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a b s t r a c t 

Sepsis-associated encephalopathy (SAE), a major cerebral complication of sepsis, occurs in 70% of patients ad- 
mitted to the intensive care unit (ICU). This condition can cause serious impairment of consciousness and is 
associated with a high mortality rate. Thus far, several experimental screenings and radiological techniques (e.g., 
electroencephalography) have been used for the non-invasive assessment of the structure and function of the brain 
in patients with SAE. Nevertheless, the pathogenesis of SAE is complicated and remains unclear. In the present 
article, we reviewed the currently available literature on the epidemiology, clinical manifestations, pathology, 
diagnosis, and management of SAE. However, currently, there is no ideal pharmacological treatment for SAE. 
Treatment targeting mitochondrial dysfunction may be useful in the management of SAE. 
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Sepsis-associated encephalopathy (SAE) is a diffuse cerebral
ysfunction caused by a systemic inflammatory response to sep-
is. This complication is characterized by abnormal brain struc-
ure, cerebral hemorrhage, and cerebral embolism. The clini-
al manifestation of SAE ranges from mild delirium to severe
oma and is accompanied by brain dysfunction (e.g., behavior,
ognition, consciousness) and perception changes. SAE is linked
o an increased mortality rate and can cause sequelae, such as
ong-term cognitive dysfunction, in patients with sepsis [1] . The
athogenesis of SAE is complicated and remains unclear so far.
urthermore, SAE may occur at any stage of sepsis, even before
he occurrence of other symptoms. Currently, there is no estab-
ished specific therapy or pharmacological treatment for SAE.
he lack of effective treatments seriously affects the prognosis
f patients with sepsis. Therefore, in this article, we reviewed
he main characteristics, pathophysiology, therapeutic options,
nd prognosis of SAE. 

pidemiology 

SAE is the most common cerebral dysfunction in patients ad-
itted to the intensive care unit (ICU), with an incidence of
∗ Corresponding author: Ying Huang, Department of Anesthesiology and Surgical In
chool of Medicine, 1665 Kongjiang Road, Shanghai 200092, China. 

E-mail address: huangying01@xinhuamed.com.cn (Y. Huang). 

ttps://doi.org/10.1016/j.jointm.2021.08.002 
eceived 16 February 2021; Received in revised form 22 July 2021; Accepted 18 Au
opyright © 2021 Chinese Medical Association. Published by Elsevier B.V. This is an
 http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
%–71%. The incidence of SAE is even higher in the presence
f bacteremia and multiple organ failure [1] . Notably, > 70%
f patients with bacteremia develop severe neurological symp-
oms, ranging from lethargy to coma. In addition, examination
hrough electroencephalography (EEG) reveals abnormalities in
 80% of patients with bacteremia [2] . The Acute Physiology
nd Chronic Health Evaluation II (APACHE II) score is higher in
atients with SAE than those without SAE. In contrast, the Glas-
ow Coma Scale score is lower in patients with SAE than those
ithout SAE [3] . In addition, the duration of mechanical ven-

ilation and ICU stay is longer in patients with SAE than those
ithout SAE. It has been demonstrated that encephalopathy in-

reases the mortality rate among patients with sepsis; this effect
s mainly associated with the clinical and electrophysiological
everity of SAE. Nevertheless, the mechanisms involved in this
rocess have not been elucidated yet. 

linical Manifestation 

Although the clinical manifestations of SAE are diverse, they
ack specificity. Acute change in mental status (e.g., inatten-
ion, disorientation, agitation, somnolence, stupor, coma) is the
rst manifestation of SAE. Other clinical features of SAE in-
lude roving eye movements, asterixis, tremor, multifocal my-
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Fig. 1. Potential pathophysiologic mechanisms leading to SAE. Neuroinflamma- 
tion, mitochondrial dysfunction, and oxidative stress damage the cerebral mi- 
crocirculation and BBB, causing neurotransmitter abnormality, cell programmed 
death, and culminating in brain damage and dysfunction. BBB: Blood–brain bar- 
rier; SAE: Sepsis-associated encephalopathy. 
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clonus, restlessness, tachypnea, seizures, paratonic rigidity, ex-
ensor plantar responses, and flexor or extensor posturing [ 4 , 5 ].
ore importantly, SAE can cause long-term cognitive dysfunc-

ion, which affects the following: working memory, attention,
nd task switching (the cortical connection between the frontal
nd parietal lobes); language learning and memory (hippocam-
us and adjacent hippocampus back); and fluent speech and lan-
uage (prefrontal cortex) [6] . Approximately, 45% and 10% of
he patients with sepsis continue to have long-term cognitive
ysfunction 1 year and 3 years after discharge, respectively. Im-
ortantly, impairment of cognitive functions (e.g., inattention
nd memory decline) may persist even 6 years after recovery
 6 , 7 ]. It has been shown that SAE increases the risk of suicide
ithin 2 years after recovery [8] . These psychological and cog-
itive disorders drastically impact the quality of life and daily
ctivities of patients with SAE. 

athogenesis 

SAE is an inflammatory response to sepsis-induced systemic
nfection. During the inflammatory cascade, impaired fibrinol-
sis activates the pro-coagulant pathways, thereby resulting
n excessive fibrin deposition. This reduces the activity of ac-
ivated protein C, anti-thrombin, and tissue factor inhibitor,
eading to micro-circulation thrombosis through impairment
f anti-coagulant pathways and tissue hypo-perfusion. Arterial
ypotension, reduced red blood cell deformability, and oxida-
ive stress-induced mitochondrial damage also contribute to the
mpairment of tissue oxygenation [ 9 , 10 ]. The neuroinflamma-
ion and oxidative stress lead to tissue hypoperfusion through
oss of cerebral endothelial barrier integrity, resulting in cell
rogrammed death and end organ damage. It has been estab-
ished that these factors are associated with acute septic en-
ephalopathy and long-term neurocognitive sequelae [11] . Po-
ential pathophysiologic mechanisms leading to SAE are sum-
arized in Fig. 1 . 

ctivation of inflammation 

Tumor necrosis factor- 𝛼 (TNF- 𝛼) and interleukin-6 (IL-6) are
he most important inflammatory factors in the early stages
f sepsis. TNF- 𝛼 can cause neutrophil infiltration in brain tis-
ue and nerve cell apoptosis, brain tissue edema, and dysfunc-
ion of the blood-brain-barrier (BBB). These effects severely im-
air dopamine, norepinephrine, and serotonergic neurotrans-
ission in the central nervous system (CNS), leading to cog-
itive decline [12] . IL-6 also plays a vital role in SAE. In glial
ells, IL-6 increases the expression of cyclooxygenase 2 (COX-
) and prostaglandin synthesis, particularly associated with
he hypothalamic-pituitary-adrenal axis and prostaglandin E2
hase. These changes eventually lead to fever and changes in be-
avior [13] . High mobility group protein B1 (HMGB1) is a pro-
nflammatory factor with three redox subunits, namely disul-
de, thiol, and sulfonyl [14] . Disulfide HMGB1 inhibits the cell
urface receptor complex myeloid differentiation 2 (MD2)-toll-
ike receptor 4 (TLR4), promotes the release of TNF- 𝛼 and IL-6,
nd further aggravates the inflammatory response [15] . HMGB1
lso plays a vital role in the late stage of sepsis. Sepsis can in-
rease the level of HMGB1 in the blood circulation of patients,
hich is closely related to mortality in hospitals [16] . Studies
91 
ave shown that intraperitoneal injection of lipopolysaccharide-
ctivated microglia was accompanied by an expression of cellu-
ar TLRs in host cells. This may induce systemic inflammation
hrough the upregulation of pro-inflammatory factors, such as
NF- 𝛼 and IL-1 𝛽. In turn, this process promotes the release of
lood mediators, such as prostaglandins, leukotrienes, platelet-
ctivating factor, and phosphatase A2. These mediators induced
eakage by damaging the endothelial cells of capillaries and
mall blood vessels. They also activate the generation of nitric
xygen from macrophages and neutrophils, causing vasodilation
nd reducing blood pressure. These alterations lead to hypoper-
usion in the brain, eventually causing SAE [ 17 , 18 ]. 

itochondrial dysfunction and oxidative stress 

Mitochondria is the main site of oxidative phosphorylation,
here energy is produced for the metabolism of cells. Stud-

es have shown that sepsis can destroy mitochondria, result-
ng in damage to the respiratory chain, reduction in energy
roduction, and excessive production of free radicals. A study
howed that reduced mitochondrial oxidative phosphorylation
nd overproduction of reactive oxygen species (ROS) were de-
ected in septic cells. Most importantly, ROS-induced oxidative
tress causes mitochondrial dysfunction in neurons by altering
he membrane potential of mitochondria and nitration of mi-
ochondrial proteins [19] . These pathological changes limited
he energy production and induced apoptosis in the cells, which
ltimately affected the recovery of patients with sepsis [20] . Mi-
ochondrial dysfunction can also promote the occurrence of sep-
ic shock and even cause multiple organ dysfunction syndromes,
orming a vicious circle [21] . Therefore, mitochondrial dysfunc-
ion may play an important role in the pathogenesis of SAE. 

Following the occurrence of SAE, NADPH oxidase 2 (NOX2)
an mediate the production of ROS, increase hippocampal ox-
dative stress, and impair cognitive function [22] . SAE also
auses an imbalance in the cascade of lipid peroxidation reac-
ions and reverses the cellular protective effects of antioxidants
n the cerebrum, blood vessels, and functional tissues [23] . Wu
t al. [24] found that increased production of ROS in the hip-
ocampus further caused neuronal apoptosis and increased in-
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ammation in an SAE model. The inflammatory response and
OS promote each other, causing lipid peroxidation and oxida-

ive damage to proteins and DNA, eventually resulting in cell
amage and death [25] . 

erebral microcirculation and BBB disorders 

The integrity of cerebral microcirculation and the BBB is es-
ential for maintaining the normal function of the brain. De-
reased microcirculation and damaged cerebral microvascula-
ure are key features of cerebral microcirculatory abnormalities,
bserved during both the onset and progression of SAE [26] . A
rowing body of evidence has shown that abnormal cerebral
icrocirculatory in sepsis is a major cause of SAE. In an SAE
odel induced by sheep peritonitis, damaged cerebral vascu-

ar endothelial cells triggered dysfunction of brain microcircu-
ation, thereby reducing cerebral perfusion and cerebral oxygen
ension [27] . 

The activation and dysfunction of endothelial cells could af-
ect the microcirculation and integrity of the BBB, playing an
mportant role in the pathogenesis of SAE [28] . Activated en-
othelial cells release pro-inflammatory mediators and nitric ox-
de, which interact with surrounding brain cells. This process
eads to the occurrence of inflammation in the brain tissue and
ncreases the expression of adhesion molecules and TLR4. Acti-
ated lymphocytes and neutrophils adhere to the microvessels
f the CNS, causing encephalitis symptoms. In addition, the acti-
ation of endothelial cells can cause dysfunction of blood coag-
lation, further causing brain tissue microcirculation disorders,
s well as abnormal nutrient supply and metabolism. This may
ead to cerebral ischemia and hemorrhage, which could aggra-
ate brain tissue damage during SAE [29]. 

The disintegration of the BBB is one of the main causes of
epsis-induced cerebral dysfunction and systemic damage. Nor-
ally, the BBB protects brain tissue from various harmful factors

nd creates a tightly controlled nerve cell microenvironment.
he astrocyte end-feet encircling endothelial cells and pericytes
aintain the integrity of the BBB. During the pathological pro-

ess of sepsis, the dysfunction of endothelial cells and destroyed
BB allow neurotoxic factors to enter the brain tissue. Stud-

es have revealed that endotoxemia may result in the destruc-
ion of tight junctions of the BBB in endothelial cells and the
eparation of pericytes in the hippocampus [30] . Neutrophils
re essential for the host defense system; however, an excessive
umber of neutrophils generate toxic inflammatory intermedi-
tes, which induce the damage mechanisms of sepsis. SAE can
lter neutrophil-integrin interactions as well as neutrophil re-
ruitment and migration, thereby impairing the transendothe-
ial electrical resistance and integrity of the BBB. This path-
ay is mediated by the zonula occludens-1 (ZO-1) and occludin

n tight junction and cadherin junction complexes of the BBB.
his process is regulated by the protein kinase C-delta (PKC 𝛿) of
he PKC super-family [31] . Moreover, sepsis-induced oxidative
tress due to the overexpression of superoxides and hydroper-
xides and disrupted the normal functions of electronic trans-
ort chains and mitochondrial respiration. These effects induced
ong-term oxidative damage to endothelial cells and overexpres-
ion of matrix metalloproteases, resulting in degradation of the
xtracellular matrix and alteration of the basement membrane
92 
ormation in the BBB [32] . Disruption and leakage of the BBB
ead to neuronal cell damage and eventually death. 

Thus, targeting the intermediate mechanisms involved in
erebral microcirculation disorders and BBB disruption may
ead to the development of innovative and effective treatment
trategies against SAE. 

rain damage and cell programmed death 

Magnetic resonance imaging (MRI) of the brain in patients
ith sepsis shows atrophy and abnormal low-density shadows

n the peri ‑ventricular white matter, accompanied by brain tis-
ue swelling. These findings suggest that SAE can cause direct
amage to brain tissue [33] . Neuron-specific enolase (NSE) is
n enolase involved in the cytoplasmic glycolysis pathway in
eurons and neuroendocrine cells. Following damage to brain
issue, NSE is released into the blood and cerebrospinal fluid,
nd its concentration increases significantly [15] . The S100 pro-
eins, mainly including S100 𝛼 and S100 𝛽, refer to a type of
alcium-binding proteins in the nervous system with low molec-
lar weight. At the physiological concentration, S100 𝛽 protein
xerts a neurotrophic effect; in contrast, at high concentrations,
100 𝛽 protein is neurotoxic. This protein can increase the cere-
ral susceptibility to ischemia and hypoxia and trigger neu-
onal apoptosis. Studies have shown that the concentrations of
SE and S100 𝛽 were significantly increased in the serum of
atients with SAE vs. those without SAE (96.6 ± 8.9 mg/L vs.

.0 ± 1.3 mg/L, respectively, P < 0.001; and 10.5 ± 2.4 mg/L
s . 0.9 ± 0.1 mg/L, respectively, P < 0.001). However, the sen-
itivity and specificity of S100 𝛽 in the diagnosis and prognosis
f SAE were higher than those of NSE [ 34 , 35 ]. 

Brain cells are susceptible to oxidative stress damage. Dam-
ge caused by oxidative stress was observed in multiple brain
reas of septic rats, particularly in the hippocampus and cortex
29] . Patients with SAE often develop long-term cognitive dys-
unction during the recovery period, indicating that SAE may
lso indirectly trigger the destruction of brain cells. In addition,
tudies have shown that sepsis caused neurodegenerative dis-
ases in animals. Similar to Alzheimer’s disease, the effects in-
luded an increase in the levels of amyloid-beta peptide in the
ippocampus [36] . The above studies suggested that the patho-
enesis of SAE is closely associated with both direct and indirect
rain damage. 

Increased neuronal apoptosis had been found in the hip-
ocampus during SAE, causing severe neurocognitive impair-
ents [37] . In a cecal ligation and puncture (CLP) sepsis rat
odel, increased levels of Bcl-2-associated X (Bax) and de-

reased levels of Bcl2 were observed in hippocampal and cor-
ical cells [38] . The phosphatidylinositol 3-kinase/protein ki-
ase B (PI3K/AKT) pathway plays an important role in sepsis-
nduced neuronal apoptosis. AKT phosphorylation alleviated
itochondrial damage, oxidative stress, and neuroinflamma-

ion and attenuated SAE-induced neuronal apoptosis by in-
reasing the expression of Bcl-2 and suppressing that of Bax
39] . Omi/high-temperature requirement A2 (Omi/HtrA2) is
 proapoptotic serine protease involved in caspase-dependent
nd caspase-independent cell apoptosis. Studies have found that
CF-101, a specific inhibitor of Omi/HtrA2, has neuroprotective
ffects by reducing cerebral oxidative injury and cognitive im-
airment in septic rats. This evidence revealed the involvement
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f a mitochondria-dependent apoptotic pathway [40] . Activa-
ion of the P38-mitogen-activated protein kinase (P38-MAPK)
ignaling pathway was observed in sepsis-induced cerebral dam-
ge. A P38-MAPK inhibitor diminished the CLP-induced apop-
osis in cortical and hippocampal cells, indicating its key role in
his process [38] . 

Autophagy also plays an important role in SAE-induced
ell programmed death. The intracellular autophagic flux was
nhanced through the increased expression of autophagic
arkers and microtubule-associated proteins 1A/1B-light chain
B (LC3B) and decreased expression of sequestosome 1/P62
SQSTM1/P62) in SAE [41] . Similarly, hippocampal mam-
alian target of rapamycin (mTOR) activation was associated
ith sepsis-induced cognitive dysfunction in a CLP model [42] .
ecently, a study demonstrated that increased activation of cas-
ases was associated with an elevated Bax/Bcl2 ratio, suggesting
ross-talk between the autophagy and apoptosis pathways [43] .

Studies have shown that NLR pyrin domain-containing
/caspase-1 (NLRP3/CASP1)-mediated pyroptosis induced the
aturation of inflammatory cells and cognitive dysfunction in
ice with SAE. Club cell protein 16 (CC16), a secretory protein,

lleviated CLP-induced cerebral damage by inhibiting cellular
yroptosis and apoptosis and activating autophagy via the P38-
APK signaling pathway. These observations indicated that the

38-MAPK signaling pathway is essential in sepsis-induced cell
rogrammed death [ 38 , 44 ]. 

eurotransmitter abnormality 

Studies have shown that the levels of brain-derived neu-
otrophic factor (BDNF) in hippocampal tissue of septic animals
ere significantly decreased. This was accompanied by a signif-

cant decrease in cognitive function, suggesting that BDNF plays
 vital role in the pathogenesis of SAE [45] . Jeremias et al. [45]
sed donepezil, a long-acting and reversible cholinesterase in-
ibitor, to increase cholinergic transmission. They found that
onepezil could significantly improve the memory and recogni-
ion of mice with sepsis-induced by CLP. While the cholinergic
ransmission was reduced in vesicular acetylcholine transporter-
nockdown (VACht-KD) gene mice, aggravation of the above
ymptoms of sepsis was noted. This suggested that damage to
he cholinergic nerve pathway may be related to the pathogen-
sis of sepsis. Li et al. [46] found that the levels of serotonin (5-
ydroxytryptamine [5-HT]) were significantly increased in the
lasma of septic mice, which in turn increased the permeabil-
ty of cerebral vascular endothelial cells. It has been shown that
aroxetine, which is used to inhibit the 5-HT transporter and re-
uce its uptake rate, reduced cerebral microvascular perfusion
nd improved microvascular dysfunction. Hence, the dysfunc-
ion of neurotransmitters plays an important role in the patho-
enesis of SAE. Nevertheless, the mechanisms involved in this
rocess remain unclear. Thus, further investigation in this area
s warranted. 

Septic shock leads to severe hypoperfusion, causing an
mbalance in the oxygen requirement in the brain, cellular
etabolism, and energy production. It also impairs the func-

ion of the microvasculature and induces cerebral hypoxia,
hereby culminating in neuronal cell death and long-term cog-
itive dysfunction. Numerous studies are focusing on the inter-
lay between cell programmed death, neuroinflammation, ox-
dative stress, BBB dysfunction, and neurotransmitter pathways.
93 
onetheless, there is a lack of comprehensive studies investi-
ating the link between these causative factors and cognition in
AE. The research focused on the P38-MAPK signaling pathway
ay provide a new therapeutic strategy against SAE. 

iagnosis 

SAE is an exclusive diagnosis. Before the diagnosis of SAE,
he influence of drugs must be ruled out. Subsequently, other
otential causes of encephalopathy, such as primary diseases of
he CNS and abnormal brain function caused by dysfunction of
ther organs (e.g., liver, kidneys, lungs, and heart), should also
e excluded. Sedative drugs are often used in patients with sep-
is; however, this treatment may mask symptoms, such as ner-
ous system disorders. The diagnosis of SAE requires the iden-
ification of brain dysfunction, which mainly depends on the
xamination of clinical electrophysiological and biochemical in-
icators. In clinical practice, the Glasgow Coma Scale score, ICU
elirium assessment method, and assessment of the adaptability
o the ICU environment are often used to determine the mental
tate of a patient, as well as the course of SAE and its prognosis
33] . In addition, cranial computed tomography (CT), MRI, and
EG are often used as auxiliary tools for the diagnosis of SAE
 Table 1 ]. Although CT and MRI lack specificity, they can rule
ut brain dysfunction caused by other reasons. Recently, evi-
ence from MRI studies showed heterogeneous patterns of brain
njury in patients with acute-stage SAE, including ischemic le-
ions, white matter hyperintensities, edema, brain atrophy, focal
emorrhages, and changes in brain volume [47–51] . 

Compared with CT and MRI, EEG can be used as a sensitive
ool for the diagnosis of SAE, particularly in the early stage.
he EEG of patients with SAE showed progressive retardation
bout the level of consciousness through theta, delta, or tripha-
ic waves (TWs), burst suppression, and periodic epileptiform
ischarges (PEDs) or nonconvulsive status epilepticus (NCSE)
 52 , 53 ]. The rate of mortality increased with the severity of EEG
bnormalities: 36% mortality with evidence of delta wave; 50%
ortality with TWs; and 67% mortality with burst suppression.
nder continuous EEG monitoring, the incidence of subclinical

eizures in the presence of sepsis in patients is < 10% [ 52 , 54 , 55 ].
Some laboratory test indicators in the serum of patients with

AE (e.g., NSE and S100 𝛽) can be used as a supplementary stan-
ard for the diagnosis of SAE; nevertheless, the specificity of
SE and S100 𝛽 remains controversial [15] . The differential di-
gnosis of SAE includes CNS infection due to bacteria, viruses,
ungi or parasitic meningitis, epidural or subdural empyema,
rain abscess, immune-related encephalitis, alcohol or drug poi-
oning, status epilepticus without convulsions, Wernicke en-
ephalopathy, reversible posterior encephalopathy syndrome,
erotonin syndrome, and malignant catatonia [ 17 , 38 ]. 

linical Treatments 

Currently, there is no specific etiological treatment, symp-
omatic treatment, or supportive therapy for SAE. The discov-
ry and elimination of reversible pathogenic factors (e.g., hy-
oxemia, hypercapnia, hypotension, hyperthermia or hypother-
ia, liver renal dysfunction, and metabolic or electrolyte distur-

ances) may be a reasonable therapeutic strategy against SAE.
n the early stage of SAE, the source of infection should be
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Table 1 

Diagnostic findings in SAE. 

Author and year Number of patients Diagnostic method Findings 

Young et al. 1992 [ 52 ] 62 EEG Severity of SAE associated with severity of EEG abnormalities 
Delta and suppression associated with mortality 
TWs associated with mortality 

Sharshar et al. 2007 [ 50 ] 9 MRI White matter hyperintensities; Ischemic lesions 

Suchtya et al. 2010 [ 47 ] 64 CT/MRI White matter hyperintensities 
Brain atrophy 
Edema 
Focal hemorrhages 

Polito et al. 2013 [ 48 ] 71 MRI/EEG White matter hyperintensities 
Ischemic lesions 
Malignant EEG pattern associated with chronic 
leukoencephalopathy and acute brain ischemia 

Sutter et al. 2013 [ 53 ] 105 EEG Theta/delta associated with the poor outcome 
TWs associated with more severe alteration of consciousness and 
with higher mortality 

Kurtz et al. 2014 [ 55 ] 154 cEEG PEDs persisting for > 24 h associated with the poor outcome 
NCSE associated with poor outcome 

Orhun et al. 2020 [ 49 ] 93 MRI MRI white matter hyperintensities 
Ischemic lesions 
Brain atrophy (limbic structures) 

CT: Computed tomography; cEEG: Continuous electroencephalography; EEG: Electroencephalogram; MRI: Magnetic resonance imaging; NCSE: Nonconvulsive status 
epilepticus; PEDs: Periodic epileptiform discharges; SAE: Sepsis-associated encephalopathy; TWs: Triphasic waves. 
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romptly determined, and appropriate therapy should be ad-
inistered. Delirium should be actively treated, and supportive

reatment is also necessary [56] . Clinical studies have revealed
hat insulin therapy exerts a neuroprotective effect in SAE [17] .
n addition, an SAE animal model study found that inhibition of
he induction of conductive nitric oxide synthase could prevent
ipopolysaccharide-induced apoptosis in neuronal cells [13] . A
arge, multicenter, randomized clinical trial showed that treat-
ent with a typical anti-psychotic (haloperidol) or an atypi-

al anti-psychotic (ziprasidone) did not shorten the duration of
elirium or coma in patients compared with placebo. There were
lso no significant differences in mortality, ICU stay, or hospital
tay [57] . Compared with lorazepam, dexmedetomidine showed
europrotective effects in patients with sepsis, namely inhibi-
ion of neuronal apoptosis, reduction in the sepsis-associated in-
ammatory response, and more delirium-free days [58] . Treat-
ent with a combination of anti-inflammatory and anti-oxidant

actors may reduce sepsis-associated pathological changes in the
rain by blocking the P38-MAPK signaling pathway. Addition-
lly, the use of the PKC 𝛿 inhibitor alleviated sepsis-induced dam-
ge to the BBB. Hence, it may be useful in attenuating sepsis-
nduced degeneration of the BBB [31] . UCF-101, a specific in-
ibitor of Omi/HtrA2, exerted neuroprotective effects on cere-
ral oxidative injury and cognitive impairment in septic rats,
evealing the involvement of a mitochondria-dependent anti-
poptotic pathway in SAE [40] . Although numerous potential
herapies have been tested at the experimental level, there are
o specific treatment strategies available thus far. In addition,
urther clinical studies with larger sample sizes are warranted
o verify the clinical benefits of such treatments. 

onclusion 

SAE is the most common brain disease in the ICU, and it is
haracterized by various clinical manifestations, lack of special
iagnostic and treatment methods, and unclear pathogenesis.
94 
herefore, prompt diagnosis (through careful history inquiry,
hysical examination, and auxiliary examinations) and treat-
ent of SAE are essential. Although numerous studies have in-

estigated the pathogenesis and strategies for the prevention
nd treatment of SAE, this condition remains a serious clin-
cal concern. Neuroinflammation, mitochondrial dysfunction,
erebral microcirculation and BBB disorders, neuronal cell pro-
rammed death, and neurotransmitter abnormalities have been
ssociated with sepsis. Therefore, clinical research should fo-
us on discovering targets and therapies for these conditions.
oreover, rather than aiming at the resolution of symptoms, tar-

eting the vicious cycle of interlinked mechanisms during SAE
ay be a novel effective therapeutic and prophylactic strategy

gainst SAE. However, additional large-scale clinical research is
arranted to examine the clinical benefits of this approach. An

n-depth study of the pathogenesis of SAE may provide useful
nformation for the diagnosis and treatment of this condition. 
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