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Minimal Hepatic Encephalopathy
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Minimal hepatic encephalopathy (MHE) is the mildest form of the spectrum of neurocognitive impairment in
cirrhosis. It is a frequent occurrence in patients of cirrhosis and is detectable only by specialized neurocognitive
testing. MHE is a clinically significant disorder which impairs daily functioning, driving performance, work
capability and learning ability. It also predisposes to the development of overt hepatic encephalopathy, increased
falls and increased mortality. This results in impaired quality of life for the patient as well as significant social
and economic burden for health providers and care givers. Early detection and treatment ofMHEwith ammonia
lowering therapy can reverse MHE and improve quality of life. ( J CLIN EXP HEPATOL 2015;5:S42–S48)
Hepatic encephalopathy (HE) is a neurocognitive
disorder in which brain function is impaired
and is associated with both acute and chronic

liver dysfunction.1 It is a major complication that develops
in some form and at some stage in a majority of patients
with liver cirrhosis. Minimal HE (MHE) is the mildest
form of spectrum of HE which is characterized by subtle
cognitive and psychomotor deficits in the absence of recog-
nizable clinical symptoms of HE.2 It occurs in patients with
liver dysfunction and/or portosystemic shunts. In MHE,
neurocognitive abnormalities primarily affect attention,
speed of information processing, executive control, motor
ability and coordination in an individual.3

In 1970, Zeegen et al4 first described this condition
when they discovered that 38% of patients who had under-
gone portal decompression surgery scored abnormal in Re-
itan trail making test (number connection test). Eight years
later, the term subclinical HE5 was introduced to describe
these patients. Since then, this condition was described un-
der various names like early HE, latent HE, subclinical HE
and finally minimal HE. The latest classification combines
MHE and grade 1 HE into covert HE while higher grades
are classified as overt HE, thus simplifying the clinical
schema so that HE can be uniformly diagnosed.6

Covert HE means that the mental defect is not detect-
able by the clinician using conventional testing and is
rocognitive testing, ammonia lowering therapy
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not noticeable to the patient. However, it is significant
because these patients usually have neuropsychiatric and
neurophysiological abnormalities on advanced testing
which are not enough to cause disorientation or asterixis.
MHE is regarded as a preclinical stage of HE and ammonia
and systemic inflammation plays an important role in its
pathogenesis similar to HE. Ammonia lowering therapies
were used in the treatment of MHE and found to be effec-
tive.

MHE is clinically significant as it impairs daily func-
tioning, health related quality of life (HRQOL) and driving
skills, predicts the development of overt HE and is associ-
ated with poor survival.7–11 Overt HE develops in >50% of
MHE patients within three years.10 These patients pose a
significant burden to their care givers depending on the
severity of cognitive dysfunction.2,12 Considering all
these facts together, early detection and treatment of
MHE is warranted and recommended.2

This review focuses onMHE and its effect on daily func-
tioning including driving skills, sleep disturbances and
HRQOL in an individual.
EPIDEMIOLOGY

Several studies suggest that the majority of patients with
cirrhosis will develop some degree of HE at some point
during the course of disease. Overt HE occurs in approxi-
mately 30%–50% of patients with cirrhosis10,13 and 10–
50% of patients with transjugular intrahepatic
portosystemic shunt.14 The prevalence of MHE in patients
with cirrhosis who do not have the evidence of overt HE is
high and has been reported to vary between 30% and
84%.2,10,15 Large variability in these studies were due to
different diagnostic criteria used and population studied.
Prevalence of MHE in our population varies between 48%
and 67.7% as shown by our previous studies using
psychometric tests.2,10,11 Patients who develop MHE are
d Experimental Hepatology | March 2015 | Vol. 5 | No. S1 | S42–S48
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Figure 1 Clinical significance of minimal hepatic encephalopathy.
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older, more often have alcohol as etiology of cirrhosis, have
history of overt HE in the past, have more severe liver
disease as quantified by Child Pugh score and more often
have esophageal and gastric varices.16 Prevalence of MHE
increases with increasing severity of liver dysfunc-
tion2,7,10,16–19 and is not affected by etiology of cirrhosis
once patients with recent alcohol intake were excluded.
PATHOGENESIS OF MINIMAL HEPATIC
ENCEPHALOPATHY

Although incompletely defined, pathogenesis of HE is
considered multifactorial. It is likely that gut derived neu-
rotoxins (ammonia, benzodiazepines, indoles, etc) acting
synergistically with inflammation and oxidative stress
cause HE and its associated manifestations. MHE being a
preclinical stage of HE has similar pathogenesis.20–22

Ammonia is metabolized only by astrocytes in brain and
increased ammonia levels causes rise in intracellular
glutamine levels leading onto low-grade cerebral edema
and HE.23 Ammonia also modulates glutamate neuro-
transmission and induces neurosteroid production in neu-
rons, leading to a positive modulatory effect on the
gamma-aminobutyric acid-A receptor.24 Ammonia
lowering therapies like lactulose,11,25,26 rifaximin27 and
probiotics28,29 have been shown to result in resolution of
MHE and overt HE, thereby providing indirect evidence
to ammonia's pathogenic role in HE. However, recent
studies have shown the persistence of cognitive
impairment in cirrhotics even after complete resolution
of HE despite ammonia lowering therapy suggesting role
Journal of Clinical and Experimental Hepatology | March 2015 | Vol. 5 | No
of other factors.30–32 Small intestinal bacterial
overgrowth correlates with MHE in patients with
cirrhosis suggesting the role of gut derived bacterial
toxins.32 Recent studies have implicated infection and sys-
temic inflammation in the pathogenesis of HE.33,34

Hyperammonemia in the presence of systemic
inflammation or infection results in lower cognitive
scores compared to in the absence of inflammation.
Inflammatory markers like TNF-a, IL-1, IL-6 and C-reac-
tive protein were elevated in MHE patients and correlated
with its severity.33,34 Inflammation increases permeability
of blood brain barrier35,36 thereby leading onto increased
diffusion of ammonia into brain37 and subsequently
MHE. Manganese is a neurotoxin that accumulates in pa-
tients with liver cirrhosis and portosystemic shunts38 and
may contribute to cerebral edema in HE.39 Its levels corre-
late with pallidal hyperintensity seen on MR brain scans of
patients with cirrhosis, whomay also demonstrate extrapy-
ramidal signs.
CLINICAL SIGNIFICANCE

MHE is clinically significant disorder as it impairs daily
functioning, reduces quality of life and increases disability
by affecting driving skills, learning capacity, reducing work
performance and increasing the risk of falls (Figure 1).

Effect of Minimal Hepatic Encephalopathy on
Quality of Life
Quality of life (QOL) is a multidimensional concept
comprehensively addressing all aspects of human well-
. S1 | S42–S48 S43
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being, encompassing physical and cognitive capabilities,
functional behavior, emotional status and psychosocial
adjustment.40 It is measured by using general health scales
like Nottingham Health Profile (NHP), the Sickness
Impact Profile (SIP), SF - 3616,41–43 and disease specific
scales like Chronic Liver Disease Questionnaire (CLDQ),
NIDDK-QA and the Liver Disease Quality of Life Instru-
ment.44–47

MHE adversely affects HRQOL as shown by various
studies.11,41,43,48–50 Complex activities which require
attention or information processing and psychomotor
skills are mainly affected, such as driving a car or
planning a trip. Basic functions of day to day self-care
like personal hygiene, dressing and shopping are pre-
served.11 Studies have shown that HRQOL scores were
impaired in almost all scales of SIP in patients with
MHE compared to patients without MHE. Significant
impairment is seen in social interaction, alertness,
emotional behavior, sleep, work, home management, and
recreation and pastimes.11,43,47

In a study using SF-36 and NHP, Marchesini et al42 had
shown that etiology and duration of cirrhosis had no effect
on HRQOL andminor symptoms like pruritus andmuscle
cramps had significant negative impact on HRQOL. In de-
compensated cirrhotics, MHE impairs domains of activity,
emotional function and global scoring on CLDQ. MHE
also reduces appetite in cirrhotics and as the liver dysfunc-
tion worsens, malnutrition occurs which adversely impacts
HRQOL.49 Depression, anxiety-trait and alexithymic
symptoms occurs in cirrhotics and are major determinants
of impaired HRQOL.50

Treatment of MHE with lactulose,11 rifaximin27,51 or
probiotics29 reverses MHE in majority of patients. Signifi-
cantly HRQOL also improves with treatment of MHE.
Driving performance using a driving simulator also
improved significantly with reversal of MHE in cirrhotic
patients after 8 weeks of rifaximin therapy.51
Sleep and Health Related Quality of Life
Sleep disturbances are common in patients with MHE.
Sleep disturbance is seen in 26–70% of patients with
cirrhosis.52–56 Studies have confirmed higher frequency
of sleep disturbances in patients of cirrhosis with MHE
compared to those without MHE.11,52 Sleep is
maintained by two processes namely, ‘Homeostatic
process’ that determines sleep propensity in relation to
waking hours and ‘Circadian process’ under the control
of suprachiasmatic nucleus and its retino-hypothalamic
axis which responds to light-dark cues by melatonin secre-
tion.57 Patients with cirrhosis have unsatisfactory night
sleep due to delayed sleep onset and multiple night awak-
enings resulting in reduced sleep time and excessive day-
time sleepiness.57 Night time sleep disturbances are not
related to HE and are caused by circadian rhythm abnor-
S44
malities due to toxic effect on suprachiasmatic nucleus
and impaired melatonin clearance.52 However, excessive
daytime sleepiness correlates with ammonia levels and is
associated with increased risk of HE related hospitalization
and presence of portosystemic shunts.58 Sleep distur-
bances contribute to impairment in HRQOL in MHE pa-
tients.54,56 While some studies did not find any
correlation between sleep disturbances and
neurocognitive impairment, we recently demonstrated
that there is significant correlation between MHE, sleep
abnormalities and HRQOL.56

Memory and Learning Difficulties in Minimal
Hepatic Encephalopathy
MHE is characterized by a pattern of subcortical dysfunc-
tion characterized by slowed mental processing, distur-
bances of attention and concentration, executive
disabilities, psychomotor slowing andmemory disorders.59

Memory deficits in MHE affects only short-term memory
and are due to the attention deficits thereby causing an en-
coding defect and learning impairment.59,60 FDG PET
studies in MHE patients had shown decreased glucose
metabolism in parieto-occipital region involved in visual
perception as against preserved metabolism in temporo-
mesial area concerned with memory.61,62 Experimental
data suggests that learning impairment was due to
hyperammonemia causing decreased cGMP levels and
may respond to pharmacological manipulation.63

Driving and Navigational Skills in Minimal
Hepatic Encephalopathy
MHE is associated with impaired driving performance
both by using real road driving tests or a driving simulator.
Schomerus et al,64 in his study of 40 cirrhotic patients
found that 60% of them were unfit to drive based on their
psychometric performance. Similar results were reported
in a study by Watanabe et al.65 However, a pilot study of
9 MHE patients using real road driving found no impair-
ment in driving performance of these patients.66

In a landmark study involving 48 patients with
cirrhosis, Wein and his colleagues67 had shown that
MHE patients had impairment of driving using a stan-
dardized 90 min on-road driving test. Compared to
NMHE patients, MHE patients showed most impairment
in categories like car handling, maneuvering, adaptation
and cautiousness compared to NMHE patients. Interven-
tion required by the driving instructor to avoid accidents
were more in MHE patients.67 Increased risk of accidents
was attributed to decline in cognitive function in MHE pa-
tients.68 They also reported to have difficulties in following
a map.69 They had significantly higher self-reported rates
of traffic violations and motor vehicle accidents.70 Risk
of future collisions was related to the presence of MHE
and history of prior collision.71 Driving performance
© 2014, INASL
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worsens over time due to fatigue leading to more collisions
during second half of driving.72

Navigation is a complex activity required for safe
driving and depends on functional working memory,
attention, response inhibition, visuomotor coordination,
reaction time and executive control. MHE patients had
impairment in navigation leading to more number of
illegal turns and accidents which correlated with abnormal
inhibitory control test.73 Treatment of MHE with rifaxi-
min improves driving performance of these patients in a
driving simulator, which correlates with improvement in
cognition.51 Impaired driving performance in MHE pa-
tients is attributed to poor insight74 of their driving skills,
prolonged reaction time, impaired navigational skills and
worsening fatigue. Insight into driving skills in cirrhosis
improves after driving simulation and is highest in those
with navigation errors and MHE on ICT.75

Falls in Minimal Hepatic Encephalopathy
MHE is associated with increased risk of falls76,77 which
result in reduced quality of life. While 12% of patients
without MHE had falls, almost 40% of patients with
MHE had falls resulting in an increased need for
hospitalization. Risk is increased further in patients
taking psychoactive drugs.76 Increased risk of falls in
MHE patients is due to impaired attention and visuomo-
tor coordination and slowed reaction time and psycho-
motor speed. Increased number of falls and associated
osteoporosis predisposes to these patients to increased
risk of fractures78–80 and associated surgery which leads
on to significant morbidity, decompensation and
mortality.79 This in turn has an indirect effect on pa-
tient's family and carries a high economic burden to
the society.81

Employment and Socioeconomic Burden of
Minimal Hepatic Encephalopathy
Working ability is an essential component of QOL, and
inability to work produces a significant impact on
HRQOL. Due to slowing of psychomotor function and
reduced work performance in patients with MHE,
almost half of them do not have regular employment,
compared to only 15% of patients without MHE.16

About 60% of blue-collar workers are unfit to work
compared to only 20% of white collar workers as manual
labor is affected more by MHE whereas verbal intelli-
gence remains preserved.82 Patients with MHE involved
in complex occupational tasks are specially affected as
they endanger themselves as well as others.83 Impact of
MHE on daily life is enormous.12 Diminished work per-
formance and lost wages also entail substantial costs.
Socioeconomic implications of the profound negative ef-
fects of MHE on functioning in the workplace are signif-
icant.12
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Natural History and Survival in Minimal
Hepatic Encephalopathy
Patients with MHE may improve, remain unchanged or
deteriorate and develop overt HE over a long-term follow-
up. Frequency ofMHE increases as severity of liver dysfunc-
tion increases.7,10,12,16–18MHEpredicts the development of
overt HE and also adversely affects survival as shown by
several studies.7,10,18,84–87 Das et al10 studied the progres-
sion of MHE to overt HE in relation to severity of liver
dysfunction and found that overt HE were more frequent
in patients with MHE and Child-Turcotte-Pugh (CTP)
score >6. Hartmann et al7 found that survival was deter-
mined only by CTP score irrespective of presence or absence
of MHE. However, we found that both abnormal psycho-
metric hepatic encephalopathy score and CTP score were
significant independent prognostic indicators associated
with survival.3 In a recent study, Patidar et al187 have shown
that covert HE was associated with worsened survival,
increased risk of hospitalization and overt HE development
after controlling for the MELD score.
CONCLUSION

MHE is a common condition affecting patients with
cirrhosis which may be clinically silent but is associated
with significant disability resulting in impaired quality of
life. MHE reduces day to day functioning capability of pa-
tients by impairing driving, work capability, and learning
ability resulting in increased dependency on care givers.
Not only does it cause significant social and economic
burden, it also predisposes to the development of overt
HE and increased mortality. Early detection and treatment
of MHE is recommended on case to case basis.2 Ammonia
lowering therapies like lactulose, rifaximin and probiotics
not only reverse MHE but also associated with improve-
ment in HRQOL as well.
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