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The development of hepatic encephalopathy (HE) marks a significant transition in the
natural history of cirrhosis. Following a diagnosis of HE, the median survival for persons
with cirrhosis is foreshortened substantially to 2 years, 1 year if over 65 years old.2

HE occurs in as many as 40% of patients with cirrhosis. Although it is more common
among those with portal hypertension and alcohol-related liver disease (ALD), it is also
the most common first decompensation event among those with nonalcoholic fatty liver
disease (NAFLD).34 As the epidemiology of cirrhosis shifts to reflect a higher prevalence
of NAFLD and its comorbidities as well as ALD, these changes will transform the
contemporary epidemiology of HE. Herein, we examine the prevalence of HE and how
shifts in the etiology of cirrhosis will affect the burden and clinical course of this debilitating
disease (Figure 1).

The Spectrum of HE

HE occurs along a spectrum that can broadly be dichotomized into covert HE (CHE)

and overt HE (OHE). The former involves subclinical neurocognitive deficits identified
on psychometric testing, whereas the latter involves varying degrees of disorientation and
alertness.® Across the HE spectrum, HE is challenging due to its unpredictability and its
ability to impair multiple facets of physical, social, and mental functioning.
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Prevalence of Covert HE

The prevalence of CHE is high but variable between studies and settings for multiple
reasons. First, the prevalence depends on the testing strategy. Most are classified as
psychometric tests. These include the gold-standard timed paper-pencil Psychometric
Hepatic Encephalopathy Score (PHES) test, the 1-minute Animal Naming test, and the
computerized Encephal App Stroop.8 The prevalence of CHE, based on PHES testing, is
20.3% to 37% in persons with cirrhosis.”~2 However, prevalence increases to 54% when
minimal hepatic encephalopathy (MHE) is diagnosed according to the performance on
the Stroop Encephal App.® Second, CHE is more prevalent in later stages of cirrhosis.
The prevalence is 27%, 42%, and 60% in patients with Child A, B, and C cirrhosis,
respectively.10 Third, despite the wide prevalence of MHE, the full burden of disease is
likely underestimated. Although 84% of providers recognize the clinical importance of
CHE, 38% have never performed diagnostic testing for MHE.11 Fourth, tests which rely
on psychometric performance can be directly affected by social determinants of health,
smoking, diabetes, and alcohol use, which vary from region to region.12

Incidence of Overt Hepatic Encephalopathy

The incidence of HE varies according to the stage of disease at enrollment and the means
of outcome ascertainment. Large databases provide the most generalizable estimates but
rely on indirect outcome assessments. However, HE-related International Classification of
Diseases (ICD) codes and HE-specific medications (lactulose/rifaximin prescription) are
highly specific to identify OHE.13 For example, in patients enrolled in Medicare with

Part D prescription coverage followed for a median 5.3 years, HE-related ICD codes and
prescription use found that the incidence rate of HE was 11.6 per 100 patient-years.3 A
multistate study of 1979 patients from the Veterans Administration showed an incidence of
HE of 43.7% over 5 years.14 Prospective studies enhance rigor using clinically confirmed
OHE as an outcome, but selected cohorts lack generalizability. The incidence proportion
of patients with Child A cirrhosis developing a first-time episode of OHE is 10% at 1
year; increasing to 25% in patients with Child B cirrhosis.1® In patients with NAFLD, the
incidence rate of hepatic encephalopathy in persons with F4 fibrosis was 2.39 per 100
person-years during a median follow-up of 4 years.#

Contributors to the Prevalence of HE

The key clinical factors that impact the prevalence of HE include the disease etiology and
their related extrahepatic comorbidities. HE predicts mortality independent of Model for
End-Stage Liver Disease because it is a biomarker of disordered homeostasis, capturing
effects unmeasured by the Model for End-Stage Liver Disease such as sarcopenia,
malnutrition, frailty, portal hypertension, and cognitive reserve. We address these factors
below.

NAFLD

By 2030, it is estimated that the overall proportion of liver transplant waiting list entry
NAFLD cirrhosis will increase by more than 50% of the 2016 level.16 This has important
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implications on the prevalence and natural history of HE. In a prospective multicenter study
of patients with biopsy-proven NAFLD, HE was the most frequent first decompensating
event.* Although ascites is traditionally identified as the most frequent decompensating
event,1” multiple mechanisms may promote the development of HE in NAFLD cirrhosis
over other decompensating events.

Diabetes.—The prevalence of diabetes is as high as 42% in persons with NAFLD.4
Independent of the presence of NAFLD, diabetes and glycemic control is a risk factor

for the development of HE in patients with cirrhosis.® In a cohort of 862 patients with
cirrhotic ascites, Jepsen et al observed a higher 1-year risk of incident OHE in those with
diabetes compared with those without (26% vs 18.1%).1° Furthermore, comorbid diabetes
was associated with an 86% increased risk of developing HE.1° There are at least 3 reasons
diabetes raises the risk of HE. First, diabetes causes autonomic neuropathy. This can slow
intestinal transit, promoting constipation and bacterial overgrowth.2 Bacterial overgrowth
along with increased bacterial translocation can further exacerbate the role of inflammation
in the pathophysiology of HE.2122 Second, diabetes causes chronic kidney disease. In
addition to the liver and skeletal tissue, the kidneys are an important site for ammonia
metabolism to glutamine; therefore, renal impairment promotes hyperammonemia and the
risk of HE.23 Third, the neurocognitive consequences of diabetes, including increased
permeability of the blood brain barrier and neuroinflammation related to hyperglycemia,
can act synergistically with similar changes seen in HE.24

Obesity and Sarcopenia.—Obesity contributes to the metabolic syndrome that is
associated with NAFLD. Several important body compositional changes can occur in

the setting of obesity that promote HE. Emerging evidence suggests both NAFLD and
obesity are independently associated with sarcopenia.?> NAFLD increases the odds of
sarcopenic obesity by more than 6 times.28 Furthermore, fat deposition within muscle, or
myosteatosis, is positively correlated to total body adiposity.2” In advanced chronic liver
disease, sarcopenia and myosteatosis impair the ability of skeletal tissue to serve as a major
site of ammonia metabolism, leading to an increased risk of HE.28:29

Aging.—The mean age of persons with newly diagnosed with cirrhosis is rising, which
reflects the shift in cirrhosis etiology towards NAFLD. A statewide analysis found an
increase in the mean age at diagnosis from 56.0 years in 2004 to 59.1 years in 2014.3° This
trend is also reflected in the rising average age of patients listed for liver transplantation
nationally (51.2 years to 55.7 years from 2002 to 2014).3! Furthermore, the prevalence of
HE in this population is rising. From 2004 to 2014, there was a 1.10% per year percent
change in the prevalence of HE in patients 65 years of age and older.3°

The interaction between non-cirrhotic age-related cognitive changes and the presence of
HE is an emerging area of study. The cognitive consequences of comorbidities — which
increase with age — can increase susceptibility to and often overlap with the attention and
psychomotor impairments seen in HE.32 Notably, although memory is typically preserved
in CHE, the memory deficits associated with aging can synergistically interact with

the neurocognitive dysfunction of HE, worsening health-related quality of life. Beyond
neurocognitive changes, there are age-related body compositional changes that impact HE.
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Similar to skeletal muscle changes seen in obesity, myosteatosis and sarcopenia are more
prevalent in older age and serves as an additional risk factor for the development of HE in
this population.27:33

Hepatitis C Infection

Another link between cirrhosis etiology and the risk of OHE is seen with Hepatitis

C infection. Sustained virologic response (SVR) after direct-acting antivirals for HCV
treatment leads to a 59% decreased incidence of OHE and an additional 41% decreased

risk in HE-related hospitalizations.34 Indeed, SVR was associated with a reduced risk of HE
irrespective of the treatment regimen. These findings extend into psychometric testing for
MHE. PHES testing performance improved significantly with SVR in a prospective study
of patients with HCV with cirrhosis achieving SVR.3> Combined with efforts to screen and
treat HCV prior to the development of cirrhosis, 36 the landscape of HCV-related HE risk has
been significantly modified in the direct-acting antiviral era.

Alcohol-related Liver Disease

The changing landscape of alcohol use and ALD in the United States will affect the
development and course of HE. Alcohol consumption has increased in recent years, and
more significantly since the COVID-19 pandemic.37:38 These trends have been mirrored by
arising prevalence of ALD and ALD-related mortality over the past decade.3940 A recent
modeling study estimated that the 1-year increase in alcohol consumption observed during
the COVID-19 pandemic could account for 8000 additional ALD-related deaths and 18,700
additional cases of decompensated cirrhosis.*!

Independent of the presence or absence of cirrhosis, chronic alcohol use is associated

with negative neurologic sequelae.#2 Longstanding alcohol consumption is associated with
the development of Wernicke encephalopathy, Korsakoff syndrome, and alcohol-related
dementia.#2 Compared with patients with nonalcohol-related cirrhosis, patients with alcohol-
related cirrhosis appear to have more brain atrophy,43 brain edema, and cortical damage.**
Other studies have shown increased benzodiazepine receptor affinity in alcohol-related
cirrhosis, which could theoretically decrease the threshold for developing HE.#°> Alcohol

use disorder may also increase the development of known precipitants of HE, such as
hypokalemia and hyponatremia.46 Altogether, alcohol’s effects on the brain and electrolyte
homeostasis may increase the risk for the development of HE.

Heavy alcohol consumption in ALD impacts the risk of HE. The incidence and prevalence
of overt HE is higher in patients with alcohol-related cirrhosis than cirrhosis from other
causes.3*7 In a large study of Medicare patients, alcohol-related cirrhosis was most
associated with incident HE.3 The relationship between alcohol-related cirrhosis and CHE
is less clear. In one study involving comprehensive neuropsychological testing, patients
with chronic alcohol use and cirrhosis exhibited worse working memory and executive
function when compared with chronic alcohol misuse or cirrhosis alone, suggesting a
possible synergistic effect.#8 Another study found that CHE was more common in ALD
(using both psychometrics and critical clicker frequency).*® Nonetheless, other studies have
demonstrated no interaction between psychometric testing and alcohol use.>0-52
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Medication Use (and Misuse)

Proton Pump Inhibitors.—From 2002 to 2017, the percent of Americans overall using
a proton pump inhibitor (PPI) rose from 5.70% to 6.73%.23 PPI use in cirrhosis is highly
prevalent with greater than 40% of outpatients with an active prescription; often without

a clear indication.>* In a sample of Medicare recipients enrolled in Part D prescription
coverage, PPI use was not only common, but an independent predictor of the development
of HE on follow-up.3 PP use is also more common in those with than without CHES®;
although multiple confounders exist. Nevertheless, these data relating PP1 use with a
potential increased risk of HE in cirrhosis should remind clinicians to deprescribe when
safe.%6

Opioids.—Psychoactive medications, including opioids, are widely used in both the
inpatient and outpatient settings.>”-58 Data from the Veterans Health Administration
identified 47% of patients with cirrhosis prescribed an opioid for short- or long-term (54%)
use in 2014; up from 36% in 2005.5° Forty-seven percent of patients with cirrhosis were
prescribed an opioid during a 1-year period between 2015 and 2016 in a large single-center
retrospective.89 Along with a myriad of adverse outcomes associated with long-term opioid
use that are beyond the scope of this review, opioid use modifies the risk of HE. An analysis
of 6451 privately insured patients with compensated cirrhosis found a significant increase
in the incidence of HE with either short-term or long-term use of opioids compared with
no opioid use.>8 Results were similar in a cohort of older adults (median age, 65 years),
where the occurrence of HE was 24% higher with opioid use.” Though interestingly,

no significant association between opioid use and HE risk was found in a Veterans
Administration-based study when adjusting for liver disease severity, which may suggest
population-level predictors needing further study.14 Similarly, benzodiazepines have been
significantly linked with incident HE but not after adjusting for confounders.14:15:58 |t is
challenging to disentangle confounding by indication from these associations and therefore
causality remains unclear.

Transjugular Intrahepatic Portosystemic Shunts

Transjugular intrahepatic portosystemic shunts (TIPS) are an important tool in the
treatment refractory ascites and variceal bleeding. Unfortunately, post-TIPS portosystemic
encephalopathy (PSE) can be a debilitating consequence. Some early studies revealed
high rates (> 50%) of PSE following TIPS placement®; however, contemporary analyses
underscore a changing epidemiology of post-TIPS PSE. Smaller diameter TIPS result in
less PSE with equivalent ascites and bleeding control .52 A smaller (8 mm) diameter TIPS
is associated with lower risk of PSE (27%) than 10-mm TIPS (43%).62 Furthermore, post-
TIPS PSE occurred in 11% vs 29.5% of patients receiving a 6-mm vs an 8-mm diameter
TIPS.53 Additionally, post-TIPS PSE risk can be reduced pharmacologically. A recent
randomized controlled trial of 186 French patients showed that pre-TIPS, and thereafter,
use of rifaximin leads to a 50% decrease in the odds of OHE (driven in part by patients
whose lactulose was discontinued pre-TIPS).64 For these reasons, a prior history of OHE
alone should not preclude the decision to pursue TIPS placement.6°
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The Public Health Burden of HE

Hospitalizations

Falls

Hospitalizations for HE are frequent, increasing, and costly.56 In 2006, national data from
the Healthcare Cost and Utilization Project found a rate of 6.8 HE-related (ICD-9 code
572.2) hospital discharges per 100,000 persons; by 2015, the rate was 18.3.57 From 2010 to
2014, a 25% increase in hospitalizations for HE was found in an analysis using the National
Inpatient Sample; an estimate of nearly 700,000 HE-related hospitalizations.®® During the
same period, the cost of HE-related hospitalizations increased as well from 1.8 billion
United States dollars (USD) to 2.33 billion USD in 2007 and 2014, respectively. A recent
analysis by Volk et al using 2 large private insurance databases found an average cost of a
hospital stay for HE of USD $29,063 to $34,810 during the study period (2014-2019).59
Readmissions multiply the burden of hospitalization. HE is the strongest risk factor for
readmission.”? Ninety-day readmission rates in persons with cirrhosis range from 21% to
53%.1.72 Data from the North American Consortium for the Study of End-Stage Liver
Disease identified nearly one-quarter of all 90-day readmissions in cirrhosis were related to
HE.”2 Using a large multistate inpatient database, the presence of hepatic encephalopathy
was found to increase the odds of a 30- and 90-day liver-related readmission by 3-fold.”?

Among cirrhosis complications, HE is also a uniquely modifiable risk factor for
readmission. However, barriers to widespread use have predominantly included costs leading
to inadequate access to medications and deficits in prescribing behaviors.2:"3 A 30-day
supply of rifaximin can cost more than $2500 USD, depending on insurance coverage.’*
There are additional pharmacoequity concerns’® regarding disparities in access to this
disease-modifying medication. In a recent study of United States Medicare enrollees,
rifaximin use was lower among Black patients, who additionally paid more per prescription
than White patients and were less likely to fill prescriptions as medication costs rose.”8
Still, it is cost-effective after factoring in a significant reduction in overall health care

costs, mainly related to less hospitalizations.5%:”7 Indeed, the number needed to treat with
rifaximin, a nonabsorbable antibiotic approved for recurrent HE, to avoid one HE-related
admission is 9.78 Despite the evidence-based effectiveness of rifaximin, implementation
gaps exist that are frequently related to prescribing behaviors. In-hospital interventions,
however, that optimize HE therapy prescription using electronic decision supports can help
reduce readmissions.”®80 Additionally, remote patient monitoring can be leveraged for the
purposes of monitoring medication adherence and symptoms to allow for intervention prior
to a preventable HE-related readmission,8! although uptake of remote patient monitoring
tools for HE is not universal and dependent on opinions and comfort with technology.82

Falls in cirrhosis are highly prevalent and associated with significant morbidity and
mortality. One-half of all patients with decompensated cirrhosis will experience a fall during
a 3-year period, of which 16.5% will result in injury.83 Both CHE and OHE contribute to fall
risk. The observed increased risk of falls related to HE reflects the associated neuromuscular
deficits of the condition. Ambulation requires an interplay of postural control, positional/
sensory awareness, and ability to adjust and react to unexpected shifts; all altered in HE.84:85
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In one retrospective study of 130 patients with predominantly Child A and B cirrhosis, 40%
of patients with CHE reported a fall in the preceding year compared with only 12.9% of
patients without CHE.10 Additionally, falls in those with CHE were associated with a higher
need for primary care physician visits or hospitalization.10 A prospective at the same center
further illustrated a higher adjusted risk of falls in persons with CHE (40% vs 6.2%) over
follow-up.86 Not unexpectedly, falls in patients with comorbid OHE are 26% more likely to
result in severe injury than in patients without a history of OHE.87

Socioeconomic and Health-related Quality of Life Consequences of HE

Employment/Income.—Cognitive impairment in cirrhosis is associated with
unemployment, a reduced earning potential, and financial toxicity. A multicenter study

of 243 patients with cirrhosis found a relationship between cognitive impairment and
unemployment.88 Furthermore, the degree of cognitive impairment was significantly related
to income. A trend towards decreased yearly income between persons with, compared to
without, OHE has been shown ($35,000-$50,000 vs $50,000-$75,000).89 Updated analyses
are needed, but the socioeconomic consequences of HE appear more pronounced in ‘blue-
collar’ jobs where psychomotor skills are required.%’ As a consequence of HE-associated
cognitive impairment, cirrhosis care is associated with a significant financial toxicity, with
approximately 50% of families caring for a person with cirrhosis unable to contribute to
their savings and experience mounting debt.

Driving.—Perhaps an additional contributor to socioeconomic stability and earning ability
is the impairment of driving skills observed in HE. Performance on driving simulations,

and on actual driving assessments, is impaired in the presence of CHE and OHE.%2-94 Yet,
most patients are often unaware of their driving deficits and have confidence in driving
ability that is discordant with their performance and the observed performance reported by
family or friends.?3:%4 Driving performance deteriorates incrementally in those with CHE
and low-grade OHE, with only 48% and 39% of these patients, respectively, deemed capable
of operating a vehicle by a driving instructor.2* Consequently, patients with HE have an
increased risk of motor vehicle collisions and traffic violations.2

Health-related Quality of Life.—The clinical symptoms of HE directly contribute to
impairments in multiple health-related quality of life domains. Sleep disturbances and
functional impairments are frequently endorsed by persons with HE.9> However, the
psychological consequences of HE are perhaps more pervasive and extend to involve those
who care for the patient. The development of HE is associated with a profound emotional
burden related to feelings of fear, anxiety, and other mood disturbances for both patients

and their caregivers.%8 Beyond these patient-reported outcome measures, impairments in
quality of life lead to increased hospitalizations and death.” Recognition of the physical and
mental consequences of HE is paramount as pharmacologic (lactulose and rifaximin) and
mindfulness strategies lead to meaningfulness improvements.%8:99
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Conclusion

The next several years will bring about dynamic shifts in the etiology of chronic liver
disease and demographic composition of those with cirrhosis. These changes will have
profound implications on the development and natural history of HE, necessitating more
novel and holistic approaches to the management of this debilitating illness.
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Figure 1.
Contributors to the epidemiology of HE and their impact. Many comorbidities and lifestyle

behaviors contribute to the development of HE. The impact of HE is broad and has
consequences for the individual, their household and community, and the health care system.
CKD, Chronic kidney disease; NASH, nonalcoholic steatohepatitis.
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