
LIVER FAILURE AND LIVER DISEASE

Minimal Hepatic Encephalopathy Impairs Fitness to Drive

Christian Wein,1 Horst Koch,2 Birthe Popp,1 Gerd Oehler,2 and Peter Schauder3

It has been suggested that the ability to drive a car is impaired in patients with cirrhosis
of the liver and minimal hepatic encephalopathy (MHE). However, the only study using
an on-road driving test did not reveal such an impairment. In a prospective controlled
study, we evaluated patients with cirrhosis of the liver for MHE and the ability to drive
a car. MHE was diagnosed using three psychometric tests: Number Connection Test Part
A, Digit Symbol Test, and a Complex Choice Reaction Test. In a standardized on-road
driving test (22 miles, 90 minutes), designed for patients with brain impairment, a
professional driving instructor blind to the subjects’ diagnosis and test results assessed
the driving performance. Four global driving categories (car handling, adaptation to
traffic situation, cautiousness, maneuvering), 17 specific driving actions (e.g., changing
lanes, overtaking, etc.), and a total score of driving performance were rated using a
6-point scale. Of 274 consecutive patients with liver cirrhosis, 48 fulfilled the medical
and driving inclusion criteria, 14 of them with and 34 without MHE. Forty-nine subjects
in a stable phase of chronic gastroenterological diseases and with normal liver findings
served as controls. The total driving score of patients with MHE was significantly
reduced in comparison to either cirrhotic patients without MHE or to controls (P <
.05). Significant differences in ratings were found in the following driving categories: car
handling, adaptation, and cautiousness. Significant differences were also found in spe-
cific driving actions. The instructor had to intervene in the driving of 5 of the 14 MHE
patients to avoid an accident, significantly more than in cirrhotic patients without MHE
and in controls. There was no significant difference in any driving category or specific
driving action in cirrhotic patients without MHE compared to controls. In conclusion,
fitness to drive a car can be impaired in patients with MHE. Therefore, patients with
liver cirrhosis should be tested for MHE and informed in the case of abnormal test
results. Therapy known to improve psychometric test results should be initiated.
(HEPATOLOGY 2004;39:739 –745.)

The prevalence of cirrhosis in the Western world is
as high as 1 %.1,2 Patients with cirrhosis are prone
to developing cerebral dysfunction: hepatic en-

cephalopathy (HE). Clinical manifestations of HE in-
clude an altered level of consciousness, impaired
intellectual functioning, personality changes, and neuro-
muscular dysfunction.3 On the basis of clinical findings,

HE has been graded into 4 stages of severity, ranging from
attention deficits to coma.4

Subjects without overt HE may suffer from minimal
HE (MHE), also termed subclinical or latent HE.5–7 The
prevalence of this condition ranges from 27%8 to 75 %,9

depending on the test procedures used and the severity of
the liver disease.10 There is still no standard procedure to
diagnose MHE.6 The condition is of clinical significance,
i.e., it impairs the quality of life.11,12 In addition, psycho-
metric studies have shown that patients with MHE may
be unfit to drive a car.13,14

To evaluate the driving fitness in subjects with cerebral
dysfunction for reasons other than MHE,15–18 standard-
ized on-road driving tests have been developed.19–21 The
only published on-road study for testing the driving per-
formance in patients with cirrhosis either with or without
MHE did not reveal deficits compared to controls.22

However, in our previous study on the diagnosis and
prevalence of MHE,10 we observed deficiencies in driving
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a car in some of these patients (self-report or relatives’
report). Therefore, we performed a prospective controlled
study to investigate the fitness to drive a car of patients
with cirrhosis, either with or without MHE, using a stan-
dardized on-road-driving assessment designed for pa-
tients with brain injury.

Patients and Methods

Sample Size. In a previous controlled study, the prev-
alence of MHE was 30% in 146 patients with cirrhosis.10

This investigation showed large effect sizes regarding psy-
chometric measurements for group comparison between
patients with cirrhosis and controls. Due to the lack of
valid data about the extent of driving limitations in cir-
rhotic patients, the sample size was calculated on the as-
sumption that the capacity to drive a car and to perform
the psychometric tests was equally affected in cirrhotic
patients. A power analysis showed that a total sample size
of 70, i.e., 35 subjects in each group, was required to
conduct the study. However, as the driving impairment in
cirrhotic patients could be less frequent than abnormal
performance in psychometric tests we decided to increase
the number of the test subjects to 50 cirrhotic patients and
50 controls.

Recruitment Criteria and Patient Characteristics.
The hospital stay of patients referred to our rehabilitation
center is usually 3 weeks. The hospital does not accept
emergency cases. Chronically ill patients are treated with
the ultimate goal of improving their ability to work. This
is accomplished by providing a structured rehabilitation
program that includes a diagnostic and therapeutic
workup and psychological, physiotherapeutic, and nutri-
tional advice and support. The study was performed dur-
ing the 3-week rehabilitation program. Since August
1998, all patients with confirmed cirrhosis were tested for
MHE and considered eligible for the study based on the
following criteria: age from 25 to 65, no overt HE, no
renal insufficiency (plasma creatine concentration �200
�mol/L), no insulin-dependent diabetes mellitus, no
heart failure from any cause (New York Heart Association
class below 2), no history of cancer, no history of disorders
of the central nervous system, no psychiatric disorders,
normal blood pressure with or without medication, he-
moglobin greater than 10 g/dL, and no consumption of
psychotropic drugs or alcohol in the past 6 months. Lac-
tulose medication was not changed or discontinued be-
fore the psychometric and driving tests.

Driving criteria were as follows: driver’s licence for
more than 7 years, more than 100,000 kilometers (km;
62,150 miles) driving experience, more than 4,000 km
(2,486 miles) in the last year, and regular driving until at

least 1 month before the driving test. Cirrhosis was diag-
nosed on the basis of (1) case history, (2) clinical exami-
nation, (3) biochemical, endoscopic, and ultrasound
findings, or (4) liver biopsy (18 patients). The Child-
Pugh index was used to assess the severity of liver dis-
ease.23

Of 274 consecutive patients with cirrhosis, 50 met
these criteria.

Reasons for excluding 224 cirrhotic patients from the
study were the following: lack of consent (51 patients),
not enough driving experience (34), no driver’s license
(26), alcohol intake in the past 6 months (21), overt HE
(20), diagnosis of cancer (18; 13 with hepatocellular car-
cinoma), age outside the limits (1 under 25, 13 over 65),
insulin-dependent diabetes mellitus (12), psychiatric or
neurological diseases (10), or other causes (18).

Clinical Controls. Fifty patients without history of
liver disease and matched for age, gender, and educational
background served as controls. With respect to the liver,
all displayed normal clinical, biochemical, and ultrasound
findings. These subjects were in a stable phase of chronic
gastroenterological disease, mainly chronic inflammatory
bowel disease. Medical and driving exclusion criteria were
the same as for cirrhotic patients.

All participants gave written informed consent. The
study was approved by the institutional review board of
the Federal Institute for Salaried Employees’ Insurance,
Germany. Two patients with cirrhosis of the liver and 1
control patient decided during the on-road assessment
not to complete the study. Ninety-seven subjects (48 with
cirrhosis and 49 controls) underwent the psychometric
testing and the driving assessment during the second week
of the hospital stay. Sociodemographic and medical char-
acteristics of the 48 cirrhotic subjects included in the
study were comparable to the remaining 226 cirrhotic
patients from the original 274; the prevalence of MHE in
particular was similar.

Assessment of MHE. MHE was diagnosed by a com-
bination of neuropsychological tests. This test combina-
tion has a high sensitivity in detecting MHE10 and is in
conformity with the consensus statements of Ferenci et
al.6 All tests are standardized and have norm values based
on healthy control groups.

Complex Choice Reaction Test (CCRT; Wiener De-
terminationsgeraet24). The Complex Choice Reaction
Test measures the time required to react to 7 different
visual and 2 auditory signals by pressing corresponding
buttons or corresponding pedals and the correctness of
the response. The test includes the presentation of 180
signals in 3 different blocks of 60 signals each at 3 differ-
ent time intervals (1,582 milliseconds, 948 milliseconds,
and 1,078 milliseconds). The number of correct re-
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sponses in a defined time interval is counted and expressed
as an age-graded norm value.

Digit Symbol Test. This is a subtest of the German
adaptation of the Wechsler Adult Intelligence Scale. In
this paper and pencil test, numbers from 1 to 9 have to be
paired with different nonsense symbols according to a
given key. The score consists of the number of squares
filled in correctly in 90 seconds and is expressed as an
age-graded norm value.

Trail Making Test.25 This test of complex visual
scanning with a motor component requires the person to
draw lines to connect consecutively numbered circles (1
through 25) on a work sheet. The amount of time taken
to complete the test is measured and transformed into
age-graded norm values.

Classification Rules. MHE was diagnosed if test re-
sults were: (1) CCRT 1 out of 3 blocks � percentile 3, (2)
CCRT 2 or 3 blocks � percentile 7, or (3) CCRT 1 out of
3 blocks � percentile 7 along with Digit Symbol Test or
Trail Making Test � percentile 7. The classification strat-
egy is based on the results of the control group and on the
results of a previous study.26 This combination of cutoff
scores results in the optimal ratio between true positive
classification of MHE in the group of cirrhotic patients
and false positive (misclassified) in controls.26,27

Assessment of On-Road Driving. The test route of
35 km (22 miles) was designed according to Hartje et al.19

and covered typical aspects of road traffic (i.e., inner-city
area and highway). In addition, time was taken to com-
plete a closed-course track under highly standardized con-
ditions. The duration of the on-road driving assessment,
including the closed-course track, was approximately 90
minutes. The driving assessment was performed in the
same week as the testing for MHE.

Subjects were assessed in the morning; all drove the
same car equipped with a dual-brake system and an in-
dexing gear. Under unfavorable driving conditions (e.g.,
fog or ice), testing was postponed. A professional driving
instructor and a psychologist, both unfamiliar with the
subjects� diagnosis and test results, carried out the evalu-
ation. The assessment was based on behavioral observa-
tions in 4 driving categories: car handling, adaptation to
traffic situations, cautiousness, and maneuvering the car.
The assessment was also based on behavioral observations
of specific driving actions: following road signs, paying
attention to cyclists and pedestrians, checking in the rear-
view mirror and the blind spot before changing lanes,
tracking, signaling to turn in a timely fashion, following
traffic rules, keeping an appropriate distance, being mind-
ful of oncoming traffic, merging smoothly into the flow of
traffic, slowing down and/or stopping at construction
sites, obeying the speed limit, overtaking, starting on an

incline, adjusting speed to road and traffic conditions,
changing lanes, parking, and obeying traffic lights. The
professional driving instructor used a 6-point rating scale
to judge driving competence for each category and action
and gave a final score for overall impression (total judg-
ment). The role of the psychologist was to ensure that no
information about health status or psychometric test re-
sults was given to the driving instructor and to record the
number of interventions made by the instructor.

Statistical Analysis. A power analysis based on the
30% prevalence of MHE10 showed that differences in
neuropsychological tests between patients with cirrhosis
and a clinical control group have a large effect size (d �
0.8). The power analysis carried out with the computer
program GPOWER28 (F. Faul, University Kiel, Ger-
many) resulted in a total required sample size of 70.

All data were analyzed anonymously. Descriptive sta-
tistics are given in parametric units (means, SDs). As-
sumptions for conducting ANOVAs (within-group
homogeneity of variances and normal distribution) were
not met for several of the dependent variables. Therefore,
group differences were analyzed with nonparametric tests.
Differences between 2 groups were tested with the Mann-
Whitney U test; for differences among more than 2
groups, Kruskal-Wallis H was used (ANOVA by ranks).
Mann-Whitney U tests were performed for post hoc com-
parisons after computing Kruskal-Wallis H. Evaluation
of the relationship of dichotomic variables was carried out
by Fisher‘s exact test. For all analyses, the results of statis-
tical significance differed only marginally between ANO-
VAs and nonparametric tests. The limit for statistical
significance was set at P � .05 (2-tailed testing).

Age-corrected percentiles were used to classify patients
with cirrhosis into those with and those without MHE
and for comparisons with the clinical control group. A
factor-analytic pre-analysis (principle component analysis
with varimax rotation) of the driving instructor’s rating
data, leading to several independent factors, showed that
the driving actions were judged multidimensionally, in-
dicating that ratings of different driving actions were in-
dependent.

Results
According to the exclusion criteria and neuropsycho-

logical classification mentioned above, we diagnosed
MHE in 14 of 48 patients with cirrhosis (29%). This
prevalence of MHE is similar to the remaining group of
patients with cirrhosis: 56 patients with MHE out of 226
patients (25 %). Cirrhotic patients with or without MHE
and controls did not differ in age, gender, estimation of
IQ, education, and driving experience (Table 1). Patients
with and without MHE were comparable in the etiology
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of cirrhosis, the Child-Pugh index,23 varices, ascites, and
levels of aspartate transaminase, total bilirubin, albumin,
and prothrombin activity; however, significantly more
patients with MHE were on lactulose (Table 2). In the
control group of 49 subjects, 2 patients showed psycho-
metric test results below the cutoff score for MHE (false
positives).

Rating of Driving Abilities by Driving Instructor.
The ratings of the driving instructor revealed significant
differences between patients with and without MHE for
total judgment and for the driving categories (adaptation
to driving situation, cautiousness, and handling the car;
Table 3). Driving assessment showed significant differ-
ences between patients with and without MHE for the
following driving actions: following road signs, paying

attention to bicyclists and pedestrians, checking the rear-
view mirror and the blind spot before changing lanes,
tracking, signaling to turn in a timely fashion, and follow-
ing traffic rules (Table 4).

Time measurements of the performance in the closed-
course track showed no significant differences between
the groups: with MHE (mean � 34.01 seconds, SD �
4.47 seconds); without MHE (mean � 31.93 seconds,
SD � 6.77 seconds; and controls mean � 31.67 seconds,
SD � 4.20 seconds).

Severity of cirrhosis (Child-Pugh index), pathogenesis
of cirrhosis (alcohol versus other), and medication with
lactulose had no influence on any driving category or
driving action.

Interventions by the Driving Instructor. In the vast
majority of the test subjects, no intervention was neces-
sary; however, in 11 patients, the driving instructor had to
intervene 1 or 2 times to avoid accidents. This was indi-
cated by a signal-tone in the car and recorded by the
accompanying psychologist. The 3 groups differed signif-
icantly with respect to the number of interventions (Table
5). The likelihood of an intervention in patients with
cirrhosis and MHE was nearly 10 times higher (8 inter-
ventions in 14 driving tests � likelihood .571) than that
of cirrhotic patients without MHE (2 interventions in 34
driving tests � likelihood .059). This difference is highly
significant (Fisher exact test; P [2-tailed] � .008).

Discussion
In this study, patients with MHE showed a diminished

ability to drive a car as indicated by the assessment of a
professional driving instructor who was not aware of the
diagnoses of the patients and the psychometric test
results. Based on the total judgment of the driving in-
structor and the results of the driving categories “car han-
dling,” “adaptation,” “cautiousness,” and “maneuvering,”
fitness to drive was significantly reduced in patients with
MHE compared to clinical controls (Table 3).

As shown in Table 4, the deficits in driving fitness
became particularly apparent in 6 specific driving actions:

Table 2. Medical Characteristics of Cirrhotic Patients

Characteristics

Cirrhotic Patients

MHE� N � 14 MHE� N � 34

Etiology
Alcohol-toxic 10 19
Hepatitis (B, C) 2 3
Autoimmune 1 4
Unknown 1 4
Primary biliary cirrhosis 0 2
Wilson’s disease 0 1
Hemochromatosis 0 1

Child-Pugh A/B/C 9/4/1 28/6/0

Esophageal/Gastric varices (yes/no) 10/4 21/13

Ascites
No 10 30
Mild 2 3
Significant 2 1

Lactulose (yes/no)* 8/6 9/25

Aspartate transaminase (U/L) 18.64 [6.15] 18.79[12.81]
Total bilirubin (�mol/L) 26.25[17.59] 23.15[12.09]
Albumin (g/L) 3.69 [0.68] 4.06 [0.62]
Prothrombin activity (%) 87.43[14.69] 96.71[22.56]

NOTE. Values of Aspartate transaminase, Total bilirubin, Albumin, and Pro-
thrombin activity are expressed as mean [SD].

*Fisher exact test: MHE� vs. MHE�, P � .04.

Table 1. Sociodemographic and Driving Characteristics of Cirrhotic Patients and Clinical Control Subjects

Cirrhotic Patients

ControlsAll MHE� MHE�

Gender (F/M) 15/33 3/11 12/22 15/34
Age (y) 49.7 [8.2] 53.0 [6.4] 48.4 [8.7] 49.8 [8.0]
Education (y) 9.8 [1.9] 9.2 [1.9] 10.0 [1.8] 10.2 [2.0]
Estimation of IQ (raw score) 29.7 [3.7] 29 [2.4] 30 [4.1] 29.7 [2.9]
Driving experience (1,000 km/y) 16.2 [11.0] 21.1 [11.3] 14.3 [10.4] 18.6 [12.8]
Driver’s license (y) 29.1 [8.5] 33.6 [8.4] 27.4 [8.0] 29.7 [9.0]

NOTE. Values are expressed as mean [SD].
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following road signs, paying attention to pedestrians and
cyclists, checking the rearview mirror before changing
lanes, tracking, signaling to turn, and following traffic
rules. With regard to a possible explanation, patients with
HE exhibit deficits in intelligence, consciousness, behav-
ior, and neuromuscular function.3 For example, failure to
pay the appropriate attention to pedestrians and cyclists
may be related to diminished consciousness and neuro-
muscular function resulting in impaired complex atten-
tion and executive function.

An on-road driving evaluation is also a reliable tool for
revealing deficits in driving ability in other diseases, such

as Alzheimer’s and Parkinson’s disease, even in the mild to
moderate stages.29,18

Time measurements in the closed-course track—as a
theoretical alternative to the on-road driving assess-
ment—showed no significant differences between the
study groups.

Most importantly, however, the driving instructor had
to intervene to avoid an accident significantly more often
in patients with MHE than in patients without MHE or
in controls. The driving assessment in this study was per-
formed under optimal conditions (e.g., good weather,
daylight, no time pressure), so the number of driving

Table 3. Ratings of Driving Categories

Categories*

MHE� MHE� Controls

H P Post†Mean SD Mean SD Mean SD

Total Judgment 3.5 0.9 3.0 0.9 2.7 0.9 9.0 .011 #

Car handling 3.2 1.1 2.5 0.8 2.4 0.8 7.2 .027 �#
Adaptation 3.5 1.0 2.9 1.0 2.7 0.9 7.0 .031 #
Cautiousness 3.6 1.2 3.1 1.2 2.7 0.9 6.9 .033 #
Maneuvering 3.1 1.0 2.6 0.9 2.4 0.8 5.1 .078 #

Abbreviations: H, Kruskal-Wallis H; P, level of significance between all groups; Post, Mann-Whitney U test performed for post hoc comparisons.
*Total Judgment � total judgment of the driving instructor; car handling � skillfulness in handling the car; adaptation � adaptation of driving behavior to different

traffic situations (flexibility); cautiousness � observation of traffic situation; maneuvering � skillfulness of driving.
†Significant differences between groups: �, MHE� vs. MHE� significant; #, MHE� vs. clinical controls significant (in all categories, no differences between MHE�

and clinical controls).

Table 4. Ratings of Driving Actions

Driving Action*

MHE� MHE� Controls

H P Post†Mean SD Mean SD Mean SD

Road signals 2.93 0.92 1.94 0.81 2.18 0.70 14.27 .001 �#
Bikes/Pedestrians 4.21 0.89 3.06 1.20 3.02 0.95 12.60 .002 �#
Check mirror 4.00 0.88 3.24 1.02 3.04 0.76 12.03 .002 �#
Tracking 2.50 0.65 2.29 0.80 2.02 0.48 8.41 .015 #
Signal 3.43 0.85 2.85 0.86 2.78 0.85 8.48 .018 #
Rules 3.50 1.02 3.12 1.04 2.76 0.75 7.85 .020 #
Distance 2.57 0.94 2.41 0.70 2.16 0.47 5.82 .055
Oncoming traffic 2.71 0.91 2.15 0.61 2.18 0.60 5.78 .056 �#
Merge 3.21 1.05 2.56 1.11 2.59 0.98 5.42 .067
Slowing 3.64 0.93 3.06 1.01 3.04 0.82 4.80 .091
Speed limit 3.64 1.08 3.00 1.13 2.94 0.97 4.67 .097
Start 2.08 0.95 1.74 0.51 1.96 0.50 4.03 .133
Overtake 1.77 1.59 1.68 0.98 1.32 0.78 3.93 .140
Speed 2.93 0.83 3.00 0.98 2.67 0.99 2.94 .229
Lane 2.36 0.74 2.24 0.61 2.10 0.55 2.38 .305
Parking 2.43 0.94 2.09 0.67 2.12 0.83 1.77 .412
Traffic light 2.14 0.53 1.94 0.34 2.08 0.61 1.74 .420

Abbreviations: H, Kruskal-Wallis H; P, level of significance between all groups; Post, Mann-Whitney U tests performed for post hoc comparisons.
*Road signals � following road signs; bikes/pedestrians � paying attention to cyclists and pedestrians; check mirror � checking in rearview mirror and blind spot

before changing lanes; signal � signaling to turn in a timely fashion; rules � following traffic rules; distance � keeping an appropriate distance; oncoming traffic �
being mindful of oncoming traffic; merge � merging smoothly into the flow of traffic; slowing � slowing down and/or stopping at construction sites; speed limit �
obeying the speed limit; start � starting on an incline; speed � adjusting speed to road and traffic conditions; lane � changing lanes; trafic light � obeying traffic
lights.

†Significant differences between groups: �, MHE� vs. MHE� significant; #, MHE� vs. significant clinical controls (in all actions, no differences between MHE�
and clinical controls).

HEPATOLOGY, Vol. 39, No. 3, 2004 743



errors might even be higher in daily life. No differences
were found between the groups of cirrhotic patients with-
out MHE and clinical controls in either driving actions or
in interventions by the driving instructor. In our study,
the number of cirrhotic patients with MHE is limited.
However, the medical and sociodemographic variables are
comparable in patients with and without MHE: driving
fitness is significantly reduced in MHE patients. Thus,
MHE, but not cirrhosis per se, seems to impair the fitness
to drive.

Previous investigators suggested that the ability to
drive a car may be compromised in up to 85% of patients
with MHE.13,14 This contention was based on neuropsy-
chological tests only. However, an on-road driving assess-
ment was not performed. The first to use such a test were
Srivastava et al.,22 but they did not detect differences in
driving performance between groups of 9 cirrhotic pa-
tients with MHE, 6 without MHE, and 15 healthy con-
trol subjects. This is not in conformity with our results.
The possible reasons for the discrepancy are unclear, but
they may include differences in patient selection, in the
size of the study group, in diagnosing MHE, and in per-
forming the on-road driving test.

In the present study, 3 psychometric tests (Complex
Choice Reaction Test, Digit Symbol Test, and Trail Mak-
ing Test) were used to diagnose MHE. Because age and
education can influence neuropsychological perfor-
mance,8,30 patients were carefully matched to the control
group. Age and education had no impact on the driving
categories or driving actions tested.

The prevalence of MHE in our patient group was 14
out of 48 (29%) when age-adjusted values for psychomet-
ric tests were used. A similar proportion was found in a
previous study performed at our hospital10 and in studies
from other investigators.8,31,32 Srivastava et al.22 found
abnormal neuropsychological results in 60% of their pa-
tients.

With regard to patient selection, Srivastava et al. ex-
cluded patients with liver cirrhosis and a history of overt
encephalopathy.

A further reason why we detected deficits in driving
performance could be due to the fact that the professional

driving instructor assessed our patients for a longer period
of time than Srivastava et al.22—90 minutes instead of 30
minutes with highly specified driving actions on an ex-
tremely standardized driving course.

Thus, MHE is a condition that may diminish the abil-
ity to drive. As a consequence, we feel justified in endors-
ing surveillance and treatment of these patients but are
not yet to conclude that all of them are unfit to drive. One
reason is the lack of data indicating a higher number of
traffic accidents caused by patients with MHE. Neverthe-
less, any patient with MHE should be informed about this
possible risk. Whether anti-encephalopathy therapy33–37

will improve driving abilities in MHE patients is not
known. We suggest that this problem should be submit-
ted to a clinical trial. Furthermore, we strongly recom-
mend studies to answer the question of whether cirrhotic
patients are actually causing more car accidents or traffic
violations as a result of MHE.
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