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■ Abstract Investigation of neuropsychological func-
tioning in bipolar disorder provides a potential link
from the prominent cognitive symptoms of the disorder
to the underlying neural mechanisms. Continuous per-
formance measures of sustained attention have yielded
consistent findings in bipolar disorder patients. There
are impairments that appear to be both state- and trait-
related. Impaired target detection may represent one of
the most sensitive markers of illness course in bipolar
disorder. It is unrelated to residual mood symptomatol-
ogy and medication status, and is present in patients
with good functional recovery.The impairment in target
detection is exacerbated in the manic state, and is ac-
companied by an increased rate of false responding.Sus-
tained attention deficit is present early in the course of
the disorder, but becomes more pronounced with re-
peated episodes. This cognitive profile, of an early-on-
set, state-modulated, trait marker, is distinct from the
profile of attentional disruption seen in schizophrenia
or unipolar depression. The state- and trait-related im-
pairments may be differentially associated with the as-
cending dopamine and noradrenaline projections.

■ Key words bipolar disorder · neuropsychology ·
attention · vigilance · mania

Introduction

In the Kraepelinian distinction between bipolar disor-
der and schizophrenia, a defining feature of bipolar dis-

order is the apparent recovery of function between
episodes, contrasting with the deteriorating course seen
in schizophrenia. However it is now increasingly recog-
nised that recovery in bipolar disorder is not necessarily
complete: sub-clinical levels of affective symptomatol-
ogy may persist, and social and occupational function-
ing remain impaired (Dickerson et al. 2001; Dion et al.
1988; Scott 1995). Studies have also begun to examine
cognitive functioning in the discrete phases of bipolar
disorder (see Bearden et al. 2001; Martinez-Aran et al.
2000; Murphy and Sahakian 2001; Quraishi and Frangou
2002 for reviews). By cognitive function we here mean
what is neuropsychologically measurable. Such mea-
sures promise fruitful links to the evolving understand-
ing of normal neurocognition.

Of all the domains of neurocognition examined in
bipolar patients, sustained attention appears of unusual
interest. Its investigation has yielded particularly con-
sistent results, and may provide an important founda-
tion for a clinical understanding of cognitive deficits in
bipolar disorder. The purposes of the present review are
to examine 1) the state and trait profile of sustained at-
tention deficits in bipolar disorder, 2) the association of
sustained attention deficits with the clinical course of
bipolar disorder, 3) the selectivity of sustained attention
deficit to bipolar disorder,and 4) the cognitive and phys-
iological mechanisms of these deficits.

The assessment of sustained attention

The attentional system of the human brain appears to
comprise several processes that are likely mediated by
independent, albeit interacting, neurobiological sys-
tems. Separate mechanisms have been proposed for di-
vided attention, selective attention, shifting attention,
and sustaining attention (Desimone and Duncan 1995;
Posner and Petersen 1990; Robbins 1998). Sustained at-
tention is close to what folk psychology would call con-
centration and is usually assumed to form the basis for
more complex cognitive tasks requiring effortful pro-
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cessing of external stimuli. It can be measured in human
subjects using a variety of Continuous Performance
Tests (CPT),of which there are several well-validated ex-
amples. In these tasks, subjects are required to monitor
a stream of stimuli (such as digits or letters), and to
make a response (such as a key press) whenever a spec-
ified target appears. Stimuli are presented at a rapid rate
for a period of several minutes, and targets occur un-
predictably so that to perform well, subjects must focus
attention on a monotonous task and avoid distraction
from either internal thoughts or extraneous environ-
mental stimuli. Healthy performance requires an ade-
quate level of arousal (Parasuraman 1984, 1998), associ-
ated with the ascending neurotransmitter projections
from subcortical structures to the cortex. In addition,
CPTs also demand a level of executive control in order to
i) hold specified targets in working memory, ii) inhibit
task-irrelevant stimuli competing for neural resources,
and iii) inhibit responses to task-relevant stimuli resem-
bling targets (Braver et al. 2002; Manly and Robertson
1997).

In the original CPT (Rosvold et al. 1956), subjects
were required to monitor a stream of letters, and to re-
spond either to the letter X (the X-CPT),or in a more dif-
ficult version, to the letter X only when preceded by the
letter A (the AX-CPT).A more recent version of this task
uses degraded visual stimuli to increase the demands on
visual processing and arousal (Nuechterlein and
Asarnow 1993). In the Rapid Visual Information Pro-
cessing task (RVIP, Cambridge Cognition Ltd, Cam-
bridge, U. K.), subjects monitor a stream of digits for
specified sequences, e. g. 3–5–7. Digits are presented at
the rate of 100 per minute, for 7 minutes. Task difficulty
can be manipulated by presenting digits at a faster or
slower rate, and working memory load can be manipu-
lated by increasing or decreasing the number of target
sequences. In a third task, the IMT-DMT (Immediate
Memory Test – Delayed Memory Test; Dougherty 1999),
subjects view 5-digit strings (e. g. 34534) for short dura-
tions (0.5 seconds), and are required to respond when-
ever consecutive strings are identical. The demands for
inhibitory control are increased in this task by present-
ing strings differing by only one digit (e. g. 34524) from
the previous string. The basic CPT template therefore
provides the opportunity to manipulate several cogni-
tive parameters including working memory load, in-
hibitory control, and visual processing (see Elvevag et al.
2000 for a demonstration of this).

CPTs are less sensitive to practice effects than tradi-
tional measures of executive function such as the Wis-
consin Card Sort Test or the ID/ED shift task, and are
therefore better suited for use in cross-over designs, as
might be employed in pharmacological challenge or
clinical treatment studies. Similar performance indices
are derived from all CPTs: the percentage of targets cor-
rectly detected, the average latency on correct responses,
and the total number of commission errors or false
alarms. The rate of false responding partly confounds
the level of target detection: an increase in indiscrimi-

nate responding will increase the number of both cor-
rect and incorrect responses. For this reason many stud-
ies combine these measures using signal detection
analysis to derive the independent variables d-prime
(target sensitivity) and beta (response bias) (Cornblatt
and Keilp 1994). Target detection on CPTs also tends to
decrease over the duration of a task (the ‘vigilance
decrement’), providing an additional performance vari-
able that may be independent of target detection at the
start of the task (Koelega 1993).

Sustained attention in bipolar disorder

CPTs have been employed in several recent investiga-
tions in patients with bipolar disorder (BPD).Clark et al.
(2001) included the RVIP in a broad cognitive test bat-
tery assessing executive function, decision-making, ver-
bal learning and memory in 15 acutely manic inpatients,
compared with 30 healthy matched controls. Whilst the
manic patients were impaired relative to controls on vir-
tually all cognitive measures, discriminant function
analysis showed that target detection on the RVIP and
the verbal learning score (on the California Verbal
Learning Test) were the cognitive measures that best dis-
tinguished the two groups, correctly classifying 91 % of
subjects overall, and 87 % of manic subjects. As well as
impaired target detection on the RVIP, manic patients
made more false alarms and responded slower than con-
trols. This study therefore showed that sustained atten-
tion deficit is one of the most robust cognitive deficits in
the manic state. The increased false responding also ap-
pears to relate to aspects of the mental state in mania
such as impulsivity and distractbility, although our
sample was not large enough or heterogeneous enough
to demonstrate it.

In a follow-up study, Clark et al. (2002) administered
the same cognitive test battery to an independent group
of 30 euthymic patients with bipolar disorder. Mild af-
fective symptoms remained present in the euthymic
state, and after controlling for these symptoms, im-
paired target detection on the RVIP was the only signif-
icant deficit in the bipolar group relative to controls.
Other group differences in verbal learning and atten-
tional set shifting were largely attributable to these mild
affective symptoms, for which few other studies have
controlled (see also Ferrier et al. 1999). There was evi-
dence that the euthymics showed a greater vigilance
decrement than controls, and that response latency was
also slowed. However, there were no differences from
controls in rates of false alarms in the euthymic patients
implying recovery from the manic state (Fig. 1).

The studies in euthymia and mania together indicate
that a sustained attention deficit represents a trait
marker in bipolar disorder. Thus, the degree of sus-
tained attention deficit failed to correlate with symptom
ratings on the Young Mania Rating Scale (YMRS) in the
acutely manic patients (Clark et al. 2001). However, it
was clear that the degree of impairment was slightly
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greater in the manic patients than the euthymics: the ef-
fect size for the percentage of targets detected was 1.48
for the manics–controls comparison and 0.96 for the eu-
thymics–controls comparison. Two further studies have
also produced findings that are highly complementary
to our data. Liu et al. (2002) tested a group of 15 bipolar
patients at inpatient admission, and a second time
within days of discharge.Whilst clinical state at the time
of admission was not specified, these patients were
severely impaired on the degraded stimulus CPT,both in
terms of target sensitivity and response bias (they
detected fewer targets and made more false alarms). At
discharge, target detection improved but patients re-
mained deficient relative to a large normative sample. In
the same study,a further 53 remitted bipolar outpatients
were also tested on one occasion only. The combined
group of remitted bipolars were impaired on target
sensitivity but showed normal rates of false responding.
Target sensitivity was not significantly associated with
symptom ratings on the YMRS or Hamilton Depression
Scale. A second study by Swann et al. (2003) tested sepa-
rate groups of euthymic (n = 25) and manic (n = 14) BPD
patients on the IMT-DMT (described above). Both eu-
thymic and manic groups detected significantly fewer
targets compared to controls, and the manic patients
were more impaired, albeit non-significantly. Commis-
sion errors on the task showed that only the manic pa-
tients were more impulsive, indicating that CPTs tap
both state- and trait-associated deficits in bipolar disor-
der, which may be associated with independent physio-
logical mechanisms.

CPT impairments in the manic state have also been
demonstrated by Sax et al. (1998, 1999) and Seidman
et al. (2002). In a small sample, Sax et al. (1999) demon-
strated that the degree of impairment correlated with
MRI volumes of frontal cortex and hippocampus. Struc-
tural volumes are assumed to be temporally stable, sup-
porting the proposal that sustained attention tasks tap a
trait-related construct in bipolar disorder. CPT deficits
in remitted BPD were also found by Addington &
Addington (1997) and Wilder-Willis et al. (2001). In the
former study, no symptom ratings were provided, whilst
the latter study showed no correlation between CPT per-
formance and YMRS score in a mixed group of patients

who were partially- or fully-remitted from manic
episodes.

The studies discussed in this section form a strik-
ingly consistent body of research indicating that sus-
tained attention deficit is present in the euthymic state
of bipolar disorder and is exacerbated during episodes
of mania. The degree of impairment typically does not
correlate with symptom ratings, which is likely to be be-
cause of the over-riding trait impairment. There is, how-
ever, a paucity of studies examining BPD patients in the
depressed phase on measures of sustained attention.Sax
et al. (1998) reported that there were no significant dif-
ferences on the degraded stimulus CPT between bipolar
patients hospitalised for mania or depression, but only
the combined group data were presented. Rund et al.
(1992) reported CPT impairments in 19 BPD patients,
including 16 in the depressed phase. Unfortunately this
study did not report performance means or ratings of
depressive symptomatology. Further research could
helpfully confirm that in the depressed phase, as well as
the manic phase, sustained attention deficits are exacer-
bated relative to remission.

Sustained attention and the clinical course 
of bipolar disorder

We reported a specific deficit in sustained attention in
the euthymic state of bipolar disorder (Clark et al. 2002).
Performance on difficult measures of executive func-
tion, such as the Tower of London planning task, the
Iowa Gambling Task, and a self-ordered Spatial Working
Memory task were largely preserved. Other group dif-
ferences between bipolars and controls in verbal learn-
ing (CVLT) and attentional set shifting (ID/ED shift)
were attributable to mild affective symptoms persisting
in the euthymic state. The absence of deficits in these
measures may be surprising in the wake of other studies
suggesting that performance in euthymic patients may
be impaired on just these measures in some bipolar I
groups. For example, in one highly comparable recent
study and despite identical control measures, perfor-
mance on the CVLT was impaired more than in our pa-
tient group (Cavanagh et al. 2002). Indeed, there is a

Fig. 1 Sustained attention in bipolar disorder, on
the seven-minute Rapid Visual Information Process-
ing (RVIP) task. Acutely manic patients (n = 15) make
more false alarms on the task than both controls
(n = 30) and euthymic bipolars (n = 30), but deficits
in target detection are present in both the manic and
euthymic groups. See Clark, Iversen and Goodwin
(2001, 2002)
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common view that performance on a range of tests tends
to be abnormal in recovered bipolar patients (see, for ex-
ample, Bearden et al. 2001).

The patient group we studied had suffered severe
bipolar I episodes, but were relatively high functioning:
the majority were engaged in current employment, and
were educated, on average, to degree level. Clearly mul-
tiple cognitive impairments are not a necessary part of
the clinical picture in bipolar disorder, but attentional
deficits are.Our central conclusion is, therefore, that sus-
tained attention is the most sensitive marker of cogni-
tive impairment yet described in bipolar disorder. This
is consistent with the other studies in different clinical
case series, which have indicated that deficits in learning
and executive function do exist in fully-remitted pa-
tients independent of residual symptoms (Ferrier et al.
1999; Rubinsztein et al. 2000; van Gorp et al. 1998; Zubi-
eta et al. 2001).

There are usually correlations between the degree of
global cognitive dysfunction and some clinical indices
of the progression of the disorder (Kessing 1998; van
Gorp et al. 1998). The number of episodes of mania or
depression, and the lifetime months spent in manic or
depressed episodes tend to be more associated with the
degree of cognitive impairment than the total duration
of the illness, i. e. months since diagnosis (Kessing 1998;
van Gorp et al. 1998). This indicates that the illness
episodes themselves may have a long-term detrimental
effect on cognitive function. Relatively few of the studies
using CPTs in bipolar disorder have reported associa-
tions with clinical course. The findings of Liu et al.
(2002) and Swann et al. (2003) are broadly consistent
with the wider cognitive literature, showing no signifi-
cant associations between CPT performance and the du-
ration of illness or the age of onset, but neither study ex-
amined the association with number of episodes. Clark
et al. (2002) found that RVIP target detection was nega-
tively correlated with number of manic episodes, num-
ber of depressed episodes, and duration of illness, but
there was no association with number of hospitalisa-
tions. The mechanism whereby repeated episodes may
damage cognitive function is unknown. Both mania and
depression elevate cortisol levels, so one well-known
mechanism could be hypercortisolemia perhaps affect-
ing the hippocampus (Altshuler 1993). This might ex-
plain mnemonic difficulties in the more chronic patient
groups. However, the impact on sustained attention and
the pattern of its impairment could imply noradrener-
gic dysfunction (Clark et al. 2002 and see below).

If sustained attention does progressively deteriorate
with the course of bipolar disorder, this leaves open the
question of whether impairment is present at illness on-
set. In a post-hoc analysis, Clark et al. (2002) selected the
eight euthymic patients from their sample of 30 patients
with shortest illness durations: less than 40 months
since diagnosis and no more than two hospitalisations.
RVIP deficits remained present in this subgroup, despite
the association in the whole group with clinical pro-
gression. Identification of precisely when these deficits

emerge is a challenge for future research. CPT deficits
during the first episode were demonstrated in affective
disorder patients with psychotic features, mostly with
bipolar diagnoses (Albus et al. 1996). From the low aver-
age HAM-D score in that study, one could infer that
these patients were mostly manic at the time of testing.
Sax et al. (1998), in contrast, found no statistically sig-
nificant CPT deficit in patients with affective psychosis
(mostly bipolar) on recovery from their first hospitalisa-
tion.However, the remitted patients were more impaired
on average, and the effect size for this difference was
0.67, which is compatible with a moderate effect. There-
fore this study was probably underpowered to detect
CPT deficits in the euthymic state. Sustained attention
deficits could antedate the first episode of bipolar disor-
der or could emerge as a consequence of rapid structural
reorganisation at the first episode. Studies in unaffected
groups at high risk for bipolar disorder, such as first-de-
gree relatives of bipolar patients, provide the most
straightforward and direct way to test these hypotheses
at the current time.

The effect of medication on cognitive functioning is
a ubiquitous concern in neuropsychological research in
bipolar disorder. The vast majority of euthymic patients
in the studies discussed above were receiving treatment
with mood stabilisers, and when studying acute mania,
it is not usually possible to engage patients in cognitive
testing until antipsychotic treatment has begun. The
sedative effects of neuroleptics and benzodiazepines on
general arousal are a particular concern when assessing
sustained attention. However, the wide range of medica-
tion regimes and dosages across the reported studies
makes it unlikely,at face value, that a consistent deficit in
sustained attention deficit is fully attributable to one
side effect or pharmacological action shared by many
treatments. We showed that the RVIP deficit in the eu-
thymic state did not correlate with lithium dosage or
months treated with lithium, did not differ between pa-
tients on (n = 19) and off (n = 11) lithium, and remained
significant in those patients off lithium (n = 11) (Clark
et al. 2002). In the manic state, we showed that the RVIP
deficit did not correlate with antipsychotic dosage ex-
pressed as chlorpromazine equivalence, and did not dif-
fer between patients on (n = 7) and off (n = 6) benzodi-
azepines (Clark et al. 2001). Whilst such post-hoc
analyses indicate that the observed attentional deficits
cannot be attributed wholly to medication effects, there
is evidence from placebo-controlled studies that lithium
treatment, for example, does nevertheless have detri-
mental cognitive effects on memory and psychomotor
speed (Honig et al. 1999; Judd et al. 1977). Well-con-
trolled studies addressing the effects of bipolar medica-
tions on sustained attention are lacking, and would be a
welcome addition to the field.
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Selectivity of sustained attention deficit 
to bipolar disorder

CPT deficits have been reliably demonstrated in schizo-
phrenia (Cornblatt and Keilp 1994; Nuechterlein et al.
1992), and have also been shown with less consistency in
acute unipolar depression (Hart et al. 1998; van den
Bosch et al. 1996 but not Nelson et al. 1998). However, the
state-trait profile of sustained attention deficits in bipo-
lar disorder differentiates it from these other conditions.
In schizophrenia, acute symptom fluctuations con-
tribute minimally to the degree of CPT impairment (Liu
et al. 2002; Nuechterlein et al. 1992), and treatment with
antipsychotic medication does not improve CPT perfor-
mance, despite considerable symptom improvement
(Liu et al. 2000). These findings indicate that CPT deficit
may be a stable vulnerability marker in schizophrenia,
and this is further supported by evidence of CPT im-
pairments in subjects at high risk for schizophrenia, in-
cluding unaffected first-degree relatives of schizo-
phrenic patients (Chen et al. 1998; Laurent et al. 1999)
and subjects with schizotypal personalities (Grove et al.
1991; Lenzenweger et al. 1991).

In unipolar depression, in contrast,CPT performance
appears to recover fully between episodes. Liu et al.
(2002) showed intact performance on the degraded
stimulus CPT in 22 outpatients with non-psychotic ma-
jor depression.This group had a mean HAM-D of 5.8, in-
dicating that they were mostly remitted. Similarly, Corn-
blatt et al. (1989) showed intact performance on a CPT in
a group of 17 inpatients and outpatients with depressive
disorders.Symptom ratings were not reported,but given
that the inpatients in this study had been hospitalised,
on average, for more than one month, it seems likely that
their symptoms were in partial remission. Using the
RVIP, we also found sustained attention in the range of
healthy controls in 15 fully-remitted unipolar outpa-
tients with a history of at least two major depressive
episodes (mean HAM-D score of 2.1) (Clark and Good-
win, unpublished data). It could be argued that in each
of these studies, the unipolar patients had less chronic
illnesses (e. g. fewer hospitalisations and later illness on-
set) compared to the bipolar groups, and therefore that
persisting sustained attention deficits could be apparent
in more severe recurrent unipolar depression or geri-
atric depression (cf. Beats et al. 1996; Paradiso et al.
1997). However, given that CPT impairments in bipolar
disorder have been shown from first episode, the state-
trait profile remains qualitatively distinct from unipolar
depression.

Cognitive and physiological mechanisms 
of sustained attention deficits

CPTs typically place demands on working memory, in
order to hold in mind the target sequence(s) to which
one is attending. Working memory deficits in bipolar

disorder have been emphasised by Thompson et al.
(2001), and may confound a deficit in sustained atten-
tion. To examine whether sustained attention deficits
represent a working memory deficit ‘in disguise’, we de-
signed a novel CPT that placed minimal demands on
working memory. Based on the Mackworth Clock Task
(Mackworth 1948), subjects attended to a dot moving in
a circular motion, through 60 points as if it were the sec-
ond hand on a clock face. They were asked to respond if
the dot “missed a beat”, i. e. jumped two positions in a
single movement. This is a straightforward instruction
that does not require continuous checking against the
target ‘template’ or updating of working memory, con-
trasting with the AX-CPT and RVIP.Nineteen patients in
the euthymic phase of bipolar disorder were impaired
on this task relative to matched controls (Harmer et al.
2002). Furthermore, in a second condition placing a
much higher demand on working memory, the eu-
thymic patients were actually unimpaired relative to
controls (Harmer et al. 2002). This study demonstrated
that sustained attention deficit in bipolar disorder is not
confounded by working memory processes.

Sustained attention impairment can be decomposed
at a cognitive level in a number of other ways. It seems
unlikely that CPT impairment in the euthymic phase re-
flects reduced target discriminability, because Swann
et al. (2003) demonstrated that increased responding to
stimuli resembling target strings was only increased
during the manic phase of bipolar disorder. A further
possibility is that patients with bipolar disorder suffer
from disrupted processing of transient visual stimuli.
MacQueen et al. (2001) found that euthymic bipolars
showed disrupted performance on the visual backwards
masking (VBM) paradigm, but one would expect such
deficits to generalise across a range of visually-based
cognitive tasks. The association between VBM impair-
ments and sustained attention deficit has not been ex-
amined.

Why else might euthymic bipolars fail to detect tar-
gets on a CPT? Two further possibilities, yet to be thor-
oughly tested,are that euthymic patients are more prone
to distraction from task-irrelevant stimuli, or show re-
duced levels of arousal. Both alternatives are compatible
with the increased vigilance decrement on the RVIP,
shown by Clark et al. (2002). Crucially, however, these
two explanations generate contrasting hypotheses on
how euthymic patients would respond to environmental
stress during CPT performance. Mild stressors such as
bursts of auditory noise would increase arousal, but at
the same time increase distraction from the task (e. g.
Hockey 1970).

At a physiological level, sustained responding to un-
predictable visual stimuli has been reliably linked to the
ascending coeruleo-cortical noradrenaline (NA) projec-
tion. Lesions of the ascending noradrenergic bundle im-
paired target detection on the 5-choice serial reaction
time task, an analogue of the CPT for use in rats (Carli
et al. 1983). In human subjects, administration of the
mixed α1/α2 agonist clonidine impaired target detection
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on the RVIP (Coull et al. 1995) and increased attentional
lapses on a selective attention task (Smith and Nutt
1996). Although an agonist, at the low doses used in hu-
man studies, clonidine has an inhibitory action through
preferential presynaptic effects dampening locus
coeruleus firing and NA release (Freeman and Aghajan-
ian 1984).An elegant series of electrophysiological stud-
ies by Aston-Jones and colleagues (Aston-Jones et al.
1999 for review) demonstrated both phasic and tonic
contributions of locus coeruleus NA neurons to sus-
tained attention performance. At low levels of tonic ac-
tivity, the monkeys were drowsy, inattentive and per-
formed poorly, whilst if tonic activity was too high, the
monkeys were distractible.This profile of impairment at
high and low levels of activity indicates that the rela-
tionship between noradrenaline and sustained attention
adheres to an inverted-U model.

Administration of the selective α2 agonist guanfacine
to children with ADHD improved CPT performance
(Scahill et al. 2001). Similar challenge studies in bipolar
disorder, using noradrenaline-enhancers such as guan-
facine or reboxetine, provide the direct way to test
whether sustained attention deficit is linked to trait
noradrenaline disruption, and whether this disruption
is associated with under- or over-activity. However,
other neurotransmitter systems contribute profoundly
to sustained attention as well.Acetylcholine is known to
have a critical role in the regulation of cortical arousal,
and nicotine, for example, has been shown to improve
sustained attention in healthy controls (Koelega 1993)
and in patients with Alzheimer’s disease (Sahakian et al.
1989). The dopamine and 5-HT systems also modulate
response vigour on sustained attention tasks, mani-
fested by response speed and the rate of false respond-
ing (Harrison et al. 1997; Riekkinen et al. 1998). As dis-
cussed above, an increased rate of false responding is
seen in the manic state, consistent with hyper-dopamin-
ergic models of mania (Jacobs and Silverstone 1986). In-
travenous amphetamine administration models the
manic state in healthy subjects, and increases the rate of
false responding on the RVIP task. This effect is attenu-
ated by prior administration of a tyrosine-free drink
that depletes brain levels of the dopamine precursor
(McTavish et al.2001).The tyrosine depletion manipula-
tion is also effective in temporarily reducing YMRS rat-
ings in manic inpatients (McTavish et al. 2001). Dissec-
tion of the sustained attention deficit during the acute
and remitted phases of bipolar disorder will therefore
require examination of multiple neurotransmitter sys-
tems, and it seems unlikely that an abnormality in sus-
tained attention will be underpinned by dysfunction of
a single neurochemical system.

In conclusion, continuous performance measures of
sustained attention reliably detect cognitive dysfunction
in bipolar disorder.A deficit in target detection has been
demonstrated in remitted, euthymic patients, who did
not show the range of impairments variously described
in other samples. The deficit cannot be attributed to
residual affective symptoms. There are preliminary in-

dications that this deficit is present from the first bipo-
lar episode, but the deficit also becomes more severe
with progression of the disorder, particularly linked to
the number (or duration) of acute episodes. During the
manic phase of the illness, target detection deficits are
exacerbated, and the rate of false responding increases.
This profile, of trait impairment combined with state
modulation, has been called a ‘mediating vulnerability
factor’ (Nuechterlein et al. 1992). This is perhaps the
most interesting profile of cognitive deficit in psychi-
atric illness, providing a link between aetiological fac-
tors and the processes that trigger and exacerbate symp-
toms during acute episodes. Sustained attention deficit
may be related to the distractibility, impulsive behav-
iour,and increased levels of arousal that characterise the
manic episodes, but may also be related to the occupa-
tional and social difficulties that are now understood to
persist through remission. Characterisation of the sus-
tained attention deficit at a neurochemical level may in-
dicate novel pharmacological interventions for both the
acute and euthymic phases of bipolar disorder.
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