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Abstract

Hepatic encephalopathy (HE) is associated with poor qualltiepsharply increased mortality,
repeated hespitalizations, falls, and motor vehicle accidents. HE manifests with a dynamic
spectrum of severity. Overt HE is clinically obvious disorientatemen comaAlthough

multiple sirategies are available to chcterize early stage HE, data are limited validating these
methods inspredicting overt HE, many are impractical in clinical practice, and test cutoffs
relevant to the average patient clinicians manage are lacking. In order to accurately and
efficiently‘¢lassify the risk of overt HE in the population with cirrhosis, novel strategiedeay
needed. Herein, we review the potential competing strategies for the prediciiertafliE. We
propose refining diagnostic cutoffs for tests designed to define early HE usindi&vas a gold
standard and expanding prediction tools by using measures of components frak plaéhway
for HE.

I ntroduction

The prevalence ofichosis is risingl) Owing to epidemic obesity and nonalcoholic
fatty liver diseasehis trendis expected to acceleratibstantially increasing tiggobal burden
of persons with cirrhosis and itemplicationg2) Among the complications of cirrhosis, none

are more complex than hepatic encephalopathy (HE)associated witpoor quality of life

This article is protected by copyright. All rights reserved



(for bothpatients and caregiversharply increased mortality, repeated hospitalizatifatis,

and motor vehicle acciden3-6) A volatile conditionHE is characterized by unpredictable
changes in cognitive function apdogressive disability6, 7) HE manifests with a dynamic
spectrum of severit{8) Overt HE is clinically obviousdisorientation to person or place or time,
asterixis Jethargy(grade 2); complete disorientation or somnolence (grade 3);and(goexa
4).(9) Early.or covertHE is subtler, including deficits in executive function and attention
(minimal HE)"and decreased awareness (gradédihpared to patients with cirrhosis without
HE, even those with early HE are at higher risk of adverse oeg{d®, 11)Classification of a
patients risk for'overt HE may allow for closer monitorirldestyle modificationgarlier
treatment,.andithe opportunity to prevent associated complications such as faltg@nd m
vehicle aceident§l2) Although multiple strategies areailable to characterize early stage HE,
data are limited\validating these methods in predicting overt HE, many are impractical in clinical
practice, and test cutoffs relevanthe averag@atient clinicians managm a daily basis are
lacking.In‘order to accurately and efficiently classify the risk of overt HE in the ptpalwith
cirrhosis, noyvel strategies may be needetein, we review the potentiebmpeting strategies
for the prediction of overt HE. We propose refining diagnasttoffs for testslesignedo

define early, HREusingovert HE asa gold standard and expanding prediction tools by using

measurg.ef‘components from the risk pathway for HlBe HE risk pathway

Although they are distinct in their clinical presentaticovert and oveiE share a
common bielegy. The spectrum of cognitive dysfunction in cirrhosis is predated siabigtéamt
the development of the risk pathway for HEin@ally apparent HE is caused by a combination
of adverse trends in a patient’s peripheral ammonia concentration, burden of irtitzm anad
inter-organ.glutamine traffickingl3) Thesemechanisms, however, are secondary to other,

earlierprecessesmost of whichare readily measurab(€igure 1)

(1) Above all, as liver dysfunction progresses, the risk of HE rises. This risk can b#iegiant
using simple labs and examination findings — the model for endstagdisease (MELD),
Child*elassification, and a score including bilirubin and albumin have each been shown to
predictthe development dfiE.(14-16)

(2) Beyond measures of liver function, portal hypertensamtgpturedoy thrombocytopenia,
varices, portal manomelris independently associated with the risk of HE, (Eflecting
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increaseasystemic distribution of neurotoxic substances from the splanchnic circulaion
portosystemic shunting.

(3) Owing to skeletal muscle’s role in ammonia metabolisancopenia is associated with
hyperammonemia and can be observed clinicallyfi&gsured directlysing conventional
imagingtoeels.

(4) The peripheral (shunted) burden of gut bacter@o-inflammatoryand strongly linked to
the development of cognitive dysfunction in patients with cirrhosis.(197128)
gastrointestinamicrobiome is accessible at least in the context of research studigs and
specificconstituentareassociated with (or causally linked to) the risk of HE.(21, 22)
Inflammatery cytokines are not routinely measured in clinical pradtm&gevershould they
become‘commercially available they may discriminatefaskE .(20)

(5) Medication lists are easily abstracted from the medical reGmmie medication classes may
modify the gut’s prduction of ammonia by altering microbial characteristics (i.e. proton
pump Inhibitors), modulatingnteric glutaminase activify.e. metformin)or by altering gut
motility-(irewopioids)(23-25) Other medication classes, namely gabapentinoids and
benzodiazepines, may exacerbate the neurocognitive effects of tarebrania exposure.

Predicting therisk of overt HE by identifying covert HE

Covert HE is a risk factor for the development of overt HE. For this reason, thecame
Associatian for the Study of Liver Disease recommends that patients mwiitbsis shoulde
evaluated forthe presence of early grade HE by experienced exa(@tiévany tools are
available Table1). These include papgencil tests (e.g. Portosystemic HE ScHEES),
computer programs (EncephalApp), electroencephalography (EEQ)iteal flicker fusion

(CFF). Severalfactors, however, complicate this recommendation’s clinical implementation.

FirstpHE is not always a linear progression from normal to ¢¥erthrough covert
stagesKigured) Many patients without covert HE are at risk for overt HE.(10, 11|r2&)
study of 170 patients without a history of overt HE who underwent neuropsychologicey test
for covert HEpRatidar et al found that the 1-year risk of overt HE was 34% in pati#nts
covert HE compared to 18% in those without.(10) Although refinements in the evaluation of
covert HE could improve risk capturégtclassification of early grade HEfismmdamentally

complicated by the lack of a true gedthndard
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Second population-based strategies for the evaluation of covert HE are laclaaggH
been excluded from studies of covert Higny atrisk patients are not suitable candidates for the
tools validatedo identify cognitive dysfunctionn the setting of cirrhosisThis includes patients
with alcohol use, psychoactive medications, and cardiopulmonary and renal comoyt@gjties
clinical factorsthatmay be present in the majority of contemporary patients with cirrhosis.(16)
Theresultis aclinically meaningful chasm between efficacy (what can be shown in experimental
conditions'free"of confoundgrand effectiveness (how a test perforfimisthe patients
encounteredhpractice).

Third,.eutoffsfor neuropsychological or neurophysiologicasessments to predict overt
HE amongreatworld patients have not been establisiegishown by Bajaj et é29), tests of
cognitive function may retain their predictive power in less controlled colutsot with the
same diagnostic cutoffs or test characterisie®n in highly selected cohorts, cutoffs suggest
of minimal/ercovert HE vary widel{B80) Each test is internallyalid and capable of
distinguishing covert HE from normal controls in the experimental context but poorly
generalizable across studies. Insufficiently harmonized test characteristics thdvafphe s
limits external validity. The@nsequence is unacceptably imprecise outcome prediction. Flud
and Duarte-Rejo found in a review that the proportion who developed overt HE after a diagnosis
of minimal-HE-varied from 10% to 40%.(31)

Fourth, the grading of neurocognitigtatusis highly variablebetween studiesstandard
psychometrig.tests (such as the PHES) are graded relative to performance by age and sex
matched controlé32) However,normal controls from one center could be interpreted as
cognitivelyimpairedrelative to control performance from another.(27, 30) In our analysis of a
nationally‘representative cohort who underwent psychometric testing, we foufattbet
which are'unmatched in studies of minimal HE such as education, comorbidities (e fgsdiabe
obesity), smoking, and remote alcohol history significantly impacthmsyetric test
performancg30; 33) These differences in control selection between studies are compounded by

inter-ratervariationof test interpretation within studi¢34)

Fifth, most clinicans do not use neurocognitive tests for a variety of reasons including

the time required and that the recommended “experienced examiners” are scarce rEdsurces.
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Finally, as it relates to its prognostic implicatiotise very construct of covert HE which
lumps minimal with grade 1 HE, is controversial. In two recent prospective studiaghn@sis
of grade 1 HBby physical examinatiohas significantly greater loAgrm prognostic
significance than a diagnosis of minimal HE determined using psychometric {&4tjr3$)In
these studies; patients with minimal HE experienced risks of decompensationthnubdea
different fram those without cognitive impairmdat, 36) t is, howeverchallenging for the
averageé'clinician to deern normal from abnormal cognitive function based on routine clinical
assessment.In“a study examining the classificatietandardized patients with various grades
of HE presented by video,(37) Reuter et al found that half of the hepatologistea(frolin
experienced transplant centers) could not distinguish betstaedardizegatients with
cirrhosis and no HE and those with grade 1 BEen these data, ‘covert HE' may misclassify
risk through ovediagnosis while particularlgiagnoses offrade 1 HE may have imperfect
inter-rater reliability limiting generalizeability. To resolve this conflict, prospective, multicenter
comparisons atherelative ability forcovert and grade 1 Hie accurately classify the risk of

overt HE arerneeded.

Predicting therisk of overt HE along HE risk pathways

An alternative to using the ggenceof minimal or grade 1 HE as tipeinciple predictor

of overt HE is riskpathway based assessments. There are multiple examples.

(1) The oral glutamine challengea physiologic test which captures glutaminase activity and
excessive_peripheral ammorraflecting microbial ‘function’)after aglutamine load. Elevated
ammonia levels after thehallenge can predict overt HB8) The remaining rislpathway based

assessments require prospective validation.

(2) Clinieal'scors based on routinely available measures of severity of liver diseasdfective
predictors of overt HE. Either Child class or MELD alone can predict the developfrarert
HE and other important clinical outcomes.(14, \\g recently developed a risk scerthe
BABS score (Table 13 based on bilirubin, albumin, nonselective datacker use (reflecting
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varices), and statin ug&6) Patients with low scoresQ) had an 89% negative predictive value

for the development of overt HE over tlodlowing year.

(3) Sarcopeniad.g.low skeletal muscle index at the level of tfiél@mbar vertebra) has been
linked with.the.development of overt HE in a cohort of portosystemic shunt recipients.(18)
Though promising, data are limited regarding the role of bedside measurasaié tvulk and
function in‘this context. Given mounting interest in sarcopenia as a geskraiaimarker in
cirrhosis, such studies are likely highly feasible by collecting data orHe{@nd other

decompensatiens) in addition to conventional outcomes such as trarisggagrvival

(4) Medication burden is also associated with the development of HE. Prior studies ha
implicated préon pump inhibitors, benzodiazepinesnselective betablockef6, 39, 40)
Whether these findings causally related or correlated is debatable. Regardless, thegtare eff

biomarkers of risk that can be efficiently abstracted at the populatiorféevelk-assesment.

I mplementing Qutcome Prediction
Calibration,of cutoffsin existing modalities

Qutcomes should be used to calibpaggchometrigest cutoffsHowever, ach modality
may need multiple test cutoffsr two reasons. Firsthere are multiplélE-related outcomes of
value for atrisk=patients including overt HE, falls, poor health-related quality of lifd, a
mortality.(Figure 1) Secondgeven the same outcome may need cutoffs tailored to the clinical
context. Scores that are predictive in decengated cirrhosis may not provide risk-
discrimination in patients with compensated disease. Furthermore, cutoffs shausbeol
maximize sensitivityand reduce the risk of false negatia@song, for exampldransplant-
waitlisted 'patients with Child Cirrhosis Conversely, cutoffs should be higher to maximize
specificityand"minimize the risk of a false positiamonghighly functional patients with Child
A cirrhasis.Mirroring recommendations for the diagnosis of covert(#B,some patients may
benefit from ‘sereening’ using simple tests with cutoffs conditioned to provgie hi
sensitivity/negative predictive value followed by tests with cutoffs that aim for
specificity/positive predictive value.
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New directions

Predictionof HE can utilize established psychometric and neurophysiologic tools but
couldbe expanded. First, many elements of the risk pathway for HE can be ascertained at the
bedside anthcorporated apredictors. These include measures of liver function (or medications
consistent'withiadvanced liver disease), sarcopenia (clinical muscle depletion or radiographic
evidence)18)frailty (weakness or disability¥2) portal hypertension (the presence of varices
or portal pressure), and burden of psychoactive medications.(29) Studies to validate suc
biomarkerssmust be prospective cohort studies that employ rigorous definitions of ldEBesitc
and shouldypreferably, compare multiple biomarkers/modalities simultaneousindSttese
factors may also serve as targets for therapeutic interventions inclogingvied nutrition (to
improve or_maintain muscle mass), physical therapmxercisgto improve strength and balance
to prevent falls), and strategic-geescribing of psychoactive medications. Accordingly, to
validate alternative, riskathway based predictors of HE in the context of an intervention study
would invelve'demonstrating decreased incident HE in patients without (bsk &) HE
(primary prophylaxis) or reduced hospital-days or readmissions in patightsrier overt HE

(secondary prophylaxis).

Pitfallsfor outcome prediction

Using outcome prediion as a golétandard posesrBain pitfalls. Firstexisting datdor
overt HE predictiorare limited New prospective studies will be needed but can be
supplemented.with patiefdvel metaanalyses opublished studied-or example, multiple small
cohorts;have.been followed after baseline assessment (e.g. inhibitory ast)(80);these
cohorts ean"be‘combined and the pooled risk of overt HE can be used to refine testtautoffs
one that is not defined by cognitive performance but outcome prediction). SemosalH
strategythere are tradeoffs in accuracy and inclusion relatdigettest’ssimplicity, cost, and
resource.availabilitylt is unclear how this wilimpact comparisons across tegtssts which
have not been validated in patients taking psychoactive medications, for exarolpige ésom
their denominator an important componenthaf atrisk population. Conversely, tests which
employ administrative data (such as our score based on billing codes, standardriatestst

and pharmacy recorfi$)), apply to more patients but lapktentially importantneasures of
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baselinecognitive function. Thirdgeneralizableéestcutoffs are dependent on standardized
definitions of outcomewhich challengng even in the clinical trial settin@) “Overt HE
defined using administrative data may differ in important ways firart HE” discovered in
prospectie research, affecting predictive model characterisicsilar pitfalls in outcome
definition will.be present for alternative epdints such as motarehicle accidents (i.e. self

reported versus driver registbase@4)) or quality of life (which can be dynamic).

Conclusions

Thergoal of predicting overt HE is to inform patients and implement interventians t
mitigate the risk of progressiom order to predict overt HE in the population of patients with
cirrhosis whom we encounter in our cliniege need new or recalibrated methods that are
broadlyapplicable andvalidated to prediameaningfuloutcomes. Newdata are needed to
distinguishheempeting strategies on the basis of their abiliystern risk for adverse events
that range’from the development of overt HE to poor quality offéifts, admissionsand death
An enhancedHlity to risk stratify HEwill improve the design of intervention studiesmitigate

these risks
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Table: Strengths and Limits of Previously Validated Strategies for the Prediction of Hepatic Encephalopathy

Competing Strategies for the Evaluation of the Risk of Hepatic Encephalopathy

Child Physical
DomaiQ Factors
E hal BABS Class/ | examfor
EEG CFF PHES | % ICT SIP ANT
p— app Score MELD grade 1
s score HE
Can be performed at poin
- ° - ) ° ° ° ) ) °
O of-care
Takes < 5 minutes ) _ _ ) ) ° ° ° ° °
Ease of
Takes< 10 minutes - Y - ° - Y Y ° ° Y
Requres trained staff ° ° ° - - - - - - °
F Special equipmen ° ° ° - - - - - - -
Validated using establishe
S g ° ° ° ° ° ° ° - ; °
psychometric tests
Qualit Cutoffs validated to predic|  _ ] ] ] ] _ ] ° ° °
alitcomes nredicting
d§ Usedto predict outcomeg ° ° ° ° ° _ ° ° ° °
Important subgroups ° ° ° ° ° ° ° - . _
eycliided from nrior stiidy
Applicable to large - - - - - - - ° ° °
TestL . — Losie.
High positive predictive ° _ } _ ° ) R _ _ R
char actev@ value for outcomesg
High negative predictive ° - - ° ° - - ° ° °
F

ANT= animal.naming test (hnumber of unique animals named in 60 seconds(43)); BABS = Bilirubin, Aloumin, Beta-Blocker(16), Statin; CFF= critical
flicker fusion; EEG = electroencephalography; ICT = inhibitory control test; MELD = Model for Endstage Liver Disease, PHES = psychometric
hepatic encephalopathy score, SIP = sickness impact profile (age, sex, and questions about irritability, appetite, interest in activities, and

balance(44)).
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Figure: The Spectrum of Hepatic Encephalopathy-Related Risks
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