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Lay summary
Hepatic encephalopathy (HE) is a compli-
cation of advanced liver disease that can
manifest as excessive sleepiness. Some
patients with HE have been shown to
have difficulty driving. Herein, we used a
test called the Psychomotor Vigilance
Task (PVT), which measures sleepiness
and can also be used to assess driving
competence. We showed that PVT perfor-
mance is fairly stable in healthy individ-
uals . We also showed that PVT
performance parallels performance in
tests which are commonly used in cir-
rhotic patients to measure HE. We sug-
gest that this test is helpful in quantifying
HE and identifying dangerous drivers
among patients with cirrhosis.
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Background & Aims: Hepatic encephalopathy (HE) is a syn-
drome of decreased vigilance and has been associated with
impaired driving ability. The aim of this study was to evaluate
the psychomotor vigilance task (PVT), which is used to assess
both vigilance and driving ability, in a group of patients with
cirrhosis and varying degrees of HE.
Methods: A total of 145 patients (120 males, 59 ± 10 years,
model for end-stage liver disease [MELD] score 13 ± 5) under-
went the PVT; a subgroup of 117 completed a driving question-
naire and a subgroup of 106 underwent the psychometric
hepatic encephalopathy score (PHES) and an electroencephalo-
gram (EEG), based on which, plus a clinical evaluation, they
were classed as being unimpaired (n = 51), or as having minimal
(n = 35), or mild overt HE (n = 20). All patients were followed up
for an average of 13 ± 5 months in relation to the occurrence of
accidents and/or traffic offences, HE-related hospitalisations
and death. Sixty-six healthy volunteers evenly distributed by
sex, age and education served as a reference cohort for the PVT.
Results: Patients showed worse PVT performance compared
with healthy volunteers, and PVT indices significantly corre-
lated with MELD, ammonia levels, PHES and the EEG results.
Significant associations were observed between neuropsychi-
atric performance/PVT indices and licence/driving status. PVT,
PHES and EEG results all predicted HE-related hospitalisations
and/or death over the follow-up period; none predicted acci-
dents or traffic offences. However, individuals with the slowest
reaction times and most lapses on the PVT were often not driv-
ing despite having a licence. When patients who had stopped
driving for HE-related reasons (n = 6) were modelled as having
an accident or fine over the subsequent 6 and 12 months, PVT
was a predictor of accidents and traffic offences, even after cor-

rection for MELD and age.
Conclusions: The PVT is worthy of further study for the pur-

poses of both HE and driving ability assessment.
Lay summary: Hepatic encephalopathy (HE) is a complication
of advanced liver disease that can manifest as excessive sleepi-
ness. Some patients with HE have been shown to have difficulty
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driving. Herein, we used a test called the Psychomotor Vigilance
Task (PVT), which measures sleepiness and can also be used to
assess driving competence. We showed that PVT performance is
fairly stable in healthy individuals. We also showed that PVT
performance parallels performance in tests which are com-
monly used in cirrhotic patients to measure HE. We suggest that
this test is helpful in quantifying HE and identifying dangerous
drivers among patients with cirrhosis.
� 2019 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.

Introduction
Patients with hepatic encephalopathy (HE) exhibit psychomotor
slowing and impairment of visuomotor coordination, inhibition
and executive function, which can negatively impact on their
fitness to drive. In 1995 Watanabe et al. found that 31% of
patients with cirrhosis and 44% of patients with HE were unfit
to drive based on their neuropsychological profiles.1 Bajaj
et al. recently conducted a cost-effectiveness analysis to assess
the benefits of different strategies of minimal HE diagnosis
and treatment for reducing accident-related costs, concluding
that diagnosis by the inhibitory control test (ICT) and subse-
quent treatment with lactulose was the most cost-effective
approach, with a significant, potential reduction in societal costs
by prevented accidents.2 In a standardised on-road driving test
carried out by Wein et al., a professional driving instructor
assessed driving performance in 14 patients with minimal HE
and 34 unimpaired patients with cirrhosis. The number of times
the instructor had to intervene to avoid accidents was nearly 10
times higher in patients with minimal HE compared with unim-
paired patients and controls.3 Kircheis et al. studied healthy
controls and patients with cirrhosis with and without HE by a
real driving test (multiple sensor and camera-equipped car),
laboratory, in-car computerised psychometry, and a driving
instructor’s assessment. Patients with HE showed significantly
worse performances compared with healthy controls and unim-
paired patients. Moreover, they tended to overestimate their
driving abilities.4 In relation to this, Bajaj et al. were able to
demonstrate some degree of improvement in self-assessment
in patients with minimal HE who underwent driving simulation,
including both testing and navigation tasks.5
019 vol. 70 j 648–657
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The strong relationship between HE and excessive daytime
sleepiness has led to the interpretation of HE as a reduced vig-
ilance syndrome,6 with both diagnostic and therapeutic impli-
cations. These include the possibility of diagnosing and
quantifying HE using tools that were first developed for the
evaluation of sleepiness. One such tool is the psychomotor vig-
ilance task (PVT), a sustained-attention, visual reaction time
task that has been widely used both in sleep medicine and the
assessment of fitness to drive.7–18 The PVT is a test of vigilance
(i.e. the ability to maintain attention focused over a prolonged
period of time).19 The PVT is in fact one of the most widely used
measures of vigilance, because of its simple use and the absence
of bias related to familiarity with the task20 or to acquired skills,
such as education or aptitude. Its sensitivity has been tested in
several conditions of total or partial sleep deprivation, both in
different categories of patients and in healthy individuals.21,22

The PVT has also been used to assess sleepiness and predict
sleepiness-related road traffic accidents in occupational clinics,
particularly within the context of obstructive sleep apnoea.15 By
contrast, out of computerised tests used so for minimal/covert
HE diagnosis: (i) The ICT is a computerised test of response inhi-
bition and working memory.23 It has been judged to have good
validity but requires highly functional patients. (ii) The Stroop
test evaluates psychomotor speed and cognitive flexibility by
the interference between recognition reaction time to a
coloured field and a written colour name;24,25 again, this is a
complex task that is only applicable in highly functional
patients. (iii) The SCAN Test is a computerised test that mea-

Psychomotor vigilance task
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sures speed and accuracy to perform a digit recognition memory
task of increasing complexity,26,27 mostly exploring working
memory. (iv) The continuous reaction time (CRT) test relies on
repeated registration of the motor reaction time (pressing a but-
ton) to auditory stimuli (through headphones). The most impor-
tant test result is the CRT index, which measures the stability of
the reaction times. Age and sex appear to exert limited influence
and there are no learning and/or tiring effects.28,29 This test,
which has been used mostly in Denmark, is the only one that
is similar to the PVT.

Therefore, the aim of the present study was threefold: (i) to
obtain PVT Italian reference data by administering the test to a
group of healthy volunteers of varying age, sex and educational
attainment; (ii) to study the relationship between PVT indices
and accepted, standard neuropsychological and neurophysio-
logical HE measures; and (iii) to analyse the relationship
between PVT indices and driving performance and to evaluate
the prognostic value of the PVT in terms of risk of road traffic
accidents and traffic offences.

Patients and methods
In total, 145 consecutive in- and outpatients with cirrhosis
(120 males, age ± SD: 59 ± 10 years) referred to our HE clinic
were enrolled. The diagnosis of cirrhosis was clinical, bio-
chemical, radiological and, where necessary, histological. The
severity of hepatic failure was based on the Child-Pugh30

and model of end-stage liver disease (MELD)31 scores. Exclu-
sion criteria were: overt HE grades II (with spatiotemporal dis-
orientation), III and IV;32,33 significant neurological co-
morbidity or head injury; cognitive disorders related to other
metabolic diseases; cardiovascular diseases; treatment with
psychoactive drugs; or shift work over the preceding 5 years.
A convenience sample of 66 healthy volunteers (35 males,
Journal of Hepatology 2
58 ± 12 years) recruited to cover both sexes, all relevant dec-
ades of age and all main levels of educational attainment
served as a reference for the PVT indices; none of the volun-
teers was taking chronic medication or had been a shift-
worker over the preceding 5 years.

Standard hepatic encephalopathy assessment
All patients underwent a clinical neuropsychiatric assessment
to establish the presence of mild overt HE (grade I or grade II,
diagnosed because of the presence of flapping tremor in the
absence of spatiotemporal disorientation);32,33 in addition, 106
patients underwent formal neuropsychological and neurophys-
iological evaluation.

Neuropsychological performance was assessed using the
Number Connection Tests A and B, the Digit Symbol test, the
Line Tracing test, and the Serial Dotting test.34 Results were
scored in relation to age-adjusted and education-adjusted Ital-
ian norms.35 Performance was classified as impaired if the
sum of the standard deviations for the individual tests,
referred to as the psychometric hepatic encephalopathy score
(PHES), was ≤�4;34,35 the mean of the z-scores for each sub-
test (MPZS)35 was also used for purposes of correlation
analysis.

A wake electroencephalogram (EEG) was recorded for
10 min, with eyes closed, in a condition of relaxed wakefulness,
using a 21-electrode EEG cap. One continuous 80–100 s period
of artefact-free EEG tracing was selected for subsequent spectral
analysis by fast Fourier transform. The following spectral
parameters were calculated on the P3–P4 derivation: the mean
dominant frequency, which is an estimate of the background
frequency of the EEG; and the relative power of the spectral
bands delta (1–3.5 Hz), theta (4–8 Hz), alpha (8.5–13 Hz) and
beta (13.5–25.5 Hz). EEGs were classified as normal or abnormal
based on the spectral criteria proposed by Van der Rijt et al.36

and subsequently modified by Amodio et al.37

Neuropsychiatric status was classified as unimpaired (i.e. no
clinical evidence of overt HE according to the West-Haven crite-
ria32 and both normal PHES and normal EEG; n = 51), minimal
HE (i.e. no overt HE but abnormal PHES and/or EEG; n = 35),
and mild overt HE (n = 20). Of the 20 patients with mild overt
HE, 16 were West-Haven grade I and 4 were West-Haven grade
II, diagnosed based on the presence of flapping tremor.32,33

Thus, none of these patients were obviously disorientated for
space and/or time, and none had gross neurological or psychi-
atric alterations. All proved capable of undergoing the full neu-
ropsychiatric evaluation (vide infra).
All patients underwent the PVT. The PVT administration equip-
ment, a small box which can be held with two hands (Fig. 1), is
provided with a screen on which a series of consecutive num-
bers appear (which actually represent a count in ms), and 2 but-
tons (bottom of the box). Participants are asked to press the
button (the left one if they are left-handed, the right one if they
are right-handed) as soon as the number appears on the screen.
Each PVT administration lasts �10 min, during which the stim-
uli appear at random intervals, which vary between 2 s and 10 s.
A 1-min practice run is performed before the actual test. Data
are then analysed with the PVTCommW (version: 2.13.1.0;
�1999, Ambulatory Monitoring, Inc.) and React (REACT – Data
Analysis for the PVT-192; version: 1.1.05; �1999, Ambulatory
Monitoring, Inc.) software.
019 vol. 70 j 648–657 649



The main indices obtained are: (i) Good R’s (the absolute
number of correctly answered stimuli); (ii) mean reaction
time, median reaction time and standard deviation (SD) reac-
tion time; (iii) minimum/maximum reaction time (the fast-
est/slowest reaction times, respectively); (iv) lapses (the
number of times the reaction time is >500 ms); (v) lap (SQR
XFRM), which is the transformed square root of the lapses,
obtained from the equation [

p
((Lapses)) +

p
((Lapses + 1))];

(vi) total number of errors, including false responses (reaction

Follow-up
Patients were followed up for an average of 13 ± 5 months from
the date of evaluation, recording the following data at both 6
and 12 months: whether they were dead or alive, had had epi-
sodes of HE requiring hospitalisation, had committed traffic
offences (except for parking offences) and/or had been involved
in road traffic accidents.

Ethics
The study was conducted according to the Declaration of Hel-
sinki (Hong Kong Amendment) and Good Clinical Practice
(European Guidelines). The protocol was submitted to, and
approved by, the local Ethics Committee. All participating sub-
jects provided written, informed consent.

Statistical analysis
Results are expressed as mean ± SD, unless otherwise specified.
Normality was tested for by the Shapiro–Wilks test. Differences
between groups were tested by the Student t test and/or Mann–
Whitney U test or ANOVA/Kruskal-Wallis ANOVA (post hoc:
Tukey and/or multiple comparisons of mean ranks). Associa-
tions were tested by the Pearson X2. Correlations were tested
by the Pearson r/Spearman R, as appropriate. Kaplan-Meier
analysis (post hoc: Cox–Mantel test) was used to evaluate the
predictive ability of PVT (upper vs. all other quartiles within
the patient population), EEG (normal vs. abnormal according
to standard thresholds) and PHES (normal vs. abnormal accord-
ing to Italian normative data) in relation to HE-related hospital-
isations, survival and road traffic accidents. A Cox proportional
hazards model was used to evaluate the predictive ability of
PVT parameters as continuous variables, taking into account
age, MELD and, where appropriate, standard HE measures.
Finally, 3 additional Cox proportional hazards models were used
to evaluate the predictive ability of PVT parameters by also
making use of the group of patients who did not drive despite
being in possession of a driving licence. These were treated as
if: (i) they would all have an accident and/or fine over the sub-
sequent 6 or 12 months; (ii) half, selected at random, would

Fig. 1. The hand-held psychomotor vigilance task administration equip-
ment. Size, screen on which the stimuli appear (blue arrow) and response
buttons for right/left-handed individuals (red boxes) are indicated.
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time <100 ms), false starts, wrong button (Wrong key R’s), but-
ton pressed for more than 3 s (Key Held > 3 s) and number of
stimuli not followed by a response for more than 30 s (No R
for 30 s); (vii) non-parametric distribution asymmetry [Distrib.
Asym.; a measure of the ‘skewness’ of the reaction time distri-
bution, derived from the equation (mean–median)/SD]; (viii)
mean F reaction time and SD F reaction time (mean and SD
of the 10% fastest reaction times); and (ix) mean S reaction
time and SD S reaction time (mean and SD of the 10% slowest
reaction time). The mean, median, minimum and maximum
reaction times, the number of lapses and the total number of
errors were utilised as an overall summary set of indices of
PVT performance.

Driving/licence status
On recruitment, 117 patients completed a questionnaire about
their driving performance, with the aim of collecting data on
whether they were in possession of a driving licence, and, if
not, reasons for its absence and/or suspension; the type of
vehicle they drove, habitual routes (urban, extra-urban, high-
way, or miscellaneous) and the number of kilometres driven
per week; and whether they had committed traffic offences
and/or had been involved in road traffic accidents during the
previous year.
650 Journal of Hepatology 2
have an accident and/or fine over the subsequent 6 and
12 months; and (iii) those who provided reasons that were
related to HE for not driving despite having a licence (n = 6)
would have an accident and/or fine over the subsequent 6 and
12 months. In all 3 instances, the accident and/or fine dates
were placed at 3 and 6 months for the 6- and
12-month follow-up periods, respectively (i.e. in the middle of
the follow-up period).

Results
Demographic and laboratory features of healthy volunteers
and patients with cirrhosis are presented in Table 1. Age was
comparable in the 2 groups; patients were more commonly
males. Both a history of overt HE and ammonia-lowering treat-
ment were prevalent in the patient population (most likely
because the study was conducted in a tertiary referral centre
for hepatology) and increased in parallel with worsening neu-
ropsychiatric status. Overall, patients with a positive HE his-
tory had worse PHES (MPZS: �0.74 ± 1.24 vs. �0.04 ± 0.85,
p < 0.01), worse EEG (MDF in Hz: 9.2 ± 2.0 vs. 10.2 ± 1.9,
p < 0.05) and PVT (lapses: 12 ± 17 vs. 6 ± 2, p < 0.05) perfor-
mances, and worse liver failure (MELD 14.3 ± 5.3 vs.
11.6 ± 4.1, p < 0.05) compared with their counterparts with
019 vol. 70 j 648–657



Psychomotor vigilance task vs. standard hepatic
encephalopathy indices
A significant correlation was observed between the number of

Table 1. Demographic and hepatic failure indices in healthy volunteers and patients with cirrhosis, by degree of neuropsychiatric impairment.

Healthy volunteers
(n = 66)

All patients
(n = 145)

Unimpaired
(n = 51)

MHE
(n = 35)

OHE
(n = 20)

Age (mean ± SD) 58 ± 12 59 ± 11 58 ± 12 58 ± 9 62 ± 11
Sex M/F (n) 35/31a 120/25a 46/7 29/7 20/1
Aetiology of cirrhosis (%): –
Viral 32 38 34 20
Alcohol 33 35 26 25
Viral + alcohol 13 13 17 10
Metabolic 6 4 9 15
Other causes 16 10 14 30

Child A/B/C (%) – 42/41/17 69/22/9 24/48/28 13/62/25
MELD/MELD-Na (mean ± SD) – 13 ± 5/15 ± 6 11 ± 4/13 ± 5 15 ± 5/17 ± 6 15 ± 5/16 ± 5
Fasting venous ammonia (mMol/L)b – 56 ± 35 44 ± 29 67 ± 39 66 ± 37
Ammonia-lowering treatment (%) – 71 51 71 75

56 43 56 90

al hepatic encephalopathy; OHE, overt hepatic encephalopathy.

with OHE.

educational attainment.

Min RT (ms) Max RT (ms) Lapses (n) Total errors (n)

181 ± 19 483 ± 143 0.56 ± 0.78 0.89 ± 1.64
179 ± 16 471 ± 108 0.33 ± 0.68 1.61 ± 2.45
186 ± 20 548 ± 170 1.05 ± 1.62 1.00 ± 1.41
187 ± 29 556 ± 244 1.13 ± 1.71 1.61 ± 2.06
193 ± 22 812 ± 644 2.1 ± 1.91 1.10 ± 1.10

289 ± 95a,b,c,d,e 1,506 ± 839a,b,c,d,f 33.2 ± 38.58a,b,c,d,g 0.20 ± 0.45
336 ± 182a,b,c,d,g 1,706 ± 555a,b,c,d,g 37.33 ± 31.14a,b,c,d,g 0.00 ± 0.00

194 ± 72 649 ± 418 3.70 ± 12.24 1.50 ± 1.88 h

204 ± 54 684 ± 533 5.75 ± 17.67 0.73 ± 1.57
198 ± 83 538 ± 254 3.03 ± 13.88 1.28 ± 2.03
185 ± 18 535 ± 203 0.75 ± 1.14 1.00 ± 1.91
175 ± 20 472 ± 121 0.67 ± 1.23 1.42 ± 2.39
191 ± 32 616 ± 152 3.75 ± 5.56 0.50 ± 0.58
175 ± 0 586 ± 171 1.00 ± 1.00 0.67 ± 0.60

.
; dp <0.001 vs. decade 50–59; ep <0.05 vs. decade 60–69; fp <0.01 vs. decade 60–69;
ale within the group.
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no HE history, which is expected. Similarly, treated patients
had worse PHES, EEG and PVT performances (also when com-
pared within HE classes), and a trend towards worse liver

OHE history (%) –

HE, hepatic encephalopathy; MELD, model for end-stage liver disease; MHE, minim
a p <0.0001.
b Data available for 63 patients in total, 29 unimpaired patients, 21 with MHE and 9

Table 2. Main PVT indices in healthy volunteers, by decade of age, sex, and

Decade of age Mean RT (ms) Median RT (ms)

Age (years) 20–29 (n = 36) 257 ± 25 245 ± 24
30–39 (n = 18) 250 ± 28 239 ± 30
40–49 (n = 22) 265 ± 34 252 ± 32
50–59 (n = 23) 263 ± 41 248 ± 37
60–69 (n = 10) 283 ± 47 266 ± 45
70–79 (n = 5) 496 ± 223a,b,c,d,g 460 ± 215a,b,c,d,f

80–89 (n = 6) 582 ± 301a,b,c,d,g 537 ± 311a,b,c,d,s

Sex Males (n = 54) 284 ± 131 268 ± 130
Females (n = 48) 301 ± 117 284 ± 104

Education (years) 5–7 (n = 39) 284 ± 147 272 ± 148
8–12 (n = 12) 261 ± 26 248 ± 23

13–16 (n = 12) 253 ± 25 241 ± 22
≥17 (n = 4) 285 ± 56 269 ± 49
≥17 (n = 3)i 257 ± 4 244 ± 5

Max, maximum; Min, minimum; PVT, psychomotor vigilance task; RT, reaction time
ap <0.001 vs. decade 20–29; bp <0.001 vs. decade 30–39; cp <0.001 vs. decade 40–49
gp <0.001 vs. decade 60–69; hp <0.05 males vs. females; iExcluding the 83-year old m
function (MELD 13.8 ± 4.7 vs.11.7 ± 6.1, 0.05 < p < 0.1; Pugh
7.8 ± 1.9 vs. 6.8 ± 2.2, 0.05 < p < 0.1) compared with their
untreated counterparts, which is also expected.

Age, sex and level of education (Table 2) had limited or no
effect on PVT indices in the healthy population, with age being
associated with significantly slower reaction times and more
lapses only when above 70 years. Males and females had
comparable reaction times, whereas males showed significantly
more total errors (Table 2). Educational attainment, split by pri-
mary (5–7 years of education), middle school (8–12), high
school (13–16) and university (≥17), had no effect on PVT
indices. The results within the very small group of patients with
a university education was skewed by the fact that 1 individual
in the group was the oldest recruited healthy volunteer
(83 years of age; Table 2).

As a group, patients showed worse PVT performance com-
pared with healthy volunteers, with slower reaction times
(i.e. mean reaction time: 404 ± 458 vs. 313 ± 150 ms,
p < 0.001; maximum reaction time: 1528 ± 3136 vs. 769 ± 556
ms, p < 0.01) and a higher number of lapses (9.2 ± 14.7 vs.
7.0 ± 18.3, p < 0.05).

lapses on PVT and the degree of hepatic failure (MELD score;
p < 0.05). PVT indices were comparable in patients with
alcohol-related cirrhosis vs. other aetiologies. Patients with mild
overt HE showed significantly longer reaction times and a
higher number of lapses compared with both patients with min-
imal HE and unimpaired patients (p < 0.001 on all indices except
for the median reaction time). Differences between patients
with minimal HE and unimpaired patients were not significant.
PVT indices were significantly worse in patients with abnormal
vs. normal EEG (all indices except maximum reaction time and
total errors), and patients with abnormal vs. normal PHES per-
formance (all indices except total errors) (Table 3). Significant
correlations were observed between PVT indices and fasting
venous ammonia levels (median reaction time: R = 0.29,
p < 0.05; minimum reaction time: R = 0.25, p < 0.05).

Neuropsychiatric status and driving performance
Of the 117 patients who completed the driving questionnaire on
the day of enrolment, 102 (87%) had a driving licence and 14
(14%) of these did not drive; 2 patients drove despite not having
a licence; 86 patients drove a car, 2 a van, 1 a truck and 1 a boat.

Journal of Hepatology 2019 vol. 70 j 648–657 651
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Of the 14 patients who did not drive despite having a licence, 10
provided reasons for not driving. In 6 instances, such reasons
appeared to relate to HE: 1 patient reported that their hepatol-
ogist had suggested they stopped driving; 2 patients had
stopped driving after episodes of overt HE because of medical
and/or family advice; 1 patient had stopped driving after an
accident that was felt to relate to HE; and 2 patients had
stopped driving because they felt unsafe. In the remaining 4
cases, reasons appeared to be unrelated to HE: 1 patient
reported having not mended the car after it had broken down;
1 reported having lent the car to their son; and 2 patients had
stopped driving several years beforehand, while misusing drugs,
and had never resumed driving. The average distance driven
was 2.2 ± 1.0 km per week. During the previous year, 9 patients
(10%) had been fined (6 for speeding and 3 for passing through
red lights) and 11 (12%) had been involved in an accident. PHES,
EEG and PVT indices were comparable in patients who had or
had not been fined or involved in accidents in the previous year
(data not shown). The licence and driving status of patients is
presented in Fig. 2, by degree of neuropsychiatric impairment
(n = 78). Significant associations were observed between
licence/driving status and neuropsychiatric performance
(X2 = 19.7; p = 0.003). The likelihood of not driving despite hav-
ing a licence increased in parallel with the degree of neuropsy-
chiatric impairment (18% of patients in this situation being
unimpaired, 27% having minimal HE and 55% mild overt HE).
Driving experience was comparable in patients with a licence

Table 3. PVT indices in patients with normal vs. abnormal EEG and PHES p

EEG normal
(n = 53)

EEG abn
(n

Mean RT 320 ± 86a 507
Median RT 298 ± 84a 405
Minimum RT 204 ± 31a 221
Maximum RT 1,004 ± 1,043 2,187 ±
Lapses 5 ± 11a 15
Total errors 1.4 ± 2.1 2.

EEG, electroencephalogram; PHES, psychometric hepatic encephalopathy score; PVT
a Normal vs. abnormal EEG: p <0.01.
b Normal vs. abnormal PHES: p <0.01.
who did and did not drive (years from obtainment of the
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Fig. 2. Licence and/or driving status by degree of neuropsychiatric
impairment. Data are expressed as a percentage (X2 = 19.7; p = 0.003).
Absolute patient numbers are indicated on the top of each column. MHE,
minimal hepatic encephalopathy; OHE, overt hepatic encephalopathy.
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rformance.

mal
53)

PHES normal
(n = 75)

PHES abnormal
(n = 31)

651a 324 ± 98b 462 ± 251b

337a 297 ± 62b 391 ± 98b

44a 205 ± 30b 226 ± 45b

,212 1,027 ± 1,019b 2,165 ± 4,158b

16a 5 ± 9b 19 ± 16b

3.5 1.5 ± 2.0 1.5 ± 3.3

sychomotor vigilance task; RT, reaction time.
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Fig. 3. Neuropsychological, neurophysiological and psychomotor vigi-
lance task (PVT)-derived parameters by licence/driving status. (A) Mean
psychometric hepatic encephalopathy z score (MPZS; Kruskal-Wallis ANOVA
p = 0.080). (B) Electroencephalogram (EEG) mean dominant frequency
(Kruskal-Wallis ANOVA p = 0.018). (C) PVT-derived mean reaction time
(Kruskal-Wallis ANOVA p = 0.018). *p < 0.05 on post hoc comparison of
patients who had a licence and drove, and those who had a licence and did
not drive.
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licence: 37.3 ± 10.5 vs. 37.6 ± 9.6). Both patients driving without
a licence had overt HE on the day of study.

Representative PHES, EEG and PVT indices, by licence and
driving status, are shown in Fig. 3. Patients were divided into
4 groups in relation to driving habits and possession of a driving
licence (4 yes/no combinations). Neuropsychiatric performance
(MPZS, Fig. 3A), neurophysiological parameters (EEG mean
dominant frequency, Fig. 3B) and the PVT index mean reaction
time (Fig. 3C) were compared among the 4 groups. Post hoc dif-
ferences were significant only for the PVT parameter, but
available total numbers were higher for the PVT (n = 116) com-
pared with the PHES and EEG (n = 74).

Follow-up (HE-related hospitalisations and survival)
All patients were prospectively followed up for an average of
13 ± 5 months; at 6 months, 11 (8%) patients were dead and 6
(4%) had received a liver transplant; at 12 months, 21 (14%)
patients were dead and 9 (6%) had received a liver transplant.
Given that all patients who had received a liver transplant had
done so because of hepatic failure, they were treated as com-
plete cases (=dead). Twenty-six (19%) patients had an HE-
related hospitalisation at 6 months and 32 (24%) at 12 months.

Kaplan-Meier analysis (post hoc test: Cox–Mantel) confirmed
the predictive ability of the EEG (normal vs. abnormal) in rela-
tion to HE-related hospitalisations at 6 (p < 0.01) and 12
(p < 0.01) months. A trend was also detected for PHES (normal

HE-related hospitalisations and death at 6 and 12 months
(Table 4).

Finally, we also tested a multivariate model including the
PVT parameter lapses, MELD, age, PHES, and the continuous
EEG parameter MDF. This was both stretched in terms of power
and affected by the fact that PHES, EEG and PVT are to some
extent redundant because they measure aspects of the same
syndrome (Table 3). Nonetheless, when all variables were kept
in the model, only EEG and MELD were significant predictors
of subsequent HE-related hospitalisations at 6 (only EEG) and
12 (both MELD and EEG) months. When the EEG was removed,
thus leaving 2 neuropsychological tests (PHES and PVT) in the
model, only PVT lapses and MELD were significant predictors
of subsequent HE-related hospitalisations at 6 (both lapses
and MELD) and 12 (only MELD) months.

Follow-up (road traffic accidents and traffic offences)
Follow-up information on road traffic accidents and/or traffic
offences was available for 74 patients at 6 months and 65
patients at 12 months. At 6 months, 3 patients (out of 74, all
in the category of those having a licence and driving) had been
fined (all for speeding), and 2 (out of 74, all in the category of
those having a licence and driving) had been involved in acci-
dents; in 1 case, the patient had been responsible for the acci-
dent. At 12 months, 3 patients (out of 65, all in the category of
those having a licence and driving) had been fined (2 for speed-

JOURNAL 
OF HEPATOLOGY
vs. abnormal; 0.05 < p < 0.1 at 12 months). By contrast, the
EEG did not predict death at 6 or 12 months, whereas PHES
did (p < 0.01 and p < 0.05, respectively).

Both the PVT-derived mean reaction time and lapses (upper
quartile vs. all others within the patient group) predicted HE-
related hospitalisations at 6 months (p < 0.001 and p < 0.001,

respectively; Fig. 4A) and 12 months (p < 0.001 in both

B

su
n

instances). In addition, the PVT-derived mean reaction time
and lapses (upper quartile vs. all others within the patient
group) also predicted survival at 6 months (p < 0.05 and
p < 0.001, respectively; Fig. 4B) and 12 months (p < 0.05 and
p < 0.001, respectively). When the PVT parameters mean reac-
tion time and lapses, treated as continuous variables, were
included in a Cox proportional hazards model together with
age and MELD, they remained significant predictors of both
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ing and 1 for driving in the lane reserved for special vehicles)
and 2 patients (out of 65, all in the category of those having a
licence and driving) had been involved in accidents; in 1 case,
the patient had been responsible. Neither continuous nor ordi-
nal PVT, PHES or EEG indices predicted the occurrence of acci-
dents or traffic offences over the follow-up period. However,
individuals with compromised PVT, PHES and EEG perfor-
mances were often not driving, despite being in possession of
a licence, having probably been advised not to drive by their
family and/or physicians (Fig. 2). When all 14 patients who
did not drive were assumed to have had an accident and/or fine
over the subsequent 6 and 12 months, lapses were a predictor of
outcome, even after correction for MELD and age. When 7 (ran-
domly selected) of the 14 patients who did not drive were
assumed to have had an accident and/or fine over the
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wake-to-sleep (i.e. anteriorisation of the EEG background
47 36

PVT parameters that might also be of interest in this patient

on virtual navigators,23 or actual on-the-road performance.3,4

on driving and HE, Srivastava and colleagues described the case
of a taxi driver with cirrhosis and significant neuropsychological

)

0.129 0.044 0.003
0.018 0.011 0.083

r d
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subsequent 6 and 12 months, no PVT parameter predicted out-
come. When the 6 patients who did not drive for HE-related rea-
sons were assumed to have had an accident and/or fine over the
subsequent 6 and 12 months, lapses were a predictor of out-
come, even after correction for MELD and age.

Discussion
This was the first study to assess the value of PVT, a test of vig-
ilance that has also been used as a surrogate marker of driving
ability,15,38–46 in patients with cirrhosis and varying degrees of
neuropsychiatric impairment. Patients as a group showed worse
PVT performance compared with healthy volunteers. PVT
indices significantly correlated with both MELD and standard
measures of neuropsychiatric performance, such as the paper
and pencil battery PHES and the EEG. In addition, PVT indices
were particularly compromised in individuals who, despite hav-
ing a driving licence, did not drive. Finally, PVT indices predicted
both HE-related hospitalisations and death over a follow-up
period of 6 and 12 months, also after adjustment for age and
the degree of hepatic failure.

In the healthy population, the main PVT-derived parameters
were affected by age only if over 70, whereas sex and the level
of education had little, if any, effect. This is reasonable, given
that PVT explores the vigilance domain, is simple, based on a
large number of trials, and somewhat comparable to the CRT,
which has been shown to have similar features and has also
been proposed as a measure of HE.28 Patients with mild overt
HE showed significantly longer reaction times and a higher
number of lapses compared with both patients with minimal
HE and unimpaired patients, whereas PVT parameters could
not distinguish between patients with minimal HE, as diag-
nosed by PHES and/or EEG, and unimpaired patients. Therefore,
the PVT might be particularly well suited for the diagnosis and
quantification of the mildest forms of overt HE, which are char-
acterised by somnolence and/or lethargy, together with neuro-

Table 4. Cox proportional hazards models (age, MELD and PVT parameters

Follow-up

6 months Survival Age
MELD
PVT mean RT
Age
MELD
PVT lapses

HE Age
MELD
PVT mean RT
Age
MELD
PVT lapses

12 months Survival Age
MELD
PVT mean RT
Age
MELD
PVT lapses

HE Age
MELD
PVT mean RT
Age
MELD
PVT lapses

Bold typeface: p <0.05. Bold and italic typeface: p <0.01.
HE, hepatic encephalopathy-related hospitalisation; MELD, model for end-stage live
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for death and HE-related hospitalisations at 6 and 12 months.

Parameter estimate SE p value

–0.009 0.052 0.859
0.110 0.098 0.266
0.004 0.001 0.000
0.016 0.025 0.530
0.153 0.046 0.001
0.032 0.012 0.007

–0.003 0.031 0.931
0.061 0.080 0.445
0.003 0.000 0.000
0.017 0.021 0.417
0.105 0.050 0.037
0.024 0.011 0.028

–0.002 0.031 0.945
0.140 0.056 0.013
0.004 0.000 0.000
0.022 0.020 0.278
0.174 0.036 0.000
0.030 0.011 0.007
0.006 0.023 0.801
0.083 0.061 0.173
0.002 0.000 0.000
0.027 0.018 0.143
physiological features reminiscent of the transition from

isease; PVT, psychomotor vigilance task; SE, standard error.
rhythm and mild EEG slowing ). This hypothesis is also sup-
ported by the predictive value of PVT parameters in relation to
the subsequent development of HE-related hospitalisations, and
death. Of note, in the current study, we only used a limited set
of direct PVT parameters. There are several derived, validated
population, such as the so-called RRT-slope (i.e. the linear
regression of the slope of the reciprocal of the reaction time,
expressed in seconds).21,48

The effect of disease on driving ability is an issue of primary
importance, because motor vehicle accidents are associated
with considerable morbidity and mortality, as well as direct
and indirect economic and societal costs.49 For example, a large
body of research indicates that cognitive impairment severely
impinges on driving abilities in older patients.50–53 There is also
evidence that, on average, patients with minimal and/or overt
HE are worse drivers than healthy volunteers of comparable
age, based on neuropsychological testing of cognitive domains
that are thought to be implicated in driving,54 simulated driving
However, it remains difficult to predict driving ability at an indi-
vidual patient level,4 because driving is a complex competence
that depends on a variety of factors, including natural inclina-
tion, experience and practice. Indeed, in one of the first studies
impairment whose on-the-road performance remained excel-
lent.55 Both relaxed and strict approaches to HE and driving
might lead to problems: on the one hand, one would not want
dangerous drivers within the community but, on the other
hand, it would be unfair to impinge on patients’ earning ability
and their social lives by depriving them of their licence unnec-
essarily. A diagnosis of minimal or covert HE does not imply that
the patient is a dangerous driver.
019 vol. 70 j 648–657



JOURNAL 
OF HEPATOLOGY
In addition, although it has been assumed that neuropsycho-
logical measures of minimal or covert HE (and pertinent abnor-
mality thresholds) might be of use in assessing driving ability,
there is no proof that this is indeed the case. In Italy, cirrhosis
is not listed among the diseases for which medical check-ups
and reports are compulsory for the obtainment or renewal of
a driving licence. In addition, doctors are not trained to evaluate
fitness to drive and neither are they legal representatives.
Therefore, they act in the best interests of both the patients
and society by following applicable local laws. On the other
hand, doctors cannot avoid the responsibility of counselling
patients with diagnosed HE on the possible dangers of their
driving and, often, the safest advice is to stop driving until
the responsible authorities have formally cleared the patient.
In difficult situations, the doctor can resort to direct consulta-
tion with the bodies that have the expertise to test driving abil-
ity and the authority to grant, renew or revoke the licence. It
would appear reasonable to apply driving restrictions to
patients with any degree of overt HE, but even in this respect
neither available data nor regulations are compelling. We our-
selves often receive referrals including specific questions on
driving from general practitioners, colleagues in district hospi-
tals and even the driving authorities, to which we tend to
respond with a comprehensive clinical and neuropsychiatric
evaluation for subsequent legal steps and decisions on the
licence. On a less formal basis, families and caregivers also often
ask for advice. By contrast, patients with HE are generally opti-
mistic about their driving abilities. In a study by Kircheis et al.,
96% of patients with minimal HE were convinced that they
were good or very good drivers, compared with 92% of control
subjects.4 This is likely to relate to a certain degree of frontali-
sation and lack of insight into their condition, which charac-
terises patients with mild forms of HE. Sherlock and Dooley
famously described them as ‘co-operative, pleasant individuals,
with an ease in social relationships and a playful, euphoric
mood’.56 Indeed, in our own study, both patients who drove
without a licence had some degree of overt HE, possibly leading
to an underestimation of both difficulties and risks. In addition,
a further 7 patients with some degree of overt HE also drove,
but with a licence. It is possible that these individuals had an
appreciation of their driving difficulties but needed to use the
car for stringent work or personal reasons. However, this
hypothesis is not supported by the data on distance driven,
which was extremely limited in all instances, suggesting that
nobody really drove regularly for work and/or personal reasons.
When analysing these data, one should also consider that Ital-
ian society is still characterised by strong family bonds (most
patients come to medical appointments with family), and the
country is small and well served by public transport. These
aspects, and thus the availability of alternatives (other driver
within the family or public transport) might influence the
choice and/or adherence to medical advice in relation to driv-
ing. This might also in some way justify both doctors and family
members who, in our experience, are fairly proactive in restrict-
ing individuals who appear at risk. In our series, common sense
and clinical sense seemed to work reasonably well in this
respect, as patients who did not drive despite having a licence
had worse PVT, PHES and EEG performances compared to those
who had a licence and drove. In addition, when patients who
had stopped driving because of HE-related reasons were mod-
elled as having had an accident and/or fine over the subsequent

6 and 12 months, the PVT-derived parameter lapses were a pre-
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dictor of outcome, even after correction for MELD and age. Sim-
ilar results were obtained with the ICT, which appeared to be
associated with a significantly higher crash rate on a prospec-
tive follow-up period in patients with minimal and/or covert
HE compared with unimpaired subjects.57

The PVT is an interesting tool in this setting, because somno-
lence and reduced vigilance are generally perceived as danger-
ous in relation to driving,58–65 might be HE features that
alarm caregivers and doctors, and are well measured by PVT-
derived parameters. The fact that neither novel nor standard
HE indices predicted traffic violations or road traffic accidents
is likely related to the fact that the potentially dangerous drivers
within the series did not drive despite having a licence, probably
as a result of recommendations from family and/or doctors.

In conclusion, the PVT is a test of vigilance, which is fairly
stable in the healthy population, performs well as an HE index,
especially in mild forms of overt HE, and might have a role in
identifying dangerous drivers among patients with cirrhosis.
Further studies seem warranted to validate these findings and
to identify relevant PVT abnormality thresholds for use in
patients with cirrhosis for both purposes of HE quantification
and the assessment of fitness to drive.
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