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B A C K G R O U N D

Autoimmune encephali t ides (AE) are immunologic diseases of 
the central nervous system (CNS) with or without meningeal and 
peripheral nervous system involvement(1). Earliest reports go back 
to 1934 when cerebellar and spinal degeneration were associated 
with bronchial carcinoma (2). It has since been reported with other 
malignancies and various autoantibodies (3).

The incidence of AE has been increasing over the past decade and is 
now considered a common cause of encephalitis (4). One US study 
found the incidence of AE comparable to that of viral encephalitis 
(5). Patients with AE often require intensive care unit (ICU) level 
care for management of seizures, psychiatric and behavioral symp-
toms, autonomic instability, coma, and respiratory failure (6–10).
Appropriately recognizing ICU patients with AE helps hasten treat-
ment and accordingly improves outcomes (6–11). This review aims 
to provide intensivists with a toolkit to better recognize, diagnose, 
and manage patients with AE in the ICU. 

We will specifically be focusing on the complications of this condi-
tion, which are often encountered in the ICU setting that intensivists 
should be aware of and familiar with their management,  such as 
seizures, altered mental status and behavioral/psychiatric issues, 
respiratory failure, and dysautonomia.
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Features  of  AE can be seen in  several  other 
etiologies, and it is necessary to rule out alter-
native diagnoses. Infectious etiologies require 
close attention as immunotherapies employed in 
treating AE may result in worsening the patient’s 
condition. In addition, misdiagnosis of patients 
with other primary neurological and psychiatric 
conditions with AE can expose them to adverse 
effects of immunotherapies and delay appropri-
ate care. Strict adherence to diagnostic criteria 
reduces this risk (24).

M A N A G E M E N T
Ultimately, treatment of AE requires immuno-
modulatory and immunosuppressive therapy, as 
well as management of any associated neoplastic 
process or trigger if present (25). Symptomatic 
treatments and support ive care are employed 
while these treatments take effect.

Earlier treatment with immunotherapy is asso-
c ia ted  wi th  be t te r  ou tcomes  (21 ,26) .  Once 
infectious etiologies have been excluded, immu-
notherapies can be initiated before the results of 
antibody testing (21).

Treatments are separated into first-line (corti-
costeroids, intravenous immunoglobulin [IVIg], 
and plasma exchange [PLEX]) and second-line 
(rituximab, cyclophosphamide, mycophenolate 
mofetil ,  azathioprine) therapies.  Other agents 
may be used for refractory cases. However, only 
anecdotal evidence is available, and their discus-
sion is beyond the scope of this review.

FIRST LINE
C O R T I C O S T E R O I D S  - Methylprednisolone given 
intravenously at a dose of 1 gram per day for 3–5 
days is commonly used as initial therapy. Active 
infection must be treated before initiation if pres-
ent.  Monitoring for hyperglycemia in diabetic 
patients is needed, and worsening hypertension is 
common. There is an increased risk for infection 
with corticosteroid use, so strict  adherence to 
infection prevention guidelines is needed. Other 
potential side effects should be taken into con-
sideration (e.g. ,  infection, avascular necrosis 
of the hip,  peptic ulcer,  insomnia,  psychosis, 
depression, hypertension, edema) (27).

I N T R AV E N O U S  I M M U N O G L O B U L I N  ( I V I G )  - 
Fast immunomodulation with IVIg given at a 2 
g/kg dose over 2–5 days is a convenient option 
when corticosteroids are contraindicated. It can 
also be used concurrently or following steroid 
use if there is inadequate response to treatment 
(26). IgA levels should be measured before use 
since IgA deficiency is associated with a higher 
risk of anaphylaxis (or use non-IgA formulation). 

PAT H O P H Y S I O L O G Y 

The pathophysiology of AE shares fundamental 
similarities with most autoimmune diseases at 
a  basic  level ,  involving an adaptive immune 
response directed against an antigen within the 
nervous system (12). Two crucial elements under-
lie this autoimmune entity: an immunological 
trigger and an underlying genetic predisposition 
(13).  The various sources of triggers have led 
to different  classif icat ions for  AE, including 
primary autoimmune, paraneoplastic, and para-
infectious (12).

In primary autoimmune cases, there is no appar-
ent autoimmune trigger, such as a viral infection 
or tumor, representing the majority of AE cases. 
This  fact  has prompted invest igat ions into a 
genetic predisposition to AE, with certain human 
leukocyte antigen (HLA) genes implicated. For 
instance,  Anti-LGI1 encephal i t is  is  s t rongly 
assoc ia ted  wi th  HLA-DR7 and  HLA-DRB4 
(14,15).

Paraneoplastic AE develops when cancer cells 
express  ant igens shares  with neuronal  cel ls , 
leading to the antibody-mediated recruitment 
of  immune cel ls  to these neuronal  s tructures 
(16,17). It is most frequently observed in small-
cell lung cancer but can also occur in other types 
of cancers (18,19). Parainfectious AE is mediated 
by an enhanced or abnormal immune response 
to an infection that triggers the development of 
AE, as seen in post-HSV anti-NMDA receptor 
encephalitis (20).

D I A G N O S I S
In 2016, diagnostic criteria were published incor-
porating clinical and paraclinical (magnetic res-
onance imaging [MRI], electroencephalography 
(EEG), and cerebrospinal fluid) findings to divide 
patients into possible, probable, or definite AE 
categories (21). AE should be considered in ICU 
patients with subacute onset (rapid progression 
in less than 12 weeks) of working memory defi-
cits,  altered mentation, refractory seizures, or 
psychiatric symptoms. The presence of new-onset 
focal neurological findings, new onset seizures, 
CSF pleocytosis (WBCs ≥5/mm3), or findings on 
magnetic resonance imaging (MRI) suggestive 
of encephalitis are required for the diagnosis of 
possible AE and higher levels of certainty can 
be achieved when more specific findings (Table 
1) or plausible autoantibodies are detected with 
reasonable exclusion of other diagnoses. Care 
during interpreting antibody results is needed 
in the absence of specific findings, as both false 
positives and negatives can occur (22,23).
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Potential side effects include headache, aseptic 
meningitis, renal failure, myocardial infarction, 
and venous thromboembolism. 

P L A S M A  E X C H A N G E  ( P L E X )  -  Another option 
for acute immunomodulation when corticoste-
roids are contraindicated is PLEX, with 5 to 10 
sessions every other day. In a small retrospective 
study, PLEX demonstrated better improvement 
in the modified Rankin score (mRS) compared 
to  those  t rea ted  wi th  cor t icos te ro ids  a lone 
in patients diagnosed with NMDAR-antibody 
encephalitis (28). Use is limited by availability, 
the need for close monitoring, and central access. 
The fluid shifts with this therapy need to be taken 
into consideration in patients with heart failure 
or severe dysautonomia.

SECOND LINE
Second-line immunosuppressant therapy may be 
administered during the induction phase in acute 
inpatient situations and is generally guided by 
patient condition, comorbidities, and antibody 
subtype if known(29,30).

R I T U X I M A B  -  Admin i s t e red  as  con t inuous 
infusion of 1000 mg for 2 doses 2 weeks apart, 
or 375 mg/m2 weekly for 4 weeks. This can be 
re-administered every 6 months i f  continued 
immunosuppress ion  i s  des i red  because  the 
CD20-expressing lymphocytes targeted by the 
medication begin to recover after that timeframe. 
Potential side effects include infusion reactions, 
hypogammaglobulinemia result ing in chronic 
sino-pulmonary infections (which can be treated 
with IVIg), and other infections, including a rare 
risk of progressive multifocal leukoencephalop-
athy (31). 

C Y C L O P H O S P H A M I D E  -  I t  can be used as an 
alternative to rituximab either orally at 1-2 mg/
kg/day or by infusion of 500 mg/m2 to 1000 mg/
m2 monthly.  Considerable s ide effects  make 
i t  less favorable and include infert i l i ty,  hem-
orrhagic cystitis,  teratogenicity, infection, and 
heightened malignancy risk. Typically reserved 
for cases refractory to rituximab given the side 
effect profile.

M A I N T E N A N C E  -  A neurologist with experience 
in  t reat ing AE and immune-mediated neuro-
logical conditions is crucial during this phase 
of the treatment. Experience in monitoring for 
side effects and complications of treatment and 
assessing response to therapy helps inform deci-
sion-making. 

Corticosteroids are typically continued after the 
induction phase. This may continue to be admin-
istered as a 1-g IV methylprednisolone infusion 
every 7 to 14 days with gradually increasing 

intervals  or  dai ly oral  prednisone 1 mg/kg/d 
(adult ,  60 mg dai ly maximum).  Treatment  is 
typically continued for 6 to 12 months, and oral 
dosages are reduced gradually every few weeks 
(27). Alternatively, IVIg 0.4 g/kg once weekly 
after induction with gradually increasing inter-
dose intervals while the response is monitored, 
most commonly monthly over the following 6 to 
12 months (26).  Steroid-sparing therapies are 
often needed and in addition to rituximab include 
MMF and AZA.

COMPLICATIONS AND THEIR 
MANAGEMENT
S E I Z U R E S  -  they are a common cause of ICU 
admission in AE, and greater than 20% of ICU 
patients due to AE are found to have seizures 
(32). Refractory status epilepticus is commonly 
seen with AE due to antibodies targeting the 
NMDA receptor,  GABA type A receptor,  and 
GABA type B (13,33,34).  Although faciobra-
chial dystonic seizures are pathognomic of LGI1 
antibody encephalitis, other seizure types such 
as focal, focal with impaired awareness, focal to 
bilateral tonic-clonic, and bilateral tonic-clonic 
seizures can be seen in almost all subtypes (35).

EEG (ideally continuous) can be helpful in the 
diagnosis (Table 1) and monitoring of subclinical 
seizures that require treatment with antiseizure 
medications (ASMs). Findings on EEG are gen-
erally non-specific and can be seen in other pop-
ulations of critically ill patients. A characteristic 
EEG pattern, ‘extreme delta brush’, is found in 
patients with NMDAR encephalitis and is asso-
ciated with more severe disease, increased length 
of stay, need for additional therapies, lower mRS 
scores, and higher risk of death (36). Video EEG 
is recommended to discriminate between move-
ment disorders and seizures, and continuous EEG 
is needed to look for subclinical seizures that are 
common(25). 

Although antiseizure medications (ASMs) are 
used, they are insufficient,  and treatment with 
immunotherapy is  needed to improve seizure 
control  (32).  No strong evidence is  available 
to support the use of one ASM over the other, 
and choice should be influenced by the patient’s 
comorbidities, side effects, and drug-drug inter-
actions. SE should be treated according to the 
institution’s protocols or international guidelines 
(37).

Patients with status epilepticus can be treated 
with standard status-epilepticus protocol. (Figure 
1) Treatment should start with fast-acting benzo-
diazepines or phenobarbital, after which a load-
ing dose of intravenous antiseizure medication 
such as fosphenytoin, valproic acid, and leveti-
racetam can be given (37). In the case of new-on-
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set refractory status-epilepticus (NORSE), coma 
can be induced with midazolam, pentobarbital, 
propofol, or thiopental in the intensive care unit 
(ICU)(37).

For super-refractory status epilepticus in patients 
with anti-NMDA receptor encephalitis, Santoro 
et  a l .  suggested that  a  ketamine protocol  of 
administering a loading dose followed by main-
tenance infusion (0.05 mg/kg/min) could result 
in clinical and/or electrographic seizure cessa-
tion in less than 48 h. Moreover, outcomes were 
favorable regarding seizure freedom, and better 
epilepsy outcomes were observed with earlier 
treatment(38). In super refractory status epilep-
ticus (SRSE), seizure may not be controlled until 
sufficient immunosuppression takes place(39). 

M O V E M E N T  D I S O R D E R S  -  they are common in 
AE, occurring in up to 87% of patients in the ICU 
(40,41). A diverse array of hyperkinetic disorders 
(dyskinesia, dystonia, chorea, tremor, myoclo-
nus) and hypokinetic disorders like parkinsonism 
have been described (42)(43).

Severe symptoms are associated with complica-
tions that increase hospital stay, such as respira-
tory failure, fever, and bulbar dysfunction (44). 
Dystonia or dyskinesia affecting the trunk, neck, 
or chest wall muscles may require intubation if 
they affect respiration (45).

Early immunotherapy can result in complete res-
olution of the symptoms in a majority of patients, 
and aggressive support ive care during acute 
illness can prevent morbidity and mortality (45).
 
While  immunotherapies  take effect  (days to 
weeks ) ,  symptomat ic  t r ea tment  i s  needed . 
Dystonia, chorea, and dyskinesia can be treated 
with anti-cholinergic drugs (e.g. ,  tr ihexyphe-
nidyl ,  benztropine) ,  a lpha-receptor  blockers 
such as clonidine, dopamine receptor blockers 
or  depletes  (e .g . ,  haloperidol ,  te t rabenazine 
respect ively  )  and benzodiazepines  such as 
midazolam (45) .  Tremors  can be  t reated by 
beta blockers like propranolol and nadolol,  as 
well as primidone (46). Myoclonus is typically 
treated with long-acting benzodiazepines such 
as clonazepam or certain antiseizure medications 
(sodium valproate, levetiracetam, zonisamide)
(47). Severe dyskinesias may require deep seda-
tion and anesthesia (22,45). Parkinsonism, which 
is less common, can be the predominant feature 
in some older patients.  This can be dopamine 
receptor agonists such as levodopa, pramipexole, 
or bromocriptine (40,45,48). Clinicians should 
be alert that severe cases of movement disorder 
might be only suppressed by deep sedation and 
anesthesia (22,45,47).

A U T O N O M I C  D Y S F U N C T I O N  ( D Y S A U T O N O -
M I A )  -  Dysautonomia has been reported in up to 
45% of patients with AE and can occur at higher 
rates with certain subtypes, such as anti-NMDAR 
encephalitis, affecting up to  60% (12,13). 

Common mani fes ta t ions  of  au tonomic  dys-
function include cardiac rhythm abnormalities 
(tachycardia, bradycardia, asystole), respiratory 
abnormalities (hyper- or hypoventilation), labile 
b lood pressures ,  tempera ture  dysregula t ion 
(hyperthermia or hypothermia), gastrointestinal 
dysmoti l i ty and urinary retention(39,49–51). 
Dysautonomia results in significant morbidity 
and is an indicator of poor outcomes (51). 

Most  cases of  autonomic dysfunction can be 
treated conservatively with supportive therapy 
and continuous monitoring in an ICU sett ing, 
along with immunotherapy (39). However, some 
patients might require symptomatic treatment 
for sympathetic overactivity using non-selec-
tive beta-blockers (e.g.,  propranolol),  alpha-2 
agonists (e.g., clonidine), or gabapentin (12,22). 
Midodrine and fludrocortisone may be used in 
pat ients  with  symptomatic  hypotension (39)
(52). A temporary pacemaker may be needed in 
cases of asystole or symptomatic not responsive 
to atropine (50). Physicians should be cautious 
when treating cardiac and blood pressure abnor-
malities as these can fluctuate rapidly, making 
management difficult.

Given the increased r isk  of  infect ions ,  i t  i s 
important to rule them out in patients with tem-
perature dysregulation before attributing this to 
central dysautonomia. Therapeutic measures to 
manage hyperthermia include external and inter-
nal cooling and administration of IV dantrolene 
(51).

R E S P I R AT O R Y  F A I L U R E  -  Respiratory fai l -
ure in AE is usually a consequence of central 
dysautonomia or severe movement disorders, 
both of which are discussed in other parts of this 
review. Although patients with AE may develop 
prolonged hypercapnic respiratory failure, recov-
ery with early and appropriate immunotherapy 
often results in recovery(32). It can be caused by 
central hypoventilation or movement disorders. 

Patients with AE often require heavy sedation 
for delir ium, agitat ion,  and movement disor-
ders caused by their condition. Intubation and 
mechanical  venti lat ion are often needed,  and 
when prolonged, the placement of tracheostomy 
and gastrostomy tubes in  the third week (or 
per institutional policies) is needed to improve 
patient safety and the benefit  of less sedation 
and earlier rehabilitation. In addition, clinicians 
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should pay par t icular  a t tent ion to  managing 
t racheostomy complicat ions  due to  sa l ivary 
contamination of tracheostomy wounds in case 
of hypersalivation (53).

A LT E R E D  M E N TA L  S TAT U S  A N D  P S Y C H O S I S 
-  Subacute mental status changes are a hallmark 
of AE. Patients can present with difficulties with 
memory (anterograde amnesia  or  re t rograde 
amnes ia ,  confabula t ion)  (54 ,55) ,  cogni t ive 
impairment ( disorientation, confusion, and delir-
ium) (54), or decreased level of consciousness 
(32). A severely depressed level of consciousness 
is common for mechanical ventilation and ICU 
admission and can be a direct  resul t  of  CNS 
inflammation, seizures, or increased ICP (45).

Psychiatric symptoms are common and include 
agitation, hallucinations, delusions, and mood 
labil i ty (13,54).  Behavioral  changes,  such as 
irritability, temper tantrums, and reduced verbal 
output, can also be present. Catatonia is common 
in anti-NMDAR encephalitis and may even be the 
presenting symptom (13).  

Management  of  psychiat r ic  d isorders  in  AE 
involves the use of neuroleptics,  benzodiaze-
pines, or electroconvulsive therapy in refractory 
cases. However, some patients may not tolerate 
ant ipsychot ics  (32) .   Safety  measures  (e .g . , 
padding, soft restraints, continuous observation, 
etc.) are important to prevent injury to the patient 
and others (39). 

Patients often require high doses of benzodiaze-
pines for appropriate sedation and antipsychotics 
to control agitation and psychosis (56). In cases 
of extreme agitation, anesthetic-induced coma 
may be required (53).  

Manic symptoms should be treated with mood 
s tabi l izers  such as  l i th ium or  valproic  ac id 
(preferred if  seizures present)  (57).  I t  should 
be noted that elimination or dose reduction of 
certain medications may help to improve behav-
ioral symptoms in some patients (e.g., steroids, 
benzodiazepines) (39).

In patients with seizures, agents that lower the 
seizure threshold (e.g., clozapine and olanzapine) 
should be avoided. Moreover, agents that cause 
prolongation of QT interval (e.g. ,  ziprasidone 
and IV haloperidol) should be cautiously used 
or avoided in dysautonomic patients who have 
symptomatic bradycardia or heart block (39,58).

In certain cases, worsening of agitation or invol-
untary movements can develop after initiation 
of antipsychotics;  in such cases,  i t  should be 
stopped and substituted with another agent (59).

Patients with NMDAR-antibody encephalitis can 
be particularly sensitive to the extrapyramidal 
s ide effects  of  ant ipsychotics ,  in addit ion to 
worsening of catatonia and other involuntary 
movement and even development of neuroleptic 
malignant syndrome and worsening of autonomic 
instabi l i ty.  Consequently,  second-generat ion 
antipsychotics with the lowest risk for seizures 
and extrapyramidal side effects (e.g., quetiapine) 
and benzodiazepines may be preferred in such 
patients (58).

E L E VAT E D  I N T R A C R A N I A L  P R E S S U R E  -  There 
is a wide variability in the prevalence of intracra-
nial hypertension reported among patients with 
AE in the literature, with reports ranging from 20 
to 40% (60–62).  The clinical implications of this 
complication are not well-researched in literature 
and have conflicting results.  The init ial  steps 
in managing intracranial hypertension include 
elevation of the head bed, hyperventilation with 
normal  oxygenat ion,  and adequate  sedat ion. 
This  should be fol lowed by hyperosmolar  or 
hypertonic saline therapy, IV corticosteroid, or 
invasive neurosurgical inventions, depending on 
the patient’s status and the underlying etiology 
of their elevated ICP (50,63).

P R O G N O S I S  -  Appropriate, timely management 
improvement is noted in 53% and 80% of patients 
at 4 and 24 months, respectively. If left untreated, 
AE can result in coma, permanent brain injury, 
and even death. Previous studies reported mor-
tality rates ranging between (2-18%) (64–66).

Predic tors  of  poor  outcomes  are  o lder  age , 
presence of  comorbidit ies ,  and compromised 
immunity (67–69). Better outcomes are seen in 
AE involving cell surface antigens as opposed 
to those with antibodies targeting intracellular 
antigens. Although antibody subtype can help 
prognosticate, no relationship between antibody 
titers and disease severity or prognosis has been 
establ ished (50,51,68) .  On EEG, the lack of 
normal background activity and the presence of 
≥ 50% slow waves on EEG have been associated 
with severe neurological dysfunction and a poor 
prognosis (67,70). In addition, AE complications 
like autonomic dysfunction, disturbance of con-
sciousness, severe sepsis/septic shock, central 
hypoventilation, cerebral edema, and the need 
for mechanical ventilation or tracheostomy were 
all  associated with a poor neurologic outcome 
a t  hospi ta l  d ischarge  (51,67,68,70) .  Ear l ier 
treatment and the use of second-line treatments 
when first-line options fail were associated with 
improved outcomes and reduced relapse rates 
(68)(71)(72).
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S U P P L E M E N TA L  M AT E R I A L S

Figure 1. Management of status epilepticus (29)

Initial management options

Intramuscular midazolam 
(5 mg if <40 kg and 10 mg if >40 kg)*
Intravenous lorazepam (0.1 mg/kg up to 4 mg)**
Intravenous diazepam (0.15-0.2 mg/kg up to 10 mg)**
Intranasal or buccal midazolam
Rectal diazepam (0.2-0.5 mg/kg up to 20 mg)*
Intravenous phenobarbital (15 mg/kg)*

Second line options

Intravenous fosphenytoin 
(20 mg PE/kg up to 1500 mg PE)*
Intravenous valproic acid (40 mg/kg up to 3 g)*
Intravenous levetiracetam (60 mg/kg up to 4.5 g)*
Intravenous phenobarbital (15 mg/kg)*

Induce anesthesia in the ICU with:
Midazolam
Pentobarbital
Propofol
Thiopental

Repeat second line options
or

Seizure persists for 20-40 minutes

Seizure persists for 5-20 minutes
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Certainty Criteria

Possible 1. Onset of altered mentation, psychiatric symptoms, or memory deficits within 
three months
2. At least one of the following:

• New onset of seizures
• New focal CNS findings
• Pleocytosis seen in the CSF (white blood cell count > 5 cells/mm3)
• Features of encephalitis seen on MRI

Probable Anti-NMDAR encephalitis:
1. Four of the following major groups 
of symptoms appearing within three 
months:

• Abnormal behavior or cognition
• Seizures
• Speech abnormalities
• Abnormal movement, dys-

kinesia, or rigidity/abnormal 
postures

• Decreased level of conscious-
ness

• Central hypoventilation or 
dysautonomia

2. Any of the following test results:
• EEG Abnormalities (focal or 

diffuse slow or disorganized 
activity, epileptic activity, or 
extreme delta brush)

• Pleocytosis or oligoclonal bands 
seen in the CSF

Seronegative AE:
1. Onset of altered mentation, psychi-
atric symptoms, or memory deficits 
within three months
2. Exclusion of other well-defined 
autoimmune encephalitides 
3. Lack of characteristic autoantibodies 
in blood and CSF, with at least two of 
these criteria:

• • MRI findings indicating poten-MRI findings indicating poten-
tial autoimmune encephalitistial autoimmune encephalitis

• • Pleocytosis in the CSF, oli-Pleocytosis in the CSF, oli-
goclonal bands, or elevated goclonal bands, or elevated 
CSF-IgG indexCSF-IgG index

• • Brain biopsy revealing in-Brain biopsy revealing in-
flammatory infiltrates with the flammatory infiltrates with the 
absence of other pathologies absence of other pathologies 
(e.g., tumor)(e.g., tumor)

Definite Anti-NMDAR encephalitis:
1. Existence of any of the six major 
groups of Anti-NMDAR encephalitis 
symptoms
2. Identification of IgG anti-GluN1 
antibodies

Limbic encephalitis:
1. Onset of seizures, psychiatric symp-
toms, or memory deficits within three 
months suggesting involvement of the 
limbic system
2. T2-weighted FLAIR MRI demon-
strating bilateral brain abnormalities 
restricted to the medial temporal lobes
3.At least one of the following:

a. CSF pleocytosis
b. Specific EEG findings involving 
the temporal lobes (epileptic or 
slow-wave activity)

Table 1. Diagnostic criteria for AE as proposed by Graus et al (12) 
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