Rifaximin 93 71 64 59 58 58 b5

Bureau C et al Annals Int Med 2021



Figure 1: Hepatic Encephalopathy and Fitness to Drive

Influences Driving

Alcohol/drugs

Fatigue

Medication

Experience disease

Consequences

Accidents

Near misses

Prior OHE

Getting lost

M| conTinuE
DRIVING

m { AGAINST

Comorbidities

Isolation

Driving Organic brain

Lower self-sufficiency
Damage to patient-doctor

relationship

Driving assessment

Management

Short driving history Advise patients not to drive
should be taken at every ~3 months after last overt HE
visit episode
No evidence to support a
On-road driving test driving ban to all with
L ] CHE/MHE without prior overt
Driving simulation HE, also take driving history

into account
Driving History
Initiate or optimize HE

Cognitive Testing treatment

CAUTION

Physicians do not have
legal authority to

Avoid/withdraw/decrease
sedative medications

Optimize treatment of
comorbid diseases

withdraw a patient’s
drivers licence.

Refer to authorities for formal
testing for resuming driving
privileges

Physicians may be obliged
to report an unsafe driver
to authorities.

Bajaj JS et al ISHEN Consensus Am J Gastro 2020



What’s being tested for HE
diagnosis and treatment now?



Newer Therapies
- Rifaximin SSD
- Rifamycin SV MMX
-FMT
- Golexanolone
-Albumin



Microbial Profiles Can Exclude MHE and Determine Impact of
Addiction, Aging and PTSD

PCoA scatter KEGG_GBNS] a. Al pha Diversity

Et';:‘;g‘l ‘ A : mme Orange: MHEPHES only, Blue: MHEICT only
k]
addiction £ Richness Shannon Simpwon
oe pvalue: 4.00e-04""" pvalue; 4,56604°*" pvalue: 4.450.04"*

=+

Cirrhosis-
-

=+

Co-morbid
conditions

Cognitive
dysfunction

088

PCoAZ (1481%)

080

-
5
8
.
.

ars

00 oz 08  PCaAZ Density 4
PCoA1 (2277%) Detance: bray_curts

¥ LEFSe Amnestic vs. Amnestic/Non-Amnestic
Altered Gut Brain Axis in PTSD compared to no-PTSD

Combat-experienced Male No-PTSD .
Veterans with Cirrhosis Amnestic B a: Bacteroides
B b: Bacteroides

Amnestic/non-amnestic B c: unknown
4 B d: Bacterodaceae

Il e: Bamesiella
R f: Paraprevotella
I g: unknown
I h: Prevotellaceae
W i Oscillibacter
I | Subdoligranulum
Il k: Hydrogenoanaerobactet
W |: Papillibacter
Il m: Subdoligranulum
E n: Aminiphilus
I o: unknown

-Linkage of pathobionts
(Escherichia/Shigella) and
“pathobion Enterococcus with poor
J lower autochthonous taxa cognition in PTSD
“Lipopolysaccharide binding protein -Altered gut-brain axis
in PTSD compared to those without PTSD predicted microbial function

AJP-Gastrointestinal and Liver Physiology" © 2019

Bajaj et al Scientific Reports 2016, Bajaj et al Am J Gastro 2019, Bajaj et al Gut Microbes 2021, Bajaj et al Am J Physiol 2019



Rifaximin SSD for outpatients
with controlled ascites to prevent

mortality or hospitalizations

Screening Period

1 to 21 Days

Visit 1

Treatment Period

Follow-up Period

24 Weeks 2 Weeks

Rifaximin SSD IR 40 mg ghs
Rifaximin SSD IR 80 mg ghs
Rifaximin SSD SER 40 mg ghs

Rifaximin SSD SER 80 mg ghs

Rifaximin SSD IR 80 mg ghs
Rifaximin SSD SER 80 mg ghs

Placebo ghs

8 10 12 14 (EOT) 15 (EOS)

Study Week
Study Day

12 16 20 2 26
14 28 56 84 112 140 168 182

H

Bajaj JS et al Clin Gastro Hep 2022

100 —
90 —
2
E > P =.03 vs placebo
SE s0-
=0
&E
36
£c
5.2 707 ——Rifaximin SSD IR 40 mg ghs
o E === Rifaximin SSD IR 80 mg ghs
E E = Rifaximin SSD SER 40 mg ghs
E § 60 7 — Rifaximin SSD SER 80 mg ghs
= - Rifaximin SSD IR/SER 80 mg ghs
== Placebo
50 | | T T T T 1
0 30 60 80 120 150 180 21
Days
100 1 - ] - P= 23 vs placebo
> L
® 2
=]
c & 907
=
=
m
M=
% o B0
£3
"E <= === Rifaximin SSD IR 40 mg ghs
= ; = Rifaximin SSD IR 80 mg ghs
= @ 707 = Rifaximin SSD SER 40 mg ghs
'E 'E == Rifaximin SSD SER 80 mg ghs
'% © —— Rifaximin SSD IR/SER 80 mg ghs
a —— Placebo
m_

T T T T
0 14 8 42 56 T0 a4 98 112 128 142

T
154 1638

Time to hospitalization (days)




Rifaximin SSD for inpatients with
overt HE to hasten resolution of

confusion

Study Day

Screening/Baseline
1:1:1:1:1 Randomization

Hospital discharge/OHE resolution?

Treatment Period Open-Label Safety Follow-up Period

14 Days 30 Days

Rifaximin SSD IR 40 mg qd + lactulose
Rifaximin SSD IR 40 mg bid + lactulose
Rifaximin SSD SER 80 mg qd + lactulose g

Rifaximin 550 mg bid

Rifaximin SSD SER 80 mg bid + lactulose

Placebo bid + lactulose

-
(3]
-

7£2 14+2 302

Patients assessed twice
daily at 12 * 2-h intervals

Bajaj JS et al Clin Gastro Hep 2022

100 P = .02 vs lactulose alone
90 —
=]
S 80—
5
= 70 —
=
Q
@ 60— :H
E I_
11 -
T 50
(@]
é 40 —
ﬁ 30 === Rifaximin SSD IR 40 mg qd
E == Rifaximin SSD IR 40 mg bid
® 20+ — Rifaximin SSD SER 80 mg qd
e 10 - == Rifaximin SSD SER 80 mg bid
— Lactulose alone
0 —
I 1 1 1 1 I 1 I 1 1 1 1 I 1 I 1 I 1
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
Time from first dose (hours)
180 —
160 -
3
3 140
<
c
S 120
‘5’ *
© 100 —
(7]
g
w 80 —
T
@)
[e] 60 —
il
£
= 40 —
20 —
0
Rifaximin SSD Rifaximin SSD Rifaximin SSD Rifaximin SSD Lactulose
IR 40 mg qd IR 40 mg bid SER 80 mg qd SER 80 mg bid alone




Gut Microbiota modulation for HE

prevention using FMT

[——— OpenBiome donors ——

Clinical Outcomes

H FMT

l Placebo

P=0.12

Healthy patients HE patients )
® © 6 ¢ o0 o e o 0 o [N
Train HE
= | (lassifierto | == N
rank donors "
12
i S Classify and P=0.02
rank donors
W Uswming
G = e 10
Material from one stool sample
from the donor with highest 5""
Lachnospiraceae/Ruminococeae 2
used for the FMT-assigned group w2 i 8
o L4 55 ) W
RCT of FMT enema - P=0.03
vs. standard of care Outpatient
with safety as cirrhosis and 6
primary endpoint recurrent HE
Patients divided into standard of care or
FMT group with 150 day follow-up
== 4
= \
y IN THE FMT GROUP COMPARED
@ TO STANDARD OF CARE:
Ie) @ «  Reduced hospitalizations 2
O@O Improved cognition
Reduced HE episodes
Recovery of antibiotic-associated 0
collapse in microbial diversity
Total SAE Any SAE

Total HE Any HE

Total Inf

Any Inf

Enema and capsules are both safe with potential for improvement in 2 small RCTs
Large RCT in HE underway

Bajaj JS et al Hepatology 2017 and 2019




Further Studies on

HE using FMT

Fecal Microbiota Transplant to Treat Hepatic Encephalopathy

Study Population

Intervention

Factors Associated with Efficacy

Bloom, et al. Hepatol Commun, 2022.

HEPATOLOGY
COMMUNICATIONS

Single session fecal microbiota transplantation in decompensated

cirrhosis: an initial experience of clinical endpoints

Objectives

Decompensated Cirrhosis(MELD 12:21) g 160 F
S
1° Objective: To assess the difference in 180-day 1 I! g 140k
mortality between the FMT group and the SOC group o | <
= 120f
2% Objectives I £
) . | g 100t
* To compare the changes in prognostic scores (CTP/MELD/MELD Na) g
* To compare the complications in both groups ] 8
+ Changes in ammonia levels and inflammatory markers o % 60}
(IL-1b, IL-6, ) in both groups at 28 days " . E
3 = 4 40L
Methods - | —
Open-label randomized control trial single session FMT (nasojejunal) —
using stool from family donors on patients with decompensated 20 pro80 FmEr 0o
cirrhosis (DC) with MELD 12-21 “’
p=0.01 i
Conclusions .

FMT in advanced but stable DC leads to selective improvement of
prognostic scores, reduces inflammatory cytokines, and is associated
with non-significant reduction in ammonia. However, there are no
differences in complications (HE, SBP, VH) or 180-day mortality.

80

J -

Day 07:021

Cay 028p=0.17

T

T

1

Day0

Day 7
FMT arm

ezs

Day 28

Interleukin 6

Roy A, et al., Abstract 176

25
20
15
10
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—pe PEAtiENT 1] il Patient 2 ——&— Patient 3

Patient 4

. PELIEML 5 g PELIEN B e Pt 7 Patient 8

—tte PATIEMT Q@ —pe PEtient 10 = =A==~ Nedan

MELD SCORE AT POST-TREATMENT
WEEK-20

MELD SCOREAT BASELINE

Mehta et al Indian J Gastro 2019, Bloom et al Hep Comm 2022




Hepatic Encephalopathy C. Difficile

Bajaj JS et al Hepatology 2017 and 2019
Mehta et al Indian J Gastro 2019,
Bloom et al Hep Comm 2022



RIVET Trial: Impact of Rifamycin SV MMX on gut-brain and gut-muscle
axis in patients with cirrhosis

Cirrhosis and Minimal HE (N=30) Q] oS
::- NN

RIFAMYCIN SV MMX
Novel non-absorbable
antibiotic with colonic

site of action

Microbiota Composition and | Lower diversity but higher short-chain fatty acids and favorable bile
Function _ acid profile in blood, urine and stool.
Ammonia & Cognitive Testing —1' Lower Ammonia but no improvement in cognitive testing

Sarcopenia & Physical Function -4' Higher handgrip, lean mass, & patient-reported physical function

Bajaj JS et al Hepatology Communications 2024



Golexanolone: the only HE drug directly targeting CNS

Golexanolone in HE

>

v Enters the CNS and reverses the
inhibitory effects of neuroactive
steroids on brain function in
humans

|

|

|

! Increased production
:

|

' v Normalizes an elevated
|

|

|

|

|

|

|

|

of allopregnanolone

GABAergic tone, independent of
ammonia

v Improves cognitive function

CNS-related disorders

| Current drugs are targeting elevated | Ammonia, inflammation

ammonia levels

Cirrhosisis a growing problem | .
and an end-stage disease ; Cirrhosis

Montagnese et al J Hepatol 2021



Stages of HE and where albumin has been used

Covert/

Minimal

Recurrence

e Fagan et al * Ventura-Cots et al
(HEAL * Simon-Talero et al (BETA trial)
study) * Sharma et al .

e China et al* * Caraceni et al
(ANSWER trial)*

*HE was not the primary focus of inclusion




HEAL RCT: Albumin in Hepatic encephalopathy

Population @ "

Created by Flowicon

Patients with cirrhosis and prior HE who
have cognitive impairment or minimal
HE despite standard of care

Outcomes

Primary: Cognitive Performance

[

Secondary:

Quality of life
Inflammatory cytokines
Endothelial dysfunction

Intervention Findings PHES: Primary Cognitive Outcome
. Albumin Placebo
25% IV Placeho || P Albumin vs placebo o p=0000 o b6
albumin (saline) 1 Minimal HE Reversal

 1:1 randomization
» 1.5g/kg weekly for 5 weeks
using blinded infusions
* Follow-up 1 week after last
infusion

1 Psycho-social quality of life
J, endothelial dysfunction &
inflammation

-Effect persisted even after
albumin discontinuation

-10-

_?.4;_ 15 T T

Baseline EOD Baseline EOD

PHES (higher=better)
o &n o
| 1 1
| J
'
'
'
PHES (higher=better)
n o
1 1
)
[
[
[

-
n
|

Fagan et al Journal of Hepatology 2022




The Three Villages of Hepatic Encephalopathy

The Village Within for HE

Development
T N
meardou auncin

. . and portal H

immunity | |_ypertension The Vlllage
., Affected by HE
Altered HE Microbial — —
genetics Development dysbiosis . I ~ ? e

ncome ect on

: loss caregivers
Altered
skeletal

muscle

Renal

dysfunction

Personal

Patient mental well-

Death

The Village Required to

with HE

-

; ) being

o il

Manage HE

Falls and
driving
impairment

Outpatient MDs, Family and
caregivers

admissions APPs, RNs and

transplant team

Hospital
medicine

Mental \/

Health

Physical
therapy

Bajaj JS American Journal of Gastroenterology 2021
doi: 10.14309/ajg.0000000000001212



Take-home messages

Hepatic Encephalopathy is a complex syndrome which requires
several specialties in management

Overt HE staging along 4 axes during inpatient settings to improve
treatment and prevent readmissions is important

Appropriate use of therapies to prevent recurrence with adequate
patient contact, improving nutrition, optimizing medications and
ensuring contact with caregivers are needed

Checklists on discharge may be helpful, especially if included in the
EMR

Microbial alterations as prognosticators and FMT are potential
emerging fields of management and quality vs quantity of stools may
be important.
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