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Abstract

OBJECTIVES—Despite the high prevalence of covert hepatic encephalopathy (CHE) in
cirrhotics without previous overt HE (OHE), its independent impact on predicting clinically
relevant outcomes is unclear. The aim of this study was to define the impact of CHE on time to
OHE, hospitalization, and death/transplant in prospectively followed up patients without previous
OHE.

METHODS—Outpatient cirrhotics without OHE were enrolled and were administered a standard
paper—pencil cognitive battery for CHE diagnosis. They were systematically followed up and time
to first OHE development, hospitalization (liver-related/unrelated), and transplant/death were
compared between CHE and no-CHE patients at baseline using Cox regression.

RESULTS—A total of 170 cirrhotic patients (55 years, 58% men, 14 years of education, Model
for End-Stage Liver Disease (MELD 9), 53% hepatitis C virus (HCV), 20% nonalcoholic
etiology) were included, of whom 56% had CHE. The entire population was followed up for
13.0+14.6 months, during which time 30% developed their first OHE episode, 42% were
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hospitalized, and 19% had a composite death/transplant outcome. Age, gender, etiology, the
MELD score, and CHE status were included in Cox regression models for time to first OHE
episode, hospitalization, death, and composite death/transplant outcomes. On Cox regression,
despite controlling for MELD, those with CHE had a higher risk of developing OHE (hazard ratio:
2.1, 95% confidence interval 1.01-4.5), hospitalization (hazard ratio: 2.5, 95% confidence interval
1.4-4.5), and death/transplant (hazard ratio: 3.4, 95% confidence interval 1.2-9.7) in the follow-up
period.

CONCLUSIONS—Covert HE is associated with worsened survival and increased risk of
hospitalization and OHE development, despite controlling for the MELD score. Strategies to
detect and treat CHE may improve these risks.

INTRODUCTION

The spectrum of neurocognitive impairment in cirrhosis (SONIC) can be divided into
clinically apparent or overt hepatic encephalopathy (OHE) and the preclinical stage, known
as minimal HE or covert HE (CHE) (1). CHE is characterized by subtle cognitive
impairments that can only be detected through specialized testing and has been found in up
to 84% of tested patients (2,3). CHE is associated with impaired health-related quality of life
and can severely affect driving skills and the socioeconomic status in affected patients and
caregivers (4-8). However, the prognostic significance of CHE, especially in patients who
have never experienced a previous OHE episode, is not fully understood. Previous studies
that show a worse prognosis for CHE patients have typically included those with previous
OHE who are clearly at a higher risk for recurrence or have used the Child—Turcotte—Pugh
score that includes OHE as a scoring tool or have been performed in centers where liver
transplants are not offered (9-13). Therefore, this lack of clarity regarding prognostication
of CHE patients without previous OHE could be one of the reasons why CHE testing is not
routinely performed beyond research studies, especially in the United States. This is
particularly important because treatment of CHE can improve clinical and psychosocial
outcomes (4,14,15). Our aim was to prospectively measure the clinical impact of CHE,
independent of age, sex, and liver severity (through the use of the Model for End-Stage
Liver Disease (MELD) score), on the development of OHE, hospitalizations, and death/
transplant in a prospective study of patients with cirrhosis without previous OHE.

METHODS
Study population

From November 2008 to November 2013, 170 consecutive cirrhotic patients who met the
eligibility criteria, aged 18-65 years, at the outpatient clinics in the Department of
Gastroenterology and Hepatology at the Virginia Commonwealth University Hospital were
prospectively recruited after obtaining informed consent. All included patients had cirrhosis
proven on a clinical basis involving laboratory tests, imaging findings, endoscopic findings,
and liver biopsy if available. In addition, included patients were required to understand
English and were not on any psychoactive medications apart from chronic antidepressants.
Individuals with previous or current OHE, infection, or gastrointestinal hemorrhage within
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the past 6 weeks, with hepatocellular carcinoma, who were on psychoactive medications,
and with recent illicit drug and alcohol use within 6 months were excluded.

Demographic data were collected for all patients. The etiology of cirrhosis was categorized
into hepatitis C infection, alcoholic, and others (nonalcoholic fatty liver disease,
autoimmune hepatitis, etc). The severity of liver disease at entry was assessed in all patients
by MELD. Education was also recorded in years.

Diagnosis of OHE and CHE

OHE was diagnosed clinically on the basis of impaired mental status, as defined by the West
Haven Criteria and impaired neuromotor function (hyperreflexia, rigidity, myoclonus, and
asterixis) that required initiation of HE-related therapy with or without hospitalization and
had corroboration from a caregiver (16). CHE was diagnosed if patients scored abnormally
on =2 psychometric tests (the number connection test-A (>35 s), the number connection test-
B (>99 s), the digit symbol test (<68 raw score), and block design (<28 raw score)) as
recommended using cutoffs from our previous studies ( 16 ).

Outcome measures

Patients were followed up prospectively at intervals of at least 6 months for study visits and
at regular intervals at Virginia Commonwealth University Medical Center. During follow-
up, all episodes of OHE (which included outpatient and inpatient diagnoses),
hospitalizations, transplant, and death were recorded. All patients were regularly seen at 3—
6-month intervals per standard of care, and, as part of the study, patients and relatives were
called every 2 months. If a patient could not be seen at our out-patient clinic during the 3-6-
month follow-up intervals, patients were tracked via our electronic medical system for any
episodes of OHE, hospitalizations, and death, with confirmation with telephone calls by the
study staff. Time from initial screening to the first OHE event, OHE-related hospitalization
and its precipitant, liver-related hospitalization and its etiology, and hospitalization for other
reasons was recorded in months. Elective hospitalizations for studies and procedures were
not included. Death and liver transplantation from the time of screening were also recorded
in months. Total OHE events, OHE-related hospitalizations, liver-related hospitalizations,
and hospitalizations for other reasons were recorded. Liver-related hospitalizations were
defined as those related to cirrhosis complications (OHE, the hepatorenal syndrome, variceal
bleeding, spontaneous bacterial peritonitis, and hepatic hydrothorax), whereas all others
were termed liver unrelated.

Statistical analysis

Most data were presented as meanzs.d. and median interquartile range in months where
deemed appropriate between CHE and no-CHE patients. Differences across categorical
variables were accessed using x2 and Fishers exact tests, whereas continuous variables were
tested using t-tests. A nominal value of 0.05 was considered statistically significant.
Variables that were significant were entered into the Cox regression model for
hospitalization and transplants/deaths between CHE and no-CHE patients. The model
consisted of age, gender, the MELD score, and CHE status that were included for time to
first OHE episode, first hospitalization, death, and composite death/transplant outcomes.
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Two additional variables to assess the impact of etiology of cirrhosis (alcoholic vs.
nonalcoholic and hepatitis C virus (HCV) vs. no-HCV) were created and tested with the
above variables in separate models.

RESULTS

For this study, 256 patients potentially meeting the enrollment criteria were approached; 35
were not considered further because of previous OHE, 23 had psychoactive medications that
precluded their participation, 20 patients declined participation, and 8 did not understand
English. The remaining 170 were included, and at the initial screening 95 of 170 patients
met the criteria for CHE (Table 1). The majority of the subjects were male (58%) with a
mean age of 5548 years and an average MELD score of 9.2+3.4. Although the CHE group
had a significantly higher MELD score, both groups were compensated. The major
etiologies were hepatitis C (=90, 53%), nonalcoholic steatohepatitis (n=34, 20%), followed
by alcohol (n=7, 4%) and others (n=33, 19%).

Patients were followed up for a mean of 13.0+14.6 months (median=8.6, interquartile
range=0.1, 20.6).

During the follow-up period, 36 CHE patients (37.9%) developed at least one OHE event
compared with only 13 in the no-CHE group (17.3%, P =0.001). When total OHE events
during the follow-up were considered, they were significantly higher in the CHE group with
73 events (0.73 events per patient) vs. 35 in the no-CHE group (0.47 events per patient)
(P<0.001).

As not all OHE events required hospitalizations, we studied OHE hospitalizations
separately. We found that a significantly higher proportion (P=0.02) of CHE patients (24
patients of the 95 total CHE patients; 25.2%) were ever hospitalized for OHE during the
follow-up period compared with only 9 (12% of the 75 no-CHE patients) in the no-CHE
group. Of the 24 patients with OHE-related hospitalizations in the CHE group, 18 had OHE
on admission whereas 6 developed it during hospitalization for other conditions, and of the 9
patients with OHE-related hospitalizations, 8 were admitted for OHE specifically whereas 1
additional patient developed it during hospitalization for other conditions.

When the total number of OHE hospitalizations over the follow-up period was considered,
this was again found to be significantly higher in the CHE group with a total of 42
hospitalizations (0.48 per patient) vs. 18 hospitalizations (0.25 per patient) in the no-CHE
group (P=0.004).

The major precipitating factor for the first OHE event comprised metabolic derangements,
followed by infections in both groups (24% and 16% in the CHE group and 11% and 11% in
the no-CHE group, respectively).

There were more liver-related (36 vs. 16) and liver-unrelated hospitalizations (35 vs. 12) in
the CHE group as compared with the no-CHE group. The most frequent etiology for liver-
related hospitalization in both groups was OHE, followed by ascites management and
gastroesophageal bleed (Supplementary Table S1 online). The proportion of OHE-related
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hospitalizations was similar across CHE and no-CHE groups, although the absolute number
was higher in CHE patients. Liver-unrelated hospitalizations were mostly infections,
followed by respiratory—cardiac in etiology. Moreover, we found a higher rate of death in
the CHE group (17) than in the no-CHE group (4), with the most common etiology reported
as liver related (renal failure, coagulopathy) followed by sepsis and multiorgan failure. The
number of transplants was not significant between the two groups (8 and 4 in the CHE and
no-CHE groups, respectively, P=0.435). A summary of baseline and outcome measures over
time is shown in Table 1 and Figures 1-3. The cumulative incidence of OHE,
hospitalization, and death/transplant for CHE and no-CHE patients is shown in Table 2a—c.

Using the aforementioned variables (CHE diagnoses, MELD score, age, gender, and
etiology), Cox multivariate regression analysis was calculated. The multivariate analysis
identified that CHE was significantly associated with first OHE event, first hospitalization,
death, and death/transplant. The MELD score also significantly predicted first OHE event,
first hospitalization, death, and death and transplant. None of the other included variables
(including either HCV/no-HCV or alcohol/nonalcoholic etiology) were significant in
predicting outcomes (Table 3).

DISCUSSION

Although most practitioners are aware of CHE, it is difficult for clinicians to justify the
effort that cognitive testing requires in their busy practice to diagnose it, until there is
evidence that CHE can portend clinically relevant outcomes (17). Therefore, the prediction
of survival and risk of hospitalization in CHE patients without previous OHE is an important
goal, as treatment can potentially reduce these risks (15,18-20). The current standard of care
is therefore limited to the treatment of the OHE portion of SONIC and excludes the majority
of cirrhotic patients from adequate prognostication and eligibility for HE therapy (1).

In this study, we found that CHE at baseline is associated with worsened survival and
increased risk of hospitalization (OHE and liver related) and death/transplant independent of
the MELD score. We also found that CHE was associated with the development of the first
OHE episode, similar to previous studies (10,11,21). As expected, the MELD score was
found to be a good predictor in determining the first OHE episode, hospitalization (OHE and
liver related), and death/transplant. Although it is well known that one episode of OHE
begets another (22,23), it is still unclear whether specific factors can predict the first OHE
episode from a neurocognitive basis. This is because several previous studies of CHE and
ultimate OHE development included subgroups that were being treated for OHE, often
included the Child score (which has OHE in it) for prognostication, or were carried out in
centers that did not offer transplant (9-12), Our study, however, extends the literature by
rigorously excluding patients with previous overt HE who are usually not considered a high
risk as they are perceived as being “stable” and form the majority of the clinical practice in
cirrhosis clinics. Therefore, neither these patients nor their caregivers routinely receive
education about what to expect or how to react if and when the patients develop their first
OHE episode. The diagnosis of CHE ultimately gives the clinician an insight into the
potential for future OHE development that could help in the education of the family and
patients. There is also increasing evidence that even after the first OHE episode, there could
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be persistent cognitive deficits that may only partly reverse after a transplant (24,25),
Therefore, prognostication and potential early treatment to prevent the first OHE episode
could potentially prevent this persistent cognitive dysfunction from setting in (14).

Our study also includes the very important and understudied outcome of hospitalization that
tremendously increases the financial burden attributable to cirrhosis ( 26 ), We found a
generalized increase in hospitalizations whether liver related or unrelated in CHE patients
compared with those without CHE. It is also interesting to note that not only were the OHE
diagnoses more frequent in CHE patients, but this was also accompanied by a higher OHE-
related hospitalization number. We found that CHE patients also had significant nonliver-
related hospitalizations compared with the no-CHE group. The similar relative proportion of
OHE-related hospitalizations in patients with and without CHE could be related to the
overall increasing proportion of OHE as a cause of hospitalization in all cirrhotic patients
(26), The increase in both types of hospitalization points toward an inherent risk of poor
outcomes that are predicted by CHE that is not adequately captured by the MELD score.
Although it is clear that poor cognitive performance may not directly lead to non-OHE-
related hospitalizations, it may be a good “bio-marker” that reflects the underlying poor
functioning. This cognitive dysfunction could be a reflection of a systemic pro-inflammatory
milieu and altered microbiome that adds several layers of potential prognostication not
afforded by the MELD or Child-Turcotte—Pugh score alone (27,28). Montagnese et al. (9)
have added electroencephalogram to MELD to improve its accuracy of mortality prediction
in unselected patients, but our study rigorously excluded previous OHE and still was able to
find an additive effect of specialized testing on clinically relevant outcomes.

Our study demonstrates that even in the most stable-appearing patients, there is room for
improvement in our current prognostication strategies and that it may be worthwhile to test
for CHE in patients with cirrhosis to increase our ability as clinicians to counsel patients and
potentially initiate therapy to prevent adverse outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Time from initial visit to first overt HE episode
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Figure 1.
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CHE — No e+« Censored — Yes «e+ Censored

Log-rank X2=6.38, 1d.f, P=0.0115

Time from initial visit to overt hepatic encephalopathy (OHE) development showed a
significant difference between covert hepatic encephalopathy (CHE) and no-CHE groups
(P=0.01). The Kaplan—Meier curve for estimated cumulative incidence of the particular
outcome in the Y axis and months from initial entry in the X axis. The red lines depict
patients with CHE, and blue lines denote patients who were CHE negative at study entry,
with each dot signifying censoring due to reaching an outcome. Log-rank statistics were

used to compare groups.
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Time to hospitalization
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Figure 2.
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eee Censored — Yes ¢ee Censored

Log-rank c2=13.44, 1 d.f., P=0.0002

Time from initial visit to hospitalization showed a significant difference between covert
hepatic encephalopathy (CHE) and no-CHE groups (P=0.0002). The Kaplan—-Meier curve
for estimated cumulative incidence of the particular outcome in the Y axis and months from
initial entry in the X axis. The red lines depict patients with CHE, and blue lines denote
patients who were CHE negative at study entry, with each dot signifying censoring due to
reaching an outcome. Log-rank statistics were used to compare groups.
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Time to death or liver transplant
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Figure 3.
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Log-rank x°=7.45, 1 d.f., P = 0.0063

Time from initial visit to death or transplant (Txp) showed a significant difference between
covert hepatic encephalopathy (CHE) and no-CHE groups (P=0.006). The Kaplan—Meier
curve for estimated cumulative incidence of the particular outcome in the Y axis and months
from initial entry in the X axis. The red lines depict patients with CHE, and blue lines denote
patients who were CHE negative at study entry, with each dot signifying censoring due to
reaching an outcome. Log-rank statistics were used to compare groups.
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Patient and outcome characteristics

Table 1

CHE (N=95) No-CHE (N=75) P value

Age, means.d. 56.07+6.68 54.04+8.77 0.11
Gender (M/F), % (62/33) 64 (39/36) 52 0.08
Etiology of cirrhosis (N (%))

HCV 49 (52) 41 (55) 0.29

Alcohol 9(9) 3(4)

NASH 16 (17) 18 (24)

Other (autoimmune, and so on) 21 (22) 12 (16)
Education (years)#s.d. 13.56+2.19 13.76+2.44 0.58
Presence of varices (%) 37 (39%) 28 (37%) 0.83
Serum albuminzs.d. 3.2+2.1 3.5+1.6 0.29
Serum creatinines.d. 1.5+1.2 1.0+0.8 0.001
Serum total bilirubints.d. 2.2+2.3 15+1.1 0.01
INRs.d. 1.7¢1.3 1.1+0.9 0.001
Median Child Score (range) 8 (5-9) 6 (5-8) 0.03
MELD Score+s.d. 9.95+3.92 8.50+2.80 0.006
Cognitive performance+s.d.

Number connection test-A (s) 44.7+£17.6 26.516.2 <0.0001

Number connection test-B (s) 129.4+78.2 61.9+15.7 <0.0001

Digit symbol test (raw score) 52.6+12.9 72.1+15.0 <0.0001

Block design test (raw score) 21.2+125 40.2+10.3 <0.0001
Clinical outcome characteristics

Total OHE events 73+0.77 35+0.47 <0.0001

Total OHE hospitalizations 42+0.44 18+0.24 0.004

Total liver-related hospitalizations 83+0.87 37+0.49 <0.0001

Total liver-unrelated hospitalizations 75+0.79 1640.21 <0.0001
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CHE, covert hepatic encephalopathy; F, female; HCV, hepatitis C virus; INR, international normalized ratio; M, male; MELD, Model for End-

Stage Liver Disease; NASH, nonalcoholic steatohepatitis; OHE, overt hepatic encephalopathy.
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Table 2

Cumulative incidence of patients who developed relevant outcomes during follow-up

CHE negative CHE positive

Time
Cumulative incidence 95% ClI Cumulative incidence 95% ClI

(a) Time to OHE development

1 Year 18.1% (9.8-2.1%) 33.8% (23.4-47.2%)
2 Years 24.8% (14.1-41.2%) 46.1% (33.4-61.0%)
3 Years 37.1% (21.2-59.5%) 59.4% (43.3-76.1%)
4 Years 37.1% (21.2-59.5%) 86.9% (60.8-98.8%)

(b) Time to hospitalization

1 Year 15.2% (8.2-27.2%) 46.6% (25.6-59.1%)
2 Years 24.6% (14.9-39.0%) 59.9% (47.9-72.3%)
3 Years 44.3% (28.9-63.3%) 74.5% (61.7-85.7%)
4 Years 68.2% (45.8-88.2%) 88.3% (72.8-97.1%)

(c) Time to death or transplant

1 Year 2.6% (0.4-16.8%) 17.6% (9.5-31.3%)
2 Years 10.1% (3.3-28.9%) 20.4% (11.4-34.9%)
3 Years 22.5% (9.5-48.2%) 54.3% (35.8-74.8%)
4 Years 22.5% (9.5-48.2%) 75.6% (49.7-94.5%)

CHE, covert hepatic encephalopathy; Cl, confidence interval; OHE, overt hepatic encephalopathy.
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Table 3

Covert HE and development of outcomes

Time to outcome

CHE diagnosis HR (95% CI) (P value) MELD Score HR (95% CI) (P value)

First OHE episode 2.1 (1.01-4.5) (P=0.05) 1.15 (1.03-1.27) (P=0.01)
First hospitalization 2.5 (1.4-4.5) (P=0.002) 1.17 (1.1-1.3) (P < 0.0001)
Death 4.9 (1.03-23.8) (P=0.04) 1.18 (1.03-1.35) (P=0.015)
Death/transplant 3.4 (1.2-9.7) (P=0.01) 1.18 (1.1-1.3) (P=0.0004)

CHE, covert hepatic encephalopathy; ClI, confidence interval; HE, hepatic encephalopathy; HR, hazard ratio; MELD, model for end-stage liver

disease; OHE, overt hepatic encephalopathy.

Models were adjusted for gender, age, and etiology of cirrhosis.
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