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Abstract
Purpose of the Review To discuss the diagnostic approach to patients with septic encephalopathy as well as the need for specific
neuro-monitoring and the perspectives on future therapeutic approaches in this setting.
Recent Findings Most of data-concern experimental studies evaluating the pathophysiology of septic encephalopathy. A com-
bination of neurodegenerative pathways with neurovascular injury is the cornerstone for the development of such complication
and the long-term neurological sequelae among survivors.
Summary Septic encephalopathy is a common complication in septic patients. Clinical presentation may range from mild
confusion and disorientation to convulsions and deep coma. The diagnosis of septic encephalopathy is made difficult by the
lack of any specific clinical and non-clinical feature, in particular among sedated patients in whom neurological examination is
unreliable. In spite of the high mortality rate associated with this condition, there is no prophylactic or targeted therapy to reduce
or minimize brain damage in septic patients and clinical management is limited to the treatment of the underlying infection.
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Introduction

Sepsis is defined as the overwhelming inflammatory response
of the host immune system to an infection, which eventually
leads to the development of at least one organ dysfunction [1].
The occurrence of sepsis is associated with a mortality rate of
20–25%, which may significantly increase in case of fragile
patients (i.e., immunosuppression, older age, or multiple co-
morbid diseases) or in case of shock (i.e., cardiovascular dys-
function associated with signs of tissue hypoxia) [2].
Additionally, despite the important progress in the diagnosis
and treatment of this condition, a high degree of mortality is
still noted and several cases are still inadequately managed
because of delayed sepsis recognition, inappropriate or

delayed initial antibiotic therapy, and poor control of the in-
fectious focus or support of the failing organs [3••].

The better understanding of sepsis pathophysiology has
progressively led to a change in the diagnostic approach of
this syndrome, which has moved from the evidence of persis-
tent bacteremia as diagnostic criteria to the identification of a
systemic inflammatory response syndrome (SIRS) as main
feature of this syndrome [4]. Nevertheless, the insufficient
specificity and sensitivity of the SIRS criteria to diagnose
sepsis has been well recognized in the recent Sepsis-3 defini-
tions [5••], which have based the diagnosis of sepsis on the
presence of organ dysfunctions and/or lactate measurements
rather than SIRS or microbiological findings.

Because the nervous system is extremely susceptible to
different extra-cerebral factors, brain dysfunction is quite
common during sepsis [6] and it is not surprising that an
“altered mental status” has been introduced among those clin-
ical features that should be used to identify patients at risk of
sepsis outside the Intensive Care Unit, such as at the
Emergency Department or at the ward [7]. In this review, we
intended to provide an overview of the main characteristics of
the so-called “septic encephalopathy” and to discuss practical
aspects of monitoring and management as well as elucidate
unresolved questions and future directions of the research in
this field.
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Definition

Septic encephalopathy can be defined as a diffuse brain dys-
function occurring in a patient with sepsis without evidence of
an intracranial infection and/or without conditions (i.e., meta-
bolic alterations) unrelated to the infectious process that would
significantly alter brain function [8]. The diagnosis should
therefore exclude structural brain lesions or primary central
nervous system diseases, such as cerebrovascular events or
meningitis, seizures, drug intoxication, fat embolism syn-
drome, autoimmune, or inflammatory brain diseases, such as
vasculitis or thrombotic microangiopathy, and anoxic brain
injury [9, 10]. This definition, which is not unanimously ac-
cepted, therefore encompasses a large panel of clinical signs
and symptoms and requires additional diagnostic tests to ex-
clude non-infectious causes of encephalopathy; as such, all
epidemiological data concerning septic encephalopathy could
have been biased by the clinical and complementary tests that
have been used for its recognition and are often difficult to
compare among studies. Moreover, few data are available on
the best definition of this condition for sedated patients, in
whom encephalopathy may occur when neurological exami-
nation remains unreliable [11].

Pathophysiology

The pathophysiology of septic encephalopathy is still poorly
understood; although many mechanisms have been proposed,
it is likely to bemultifactorial and totally independent from the
presence of micro-organisms and/or toxins within the cerebral
tissue [12]. The current hypothesis is a combination of direct
alterations in brain cells function and signaling with abnor-
malities of brain perfusion and oxygenation, which can be
eventually enhanced by external events, such as renal and/or
hepatic dysfunction, disglycemia, fever, the use of neurotropic
drugs, or environmental factors (Fig. 1). The combination of
these two main mechanisms, i.e., “neurodegenerative” and
“neurovascular,” will result in different clinical presentations,
according to the severity of sepsis, the presence of previous
neurological diseases and patient-related brain susceptibility.

Alterations in Brain Cells Function and Signaling

When systemic inflammation occurs, two major pathways al-
low an immune-brain cross-talk despite the presence of the
blood-brain barrier (BBB): the circumventricular organs, lo-
cated in the midline ventricular system, and the vagus nerve.
The circumventricular organs lack a BBB and represent the
site where a direct communication between brain and systemic
circulation occurs. These organs are located close to neuroen-
docrine structures, as such corpus pineale and neurohypoph-
ysis, or to brainstem centers, such as the area postrema, which

could explain the intense dysregulation of the autonomic and
hormonal homeostasis during sepsis [13]. The vagus nerve
detects visceral inflammation and produces an anti-
inflammatory activity through cholinergic pathways.
Systemic inflammation also triggers the activation of behav-
ioral, neuroendocrine, and neurovegetative centers, as the af-
ferent vagus signals are relayed to the nucleus tractus
solitarius in the brainstem [14]. The results of these phenom-
ena is the activation of microglia, which acquire neurotoxic
properties, notably by releasing nitric oxide, cytokines, reac-
tive oxygen species, and glutamate, thereby inducing neuronal
death in vulnerable cerebral areas [15].

Systemic inflammation also triggers the local production of
cytokines (i.e., “neuroinflammation”), which mediates neuro-
nal dysfunction and, ultimately, cell death. In this setting,
TNF-α and IL-6 appear to be the most relevant inflammatory
mediators [16, 17]. Significant neuro-inflammation induces
neutrophil infiltration of the brain tissue, astrocytes activation
through the toll-like receptors (TLRs), over-expression of
aquaporin 4, and increased synthesis of prostaglandins and
nitric oxide that activate the hypothalamus and the adrenal
axis [18, 19•, 20]. These mechanisms result in behavioral
alterations, fever and severe neurological impairment because
of brain edema and neuronal apoptosis [21].

Several neurotransmitters are also associated with septic
encephalopathy, including the dysregulation of the cholinergic
and gamma-aminobutyric acid pathways, together with an im-
balance in norepinephrine, serotonin and dopamine produc-
tion or increased ammonium production [22, 23].
Inflammatory is the main determinant of altered cerebral neu-
rotransmission during sepsis [24•]. Deficits in cholinergic
function have been postulated to cause delirium and cognitive
decline in septic patients [22], although clinical studies
showed no benefits from the administration of the cholines-
terase inhibitor rivastigmine, compared with placebo, on the
occurrence of delirium [25]. Reduced levels of branched-chain
amino acids (i.e., leucine, isoleucine, and valine) or extensive
muscle proteolysis and reduced hepatic clearance may result
into increased brain concentrations of aromatic amino acids
(i.e., tyrosine and tryptophan), which can induce brain dys-
function by acting as false neurotransmitters, can reduce
cerebral concentrations of norepinephrine, dopamine, and se-
rotonin, or could shut down brain metabolism by decreasing
glucose utilization in different brain regions [26, 27••, 28].

Sepsis encephalopathy could also be associated with mito-
chondrial dysfunction, which can have remarkable conse-
quences on reduced ATP generation and inhibition of mito-
chondrial respiration, all being responsible for pathological
processes in nerve cells and increased neuronal apoptosis
[29]. Mitochondrial dysfunction could also contribute to in-
creased intracellular calcium levels, which alter the function of
several cytoplasmic enzymes and proteins and may result in
impaired learning memory and cognitive function [30].
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Abnormalities of Brain Perfusion and Oxygenation

During sepsis, the integrity of the BBB is altered because of
several mechanisms inducing alterations in astrocytes,
pericytes, and endothelial cells [31•]. In particular, excessive
nitric oxide release via the early induction of the endothelial
nitric oxide synthase results in a proinflammatory status, caus-
ing the activation and dysfunction of cerebrovascular endo-
thelial cells [32]. Also, circulating pro-inflammatory media-
tors promote the expression of adhesion molecules on brain
microvessel endothelial cells that facilitates the passage of
neurotoxic factors and of inflammatory cells within the brain
tissue [33]. As such, endothelial dysfunction will result into
two main pathological findings. The first is the alteration of
cerebral microcirculation, which is associated with tissue hyp-
oxia and disturbed cerebral metabolism, in particular when
associated with hypotension [34, 35]. The second is the im-
pairment of endothelial cerebral cells to adequately react to
external stimuli, such as changes in blood pressure or carbon
dioxide, which result in alteration of cerebral autoregulation
[36, 37]. The loss of cerebral autoregulation makes the brain
more susceptible to tissue hypoperfusion in case of significant
changes in mean arterial pressure, in particular in the elderly
patients or those with previous cerebrovascular disease [38].

Clinical Presentation and Diagnosis

Neurological dysfunction during septic encephalopathy
ranges from mild confusion and lethargy to disturbed cogni-
tive functions and coma [39]. In some cases, patients can also
present with muscular rigidity, tremors, or convulsions [40].

Neurological disturbances of this syndrome are similar to the
description of delirium, which is often considered as one man-
ifestation of brain dysfunction during sepsis [41]. An accurate
diagnosis of septic encephalopathy is often complicated by the
concomitant use of sedatives or other systemic disturbances,
including liver and kidney failure, hypoglycemia, or severe
hypoxemia. Focal involvement of cranial nerves or unilateral
symptoms, such as hemiparesis or aphasia, is rare and should
bring to additional diagnostic tests to exclude other neurolog-
ical complications.

Although septic encephalopathy has been considered as a
reversible syndrome, mild to moderate neurological symp-
toms, including memory alterations, depression, anxiety, or
cognitive disturbances may persist in up to 40% of patients
1 year after hospital discharge [42••, 43]. According to several
studies using brain imaging or experimental post-mortem
findings, these long-term cognitive alterations are related to
neurodegenerative microglial activation and diffuse ischemic
damage, which result in a significant reduction of brain vol-
ume and produce the same histopathological changes than
chronic neurodegenerative diseases [44, 45].

Because of the variability of the clinical presentation, the
diagnosis of septic encephalopathy is challenging for clini-
cians. After the exclusion of other evident causes of encepha-
lopathy, clinical examination could be integrated with same
clinical scales, such as the Glasgow Coma Scale (GCS), the
Confusion Assessment Method for the ICU (CAM) scale, the
Richmond Agitation Sedation-Scale (RASS) scale or the Full
Outline of UnResponsiveness (FOUR) scale [11]. These
scales are not specific for the diagnosis of septic encephalop-
athy, but are very informative to detect subtle changes in
awake septic patients who apparently have a normal

Fig. 1 Summary of main
potential mechanisms implicated
in the development of septic
encephalopathy. CVOs =
circumventricular organs;
NMDA-R =N-methyl-D-
aspartate receptors for glutamate;
BBB = blood-brain barrier;
TLR = toll-like receptors; Ach =
acetylcholine; NH4 =
ammonium; 5-HT = serotonin;
AQP4 = aquaporin-4
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neurological examination, in particular the CAM-ICU and the
FOUR scale for non-intubated and intubated patients; respec-
tively [46, 47]. The analysis of cerebrospinal fluid is not spe-
cific for septic encephalopathy and often shows a mild in-
crease in protein concentrations, which may suggest a local
inflammation or BBB impairment [48].

Electroencephalography (EEG) is particularly sensitive to
detect changes in cortical function during sepsis; slow EEG
background can appear even in patients with no clinical ab-
normalities, while more severe forms of consciousness distur-
bances are associated with the appearance of delta activity,
suppressed patterns, and the lack of background reactivity to
external stimuli [49]. Moreover, EEG can detect clinically
silent non-convulsive status epilepticus, which occur in up to
20% of comatose septic patients [50]. Septic patients have also
a higher risk of long-term seizures than both the general pop-
ulation and other hospitalized patients, suggesting again the
presence of permanent neurologic sequelae [51••]. More re-
cently, alterations in EEG variability have been correlated
with lower variability of heart rate, which would suggest a
common pathways between alterations in cortical activity
and autonomic and/or brainstem dysfunction [52•].

There are not specific biomarkers for the diagnosis of septic
encephalopathy. Neuron-specific enolase (NSE) and S100β,
which are biomarkers for neuronal and glial lesions, respec-
tively, may be increased in septic shock [53, 54•]; also, a
decrease in cerebral blood flow or impaired cerebral autoreg-
ulation are correlated with increased serum S100β levels
among patients with severe sepsis and septic shock [55].
Increased NSE and S100β concentrations have been associ-
ated with poor outcome; more importantly, an increase of such
biomarkers might help to identify patients with brain lesions
on neuroimaging, in particular when sedation prevents the use
of clinical examination in such patients [56]. Finally, neuro-
imaging is often unremarkable in these patients; however,
cerebral ischemia can be identified on cerebral magnetic res-
onance imaging (MRI) in 30% of patients who present with
focal neurological signs during sepsis [57, 58]. Also,
vasogenic edema and severe leukoencephalopathy could be
identified by MRI in those patients suffering from septic
shock and presenting with persistent coma, probably related
to the loss of autoregulation and microvascular injury [59].

Epidemiology

Because of the lack of a clear definition, septic encephalopa-
thy is often diagnosed by exclusion of other potential causes
of encephalopathy. As such, a precise description of the inci-
dence and prevalence of septic encephalopathy is challenging
and has been studied in few studies to range between 9 and
71% [9, 60]. Septic encephalopathy represents around 10% of
all acute febrile encephalopathies and is one of the most

common forms of encephalopathy encountered in critically
ill patients [8, 10]. In a large cohort of mechanically ventilated
patients, mostly septic or with acute pneumonia, altered men-
tal state was observed in 66% of them at some point during the
ICU stay [60]. In a prospective study of 1758 patients admit-
ted to a medical ICU, 217 of them experienced a neurological
complication; encephalopathy was present in one third of pa-
tients, and SAE was the most frequent etiology [61]. In a
series on 69 non-sedated patients with bacteremia, 70% of
them had clinical signs of brain dysfunction and half of them
showed severe encephalopathy [62]. In a recent large cohort
study of septic patients, acute mental state abnormalities were
described in more than 50% of them [63••].

How to Monitor

Neuromonitoring of septic patients is potentially of great help
for the management and prognostication. Several tools have
been proposed for the monitoring of the septic brain and to
provide insights into the complex pathophysiology of brain
impairment during sepsis; a multimodal monitoring approach
is increasingly used in this setting and should be adapted ac-
cording to the clinical status of the patient (Fig. 2) [64].

Awake Patient

In non-sedated patients, neurological examination, including
at least the motor response and the assessment of brainstem
reflexes, is the first step for an adequate brain monitoring [11].
However, avoiding cerebral hypoperfusion might also be in-
teresting in such patients. Cerebral oxygenation could be non-
invasively evaluated using near-infrared spectroscopy (NIRS)
devices, which enables to measure the hemoglobin oxygen
saturation of the frontal cortical regions of the brain and can
detect major perfusion and circulatory alterations [65]. Also,
the correlation between temporal changes in the NIRS-derived
cerebral oxygenation and mean arterial blood pressure could
be used to assess cerebral autoregulation and be potentially
useful for the definition of the optimal MAP target in these
patients [65, 66]. Nevertheless, non-invasive cerebral oxygen-
ation measured with NIRS is also influenced by extra-cranial
circulation and would assess only anterior circulation [67].
Moreover, few studies on the role of cerebral NIRS in septic
patients are available and more data are necessary before
recommending this monitoring as a routine procedure.

Similarly, Transcranial Doppler (TCD) is a non-invasive
and easily available bedside tool to measure the blood velocity
in the main cerebral vessels and could potentially provide
indirect information about changes in cerebral blood flow
and the status of cerebral autoregulation as well as cerebro-
vascular reactivity to carbon dioxide (PaCO2) [68]. Some au-
thors have demonstrated that changes in the pulsatility index
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(PI), an indicator of cerebro-vascular resistances, are associat-
ed with clinical symptoms and might have a correlation with
the development of delirium [69]. Using TCD, it is also pos-
sible to assess the dynamic cerebral autoregulation, which is
based on the relationship between arterial blood pressure and
cerebral blood flow velocities spontaneous fluctuations [68].
Pfister et al. showed that cerebral autoregulation is often im-
paired in patients with septic shock, and that high levels of
PaCO2 may further compromise cerebral autoregulation in
these patients [55]. The main limitation of such approach is
related to the interpretation of the PI, which can also be in-
creased because of hypocapnia secondary to hyperventilation,
very low diastolic pressure, and pre-existing cerebrovascular
disease, which are very common conditions in septic patients.
Moreover, the dynamic assessment of cerebral autoregulation
using TCD requires few movements of patient’s head to ob-
tain a good recording, which makes this technique effective
mostly in sedated patients, and a specific software to rapidly
quantify cerebral autoregulation, which is not available in all
hospitals.

Sedated or Comatose Patient

In addition to NIRS and TCD, continuous EEG recording
would be necessary in most of sedated or comatose septic
patients. First of all, EEG recording is extremely sensitive to
systemic inflammation and slowering of EEG background or
the development of left-right asymmetry might be used to
identify neurological deterioration and promptly initiate addi-
tional diagnostic tests [49]. Moreover, EEG could detect non-
convulsive seizures in up to 20–30% of these patients, which
would translate in an immediate administration of anti-

epileptic drugs to avoid further brain injury [50, 57, 70]. A
quantitative EEG analysis (i.e., the combination of EEG fre-
quency, amplitude, power) could also be used to calculate the
burst-suppression ratio (BSR), which could be secondary to
excessive sedative regimens and is associated with the occur-
rence of delirium in these patients [71••].

Although limited data exist on the diagnostic role of serum
biomarkers of brain injury in septic patients, elevated serum
S100β and/or NSE concentrations were significantly higher in
patients with brain dysfunction and predicted the presence of
cerebral lesions on neuroimaging [56]. Considering the diffi-
culties to transport septic patients onmechanical ventilation or
extra-corporeal therapies, S100β or NSE assessment could be
used as a trigger for neuroimaging in this setting. If neuroim-
aging is decided, CT scan should be the first-line exam to ex-
clude the presence of intracranial pathology, in particular in case
of seizures or in patients with focal neurological signs [72].
Nevertheless, MRI is more sensitive to detect microvascular
injury, embolic events, the development of brain edema, or of
the posterior reversible encephalopathy syndrome (PRES) [57].

Finally, concomitant drugs or metabolic alterations can also
contribute to the neurological deterioration in septic patients
and should be monitored whenever possible. In particular,
monitoring the depth of sedation and the use of alternative
drugs to benzodiazepines may reduce the risk of delirium;
therapeutic drug monitoring of β-lactam concentrations could
detect drug overdosing, which is associated with a significant
risk of neuro-worsening; avoiding hyper- and hypo-glycemia
may protect neuronal cells from apoptosis; avoiding signifi-
cant changes in urea levels at the initiation of renal replace-
ment therapy can reduce the risk of the dialysis disequilibrium
syndrome and of brain edema; monitoring the degree of

Fig. 2 Available tools for brain
monitoring during sepsis. TCD=
trans-cranial Doppler; EEG =
electroencephalography; NIRS =
near-infrared spectroscopy
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anticoagulation may reduce the risk of intracerebral bleeding
[73••, 74••, 75, 76].

Any Implications for Treatment?

Despite the advances in the understanding of the pathophysi-
ology and treatment of sepsis, an effective treatment for septic
encephalopathy is not available. The cornerstone of the man-
agement of this condition relays on the early treatment of the
septic conditions with the support of failing organs.
Nevertheless, some practical issue should be considered in
such patients. First, early withdrawal of sedative treatment
can be helpful to reduce the risk of delirium and to enable an
early neurological assessment. In particular, benzodiazepines
should be avoided. Other interventions that have been used to
reduce the risk of delirium might also be helpful for septic
encephalopathy, such as aid to orientation (i.e., clock and
photos in the room), adequate lighting, early mobilization,
avoiding sleep deprivation, and noise reduction, although
these have to be better demonstrated. Prophylactic use of an-
tiepileptic drugs is not recommended, but early EEG monitor-
ing should be implemented in comatose or sedated patients to
detect seizures and provide therapy only when necessary.
Optimization of cerebral perfusion using NIRS or TCD is an
intriguing approach, although adequate targets of therapy
using these tools are still lacking.

In human s tud i e s , α - agon i s t agen t , such a s
dexmedetomidine, has proven to have neuroprotective effects
in septic patients who had more delirium-free days and lower
28-day mortality when compared to patients treated with lor-
azepam [77]. In addition, dexmedetomidine exerts its positive
effects through the inhibition of neuronal apoptosis and the
reduction in the sepsis-associated inflammatory response as
well [78].

Antipsychotic drugs may effectively treat some symptoms
of hyperactive encephalopathy, such as agitation or hallucina-
tions, but are poorly effective in hypoactive status. Although
promising [79], recombinant-activated protein C is no more
available in the therapeutic armamentarium and cannot be
administered in septic patients. Experimental data suggest a
potential role for other drugs, such as minocycline, intrave-
nous immunoglobulins or statins, although no human data are
available yet [80–82].

Conclusions

Septic encephalopathy is characterized by extracranial infec-
tion and disturbed mental state without any direct causes of
brain injury except of the systemic inflammatory status related
to sepsis. Although septic encephalopathy is common among
critically ill patients, it is largely underestimated and often not

diagnosed. Together with clinical evaluation of brain function,
a combination of NIRS, TCD, EEG, biomarkers of brain in-
jury and neuroimaging could be used to better assess the de-
gree of brain dysfunction in such patients as well as potentially
help clinicians to adjust therapy. The pathophysiology is com-
plex and still poorly understood, so that treatment remains
mainly symptomatic. Adequate therapy of the underlying sep-
sis syndrome and supportive intensive care is necessary. The
occurrence of septic encephalopathy is associated with cogni-
tive impairment in a large proportion of survivors. Therefore,
increasing efforts to better characterize the pathophysiology,
clinical course and effective therapies of septic encephalopa-
thy are the main fields of research in the next future.
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