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and poorly understood neurological
complication of sepsis. This review
provides an update of the diagnostic
criteria and treatment strategies and
the current knowledge about the
mechanisms involved in sepsis associ-
ated brain dysfunction. Data sources:
Articles published between 1981 and
2006 were identified through a Med-
line search for “encephalopathy”
and “sepsis” and by hand searching
of articles cited in the identified
publications. The immune response
to sepsis results in multiorgan fail-
ure including brain dysfunction.
Discussion: The potential mecha-

activation, breakdown of the blood-
brain barrier, metabolic disorders,
brain inflammation and apoptosis.
On the other hand, there is evidence
for distinct neuroprotective factors,
such as anti-inflammatory mediators
and glial cell activity. Conclusions:
The diagnosis of sepsis-associated
delirium relies mainly on clinical and
electrophysiological criteria, and its
treatment is entirely based on general
management of sepsis.

Keywords Sepsis - Encephalopathy -
Inflammation - Blood-brain barrier -
Apoptosis - Brain dysfunction

Introduction

Brain dysfunction is a serious complication of sepsis. In
current diagnostic manuals (Diagnostic and Statistical
Manual, DSM 1V; International Classification of Diseases,
ICD 10) the term “encephalopathy” has been replaced by
“delirium”, which indicates an acute and potentially re-
versible organic brain dysfunction. In this contribution we
therefore use the term sepsis-associated delirium (SAD)
or brain dysfunction, and we propose abandoning the term
“sepsis-induced encephalopathy”. SAD often occurs early
in the course of sepsis and may be transient or may reflect
irreversible brain damage. Its prevalence varies from 9%
to 71% of patients with severe sepsis, depending on how
it is defined [1-5]. No large, multicenter, prospective
cohort studies has investigated the clinical signs and
laboratory tests of SAD to allow an accurate estimate

of its prevalence. One multicenter study found that 307
of 1,333 patients (23%) with severe sepsis had an acute
alteration in mental status [2]. However, this investigation
did not systematically use a clinical scoring system or
objective testing. When sensitive diagnostic tools of brain
dysfunction such as electrophysiological testing are used,
SAD may be detected in almost all patients [1, 4-6].
The severity of SAD, whether assessed clinically [2, 3]
or using electrophysiological testing [1, 5] is correlated
with the global severity of illness. Nevertheless, one
multicenter sepsis trial reported SAD an independent
predictor of death [2]. In addition, a prospective study of
50 patients with sepsis showed that mortality increased
(from 16% to 63%) with decreasing Glasgow Coma
Score (GCS; from 15 to 3 to 8), confirming the inde-
pendent prognostic value of SAD [3]. In patients with
positive blood cultures a normal electroencephalography
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(EEG) was associated with full recovery, and mortality
increased with severity of EEG abnormalities (19%
with theta, 36% with delta, 50% with triphasic waves,
and 67% with burst suppression) [1]. While SAD was
first identified in a case of typhus, brain dysfunction
may complicate sepsis due to any pathogen, whether
Gram-positive or Gram-negative bacteria, virus, fungi, or
parasites [2].

Table 1 Various diagnostic criteria for sepsis-associated delirium

Young et al. [56]

Diagnosis

The diagnostic approach of SAD requires recognition of
brain dysfunction and relating it to infection or systemic
inflammation. In theory, the diagnosis of SAD includes
clinical, electrophysiological or biochemical criteria [1, 3,
5, 6] (Table 1). In practice, the diagnostic approach varies
according to sedation (Fig. 1).

Inclusion criteria: positive microbiological culture within 24 h

Clinical assessment of mental status in nonsedated patients: attention, memory, and orientation;

definition of 3 grades of encephalopathy
Sprung et al. [2]

Clinical suspicion of sepsis: 7 self-defined clinical signs

Evaluation for altered sensorium, development of positive blood cultures, and 14-day mortality

Eidelman et al. [3] Sepsis

“Brain dysfunction secondary to sepsis”, abnormal mental status or abnormal Glasgow Coma
(scoring systems were used to grade the severity of encephalopathy)

Sepsis

EEG: slowing of the EEG, and changes in nonlinear dynamics

Inclusion criteria: positive blood culture and hyperthermia, change in mental status
(evaluation of attention, memory, orientation)

Straver et al. [6]

Young et al. [1]

Score

EEQG classification: normal, excessive theta, predominant delta, triphasic waves and suppression

or burst suppression, correlation with percentage mortality

Zauner et al. [4] Sepsis
Significant correlation of the N 70 peak latency with the severity of critical illness
Zauner et al. [5] Sepsis

Recording of short-latency and long-latency SEP, impairment of subcortical (34%) and cortical (84%)
pathways, correlation to the severity of encephalopathy
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Fig.1 Proposed decision tree for the diagnosis of sepsis-associated delirium



Definition and diagnosis of sepsis-associated delirium

SAD is characterized by the acute onset of impaired cogni-
tive function ranging from slowing of mentation, inatten-
tion, disorientation, and agitation to stupor or coma. SAD
is a diagnosis of exclusion and requires the demonstration
of absence of direct infection of the central nervous sys-
tem, of head trauma, fat embolism, and of drugs side ef-
fects.

In nonsedated patients mental status is straightfor-
wardly assessed by the Confusion Assessment Method for
the Intensive Care Unit (CAM-ICU), and delirium is likely
when there is an acute onset of changes or fluctuations in
the course of mental status, and inattention, and either dis-
organized thinking or an altered level of consciousness [7].
The Assessment to Intensive Care Environment (ATICE)
score, which enables assessment of awakening, com-
prehension, and calmness, may indicate delirium when
the score is less than 10 (maximum value being 20) [8],
and the GCS allows determination of the depth of coma.
Evaluation of timing of occurrence of symptoms is part
of the CAM-ICU scale and not of ATICE and GCS. The
ATICE score relies heavily on assessment of eye-opening
to a variety of stimuli whereas the CAM-ICU and the
GCS use a broader range of responses in determining the
presence of delirium or coma. The assessment of compre-
hension by ATICE or GCS relies on responses to simple
verbal orders whereas the CAM-ICU score explores in
more detail attention and organization in thinking. The
ATICE score may provide a better evaluation of patient’s
tolerance to his environment, particularly synchrony with
the ventilator.

In sedated patients daily interruption of sedation
may facilitate assessment of mental status [9]. How-
ever, discontinuation of sedative agents does not always
result in successful awakening of the patient, and in
many cases awakening is accompanied by agitation. In
these situations the persistence of coma or occurrence
of agitation cannot be unequivocally ascribed to sepsis
and may be due to the accumulation of or withdrawal
from sedatives. Moreover, clinicians may not discontinue
sedation in severely ill patients to prevent self-extubation
or poor patient-ventilator synchronization [10]. In these
patients a clinical approach may still be useful, partic-
ularly in the evaluation of brainstem responses. If the
clinical examination is unrevealing, the diagnosis of
SAD should rely on laboratory investigations, which
may include EEG and sensory evoked potentials (SEP).
However, sedatives may interfere with the interpretation
of signal abnormalities on the EEG. Although SEP
are not affected by continuous sedation, evaluation of
SEP may be too cumbersome to be used routinely in
the ICU [5]. Serum levels of neuron-specific enolase
(NSE) and S-100 B-protein, markers of brain injury,
have been shown to be correlated with poor outcome in
septic shock [11]. In the future our comprehension and
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the diagnosis of SAD may improve with advances in
neuroimaging. Spectroscopic magnetic resonance imaging
(MRI), positron emission tomography, and functional
MRI may permit quantification of alterations in brain
metabolism and function, but these modalities are not
widely available and remain to be rigorously studied in
the ICU setting.

Fig.2 Common abnormal eye positions in unconscious patients.
a Normal eye position. Pupillary size and papillary light response
must be assessed. b Horizontal conjugate deviation indicates hemi-
spheric lesions. The gaze is directed toward the lesion. Lesions in
the pons below the oculomotor nuclei and thalamus damage may
produce tonic deviation away from the lesion. Differential diagno-
sis includes seizures. ¢ Upward deviation indicates bilateral hemi-
spheric damage, such as that seen after extensive hypoxic-ischemic
insult, after cardiac resuscitation or asphyxia. d Downward eye de-
viation indicates lesions to the thalamus or to the dorsal midbrain,
often caused by a massive thalamic hemorrhage extending in the
mesencephalon. e Skew deviation in the resting position is indicative
of primary brainstem lesion, possibly in the region of the interstitial
nucleus of Cajal. The higher eye often corresponds to site of dam-
aged midbrain or pons. f Caloric stimulation with ice water, while
the head is 30° upright, stimulates horizontal canals and produces
a tonic deviation toward the ear, but it may also reveal adduction
paralysis (internuclear ophtalmoplegia). (Adapted from [22])
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Approach to the diagnosis of sepsis-associated delirium
Neurological examination

Neurological examination should systematically assess
neck stiffness, motor responses, motor movements (as-
terixis, tremor, or myoclonus), muscular tonus (paratonic
rigidity), deep tendon reflexes, and plantar reflex, and
cranial nerves, including eye position and movement,
pupillary size, blinking to strong light, light response,
corneal reflex, grimacing to painful stimulation, oculo-
cephalic response, and cough reflex. This examination
allows the detection of focal lesions, as illustrated for
oculomotor function in Figs. 2 and 3.

Drug toxicity

Various drugs commonly used in critically ill patients may
induce brain dysfunction and should be discontinued as
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Fig.3 Common eye movement
abnormalities. Spontaneous eye
movements rarely have
localizing value and are most
commonly seen in hypoxic-
ischemic coma. a Roving,
without particular significance.
b Periodic alternating gaze:
predominantly in hepatic
encephalopathy, bilateral
midbrain or vermis lesions.

¢ Ping-pong: bihemispheric
alterations. d Convergence
nystagmus: lesions in the
mesencephalon. e Bobbing:
rapid downward conjugate
movement with slower return to
baseline position is found mostly
in pontine lesions (primary due
to compressions from lesions in
the cerebellum). f Dipping:
corresponds to bihemispheric
damage, often of hypoxic-
ischemic nature. (Adapted
from [22])

soon as possible, and their doses should be adjusted in the
presence of impaired hepatic or renal function.

Biochemical variables

Standard biochemical testing is necessary for ruling out
metabolic abnormalities. As mentioned above, plasma
NSE and S-100 B-protein levels can be measured in
a delirious patients. Neuroimaging is suggested to rule out
structural lesions. Cerebrospinal fluid analysis is usually

normal. Lumbar puncture should be performed only when
meningitis is suspected.

Electrophysiology testing

The EEG may be normal or may show excessive theta, pre-
dominantly delta, triphasic waves or burst suppression, ac-
cording to the severity of SAD [1]. Based on our practice,
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we recommend that in sedated patients EEG be performed
systematically whenever abnormal movements occur, or
if delirium is suspected to rule out subtle epilepsy. SEP
may show a prolongation of subcortical and cortical path-
ways but cannot be considered as a routine investigation in
ICU [4, 5].

Brain imaging

Although often more difficult to obtain than computed
tomography, brain MRI provides better and often earlier
information on brain damage, especially of the white
matter and blood-brain barrier. Common findings include
ischemic or hemorrhagic lesions in about 10% of pa-
tients, and lesions of leukoencephalopathy surrounding
Virshow—Robin spaces. These lesions, ranging from small
multiple areas to diffuse lesions and characterized by
hyperintensity on fluid-attenuated inversion recovery im-
ages, indicate blood-brain barrier breakdown [12] (Fig. 4).
Damage to the gray matter may include bilateral lesions
of basal ganglia and thalami [13]. Neuroimaging may still
underestimate brain injuries as suggested by postmortem
studies showing ischemic lesions in all cases, hemorrhage
in 26%, microthrombi in 9%, microabscesses in 9%,
and leukoencephalopathy in 9% [14] (Fig.5). Optimal
timing of brain MRI in septic shock remains unknown.
We suggest that brain MRI be performed whenever focal
neurological signs or alteration in mental status occur,
particularly if plasma NSE and S-100 B-protein levels are
increased. Knowing the nature and extent of brain lesions
may result in therapeutic interventions, for example,
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anticoagulant therapy, or may contribute to decisions to
withhold or withdraw life-support treatments.

Mechanisms of sepsis-associated delirium

Most studies investigating potential mechanisms of SAD
have used animals or cell cultures. Although these studies
may have expanded our understanding of central nervous
system cells’ response to endotoxin or cytokines, the way
in which these mechanisms relate to clinical brain injury
remains obscure.

It is important to note that homeostasis requires a bal-
anced interaction between the central nervous system and
the immune system. The brain mediates via the autonomic
nervous system and neurohormones the growth and prolif-
eration of most if not all tissues involved in immunity, and
all immune cells have membrane or cytosolic receptors for
a number of neuromediators [15]. The systemic inflamma-
tory response to infection results in brain activation, which
subsequently generates appropriate anti-inflammatory re-
sponse. However, excess in proinflammatory mediators en-
tering the brain can cause cerebral damage [14]. In turn,
dysfunction of the autonomic nervous and neuroendocrine
systems may alter immunity in a vicious circle resulting in
metabolic derangements and organ failure [15, 16].

Brain signaling during sepsis

Two major pathways allow neuroimmune communica-
tions (a) circumventricular organs (CVOs) located in
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Fig.4 Day 3 (left) and day 30 (right) magnetic resonance imaging of the brain in a 79-year-old woman with Streptococcus pneumoniae
lung infection complicated by septic shock and acute respiratory distress syndrome. Multiple bright signal areas visible bilaterally at the

level of the centrum semiovale indicate leukoencephalopathy



946

Fig.5 Neuropathological
changes in patients who died
from septic shock. a Large
leptomeningeal hemorrhage
adjacent to the right scissure of
Sylvius. b Recent petechial
hemorrhage in the right nucleus
paraventricularis; H&E, x 100.
¢ Fibrinous microthrombi from
disseminated intravascular
coagulation; H&E, x 200.

d Nonbacterial thrombotic
endocarditis, gross appearance
of the heart. e Distal fibrino-
cruoric emboli in small
leptomeningeal arteries; recent
ischemia in the underlying
cortex; H&E, x 40. f Septic
emboli within necrotic area;
H&E, x 40. g Multifocal
necrotizing leukoencephalo-
pathy; horizontal section of the
upper pons; Luxol fast
blue/cresyl violet.

h Multifocal necrotizing
leukoencephalopathy, recent
necrotic changes in the
transverse pontine fibers; H&E,
% 60. (Adapted from [15] with
permission)

the midline ventricular system, and (2) the vagus nerve.
CVOs lack a blood-brain barrier. Thus, they permit
a direct communication between brain and blood stream.
Some CVOs are located in the vicinity of neuroendo-
crine structures (e.g., organum subfornicale, organum
subcommisurale, corpus pineale, neurohypohysis and
organum vasculosum laminae terminalis), and others
are located close to brainstem autonomic centers (i.e.,
area postrema) [17]. Thus blood-borne cytokines enter
the brain through these areas, which express receptors
for cytokines and bacterial fragments during systemic
inflammation. In addition, specific carriers for cytokines
allow blood-borne cytokines to reach hypothalamic
nuclei inside the blood-brain barrier [17]. Circulating
interleukin-1p activates afferent vagal fibers terminating
in the nucleus tractus solitarius, with subsequent stimu-
lation of the hypothalamic-pituitary-adrenal axis [18].
Efferent activity in the vagus nerve, termed “cholinergic
anti-inflammatory pathway”, releases acetylcholine in

the vicinity of macrophages in the reticuloendothelial
system and leads to cellular deactivation and inhibition of
cytokine release [19, 20]. The sympathetic and parasym-
pathetic systems are thought to work hand-in-hand to
modulate inflammatory responses.

Inflammation of the brain

Endothelial activation and blood-brain barrier
breakdown

Diffuse endothelial activation induced by sepsis may
result in blood-brain barrier breakdown [21], allowing
circulating mediators to enter into the brain. Microbial
products and pro-inflammatory cytokines induce expres-
sion of CD40 and adhesion molecules on endothelial cells
from the human brain [22-24]. Through nuclear factor
kB activation overexpression of inducible nitric oxide



synthase (iNOS) further increases blood-brain barrier
permeability [25].

Brain expression of inflammatory mediators

Components of innate and adaptive immune systems
are expressed in the brain during lipopolysaccharide
(LPS) challenge [26]. They are first expressed within
the CVOs and then spread to deeper areas of the brain
controlling neuroendocrine and autonomic functions.
Toll-like receptors (TLR) 4, 2, and 9 are expressed by glial
cells, such as microglia, astrocytes and oligodendrocytes
at rest and after exposure to LPS [27]. Whether TLRs
are expressed in neurons remains controversial. TLR4
function in resident cells may be important for sustained
brain-specific inflammation during endotoxemia [26].

Endotoxin also upregulates the iNOS in the brain,
causing accumulation of nitric oxide which behaves as
a neurotoxic effector [28]. Prostaglandins and purines,
such as ATP and adenosine, are further key mediators in
brain response to sepsis, particularly inducing fever. Fol-
lowing LPS stimulation astrocytes and microglia release
a significant amount of prostaglandin E [29], and microglia
expresses prostaglandin receptors and cyclo-oxygenase
2 [30]. A number of other mediators may be involved
in the cerebral immune response, such as macrophage
migrating inhibitory factor, macrophage inflammatory
protein, endothelin 1, angiotensin II, platelet-activating
factor, superoxide radicals, and carbon monoxide.

Ischemic lesions and cerebral flux alterations

Inadequate perfusion pressure and disturbances of the
cerebral microcirculation may play a role in the develop-
ment of SAD. Studies of cerebral blood flow, endothelial
reactivity, and oxygen consumption show impaired [31]
or preserved cerebral perfusion in sepsis [32]. Ischemic
events likely contribute to the development of SAD.
Endotoxin aggravated hypoxic-ischemic insult in a dose-
dependent manner in neonatal rats [33]. In septic shock
postmortem studies show that ischemic lesions in parts of
the brain susceptible to ischemia are always present [14].
In our unpublished work in 330 patients with septic
shock systematic screening for cerebrovascular events
included computed tomography or MRI guided by careful
neurological examination prior to ICU discharge and
showed ischemic and hemorrhagic lesions in 7% and 10%
of cases, respectively.

Dysfunction of intracellular metabolism and apoptosis

Exposure to LPS may cause apoptosis of brain cells via
dysfunction of mitochondrial respiration [34], activation
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of mitogen-activated protein kinase and nuclear factor kB
pathways [35], and release or accumulation of calcium and
reactive oxygen species [36]. Nevertheless, during expo-
sure to LPS the 70-kDa heat shock proteins may prevent
iNOS triggered cells premature death [37]. In septic shock
postmortem studies show iNOS induced neuron and glial
apoptosis, mainly in cardiovascular autonomic centers and
the hippocampus [38]. Cell culture experiments indicate
an important role for microglial cells. These cells play im-
portant role in immune surveillance, host defense, and tis-
sue repair by clearing apoptotic cells and downregulating
cytokines and encephalitogenicT-lymphocytes [39]. In co-
culture the presence of microglial cells attenuated LPS-
induced neuronal apoptosis.

Neurohormones and neurotransmitters deregulation

During systemic inflammation NO, cytokines, and
prostaglandins modulate brain neurotransmission, espe-
cially B-adrenergic system, GABAergic synapses, central
muscarinic cholinergic regulation, corticotrophin releasing
factor, adrenocorticotrophin hormone, vasopressin syn-
thesis, and medullary autonomic center output [40-43].
Neurotoxic substances such as ammonium, or amino acids
may also be involved [3]. In sepsis, plasma and CSF
levels of tyrosine, tryptophan, and phenylalanine which
impair neurotransmitters synthesis are increased follow-
ing muscle proteolysis and reduced hepatic clearance.
Prolonged LPS exposure impaired synaptic transmis-
sion and neuronal excitability of pyramid neurons in
the hippocampus, involved in behavioral and emotional
systems [44]. In rats the brain may become tolerant to
endotoxin in a brain region dependent manner, suggesting
plastic modulation of brain functions [45, 46]. Finally,
neurotransmitters and neurohormones modulate cerebral
expression of inflammatory mediators [15]. The final
behavioral, neuroendocrine, and autonomic responses are
therefore variable because they depend on a complex and
spatiotemporally organized processes that involve both
stimulatory and inhibitory factors, which themselves de-
pend on activation of brain cells. Various neuroendocrine
dysfunctions have been observed in septic shock, for
example, impairment of hypothalamic-pituitary-adrenal
axis, vasopressin deficiency [15, 38], and autonomic
dysfunction [16, 38].

Outcome

Mortality related to SAD varies from 16% to 63% accord-
ing to the intensity of brain dysfunction [3]. Although it
has been shown that SAD is an independent prognostic
factor [3], it remains unclear whether it causes death or
reflects severity of illness. Persistent or relapsing delirium
often indicates uncontrolled sepsis. SAD may be reversible
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Table 2 Putative treatments of sepsis-induced delirium (7NF tumor necrosis factor)

Agent Mechanism of action

Naloxone Opioid receptor antagonist: modulation of microglial
activation

Thiopental Anesthetic: suppression of TNF production

Adenosine A3 Suppression of TNF production

Adenosine op-antagonists

3-Hydroxymorphinan
Melanocortin peptides
Minocycline

Inhibition of microglia activation
Anti-inflammatory effects

with recovery from sepsis or may result in long-term cog-
nitive disturbances [47].

Treatment of sepsis-associated delirium

Currently there is no specific treatment for SAD. Thus,
treatment should focus on the underlying systemic illness
and supportive measures. Nevertheless, when ischemic le-
sions are diagnosed, anticoagulant should be considered.
Alternately, evidence of brain hemorrhage should prompt
interruption of any molecule with anticoagulant activity.
The demonstration of severe brain damage and the likeli-
hood that they are irreversible (e.g., leukoencephalopathy
or extensive brain ischemia) may inform decisions to with-
hold or withdraw further intensive care.

There is some evidence of an important role of iNOS in
SAD. Preclinical findings suggest that inhibition of NOS
may prevent LPS-induced neuronal apoptosis [48], but it
had no effect on consciousness in rats with cecal ligature
and puncture induced peritonitis [49]. A clinical trial found
nonselective NOS inhibition to be associated with an in-
crease in cardiovascular deaths [50]. Given the potential
role of neuronal apoptosis in the development of SAD,
strategies to prevent premature cell death may be relevant.
However, no clinical or experimental data are available.
Various pathways are known to lead to glial cell activation
and subsequent upregulation of proinflammatory media-
tors and cell death. Several drugs may interact with these
pathways (Table 2).
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