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The purpose ofthis articleis to reviewcurrent knowledgeregardingpotential neural mechanisms ofdelirium.A MED
liNE searchfor relevantEnglishlanguage articles wasundertaken using various combinations ofdelirium (including cog
nitivedisorders, encephalopathy, and confusion)withpathogenesisand pathophysiology. Thesearticles werescannedfor
contentrelatedto hypotheses concerningthe neurobiology ofdelirium. Additionalreferences wereobtainedfrom a manual
searchofthe bibliography ofthese articles.A secondaryMEDLINE searchofdelirium with the mechanism in question
(i.e., serotonin, acetylcholine, etc.)wasthen undertaken. literature review waslastupdatedas ofApril 1998. Despite beinga
commonproblemamong elderlypatients,the mechanismsofdeliriumarepoorlyunderstood. Deliriumis a syndromethat
may occuras the resultofmultiple complex interactingneurotransmittersystemsand pathologicprocesses. The neuro
transmitters acetylcholine and serotoninmayplayparticularly importantrolesin commonmedicaland surgicaldelirium.
Other neurotransmitterssuch as dopamine and gamma-aminobutyricacid each may be involvedin the developmentof
deliriumunderspecialconditions. Otherneurobiologic factors such as cytokines, cortisolabnormalities, and oxygenfree
radicals willrequire further studyto definetheirrolein delirium. Distinctneuropathologic processes leading to delirium are
beginningto bedefined. Such mechanismsmaydifferin various clinicalsettings. Thereisprobably nofinal commonpath
wayto delirium, butrather, delirium is thefinal commonsymptomofmultipleneurotransmitter abnormalities. Furthersitu
ation-specific studies ofdelirium pathophysiology shouldleadto moreeffective prevention and treatmentstrategies.

DELIRIUM is a common and difficult problem in ill older
persons, characterized by a fluctuating disturbance of con

sciousness and change in cognition that develops over a short
period of time (1). Ten to 30% of elderly patients may be deliri
ous on arrival to the hospital (2), and up to 55% may become
delirious following admission (3,4). Delirium has significant
human burdens such as increased morbidity and subsequent
functional decline (4-8). The financial consequences are also
significant, including increased length of hospitalization (5) and
additional care requirements (4). Despite the importance of this
problem, the pathophysiology of delirium remains obscure.

Unfortunately, a major limitation to treatment is that the
strongest epidemiologic risk factors for delirium are conditions
for which treatment is difficult or impossible, namely: preexist
ing cognitive impairment (2,4,9-17), age (2,4,9-11,13,14,16),
and severity of illness (2,4,11-13,15). The weak association be
tween delirium and more treatable factors such as azotemia
(12,15) and electrolyte abnormalities (10,12) suggests that such
factors may trigger delirium in predisposed individuals.
Medications are also believed to be major contributors to delir
ium (7,18), but the mechanisms by which they do this may vary
greatly between medication classes and individual patients.

Simply listing risk factors does not fully explain why elderly
persons are at much greater risk for delirium when compared with
younger individuals. It has been compellingly demonstrated that
the risk for delirium with illness is a combination of predisposing
and illness-related factors (17). Applying the concept of "home
ostenosis" (the age-associated decline in physiologic reserve in
body systems) to the problem of delirium suggests that age-re
lated changes in the brain predispose older persons to delirium
during physiologic disturbances that are tolerated in younger indi
viduals. Changes in the brain with normal aging include a 28%

decline in brain blood flow (19) and neuron loss in many areas in
cluding the neocortex and hippocampus. The locus ceruleus and
substantia nigra are especially hard hit with loss of up to 35% of
neurons (20). Furthermore, norepinephrine, acetylcholine,
dopamine, and gamma-aminobutyric acid concentrations all de
cline with advanced age. Although great variability in the decline
of organ systems is the rule among the older population, these
structural and functional losses may be reflected in age-related de
clines in speed of learning, set formation (especially set formation
and set shifting), reaction time, verbal fluency, visuoconstructive
skills, and logical analysis (21).Thus, the result of the brain's fail
ure to compensate for the neurologic stress of a drug or illness
may then result in the phenomenology called delirium.

Epidemiologic research has contributed greatly to the under
standing of delirium; however, the development of better pre
ventive strategies and therapies requires a deeper understanding
of its basic mechanisms. This article will review current under
standing regarding potential neural mechanisms of delirium,
particularly as that evidence relates to delirium commonly en
countered in general medical and/or surgical conditions.

THE CHOLINERGIC SYSTEM

Acetylcholine plays an important role in consciousness, per
haps by modulating the signal-noise ratio of sensory and cogni
tive input and focusing awareness (22). The major pathogenic
mechanism in delirium is thus often presumed to be central
cholinergic deficiency (23). This belief stems from a well-de
scribed association between delirium and anticholinergic toxins
suchas Datuea sauveolens (Angel's Trumpet-a plant found
throughout the Gulf Coast) (24) and medications such as at
ropine (25). The administration of anticholinergic substances to
both experimental animals (26) and humans (27) results in the
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characteristicmanifestations of deliriumincludingtypicalelec
troencephalogram (EEG) changes. Age-related reductions in
acetylcholine releaseand muscarinic receptorfunction (28) may
furtherpredispose elderlypersonsto harmfuleffects of choliner
gic inhibition. Physostigmine (a cholinergic agonist) is knownto
be helpfulin the treatment of deliriumcausedby anticholinergic
toxicity (25) but its use has been limitedby peripheralcholiner
gic (parasympathetic) toxicity such as excessive respiratory tract
secretion, emesis, diarrhea, and cardiacdysrhythmia.

Other evidencelinking cholinergicdeficiencywith delirium
has been gatheredusinga functionalcompetitivebinding assay
for serumanticholinergic activitydevelopedbyTuneand Coyle
(29). This assay measures the ability of the patient's serum to
blockcentralmuscarinic receptors. Elevated serumanticholiner
gic activityhas beenpositively correlatedwithdeliriumin small
numbersof patients in a surgical intensive care unit (30),in post
cardiotomy patients (31), and in patients followingelectrocon
vulsivetherapy(32).An association betweenelevated seruman
ticholinergic activity anddeliriumhas beendemonstrated in two
studies of older medical patients (33,34). Interestingly, there
may be a dose-response relationship betweenanticholinergic ac
tivityand majorsymptoms of delirium(34).

The originsof serumanticholinergic activity remainto be elu
cidated. Serum anticholinergic activity has generally been
thought to arisefrommedications or theirmetabolites. This the
ory has importantimplications. If true,withdrawing all potential
anticholinergic medications shouldresult in an absenceof anti
cholinergic activity andan improvement in delirium. Somedrugs
not typically thoughtof as anticholinergic, such as furosemide,
cimetidine, and digoxin, may bindto muscarinic receptorin vitro
(35) and should be considered for reduction or withdrawal as
well. The potential for unrecognized anticholinergiceffects of
drug metabolitesalsoexists (36). Some othermedications to be
consideredare beta-adrenergic and dopaminergic agonists, opi
ates, and barbiturates that may interferewith cholinergic neuro
transmissionthroughpresynapticinhibitionof acetylcholine re
lease(37).The beliefthatmedications or theirmetabolites are the
sole source of serum anticholinergic activity has lead some to
proposethatpharmacologic management of delirious patients in
cludemonitoring of serumanticholinergic activity (38).

Some evidencesuggests that endogenous anticholinergic sub
stancesmay exist and be of clinical importance.One study that
included six hospitalizedolder persons with deliriumshoweda
declinein serumanticholinergic activitywithresolution of delir
ium that was seeminglyunrelated to medication changes (33).
Another study of long-termcare residentswith feverfound that
serumanticholinergic activitydeclinedsignificantly by 1 month
following the febrileillness, and was independent of medication
changes (39). Some endogenous molecules inhibit muscarinic
receptors in experimental animals such as dynorphinA, myelin
basic protein (40), and protamine (41). Interestingly, most epi
demiologicstudiesindicatethat anticholinergic medications are
not statisticallyassociatedwith deliriumin either medical (2,7)
or elderlypostoperative surgical patients(42).Thus,medications
and other substancesthat interferewith cholinergicneurotrans
mission may predispose elderly patients to delirium, but other
factors may modifythe individual patient'sresponse.

In addition to the potentialrole of circulatinganticholinergic
substances, anothermechanism of centralcholinergic deficiency
couldbe impaired acetylcholine production. Acetylcholine produc-

tion, throughits precursor acetylcoenzymeA (CoA), is closely
tiedto theoxygenandglucose citric acidcycle. Hypoglycemia, in
experimental animals, depresses acetylcholine synthesis inthecor
texand striatum (43).Methyldonorssuchas serineand methion
ineareimportant to theproduction of acetylcholine, andit hasbeen
proposed thatsomeneuropsychiatric manifestations of schizophre
nia aredue to decreasedtransmethylation of methyldonors(44).
Onestudyof delirium following elective cardiac surgery foundan
association between delirium andreduced plasmalevels ofmethio
nineandserine postoperatively (45).

Enhanced cholinergic transmission may also contribute to
delirium under special circumstances. Delirium related to the
use of tacrine has been reported in Alzheimer's patients (46).
Evidence in experimental animalsalso suggests that increased
hippocampalacetylcholinereleasemay playa role in cognitive
changesassociated with alcoholwithdrawal (47).

That central cholinergic inhibition is an important mecha
nism of delirium in common clinical settings seems strongly
supported by the available evidence.This hypothesis suggests
that attempting to augment central cholinergic transmission
with medications such as central cholinesterase inhibitors is
worthyof further study.Whether central cholinergic inhibition
is the "final common pathway" of all commonly encountered
medical and surgical delirium, however, is open to question.
Serum anticholinergic activitylevelsin deliriousand nondeliri
ous patients have a great deal of overlap(30-34,39), suggesting
the importanceof other contributing factors. Thus, other poten
tialmechanisms warrantinvestigation.

SEROTONIN ANDLARGE NEUTRALAMINo ACIDS

Serotonin, the most abundantmonoaminergic neurotransmit
ter in the brainstem(48), may also play an important role in the
developmentof delirium. Serotonergicneurons project widely
throughout the brain. Serotonin is involvedin many behaviors
affectedby delirium, includingmood, wakefulness, and cogni
tion, at least in experimental animals (49). Considerable evi
dence has been accumulated that suggests increased serotoner
gic activity can lead to delirium.

Excessive activation of the serotonin system produces a
"serotoninsyndrome," characterized by confusion,restlessness,
tremor, and diaphoresis. The serotonin syndrome may result
from the combined administration of many medications with
serotonergiceffects.These include various combinations of L

tryptophan, monamine oxidase inhibitors, and fluoxetine (a se
lective serotoninreuptake inhibitor) (50-52). The syndrome is
believed to result from enhancement of brainstem and/or gen
eral serotonin neurotransmission (53). Pretreatment with in
hibitors of serotonin synthesis such asp-chlorophenylalanine,
or serotonin receptor antagonists such as methylsergide pre
ventsthe serotonin syndromein experimental animals (54).

Althoughelevatedlevelsof cerebrospinal fluid 5-hydroxyin
dole aceticacid (a metaboliteof serotonin) in ill, delirious, non
dementedpatients and ill, deliriouspatientswith cerebrovascu
lar disease have been reported (55), the control subjects were
healthy, so it cannot be determinedif thesechanges are specific
to delirium or a general consequence of illness. In another
study, cerebrospinal fluid 5-hydroxyindole acetic acid levels
were foundto be elevatedin patientswithdeliriumtremensand
clozapine-induced delirium when compared to healthy con
trols, asymptomatic alcoholics, and clozapine-treated patients
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who were not delirious (56). In this latter study, the elevated
cerebrospinal fluid 5-hydroxyindole acetic acid levels returned
to normal following recovery from delirium. Therefore, exces
sive serotonin activation, particularly in the setting of medica
tion intoxication, seems to be associated with delirium; but
whether this mechanism has a role in more common medical
and surgical types of delirium remains to be demonstrated.

A relative deficiency of serotonin, through reduced tryptophan
availability associated with illness, has also been proposed as a
mechanism of delirium (57). The large neutral amino acids
(isoleucine, leucine, methionine, phenylalanine, tyrosine, trypto
phan, and valine) compete for a single receptor that allows entry
into the central nervous system. Thus, as the concentration of one
large neutral amino acid increases,central nervous system entry of
other large neutral amino acids decrease (58). The ratio of trypto
phan to the other large neutral amino acids therefore controls both
tryptophan entry into the brain and the amount of serotonin in the
brain (59). Clinical conditions associated with delirium may affect
tryptophan and other serum large neutral amino acid levels.
Catabolic states, for example, cause muscle breakdown that re
leases less tryptophan relative to the other large neutral amino
acids.Stress, as induced in animal models through use of restraints,
reduces the tryptophan to largeneutral amino acid ratio (60).

Direct measurements of tryptophan levels and tryptophan to
large neutral amino acid ratios in humans do suggest that a rela
tive tryptophan deficiency may be associated with delirium.
Plasma tryptophan levels and tryptophan to large neutral amino
acid ratios were significantly lower in one group of seven deliri
ous postcardiotomy patients when compared with nondelirious
patients (57). Furthermore, a follow-up study of 296 patients
before and after cardiac surgery demonstrated an association
between delirium and lower postoperative tryptophan to large
neutral amino acid ratio (45). Furthermore, dietary tryptophan
depletion in healthy young adults may lead to changes in mood,
but not acute confusion (61). One retrospective, but not ran
domized or blinded, study of 32 patients with early symptoms
of delirium tremens did find that treatment with daily L-trypto
phan infusion improved Mini-Mental Status Exam (MMSE)
score, sleep/wake cycle, and reduced tranquilizer use (62).
Aside from the methodologic problems with this study, trypto
phan infusion may act simply to reduce the brain entry of
phenylalanine, another amino acid that may play an important
role in delirium when present at increased concentration.

If reduced serotonin function is related to delirium through
amino acids concentration changes, then phenylalanine may be
the primary culprit producing delirium. Phenylalanine enters
the central nervous system as does tryptophan, via competition
for the large neutral amino acid transport system. Phenylalanine
also competes with tryptophan for hydroxylation, and pheny
lalanine metabolites compete with tryptophan metabolites for
decarboxylation on the pathway to neurotransmitter synthesis
(63). Elevated phenylalanine levels in older treated patients
with phenylketonuria has been reported to reduce plasma dihy
droxyphenylalanine (L-DOPA) concentrations, and urinary
serotonin excretion (64,65), suggesting that impairment of bio
genic amine production from elevated phenylalanine levels can
occur in humans. Additionally, in phenylketonuria, phenylala
nine undergoes alternate metabolism, and these metabolites of
phenylalanine or phenylalanine itself may be neurotoxic (66).
Because tyrosine hydroxylase is rate limiting for dopamine syn-

thesis, overproduction of dopamine caused by elevated brain
phenylalanine concentrations is unlikely to occur.

Elevated levels of phenylalanine have been shown to prolong
performance time, impair higher integrative function (64), and
reduce EEG mean power frequency (65) in treated adult pa
tients with phenylketonuria. Sepsis, an event commonly associ
ated with delirium, results in elevated serum levels of pheny
lalanine (67). In one small series of patients with septic
encephalopathy, markedly elevated cerebrospinal fluid pheny
lalanine levels were found (68). Elevated cerebrospinal fluid
levels of phenylalanine were also found in 17 patients with hep
atic encephalopathy when compared to cirrhotic patients with
out encephalopathy (69). A preoperative elevation of phenylala
nine to large neutral amino acid ratio was reported to be an
independent predictor of post-cardiac surgery delirium, and a
higher postoperative phenylalanine to large neutral amino acid
ratio was also associated with delirium (45). Branched-chain
amino acid infusions should theoretically decrease the entry of
tyrosine and phenylalanine into the central nervous system.
Such infusions have been used with some success to reverse
encephalopathy secondary to sepsis and hepatic failure (68).

Thus, evidence suggests that phenylalanine, either through
its negative effect on tryptophan entry into the brain and bio
genic amine production, and/or by metabolism to neurotoxic
substances, may lead to delirium. There are important clinical
ramifications of this theory, if true. First, administration of glu
cose-containing fluids, through an effect on insulin, may serve
to increase serum phenylalanine levels and predispose to delir
ium. Second, if this hypothesis is borne out, dietary manipula
tion, or infusion of competing large neutral amino acids could
become important adjuncts to the care of delirious patients.

OrnER NEURCJIRANSMlTIERS

Abnormalities in the activation of the dopaminergic system
may participate in the neuropathogenesis of acute confusion. L

Dopa itself may lead to delirium (70), as may other dopaminer
gic agents such as deprenyl and pergolide (71). Dopamine activa
tion is the putative mechanism of buproprion-associated delirium
(72). Potent dopaminergic blockers such as haldol are commonly
used to treat symptoms of delirium. However, the response to a
dopamine blocker is not proof in itself that abnormalities of
dopamine are the basic abnormality responsible for that patient's
symptomatology. There is some experimental animal evidence
that focal brain lesions, particularly in the frontal and parietal
brain areas, may result in increased dopamine turnover and re
ceptor number in subcortical areas (73). Strokes and trauma of
the frontal and parietal brain regions may produce similar
changes leading to psychosis in humans (74). Psychosis mayor
may not be part of delirium, and there is no evidence to suggest
that hyperdopaminergic states are a fundamental mechanism of
delirium related to general medical or surgical conditions.

Gamma-aminobutyric acid (GABA) is the major inhibitory
transmitter in the central nervous system. Aside from hepatic en
cephalopathy, limited evidence links GABA abnormalities with
delirium. In hepatic encephalopathy, enhanced hypothalamic
GABAergic function, through the action of an endogenous benzo
diazepine-like substance, seems to be of central importance
(75,76). Quinilone antibiotics activate the GABAA receptor, par
ticularly when coadministered with a nonsteroidal anti-inflamma
tory drug (77) and may lead to delirium (78). Sedative drug-with-
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drawal delirium is associated with increased GABA activity,
which is likely related to increased receptor sensitivity (79). A rel
evance of GABA function to general medical/surgical delirium
aside from hepatic encephalopathy has not been demonstrated.

Glutamate is an excitatory amino acid neurotransmitter that
could lead to decreased cortical arousal with increased gluta
mate activity in the thalamus (80). Increased glutamate activity
is also believed to playa role in both hepatic encephalopathy
(81) and delirium associated with alcohol withdrawal (82).
Studies of glutamate in common medical and surgical patients
with delirium have not been performed.

Central catecholaminergic function is intimately involved in the
maintenance of arousal, selective attention (83), and may playa
role in the cognitive impairments associated with sleep depriva
tion (84). Many stressful situations such as hypoxia, acidosis, and
transient ischemia are accompanied by evidence of increased no
radrenergic activity in animal models (85). It has long been known
that elevated levels of epinephrine and norepinephrine may be
found in the urine of those with delirium tremens, and these levels
roughly parallel symptom intensity (86). Cerebrospinal fluid lev
els of 3-methoxy-4-hydroxyphenylglycol, a metabolite of nore
pinephrine, have also been reported to be elevated during delirium
tremens (87). Whether these changes are the result of agitation
caused by the delirium or a cause of delirium is open to question.
The role of catecholamines in delirium unrelated to alcohol use
has not been well investigated in humans.

Histamine blockers are well known for their ability to produce
delirium (88). The mechanism of this delirium is not known, but
may be related to the anticholinergic effects of these medications,
rather than an effect on the histamine receptor itself. Some cases
of probable Hz-blocker delirium reversed by physostigmine have
been reported (89,90). The histamine system has not otherwise
been implicated in delirium. Data regarding neuropeptides and
delirium are quite limited. A reduced cerebrospinal fluid somato
statin-like immunoreactivity was found in one study of delirious
patients (91), but these reductions were still present 4 years after
the delirium and following resolution of all delirium symptoms
(92). Based on available data, no significant support for a causal
role of neuropeptides in delirium exists.

ENDOGENOUS OPIODS

The endogenous opiate system is activated in conditions asso
ciated with the stress response, such as surgery. The opiates
meperidine and morphine are clearly associated with delirium in
the postoperative setting (42), although this may be more a re
flection of the anticholinergic effects of these drugs than the opi
ate effects. A disruption in the circadian rhythms of beta-endor
phin and cortisol, with sustained elevations of these substances,
was reported to be associated with delirium in three postopera
tive patients (93). It is difficult to assess the significance of this
study, as minimal clinical information about the patients or con
trols was published. Delirium has also reportedly been precipi
tated by intrathecal beta-endorphin administration.tva). One
study that found reduced central nervous system beta-endorphin
immunoreactivity during delirium among 69 nonsurgical pa
tients (95) may have been confounded by prior dementia.

ENDOGENOUS CORTISOL

Hypercortisolism has adverse effects on mood, sleep, energy,
and cognition, especially in elderly persons (96), but the mech-

anism of this effect is not clear. Glucocorticoids influence cere
bral blood flow, oxygen consumption, and cerebral excitability
(97), but the hippocampus seems to be the main site of action
for neurosteroids including hippocampal neurotoxicity (98).
Prednisone at usual therapeutic concentrations inhibits binding
to central muscarinic cholinergic receptors in vitro (35).
Glucocorticoids have wide-ranging effects on other neurotrans
mitter systems, including modulation of serotonin turnover, hy
pothalamic dopamine balance, and suppression of beta-endor
phin levels in the brain (97).

Clinical evidence supports a relationship between glucocorti
coids and delirium. Delirium is an occasional manifestation of
Cushing's syndrome. The acute psychosis of Cushing's syndrome
reportedly may be reversed by the cortisol-receptor antagonist
mifepristone (RU-486) (99). Initial reports using dexamethasone
suppression testing to assess the hypothalamic-pituitary-adrenal
axis were conflicting, with one study reporting a 27% prevalence
of nonsuppression in 25 patients with delirium (100) and another
reporting a 100% nonsuppression in 6 patients with delirium
(10I). One more recent study performed dexamethasone-suppres
sion tests on 16 consecutive admissions to an acute-care geriatric
unit, and found that 7 of 9 nonsuppressors, compared with only 1
of7 suppressors, developed delirium (102). Complicating this
issue is that the dexamethasone-suppression test may not bean ac
curate reflection of hypercortisolism at least in elderly persons
with dementia (103).

When cortisol levels are studied directly, one study of 83 pa
tients with an acute stroke found that delirium in this setting
was associated with persistent hypercortisolism (104). Studies
of cortisol levels in postoperative patients have come to differ
ent conclusions, with one study of general postoperative pa
tients finding prolonged elevation of plasma cortisol level and a
delay in the return of normal circadian variation in delirious in
dividuals (93), and a study of postcardiac surgery patients find
ing no independent association between delirium and pre- or
postoperative cortisol levels (45). Pathologic elevations in corti
sol may be associated with delirium, but the relationship of
physiologic cortisol levels to common delirium in medical and
surgical patients is not compelling.

OrnER PmENTIAL CONIRIBUTORS

Cytokines, when used at supraphysiologic doses, may lead
to delirium. Interleukin-2 (IL-2), which has a central role in
both cellular and humoral immunity, is the best studied of the
cytokines in this regard. Thirty percent of patients receiving
high-dose IL-2 therapy became delirious in one study (105).
There was a 50% delirium rate in another study of IL-2I1ym
phocyte-activated killer cell therapy (106). Disorientation and
major problems with concentration occur less frequently with
low-dose IL-2 therapy, where 10% of the patients develop such
complications (107). The mechanism of this delirium is not' un
derstood, but EEG changes include an increased P300 latency,
believed to be indicative of diffuse cerebral dysfunction related
to the cholinergic system (108, 109), have been identified in
some individuals with IL-2-associated delirium (110). IL-2 has
been reported to cause an increase in brain water content, but
the percent increase in brain water content following IL-2 ther
apy as estimated by magnetic resonance imaging (MRI) was
not associated with the development of confusion among seven
study patients treated for non-eentral nervous system tumors
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that lead to delirium have been as much the subject of specula
tion than careful study. Engel and Romano, based on their EEG
studies of delirium,put forth the hypothesis that delirium is the
resultof a globalfailureof cerebraloxidative metabolism(118).
Later it was proposedthat such a global metabolicfailure would
lead to cholinergic deficiencydue to decreasedcerebral produc
tion of acetylcholine (119). By extension, the production and
function of other neurotransmitters would also be affectedby a
global failure of cerebral metabolism. Although the "global
failure" theory of delirium is attractivewhen explaining confu
sional states associated with severe illness, such as prolonged
hypotension or hypoxia, the occurance of delirium during less
severe illness and common infections are more difficult to ex
plain by this hypothesis.

The obvious alternativehypothesis would be a "limited fail
ure" theory proposed by Geshwind (120). In this theory dys
function limited to particular structuralor neurochemical com
ponent of the attentional systems of the brain lead to delirium.
That limited structural abnormalities can lead to delirium is
supported by the fact that localized strokes, particularly non
dominant parietal lobe strokes , lead to delirious states (121).
Similarly, right hemisphere dysfunction may predispose to the
development of delirium in patients with dementia (122). The
findingof abnormalsomatosensory-evoked potentialsin a small
group of delirious patients, compared to nondelirious patients,
with liver disease is suggestive of a brainstem abnormality
(123). Brain imaging studiesof deliriouspatientsare difficultto
perform, and have generallybeen small in number with no con
sistent pattern of findings (124), suggesting that several differ
ent neuroanatomic areas may be involvedin delirium under dif
ferent circumstances. EEG studies have also yielded mixed
results, suggesting involvement of localized thalamocortical
projection deficits, white matter and cortical dysfunction, and
more generalizedmetabolicfailure (125).

Otherevidence for theabilityof anatomically limited processes
to inducedelirium comesfromthe study of dementia. Dementing
processes preferentiallyaffectdifferentparts of the brain. Of all
dementias, dementia with Lewy bodies is most similar to delir
ium, with fluctuating cognitionand attention deficits as important
diagnosticcriteria(126,127). In dementiawith Lewybodies, the
primary neurochemical abnormalityis a neocorticalcholinergic
deficit (128), as opposed to Alzheimer's disease, in which hip
pocampalcholinergic deficiency predominates earlyon.

CONCLUSION

This review has pointed out that the theory of "global" cere
bral impairment is giving way to the hypothesis that specific
disruptions of neurologic pathways and neurotransmitter sys
tems may lead to delirium (Figure 1). Because of the compli
cated nature of the attentional system of the brain, it is not sur
prising that failure in severaldifferentneurotransmittersshould
be involved. However, from a clinical perspective, it is clear
that some pathophysiologic mechanisms will be more com
monly encounteredthan others.There is probablyno finalcom
mon pathway to delirium, but rather, delirium should be
thought of as the final common symptom of a variety of situa
tion-specific neurotransmitter abnormalities. Future studies
therefore should focus on target groups of patients with similar
primary diagnoses, rather than broad groups of medical/surgi
cal patients with variousetiologies of illness.Defining the rela-
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(111). Interleukin-I induces sleep in experimental animal s
through a prostaglandin-mediated effect on the rostral basal
forebrain (112). Although prostaglandin O2 plays an important
role in sleep regulation through its action as a neurohomone
(113), its potential role as a mediator of altered level of con
sciousness in delirium has not been studied. An important role
for cytokines in the occurrenceof delirium, especiallydelirium
related to infection or surgery, has yet to be demonstrated.
Furthermore, any role for cytokines would likely occur as a re
sult of an influenceon neurotransmitter systems.

Acute irreversibleneurotoxicityresulting in DNA damage is
unlikely to be an importantcontributor to delirium, as widespread
neuronaldeath is unusual in this situation. However,potentially
reversibleproblems may occur due to oxidative stress. Neural
membranes, upon whose function neurotransmission depends,
consist of highly oxidizable polyunsaturated fats (114). One
studyof fivepatientswith septicencephalopathy demonstrated a
fourfold elevation of cerebrospinal fluidthiobarbituric acid-reac
tivesubstances (a marker of lipid peroxidation),with only mild
increases in serumthiobarbituric acid-reactive substances in non
septichealthycontrols (66). This finding suggests that a marked
increasein central nervoussystemlipid peroxidationmay occur
duringsepsis, butthe clinical significance is unclear.

Some have postulated that a disruption in the blood-brain
barrier could lead to acute confusion, particularly during sep
ticemia (115). However,disruptionof the blood-brainbarrier is
neither necessary nor sufficient on its own to produce acute
confusion . This barrier may be osmotically disrupted during
treatmentof central nervous system lymphoma withoutany ap
parent effect on cognitive function, as measured by extensive
neuropsychologicalevaluation (116). In addition, animal mod
els of hepaticencephalopathydisplay no evidenceof disruption
in the blood-brainbarrier (117).

Figure I . Proposed mechanisms of delirium and possible associated clinical
conditions .
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tionship between clinical settings and specificmechanisms of
functional braincompromise will set the stagefor improvedun
derstandingof delirium, and lead to more effective therapiesfor
this all too common syndrome.
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