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Abstract Sepsis is a systemic inflammatory response syn-
drome occurring secondary to infection and labeled severe
when end organ dysfunction or tissue hypoperfusion tran-
spires. Sepsis-associated mortality remains high among criti-
cally ill patients, with chronic disease and immunosuppression
being the most common risk factors. Studies demonstrate that
early recognition and treatment are vital to decreasing mortal-
ity. Some of the least understood effects of sepsis are the
associated neurologic complications. The peripheral nervous
system (PNS) has gained most consideration and thought,
largely due to dependence on mechanical ventilation.
Central nervous system (CNS) complications related to sepsis
have only more recently gained attention but continue to go
unnoticed. Aside from the clinical examination, electroen-
cephalography (EEG) is a sensitive tool for prognostication
or uncovering non-convulsive seizures in encephalopathic pa-
tients. Further studies are needed to further define the urgency
of'a prevention and treatment plan for the deleterious effects of
sepsis on the PNS and CNS.
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Introduction

The neurology of sepsis encompasses a wide array of clinical
syndromes including septic encephalopathy, seizures, cere-
brovascular events, and neuromuscular disorders that increase
mortality and length of intensive care unit (ICU) stay in the
critically ill population.

Sepsis, also known as endotoxemia, is a systemic inflam-
matory response to a suspected or known infection manifested
clinically by two or more of the following: temperature >38 or
<36 °C, heart rate >90 beats/min, respiratory rate >20 breaths/
min or PaCO, <32 mm Hg, and leukocyte count >12,000/
mm°>, <4000/mm?, or >10 % bands. Severe sepsis occurs
when it results in end organ dysfunction or tissue hypoperfu-
sion which can manifest as but not limited to a lactic acidosis
or oliguria. SepsisOinduced hypotension, defined as systol-
ic blood pressure (SBP) <90 mm Hg, mean arterial pres-
sure (MAP) <70 mm Hg, or SBP reduction of more than
40 mm Hg or two standard deviations below normal for
patient’s age, despite adequate fluid resuscitation is de-
fined as septic shock [1, 2¢°].

Epidemiology

Sepsis represents the 11th leading cause of death in the USA
and 7 % of all childhood deaths [3]. Severe sepsis accounts for
2 % of all hospital admissions and 10 % of all ICU admissions
in the USA with a worldwide incidence up to 19 million per
year, accounting for 10-50 % of deaths among ICU patients
[1, 4]. Incidence remains highest among infants and the elder-
ly, African-Americans, and males [4]. The most common risk
factors for severe sepsis include history of chronic disease
such as cancer or diabetes mellitus and use of immunosup-
pressive agents [4]. Genetic factors likely play a role as well,
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although no strong evidence currently supports this.
Advanced age (>65 years), bacteremia, ICU admission, and
community-acquired pneumonia also increase the risk for sep-
sis [S¢]. Mortality rates vary internationally, but regardless of
geography, the mortality risk arises early and persists for
years, reducing the mean life span by 4 to 5 years [6].
Premorbid health status, acute organ dysfunction, and devel-
opment of acute respiratory distress syndrome (ARDS) are
recognized as independent predictors of long-term mortality
[6]. Those who survive suffer from physical, emotional, and
cognitive burdens.

Infectious sources are community- and/or health-care-
acquired; pneumonia remains the leading cause of severe sep-
sis, followed by intra-abdominal and urinary tract infections
[4]. Besides infected wounds, other sources include pelvic and
gastrointestinal tract infections, and contaminated central ve-
nous catheters. A third of positive blood cultures are isolated,
with Gram-negative organisms, including Escherichia coli,
Klebsiella species, and Pseudomonas aeruginosa, remaining
the leading culprit of severe sepsis, followed by Gram-
positive organisms and then fungi. The most common
Gram-positive isolates are Staphylococcus aureus and
Streptococcus pneumonia [4, 6].

Early clinical detection and treatment are key to reducing
sepsis-associated mortality. As outlined by the Surviving
Sepsis Campaign Guidelines and more recently by the
Process and ARISE trials, early recognition of sepsis using
systemic inflammatory response syndrome (SIRS) criteria,
early administration of antibiotics, and early volume resusci-
tation decrease mortality when applied within 3 h. Lack of
need for invasive monitoring and strict transfusion thresholds
were confirmed with recent studies when no significant dif-
ferences in 60-day hospital mortality were shown between
protocol-based early goal directed therapy (EGDT) group
and standard therapy [2ee, 7ee, 8e°].

Clinical Manifestations

Clinical manifestations are dependent on several factors
including site of infection, causative organism, premorbid
health status, and acute organ dysfunction [4]. The cardio-
vascular and respiratory systems are most commonly af-
fected in the setting of severe sepsis. Acute kidney and
liver injury, hyperglycemia, coagulopathy, thrombocyto-
penia, and adrenal and thyroid dysfunction may also oc-
cur during severe sepsis. Central nervous system (CNS)
dysfunction can manifest as hyperactive or hypoactive
delirium, seizures, and cerebrovascular events in the set-
ting of severe sepsis. Even after surviving sepsis to hos-
pital discharge, patients may continue to suffer from
neurocognitive decline.
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Pathophysiology

During severe sepsis, inflammatory cells including phagocytic
cells of the innate immune system and lymphocytes of the
adaptive immune system become dysfunctional. Pro-
inflammatory and anti-inflammatory mediators released to
eliminate a localized infection result in a systemic host re-
sponse which leads to organ injury and secondary infection.
Pro-inflammatory mediators comprised of cytokines,
chemokines, prostaglandins, and nitric oxide are thought to
be responsible for tissue damage as they attempt to eradicate
the causative pathogen while anti-inflammatory processes
which limit local and systemic injury lead to secondary infec-
tions. The systemic response in each patient differs based on
the causative pathogen’s virulence and microbial load as well
as host factors including age, genetics, coexisting chronic ill-
nesses, and immunosuppression [9].

The systemic inflammatory response begins with the inter-
action of the outer membrane component of pathogens, such
as lipopolysaccharide (LPS), lipid A, or endotoxin for Gram-
negative organisms, with Toll-like receptors expressed by host
cells. This leads to the production of pro-inflammatory cyto-
kines, TNF-«, and IL-1B which in turn trigger a release of
prostaglandins, leukotrienes, platelet activating factor, and
phospholipase A,. These mediators cause capillary leakage
by damaging the endothelial lining; septic shock ensues due
to vasodilation secondary to activated macrophages and neu-
trophils releasing nitric oxide [4].

During the inflammatory cascade, impaired fibrinolysis,
activation of pro-coagulant pathways with excess fibrin depo-
sition mediated by tissue factor, and impairment of anticoag-
ulant pathways due to reduced activity of activated protein C,
antithrombin, and tissue factor inhibitor result in microvascu-
lar thrombosis causing tissue hypoperfusion. Loss of endothe-
lial barrier integrity also leads to tissue hypoperfusion,
resulting in end organ damage. Arterial hypotension, reduced
red blood cell deformability, and mitochondrial damage due to
oxidative stress also contribute to impaired tissue oxygenation
also leading to organ failure [4, 9].

The neurotoxic effects of these pro-inflammatory media-
tors have been well documented, producing not only an acute
septic encephalopathy but also long-term neurocognitive se-
quelae [10].

Sepsis-Associated Encephalopathy

Definition

Sepsis-associated encephalopathy (SAE) also known as
sepsis-associated delirium or acute brain dysfunction is a dif-

fuse cerebral dysfunction as a consequence of the systemic
inflammatory response to an infection as opposed to septic
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encephalopathy which refers to a distinct cerebral infection. A
lumbar puncture is necessary to make this distinction and rule
out underlying meningitis or encephalitis. SAE is a life-
threatening yet reversible deterioration of mental status due
to underlying sepsis and/or other contributing factors includ-
ing sedation, antimicrobial treatment, associated comorbidi-
ties, preexisting psychiatric, or neurologic disease and remains
an independent predictor of death and long-term cognitive
impairment [11, 12, 13¢].

Incidence and Risk Factors

The prevalence of SAE remains controversial. SAE is fre-
quently encountered in critically ill patients in ICUs, and in
up to 70 % of patients with severe systemic infection [14e¢]. In
one single-center study, SAE was found in 41 of 232 septic
patients (17.7 %) [15]. Its prevalence varies depending on
how it is defined and assessed; as neurointensivists implement
EEG testing, the prevalence increases significantly [16].
Patients with intestinal and biliary tract infections caused by
S. aureus, Enterococcus faecium, Acinetobacter species, and
P aeruginosa, and patients with neurodegenerative disorders
such as Parkinson’s disease, Alzheimer’s disease, cerebral pal-
sy, or traumatic brain injury have an increased risk of devel-
oping SAE [15] (Table 1).

Clinical Features and Ancillary Tests

The first manifestation of SAE is an acute change in mental
status, ranging from inattention, disorientation, agitation, som-
nolence, stupor, and coma. The severity of encephalopathy
correlates with mortality. Other clinical features of SAE in-
clude roving eye movements, asterixis, tremor, multifocal my-
oclonus, restlessness, tachypnea, seizures, paratonic rigidity,
extensor plantar responses, and flexor or extensor posturing
[5¢].

The EEG can show progressive slowing in correlation with
the level of consciousness and may demonstrate theta, delta,
or triphasic waves, burst suppression, and periodic epilepti-
form discharges (PLEDS) or electrographic seizures. The
mortality increases with severity of EEG abnormalities:
36 % mortality with evidence of delta wave, 50 % mortality
with triphasic waves, and 67 % mortality with burst suppres-
sion. The incidence of subclinical seizures in the scenario of
sepsis is less than 10 % in patients under continuous EEG
monitoring [17, 18e¢].

Neuroimaging studies are usually normal, but some pa-
tients can show multiple ischemic strokes in different vascular
territories from septic emboli, multifocal subcortical white
matter lesions (diffuse leukoencephalopathy), and posterior
reversible encephalopathy syndrome (PRES) [19, 20]. A lum-
bar puncture (LP) is indicated to rule out meningitis or acute
encephalitis; the cerebrospinal fluid (CSF) will usually

Table 1  Sepsis-associated encephalopathy risk factors

Sepsis-associated encephalopathy risk factors

Critically ill patients in intensive care units
Patients with multiple microorganisms on blood cultures

Biliary tract infections and intestinal infections caused by Staphylococcus
aureus, Enterococcus faecium, Acinetobacter spp., Pseudomonas
aeruginosa, and Stenotrophomonas maltophilia

Patients with infections caused by Candida albicans
Immunocompromised patients

Neurodegenerative disorders such as Parkinson’s disease, Alzheimer’s
disease

Cerebral palsy or traumatic brain injury

History of sepsis associated encephalopathy in previous hospitalizations

demonstrate a normal or mildly elevated protein level with
normal cell count, normal glucose, negative Gram stain, and
cultures. Patients with SAE may have alteration of latency or
amplitude in the somatosensory-evoked potentials, and some
biomarkers such as neuron-specific enolase and S-100 (3-
protein could be elevated, but they have no correlation with
severity of the clinical presentation; S-100 3-protein, specifi-
cally, has recently shown utility in diagnosing SAE and
predicting the outcome of sepsis, but further studies are need-
ed to evaluate the role of S-100 B-protein in diagnosing
and prognosticating SAE [16, 21, 22]. S100-B levels of
0.131 pg/L were diagnostic for SAE with a reported 67.2 %
specificity and 85.4 % sensitivity (area under the curve was
0.824; 95 % confidence interval 0.750-0.898). Levels of
0.197 pg/L were predictive of hospital mortality with
76.4 % specificity and 64.4 % sensitivity (area under the curve
was 0.730; 95 % confidence interval 0.599—0.806) [22].
Although S-100 B-protein remains a promising biomarker,
studies have yielded conflicting results regarding its use in
monitoring patients with SAE prompting the need for addi-
tional studies.

Differential Diagnosis

The differential diagnosis of SAE include acute CNS infec-
tions such as bacterial, viral, fungal, or parasitic meningitis,
epidural or subdural empyema, brain abscess, immune-
mediated encephalitis, alcohol or drug intoxication/withdraw-
al, non-convulsive status epilepticus, Wernicke encephalopa-
thy, PRES, serotonin syndrome, neuroleptic malignant syn-
drome (NMS), and malignant catatonia [5¢].

Treatment and Prognosis
There is no specific treatment for SAE. Management should

be focused on treating the underlying infectious process
complemented with general measures. Minimizing or

@ Springer



21 Page4of 10

Curr Neurol Neurosci Rep (2016) 16: 21

discontinuing analgesics or sedatives is done as soon the pa-
tient can tolerate. Identifying and eliminating reversible fac-
tors such as hypoxemia, hypercapnia, hypotension, hyperther-
mia or hypothermia, hepatic or renal dysfunction, and meta-
bolic or electrolytic disturbances is also necessary. Scant evi-
dence in animal models suggests that inhibition of inducible
nitric oxide synthase (iNOS) could prevent lipopolysaccharide
(LPS)-induced neuronal apoptosis. There are no clinical data,
however, demonstrating good outcome in human models.
Insulin therapy may provide some protection against SAE as
hyperglycemia is associated with increased oxidative stress
and apoptosis. Currently, the main goal of treatment remains
control of sepsis [21, 23-26].

Critical Illness Polyneuropathy and Myopathy

The systemic inflammatory response elicited by critical illness
can affect the peripheral nerves, skeletal muscle, or both.
Critical illness polyneuropathy (CIP) and critical illness my-
opathy (CIM) are the most commonly acquired neuromuscu-
lar conditions in the setting of severe sepsis, acute respiratory
distress syndrome, prolonged mechanical ventilation, and ex-
posure to neuro/myotoxic agents, reaching a risk of 25-45 %
in ICU patients and up to 100 % in patients with multiorgan
failure [27¢¢]. Despite the decrease in sepsis-related mortality,
critical-illness-associated weakness continues to climb. Sepsis
has been identified as an independent risk factor for neuro-
muscular disorders with Gram-negative bacteremia being an
independent risk factor [27¢, 28]. Hyperglycemia is also con-
sidered an independent risk factor for CIP or CIM [25]. Many
patients have electrophysiologic and morphologic features of
both, with previous use of corticosteroids or neuromuscular
blocking agents posing higher risk of developing neuromus-
cular dysfunction. CIP and the CIM delay weaning from me-
chanical ventilation and prolong the onset to mobilization,
thus extending the intensive care unit course, placing the pa-
tient at risk for infection and thromboembolism, and in effect
raising ICU costs [28-30].

CIP

Although the pathophysiology of CIP in unknown, it is hy-
pothesized that the humoral and cellular responses which in-
duce release of pro-inflammatory mediators produce microcir-
culatory dysfunction resulting in not only end organ failure
but also distal sensory and motor axonal degeneration, con-
sidered a classic electrophysiologic pattern of CIP. Sepsis,
however, may not be the only factor playing a role in axonal
damage. CIP has been associated with other disorders
which may or may not coexist with septic patients:
prolonged mechanical ventilation, renal replacement ther-
apy, hyperglycemia, catecholamine administration, vita-
min deficiencies, metabolic derangements, severe burns,
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immunologic disorders, Guillain—Barré syndrome (GBS),
certain antibiotics (e.g., gentamicin), neuromuscular
blocking agents, changes in osmolality, toxin-producing
bacteria, female gender, and old age [31-34].

CIP or CIM or both are often preceded by SAE and, there-
fore, sensory testing is unreliable. They should be suspected in
patients with weakness and difficulty weaning from the me-
chanical ventilator due to phrenic nerve involvement and dia-
phragmatic and intercostal muscle weakness [35]. Physical
examination findings of CIP include weaning failure, sym-
metric atrophy, flaccid quadriparesis with lower extremity dis-
tal muscles most severely affected, sparing of cranial nerves
and facial muscles, and reduced or absent reflexes; approxi-
mately one third of patients have retained reflexes [36].
Responsive patients will have distal loss of pain, temperature,
and vibration sense. Nerve conduction studies (NCSs) of up-
per and lower extremities and the phrenic nerve, when respi-
ratory neuromuscular failure is considered, and repetitive
nerve stimulation should be completed, demonstrating re-
duced compound motor action potential (CMAP) and sensory
nerve action potential (SNAP) amplitudes; conduction veloc-
ity is normal or near normal. Needle electromyography
(EMG) demonstrates reduced recruitment of motor unit po-
tentials and abnormal spontaneous activity, at times accompa-
nied by fibrillation potentials and positive sharp waves [28,
29]. Abnormalities can be detected as early as 48 h into the
critical illness period [37].

Nerve biopsy shows a non-inflammatory distal axonal de-
generation of motor and sensory nerves; normal histology is
associated with rapidly reversible neuropathies.
Chromatolysis of anterior horn cells and degeneration of dor-
sal root ganglion cells have also been described as a secondary
occurrence. Muscle may show denervation atrophy with ne-
crosis, vacuoles, and increased glycogen deposition, suggest-
ing a coexisting CIM [36].

Entrapment neuropathy is also common in the ICU setting.
Loss of subcutaneous fat predisposes the superficial peripheral
nerves to compression, particularly the peroneal nerve at the
fibular head, and the ulnar nerve at the elbow. This can often
be avoided with proper limb positioning, early mobilization,
and minimizing sedation [38, 39].

CIM

If needle EMG demonstrates small motor unit potentials
(MUPs), a concomitant myopathy needs to be considered,
especially if SNAPs are normal. EMG findings most sugges-
tive of a myopathy occur 2—5 days after symptom onset and
include reduced CMAP amplitudes, prolonged CMAP dura-
tion, and preserved SNAPs. NCS will show low-amplitude
CMAPs with normal conduction velocities and distal laten-
cies. Depending on the time course of the illness, CMAP
duration may or may not be prolonged. SNAP amplitudes
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are preserved unless CIP, prior diabetic neuropathy, or limb
edema is present. Three critical illness myopathies have been
identified: non-necrotizing cachectic myopathy, thick filament
myopathy, and acute necrotizing myopathy. Cachectic myop-
athy also known as disuse atrophy is typically a diagnosis of
exclusion with muscle biopsy showing type 2 fiber atrophy.
Thick filament myopathy is often seen in patients requiring
ventilator support, high-dose steroids, or neuromuscular
blocking agents. Focal or diffuse absence of thick myosin
filaments is seen on muscle biopsy. Acute necrotizing myop-
athy is caused by various etiologies, resulting in
myoglobinuria and elevated creatinine kinase (CK) level with
biopsy revealing muscle fiber necrosis. Elevated CK without
other findings is not diagnostic due to low sensitivity [40ee].
Muscle biopsy remains the gold standard for confirming mus-
cle involvement [41, 42¢¢]. To minimize morbidity associated
with open muscle biopsy, obtaining core needle samples for
quantifying myosin/actin ratios via gel electrophoresis has al-
so been proposed for diagnosis of CIM [37].

The predominant clinical features of a myopathy are
weaning failure, flaccid quadriparesis-proximal greater than
distal limb involvement, and weakness of the diaphragm and
neck flexors often with sparing of facial muscles. Although
rare, facial muscles can be involved with occurrence of
opthalmoplegia [27+¢]. Muscle stretch reflexes may be nor-
mal, reduced, or absent [28, 29].

CIM has been reported with the use of corticosteroids in-
cluding methylprednisolone, hydrocortisone, prednisone,
betamethasone, and dexamethasone; the minimal dose and
duration of treatment of steroids resulting in CIM have been
difficult to approximate due to confounding factors limiting
studies (different routes of administration, dosage, drug for-
mulations, and treatment schedules) [36]. The same holds
true of the neuromuscular blockers; the most common
paralytics associated with CIM include pancuronium and
vecuronium but other neuromuscular blockers have also
been implicated [36].

CIP and CIM may coexist in critically ill patients, but CIM
appears to be the most common cause of weakness. Clinically
and electrophysiologically, it may be difficult to differentiate
between the two. The term critical polyneuromyopathy has
therefore emerged. Suffering of both entities has been shown
to be associated with persistent disability; outcome for CIM
has better prognosis compared to CIP in recent data when
assessing patients at 1-year follow-up [43, 44].

Differential diagnosis includes Guillain—-Barré syndrome
(GBS), metabolic or toxic neuropathies, or neuropathies sec-
ondary to nutritional deficiencies [27¢¢].

Treatment of CIP and CIM is aimed at treating the under-
lying critical illness while also preventing decubitus ulcers,
deep vein thrombosis (DVTs), and implementing early mobi-
lization with physiotherapy. Passive and active exercises are
recommended as soon as possible. Avoiding and treating

infection, hyperglycemia or hypoglycemia, hypotension, hyp-
oxemia, electrolyte imbalance, nutritional deficiencies, and
renal failure all play a crucial role in the management of CIP
and CIM [28, 29]. Studies have shown reduction of CIP and
CIM incidence with intensive insulin control which also in-
creases risk of hypoglycemia, increasing mortality among
adults [45¢, 46, 47+]. Insulin carries anti-inflammatory effects,
endothelial protection, and neuroprotective effects in animals
[48]. Electrical muscle stimulation has also been utilized, but
efficacy remains unclear with scarce data and need for ran-
domized trials. Aggressive treatment of sepsis and multiorgan
failure is considered the most effective means in reducing CIP
and CIM incidence [27¢]. Despite treatment, patients contin-
ue to suffer from decreased exercise capacity months to years
after diagnosis [27+]. Some recover after 4 to 12 weeks but
symptoms can be prolonged lasting more than 4 months [36].
(Table 2)

Imaging

Imaging patterns have been shown to indicate an underlying
link between cerebral microvascular dysfunction and sepsis.
Impairment of not only microvascular circulation but also ce-
rebral autoregulation and neurovascular and neurometabolic
coupling leads to a decrease of cerebral perfusion during sep-
sis [49]. In order to maintain the integrity of cerebral blood
flow (CBF), it is prudent to maintain an adequate MAP goal
and pH/paCO, level.

Head CT and brain MRI are often normal in the setting of
severe sepsis or septic shock. However, ischemic lesions,
hemorrhages, infectious/inflammatory (mycotic) aneurysms,
microabscesses, vasogenic edema, and multifocal necrotizing
leukoencephalopathies have all been neuroimaging patterns
associated with sepsis. CNS imaging can help distinguish be-
tween structural lesions, alterations of perfusion and oxygen-
ation due to impaired autoregulation, and treatment-related
effects.

Initial assessment after a neurologic examination is a non-
contrast head CT. Findings related to sepsis may include is-
chemic strokes secondary to septic emboli or cardioembolic
sources, including paroxysmal atrial fibrillation; hemorrhagic
strokes may result from anticoagulation, DIC, or coagulopa-
thy, or subarachnoid hemorrhage (SAH) due to mycotic aneu-
rysm rupture. MRI of the brain particularly diffusion-
weighted restriction sequence has a much higher sensitivity
for detection of cytotoxic cerebral edema, ischemic strokes
(watershed or embolic), and brain abscesses [18¢¢]. Acute
strokes, within 7 to 14 days of onset of sepsis, have been
associated with worse prognosis in these patients [20, 50,
51]. Other CNS findings during sepsis include PRES particu-
larly in patients with predisposing factors such as underlying
autoimmune disorder or those receiving chemotherapy [49].
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Table 2 Differences between
critical illness polyneuropathy
(CIP) and myopathy (CIM)

Differences between critical illness polyneuropathy (CIP) and myopathy (CIM)

CIP

CIM

Motor examination

» Symmetric atrophy

* Flaccid quadriparesis (distal > proximal limb

involvement)

* Sparing of facial muscles

* Reduced or absent muscle stretch reflexes

* 1/3 patients normal muscle stretch reflexes
Sensory examination

« Distal loss of pain, temperature, and vibration
Nerve conduction studies (NCSs)

» Compound motor action potential (CMAP),
reduced amplitude

* Reduced SNAP amplitudes
+ Conduction velocity is normal or near normal
Electromyography (EMG)

» Reduced recruitment of normal MUPs (early)
followed by fibrillation potentials and reduced
recruitment of long-duration, high-amplitude

Motor examination
» Symmetric atrophy

* Flaccid quadriparesis (proximal > distal limb
involvement)

* Diaphragm and neck flexor weakness

» Weakness of facial muscles

* Normal, reduced or absent muscle stretch reflexes
Sensory examination

* Sensation spared
Nerve conduction studies (NCSs)

» Compound motor action potential (CMAP)
reduced amplitude and prolonged duration

* Normal or increased SNAP amplitudes
+ Conduction velocity is normal or near normal
Electromyography (EMG)

* Short-duration, low-amplitude MUPs with early
or normal full recruitment, with or without
fibrillation potentials

MUPs (after weeks)
Nerve biopsy

* Distal axonal degeneration of motor and sensory

nerves

Muscle biopsy
» Non-necrotizing cachectic myopathy
* Thick filament myopathy

* Acute necrotizing myopathy

Survivors of sepsis have been studied to assess chronic
MRI brain changes. Using diffusion tensor imaging and
voxel-based morphometry, a greater degree of atrophy and
white matter changes have been associated with prolonged
duration of previous delirium and worse cognitive outcome
at 1-year follow-up [52—54]. Other studies have shown left
hippocampal atrophy in patients with SAE; this may be ex-
plained by asymmetrical distribution of noradrenaline, a pro-
tective, anti-inflammatory neurotransmitter, that is more prev-
alent within the right hemisphere compared to the left,
explaining why the left hippocampus is more vulnerable to
inflammation secondary to sepsis [53].

EEG

SAE occurs early in the setting of severe sepsis or septic
shock, and its severity is associated with worse outcome. Up
to 20 % of critically ill patients develop seizures, 90 % of
which are non-convulsive [55]. Continuous electroencepha-
lography (cEEG) monitoring is a useful tool in detecting un-
derlying non-convulsive status epilepticus and other EEG ab-
normalities such as triphasic waves, burst suppression,
PLEDs, or generalized periodic epileptiform discharges
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(GPEDs) and can be advantageous in prognostication. It can
also be useful in monitoring level of sedation (Fig. 1).

Most studies looking at EEG patterns in the setting of sep-
sis consist of case series or case control studies, with the ma-
jority being limited studies due to small sample size, retro-
spective designs, selection bias, effect of sedating medica-
tions, and heterogeneous populations. Evidence therefore is
sparse regarding utility of EEG monitoring in the critical care
setting, and recommendations are yet to be defined [56°].
European Society of Intensive Care Medicine (ESICM) rec-
ommendations on the use of cEEG monitoring in critically ill
patients without acute primary brain injury state EEG moni-
toring should be pursued in patients with unexplained im-
paired mental status or other neurologic deficits, particularly
in patients with severe sepsis, renal failure, and/or hepatic
failure graded as a weak recommendation, low quality of ev-
idence [56°¢].

An alpha rhythm or slowing of the alpha rhythm with theta
activity is observed among patients with absent or mild to
moderate encephalopathy such as delirium. Stupor or coma
often correlate with delta activity, triphasic waves, or burst
suppression pattern suggesting severe deep brain impairment
[55]. The presence of slowing with primarily theta-delta activ-
ity and lack of reactivity have been associated with more se-
vere encephalopathy and worse outcome [57]. Acute ischemic
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Fig. 1 A 44-year-old man with urosepsis. EEG demonstrates mild slowing of the background and periodic lateralized epileptiform discharges (PLEDs)

injury has been shown to correlate with focal attenuation or
suppression in prior prospective studies [50]. Triphasic waves
are more common in patients with hepatic failure or sepsis
with or without multiorgan failure [58]. GPEDs were present
in septic patients in a large case control study which was
associated with a prolonged ICU stay; other studies showed
that periodic discharges lasting longer than 24 h were inde-
pendent predictors of poor outcome [59]. Electrographic sei-
zures have also been shown to be independent predictors
of poor outcome and sepsis an independent risk factor for
developing electrographic seizures in two different case
series [18ee, 57].

A retrospective study of MICU patients, 60 % with
severe sepsis, at Columbia University Medical Center
were monitored with cEEG. Twenty-two percent of pa-
tients had either electrographic seizures or GPEDs; 10 %
had electrographic seizures, 67 % of which were non-con-
vulsive, and 17 % with GPEDs. Electrographic seizures
and PEDs were more predominant in patients with sepsis,
32 versus 9 %, and associated with a significant increase
in death or severe disability at hospital discharge after
controlling for other determinants.

A recently published prospective single-center observa-
tional study evaluated cEEG abnormalities in patients with
severe sepsis and impact on outcome [60]. Their findings
showed non-convulsive seizures, and periodic discharges
were common among encephalopathic patients with severe
sepsis but not present in patients with a higher illness severity
score. This could be due to inability of severe brain injury to
generate seizures or discharges or because sicker patients re-
quire intubation and sedation which would treat any

electrographic abnormalities. Lack of EEG reactivity was
more common among patients on continuous sedation and
did impact outcome with higher mortality at discharge and
one year. The study was underpowered to comment on pre-
dictors of functional and cognitive outcome [60].

Despite these studies, there is insufficient evidence to
conclude the significance of periodic discharges and sei-
zures on outcome in septic patients especially due to poor
standardized EEG terminology and pattern identification
in previous years. Nonetheless, it is suggested that
prolonged EEG up to 24 to 48 h is essential to capture
non-convulsive seizures, although large prospective stud-
ies are needed to further evaluate sepsis-associated en-
cephalopathy and EEG patterns.

If status epilepticus is detected on cEEG, it is essential to
rapidly control any seizure activity. A loading dose of an in-
travenously administered antiepileptic drug is administered or
often a combination of drugs is required. In patients with
refractory or super-refractory status epilepticus, the use of an-
esthetic drugs, propofol, or large doses of midazolam is ne-
cessitated. Use of anesthetic drugs can add to a myriad of
systemic dysfunction suffered by septic patients. Propofol in-
fusion syndrome which can result in cardiovascular collapse is
more common in patients treated with a dose greater than
5 mg/kg/h or an infusion ongoing for 3 or more days with
the risk factors of young age, critical illness such as sepsis,
high fat, and low carbohydrate intake, and use of vasopressors
or steroids increasing the threat [61]. Treatment of propofol
infusion syndrome often entails not only stopping the drug but
also renal replacement therapy and even extracorporeal mem-
brane oxygenation (ECMO) at times. Use of lorazepam
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infusions is discouraged due to risk of propylene glycol tox-
icity [62¢]. Side effects of the inhaled halogenated anesthetics
including isoflurane and desflurane are associated with hypo-
tension, infection, and paralytic ileus. Case reports have also
described hemorrhagic leukoencephalitis and bowel infarction
in association with the inhaled anesthetics [63¢].

Systemic manifestations of status epilepticus will also com-
plicate a patient’s ICU course. In the setting of convulsive
status epilepticus, patients can develop a metabolic acidosis
secondary to muscle contraction leading to anaerobic metab-
olism with lactic acid formation. Aspiration pneumonia or
ventilator-associated pneumonia, fever, cardiac arrhythmias,
arterial hypotension secondary to the intravenous anesthetics
or takotsubo cardiomyopathy, neurogenic pulmonary edema,
hyperglycemia, and acute renal failure are all potential system-
ic manifestations of status epilepticus [62¢]. Due to a
prolonged immobile state, patients are high risk for DVTs,
pulmonary emboli, infection (colitis, urinary tract infections,
pneumonia), and pressure ulcers. Poor outcome is associated
with prolonged mechanical ventilation, development of pneu-
monia, or cardiac dysrhythmias [62¢, 64].

Conclusions

Aggressive treatment of sepsis and multiorgan failure are cru-
cial to remedying sepsis-associated encephalopathy and criti-
cal polyneuromyopathy. Both the PNS and particularly CNS
complications of sepsis are often overlooked and escape nec-
essary investigations, largely due to other ongoing systemic
derangements requiring much attention. Imaging using CT
and MRI should be performed to assess for intracranial hem-
orrhage, ischemia, and infection. Diagnostic tools such as
EEG and EMG/NCS are essential means to assess for non-
convulsive seizures and critical polyneuromyopathy, respec-
tively. Because neurocognitive decline and prolonged physi-
cal disability are risks of severe sepsis, early attention and
analysis are imperative. Further studies are needed to assess
which collective therapies should be utilized in the most vul-
nerable patients with severe sepsis to prevent cognitive and
physical disability and predict which early interventions will
impact outcome.
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