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Abstract

Purpose of review Infectious encephalitis is a rapidly progressive encephalopathy caused
by a variety of pathogens, most commonly viruses. It is associated with significant
mortality and morbidity, often requiring evaluation and treatment in the intensive care
unit. This review article discusses the diagnosis of the infectious etiologies, the assess-
ment for differential diagnoses, and the initiation of therapies, and most importantly, it

entails the rapid and efficient management of the associated complications.
Recent findings Novel emerging technologies (e.g., metagenomic next-generation se-

quencing) have the potential to assist in the diagnosis, etiology identification, and
treatment of encephalitis. Interventions such as ketogenic diet therapies have been
promising in their potential to treat patients with refractory status epilepticus in the

setting of infectious encephalitides.
Summary Early recognition of encephalitis and appropriate treatment of the primary

infection and its complications are essential to increase survival and reduce sequelae.
Intensivists are crucial given the high mortality rate of infectious encephalitis in the ICU
setting, and their role may significantly impact patients’ outcomes.

Introduction

Infectious encephalitis frequently evolves as an acute neuroinflammatory process and associated complica-
inflammation of the brain parenchyma due to a viral, tions. Mortality, morbidity, and prognosis are influ-
bacterial, fungal, or parasitic infection. [1] Acute infec- enced not only by specific etiologies, but also the com-
tious encephalitis often requires assessment in the inten-  plications that emerge during the disease process. In this
sive care unit (ICU) due to the magnitude of the review article, we will discuss the epidemiology,
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etiology, clinical manifestations, diagnostic assessment, setting, as well as the management of these
treatment options, and complications for common in- complications.
fectious encephalitides encountered in the critical care

Definition

Epidemiology

Acute infectious encephalitis emerges as an inflammation of the brain paren-
chyma, clinically manifested by altered mental status for more than 24 h and at
least two of the following criteria: fever up to 38 °C before or after presentation,
new onset of seizures, focal neurologic deficits, cerebrospinal fluid (CSF) pleo-
cytosis, and electroencephalogram or neuroimaging abnormalities consistent
with the diagnosis of encephalitis. [2e, 3]

Encephalitis can be classified by etiology, namely infectious, post-infectious,
or autoimmune. Although infectious encephalitides have been historically
considered as the most frequent type, particularly viral; there is increased
recognition of autoimmune etiologies. [4] Of note, some infections may trigger
post-infectious encephalitides, such as acute disseminated encephalomyelitis
(ADEM), autoimmune encephalitides including anti-N-methyl-p-aspartate re-
ceptor (NMDAR) encephalitis or autoimmune responses such as myelin oligo-
dendrocyte (MOG)-associated disorders. [5-7]

Etiology

The incidence of infectious encephalitis varies according to geography and
affected populations (e.g., immunocompromised and vulnerable persons [chil-
dren and the elderly]). The annual incidence of infectious encephalitis is an
estimated 1 per 100,000 person-years, with 60% of cases being viral, particu-
larly among children. [4] More than 50% of cases remain without an identified
pathogen; nevertheless, the development of new molecular techniques for
pathogen discovery has improved the rate etiological diagnosis. [8, 9ee]

Viral encephalitis may be due to either DNA or RNA viruses, which have
various modes of transmission, including bloodborne, airborne, or mosquito-
borne. Ecological, environmental, and host-dependent factors are critical in the
epidemiology of viral encephalitis. A patient’s travel history and geographic
location may suggest the etiology such as West Nile Virus in the USA or Dengue
in South America. [10, 11] In addition, the presence of an immunosuppressive
state can predispose to opportunistic infections, particularly those produced by
DNA viruses. [12]

Viruses

DNA Viruses

Among the DNA viruses, herpesviruses are the most frequently identified
pathogen of viral encephalitis. [13] There are more than 100 known
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herpesviruses, but only seven may produce encephalitis, namely herpes simplex
virus, varicella zoster virus, Epstein-Barr virus, cytomegalovirus, human herpes-
virus 6, and, rarely, human herpesvirus 7 and human herpesvirus 8.

Herpes simplex virus

HSV is the most recognized cause of infectious encephalitis worldwide.
HSV encephalitis is almost exclusively caused by HSV-1, except in
newborns, among whom HSV-2 is more prevalent. This virus has a bimodal
pattern of presentation, one in early childhood and another among those
older than 50 years of age. [14]

Patients develop an acute course of fever, confusion, altered behavior,
headaches, dysphasia, and cranial neuropathies. Seizures affect 85% of
patients, particularly younger patients, and 33% of people may become
comatose. [15] Magnetic resonance imaging (MRI) of the brain is abnormal
in 90% of cases, demonstrating cytotoxic and vasogenic edema in the
medial and inferior temporal lobes (Fig. 1). Therapy should be initiated
with acyclovir and its discontinuation requires a second CSF study to
reevaluate HSV DNA presence. [16, 17, 18e]

Varicella zoster virus

VZV is the second most significant cause of viral encephalitis after HSV. [3]
VZV encephalitis may affect children 1 week after primary varicella infec-
tion, as well as immunosuppressed and older adult patients. [19] A portion
of patients develops VZV encephalitis in the setting of acute varicella, while
others have neurological symptoms in the absence of the rash. Neurological
symptoms include altered consciousness, focal neurological signs, cranial
neuropathies, and convulsions. [19]

Brain MRI demonstrates areas of T2 hyperintensities and areas of restricted
diffusion in the basal ganglia, thalami, cerebellum, temporal lobes, and

Fig. 1. Brain MRI of a patient with HSV-1 encephalitis. a FLAIR sequence demonstrates T2 hyperintensities of the right mesial
temporal lobe including the hippocampus, amygdala, and anteroinferior temporal lobe with associated gyriform swelling. b
Diffusion-weighted imaging sequence demonstrates restricted diffusion in the same structures as well as within the left anterior
temporal lobe. ¢ T1-post-gadolinium sequence demonstrates leptomeningeal enhancement as well as subtle enhancement of the
right hippocampus.
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cerebral cortex. In addition, hemorrhages, ischemia, and vasculopathy may
be present. [20] Therapy includes acyclovir; however, clinical trial data do
not exist to support this approach. [18e, 21, 22] Ganciclovir can be con-
sidered as an alternative. [18e, 23]

RNA viruses

Enteroviruses

Arboviruses

West Nile virus

RNA viruses have a rapid rate of mutagenesis and genomic variation, properties
that have played an important evolutionary role. [24] Among the most frequent
RNA viruses that produce encephalitis are enteroviruses; influenza; arboviruses;
HIV; and more recently emerging and re-emerging viruses such as rabies,
mumps, measles, and ebola.

Enteroviruses are a group of viruses that produce several mild infectious
diseases and frequently affect children. Strains associated with central ner-
vous system (CNS) impairment include EV-A71, A75, A76, A89, and D68§;
coxsackievirus A9 and A10; echovirus 4, 5, 9, 11, 19, 30; and human
parechovirus 3. [25] Encephalitis is typically rare and mild compared with
other etiologies. Approximately 25% of patients present with focal neuro-
logical deficits, while less than 10% of patients have severe deterioration of
mental status and seizures. [26]

Enterovirus A71 (EV-A71) is exceptional in that it may cause rhombence-
phalitis with a more fulminant course. [27, 28] EV-A71 is a frequent
pathogen in Southeast Asia, but clusters of EV-A71 have been reported
recently in the USA. [29] EV-A71 encephalitis manifests with cranial neu-
ropathies, respiratory failure, movement disorders and ataxia. [30] Brain
MRI is abnormal in approximately 50% of cases, typically involving the
temporal lobes. [3, 31] There is no specific treatment for enterovirus en-
cephalitis, but there are anecdotal reports of some antiviral treatments such
as pleconaril and ribavirin. [18e, 25]

Arboviruses are a family of viruses transmitted to humans through a
mosquito or tick bite. [32] Outbreaks depend on vector presence and
geographic distribution. The infection may be completely asymptomatic,
produce systemic manifestations or neurological syndromes. Among the
most frequent neurological syndromes are meningitis, encephalitis, and
less frequently, peripheral neuropathy or myelopathy with a preference for
the anterior horn cells (e.g., acute flaccid paralysis). [33]

WNV is a mosquito-borne flavivirus that represents a frequent cause of viral
encephalitis in the USA, Europe, and North Africa, affecting primarily
elderly and immunocompromised patients. [11, 34]. Encephalitis is the
most common neurologic presentation of WNV, accounting for 60% of
neuroinvasive WNV infection. Common manifestations include
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Human immunodeficiency virus

movement disorders and cranial neuropathies. [11] Mild lower motor
neuron symptoms may also occur, even in the absence of acute flaccid
paralysis. [3, 33] This condition commonly shows a neutrophilic CSF
pleocytosis during the first week. MRI is abnormal in 66% of cases, typically
demonstrating lesions in the basal ganglia, thalami, temporal lobes, cere-
bellum, leptomeninges, and ventricles. [35] Specific treatment is not avail-
able, and management is mainly supportive. [18¢]

HIV infection and AIDS may be associated with acute neurological emer-
gencies presenting as HIV encephalitis, opportunistic infections, or other
forms of acute immune-mediated manifestations as the result of immune
reconstitution after antiretroviral therapy (ART). The epidemiology of these
HIV-associated complications has changed dramatically with the intro-
duction of ART at the end of the twentieth century. While the epidemiology
of HIV-associated neurological complications is influenced by socioeco-
nomic and environmental factors in different areas of the world, HIV-
related opportunistic infections, HIV-associated CNS neoplasms and im-
mune reconstitution syndrome (IRIS) are the most frequent HIV-related
disorders in the critical care setting regardless of such factors. [36, 37]

a) Intracranial opportunistic infections associated with HIV

b)

During the early stage of AIDS and/or stages of immunosuppression due to
the marked decrease of CD4+ lymphocytes and increased HIV viral load,
several opportunistic infections have the potential to affect the CNS. Most
of these infections include DNA viruses such as JCV, VZV, CMV, and EBV as
well as bacteria (e.g., Mycobacterium tuberculosis), fungi (e.g., Cryptococcus
neoformans, Candida albicans, Aspergillus, Histoplasma, and Coccidioides), and
parasites (e.g., Toxoplasma gondii).

Immune reconstitution syndrome (IRIS) as an encephalitic manifestation
in HIV infection

IRIS is a group of inflammatory disorders associated with a paradoxical
worsening of neuroinflammatory responses after treatment with ART and
control of preexisting opportunistic infections. [38, 39] Retrospective case
series suggest that up to 30% of HIV patients treated with ART develop one
or more inflammatory syndromes. [40-42] Clinical manifestations follow
a subacute or chronic course succeeding the initiation of ART and depend
on the type of preexisting opportunistic infection. [43] For instance,
patients with a previous cryptococcal infection could develop fever, gas-
trointestinal symptoms, eye pain, and meningismus, while patients with
M. avium complex may experience expansion of preexisting intracranial
tuberculomas. [44, 45]

Although there are no well-established diagnostic criteria of IRIS, the diag-
nosis could be made if patients satisfy the following features: the presence
of AIDS with a CD4 count of less than 100 cells/uL; viral or immune
response to ART; absence of drug-resistant infection, bacterial infection, or
drug allergy; the presence of clinical features compatible with an inflam-
matory disorder; and timeframe consistent with IRIS. [40, 46] Management
requires the continuation of ART and urgent treatment of the underlying
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opportunistic infection whether it is still present.

Bacteria

Mycobacterium tuberculosis

Mycobacterium tuberculosis is one of the most serious opportunistic infections
in HIV patients and transplants. In 2018, approximately 10 million people had
tuberculosis (TB) and about 17% of these patients presented with extrapulmo-
nary disease. [47, 48] In HIV-positive patients, this figure reaches 40% due to
their risk of CNS involvement is five times higher than in HIV-negative indi-
viduals. [49, 50] The clinical presentation is usually mild at the beginning of the
infection and includes severe headache, fever, unbalance, altered consciousness,
and cognitive impairment. [47, 51]

CSF analyses typically demonstrate hyperproteinorachie, lymphocytic pleo-
cytosis, and hypoglycorrhachia. [47, 52] The use of PCR based techniques and
Quantitative Xpert MTB/RIF PCR as a diagnostic tool have been preferred above
CSF cultures, despite a relatively low yield of diagnosis. [53-56] Brain MRI is
commonly normal, but cases of granulomas and brain abscess have been
described. [47] Treatment consists of 6-month therapy with isoniazid, rifampi-
cin, pyrazinamide, and ethambutol. [18e] Corticosteroids may improve out-
comes related to brain edema and vasculitis in patients with meningitis. [57,
58]

Cryptococcus

Cryptococcus is an encapsulated yeast that causes one million cases of the
Cryptococcus-associated neurological complications per year, resulting in about
600.000 deaths. [59, 60] Meningitis, encephalitis, or meningoencephalitis are
considered the most common causes of life-threatening fungal infection. The
majority of cases of cryptococcal encephalitis are seen among severely immu-
nocompromised patients with AIDS and CD4 count of less than 100 cells/ul, or
HIV patients with antiretroviral-drug resistance or poor adherence.

Patients may present with an acute or chronic course of headaches, behav-
ioral changes, cognitive impairment, and lethargy. Approximately 30% of
patients may have normal CSF findings, but elevated opening pressure is
present in more than 50% of cases. [61-63] Cryptococcal antigen testing in
serum and CSF confirms the diagnosis and is sufficient for treatment initiation,
but a confirmatory cryptococcal culture should be performed. Brain MRI may
show lesions in the basal ganglia suggesting cysts, nodules, and leptomeningeal
enhancement. Imaging may suggest intracranial hypertension with or without
space-occupying lesions and hydrocephalus.

The treatment regimen consists of the aggressive administration of antifun-
gal agents with therapeutic relief of elevated intracranial pressure by serial
lumbar punctures or ventricular drainage. The treatment includes the use of
amphotericin B, flucytosine, and fluconazole in three different stages of therapy
(induction, consolidation, and maintenance). The use of corticosteroid treat-
ment during the Cryptococcus-associated complications may prevent vasculitic
or inflammatory processes. [64]
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Parasites

Toxoplasma gondii

Toxoplasma gondii is a parasite that potentially affects the brain of AIDS
patients as the by-product of a reactivation of a chronic infection. Of note,
10-40% of HIV-infected patients who have antibodies against T. gondii are
susceptible to toxoplasmic encephalitis. [65] The epidemiology of T. gondii in
patients with HIV/AIDS has changed from 10,000 hospitalization per year in
1995 to 2985 in 2008 due to the introduction of prophylaxis treatment and
ART. [66, 67] Clinical manifestations include a subacute onset of language
dysfunction, weakness, headache, altered consciousness and fever.

Diagnosis requires the identification of Toxoplasma IgG and IgM antibod-
ies, parasite isolation from body fluids or tissues or amplification through RT-
PCR. Although there are no pathognomonic findings in imaging, CT scan may
demonstrate lesions in the basal ganglia and subcortical regions with associated
enhancement in 80% of patients. [68-70] Treatment includes the use of pyri-
methamine and sulfadiazine. [18¢] Corticosteroids in the setting of cerebral
edema and intracranial hypertension are recommended for no more than
2 weeks.

Diagnosis and laboratory approach in the ICU
- 0000000000000

Neuroimaging in the ICU

Encephalitis should be a consideration in a patient who presents with altered
consciousness, fever, cranial neuropathies, movement disorders, meningismus,
seizures, and/or new focal neurological deficits. In addition to a comprehensive
clinical examination, the intensivist should assess for complications such as
seizures or status epilepticus, brain edema, hydrocephalus, systemic metabolic
disturbances, or infections when managing patients with encephalitis in the
ICU. Several diagnostic modalities are available for a comprehensive evaluation
of patients with concern for encephalitis, including infectious encephalitis.
Diverse techniques include imaging techniques (e.g., CT and brain MRI, FDG-
PET scan), neurophysiological methods (e.g., electroencephalography [EEG]
monitoring, nerve conduction studies [NCS| and electromyography [EMG]),
laboratory testing of blood, CSF, and other biological samples to establish an
etiology, treatment, and monitoring for potential complications.

Rapid brain imaging with CT scan is an important initial test to evaluate for
brain edema, intracranial hypertension, hydrocephalus, and brain hernia-
tion. Brain MRI is always a helpful tool to support the diagnosis of en-
cephalitis, assessing the burden of brain and brainstem involvement as well
as providing clues for possible causes. The most pertinent MRI sequences in
encephalitis are T2-weighted images, fluid-attenuated inversion recovery
(FLAIR), gradient-echo or susceptibility-weighted imaging, and post-
gadolinium sequences. [71] Despite limited logistic resources in the ICU,
PET-based techniques such as FDG-PET/CT may be of value in evaluating
etiologies (namely autoimmune encephalitides) or assessment of brain
physiology; however, experience with FDG-PET/CT in infectious



18 Page 8 of 28

Curr Treat Options Neurol (2020) 22: 18

Laboratory analysis of CSF and blood

encephalitides is largely restricted to tertiary centers and case reports. [72,
73e, 74-76] Future study is needed to determine the utility of FDG-PET/CT
in the diagnosis and clinical monitoring of infectious encephalitides as well
as the differentiation from autoimmune encephalitis and other causes of
subacute cognitive decline. Empiric antimicrobial therapy should be started
in those patients with suspected infectious encephalitis until laboratory
tests are available to guide discontinuation. [33]

Lumbar puncture for evaluation of opening pressure and CSF analyses are
critical tools in the ICU setting. The initial approach for CSF analysis should
include a comprehensive assessment of potential etiologies and include the
proper microbiological tests such as bacterial or fungal cultures as well as
specific molecular and immunological studies used for specific pathogens
(Table 1). Early and efficient detection of pathogens by PCR or immuno-
logical tests are influenced by different factors including the timing of the
infection, duration of symptoms, and CSF sampling, thus negative results
should be interpreted carefully and account for such factors. [3] CSF
markers including oligoclonal bands and IgG index are valuable in the
assessment for neuroinflammation and always should be included during
the initial assessment. In the setting of preceding respiratory tract infections,
cultures or molecular assays (e.g., PCR) of nasopharyngeal swabs or aspi-
rates should be always part of the evaluation.

Blood tests to consider include HIV serologies to assess for HIV infection
and immune status, complete blood cell counts with differential analyses of
cells, complete metabolic panels to evaluate for renal and hepatic involve-
ment, and bacterial blood cultures. Serum electrolyte levels to identify
electrolyte disorders (e.g., 25% of patients with St. Louis encephalitis
develop inappropriate secretion of antidiuretic hormone). Blood urea ni-
trogen and creatinine levels are useful to assess hydration status and adjust
antimicrobial therapy. [163] Urine or serum toxicology testing may be
helpful in patients with toxic delirium or confusional state. [164]

If CSF and imaging suggest encephalitis, and microbiology tests are non-
revealing, paraneoplastic and autoimmune causes should be considered.
When autoimmune or paraneoplastic encephalitis is a consideration, both
serum and CSF evaluation for anti-neuronal autoantibodies should be
included (e.g., anti-NMDAR, anti-LGI1, anti-AMPAR, GADG65, GABA-A,
and GABA-B). Absence of antibodies does not rule out the disease. CT of
the chest, abdomen, pelvis; tumor markers; gonadal ultrasound; and FDG-
PET studies should be considered to rule out occult malignancy or other
systemic sources of infection. [165]

Novel emerging technologies include molecular-based assays such as Bio-
Fire FilmArray ® Panels (BioFire/bioMérieux, Salt Lake City, USA) and
metagenomic next-generation sequencing (mNGs). The FilmArray® panels
are focused PCR-multiplexed assays which include a meningitis/
encephalitis panel for testing fourteen frequent microorganisms and viruses
that cause meningitis and encephalitis. [166] Although the panel’s sensi-
tivity and specificity are high, its availability is still limited and many
pathogens are not included in the panel. [167, 168, 169ee]
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Metagenomic NGS offers a comprehensive evaluation of viral, bacterial,
parasitic, and fungal infections by deep sequencing of the RNA or DNA of
fluids or tissue samples. This method involves isolation and sequencing of
RNA and DNA from CSF specimens, followed by computational analysis
for identification of non-human pathogens based on the known sequences
of viruses, bacteria or fungi available in genomic databases. [9®®] Advan-
tages of mNGS include its unbiased approach as it does not require prior
assumptions regarding the type of pathogen and thus allows for the dis-
covery of more potential and unusual pathogens (e.g. leptospirosis, den-
gue, toxoplasmosis, Balamuthia mandrillaris). [170-173] In a prospective
study of over 200 patients (58 of whom had an infection of the nervous
system), mNGS identified 32 (55%) patients with infection, 13 of whom
(22%) were not diagnosed by hospital clinical testing. [9¢e] In addition,
mNGS may complement conventional testing in ruling out co-infections
and supporting clinical diagnoses, such as in autoimmune encephalitis,
where providers may more readily initiate systemic immunosuppression in
the setting of results excluding an occult infection.

Clinicians have adopted the “tumor board” concept from oncology to
discuss mNGS results to guide their clinical decisions. Even though the
usefulness of mNGS results is still under study, this novel technique
provides more information than just “positive” and “negative” results
from methods such as PCR, cultures or serologic testing. [9¢e] How-
ever, disadvantages of mNGS include the potential of false-positive
results due to sample contamination either by normal body flora,
environment, or laboratory procedures or misidentification errors in
the computational bioinformatics approach. [174] In addition, mNGS
interpretation remains challenging as a lack of standardized thresholds
for reporting a positive test and the adoption of conservative clinical
references have consequently resulted in a high percentage of false-
negative results. [9ee] In addition, this technique depends on the
presence of nucleic acids in CSF, a factor that may limit diagnosis of
pathogens that have a short-lived presence in the CNS or have a very
low “pathogen-load” in the CSF such as WNV, VZV, or neurosyphilis.
In fact, 26 (44%) of 58 infections described in the prospective study
previously discussed, were not diagnosed with either mNGS or con-
ventional testing, but through serologic testing only. [9ee]

In terms of costs, the median length of hospitalization stay of an enceph-
alitis patient ranges from 3 to 13 days, with average costs of care being $
60,000. [175, 176] Major contributing factors to costs of care and length of
hospitalization are difficulty in the identification of culprit pathogens and
the extensive evaluations employed to rule out infection. [177] mNGS may
prove to be a useful diagnostic tool for rapid pathogen identification;
however, current associated costs and availability of testing have delayed its
widespread adoption. Recently, demographic and health care criteria have
been explored in specific patient populations where mNGS may prove cost-
effective in evaluating for infectious meningitis and encephalitis. These
include those patients who had undergone a neurosurgical procedure, were
admitted to the ICU, were co-infected with HIV-1 or had undergone a
previous organ transplant, were less than 1 year of age, or had been hos-
pitalized for atleast 2 days. [175] Further study is needed to truly determine
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the benefits and associated costs of mNGS to guide its broader adoption in
the evaluation of patients with suspected infectious encephalitis.

In cases of persistently altered consciousness, continuous EEG (cEEG)
monitoring for at least 24 h is helpful to exclude intermittent seizures and
status epilepticus. [71] Approximately 50% of patients with nonconvulsive
seizures will be detected by conventional EEG. In contrast, cEEG detects
about 95% of nonconvulsive seizures cases between 24 and 48 h of re-
cording. [178] The American Clinical Neurophysiology Society recom-
mends EEG if there is persistent altered mental status despite treatment;
unknown etiology of altered consciousness; and evidence of generalized,
lateralized, and bilateral independent periodic discharges. [179]

Complications of infectious encephalitis in the ICU

Critical care management in the setting of encephalitis is frequently driven by
depressed mental status, seizures, respiratory failure, stroke, hydrocephalus and
intracranial hypertension due to cerebral edema. Adequate management of
these complications is critical to minimize both morbidity and mortality and
ensure improved clinical outcomes.

Encephalopathy and decreased mental status

A great majority of patients with infectious encephalitis develop encephalopa-
thy and decreased mental status; however, only 15% are unconscious and
require intensive care management. [3] Encephalitis can involve the dienceph-
alon and brainstem structures, affecting the reticular activating system (RAS), or
may also produce cerebral edema and subsequent intracranial hypertension
interfering with the normal cerebral blood perfusion, both leading to altered
consciousness and coma.

Seizures and status epilepticus

Seizures are a frequent manifestation of infectious encephalitis, mostly as a
result of cerebral cortex involvement. For instance, seizures affect about 85% of
patients with JEV and 10% of patients with WNV infections. [180] Status
epilepticus (SE) and refractory status epilepticus (RSE) are common complica-
tions of encephalitis, particularly nonconvulsive seizures.

SE is a continuing seizure activity for more than 5 minutes or repetitive
seizures without recovery among episodes. Rapid seizure control is critical to
decreasing the likelihood of additional neurologic damage or more systemic
complications such as thabdomyolysis, lactic acidosis, aspiration, and pulmo-
nary problems. [181]

Acute treatment of seizures includes the initial standard of care with IV
lorazepam administered 2 mg every 1-2 min (maximum dose 0.1 mg/kg). A
second agent should be administered if lorazepam is inadequate to abort
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seizures. These options include phenytoin, fosphenytoin, levetiracetam, val-
proate, and lacosamide. [181]

If convulsive seizure activity persists despite the use of two drugs, then the
patient is likely in RSE. In this scenario, the patient should be sedated with an IV
medication, for example, midazolam (1-2 mg/kg/h) or propofol (50-80
pg/kg/min), and intubated. [3] Quantitative EEG is useful for titrating therapy
and evaluating seizure control. There is no consensus for an ideal level of EEG
suppression; nevertheless, the recommendation is to reduce burst suppression
pattern and decrease seizure recurrence through deep sedation for at least one
day. [3]

Recent non-controlled clinical studies suggest that an alternative therapy for
uncontrollable seizures with inadequate response to antiepileptic medications
is the ketogenic diet (KD). It is a high-fat and low carbohydrate diet that induces
ketone bodies and has been useful in drug-resistant epilepsy in children and
adults. The KD has been used in patients with Rasmussen encephalitis, anti-
NMDAR encephalitis, and post-infectious mycoplasma encephalitis with suc-
cess, and it is a potential therapy option. [182] A recent study in a tertiary
referral center demonstrated seizure control in 73% of patients with super RSE
after two days of treatment with the diet. [183ee]

Neuromuscular weakness

Neuromuscular weakness is a frequent sequela in critically ill patients, affecting
more than 25% of patients in the ICU. It may be caused by a myopathy,
polyneuropathy or a combination of both. The most common form of neuro-
muscular weakness is ICU-associated myopathy. This condition is characterized
by the loss of myosin, myofibrillar disorganization, and necrosis. [184, 185]
The use of glucocorticoids appears to be related to this process. [186] ICU-
related polyneuropathy is the second most frequent cause of weakness and it is
probably associated with microvascular compromise that produces ischemia
and axonal degeneration. [187]

Clinical presentation includes flaccid quadriparesis typically affecting prox-
imal more than distal muscles, weaning failure from mechanical ventilator,
hyporeflexia, and impaired sensation. The presentation, examination, and elec-
trodiagnostic tests (nerve conduction studies and electromyography; NCS and
EMG) may help with the diagnosis. In the setting of myopathy, NCS and EMG
demonstrate low motor amplitudes with a prolonged action potential, and
decreased phrenic motor amplitudes, while sensory function is usually pre-
served. In contrast, neuropathy is frequently characterized by decreased motor
and sensory amplitudes on NGS, fibrillation potentials on EMG, and reduced
phrenic motor amplitudes. [188]

Management is centered on the treatment of the principal medical condi-
tion, physical therapy, decreasing sedation, and avoiding complications (e.g.,
pulmonary embolism and deep venous thrombosis). Despite the paucity of
evidence related to the use of corticosteroids, the recommendation is to reduce
these medications as soon as possible.

Cerebral edema and intracranial hypertension

Cerebral edema, intracranial hypertension, and herniation are potential com-
plications of encephalitis, with a mortality rate of approximately 60%. [189,
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190] Cerebral edema is defined as swelling of the brain that may become life-
threatening when the intracranial pressure reaches levels above 25 cm water,
leading to ischemia and herniation. Many infectious encephalitides, such as
HSV and VZV encephalitis, can lead to vasogenic edema and intracranial
hypertension. [3] In suspected cases, diagnostic imaging or intracranial pressure
measurement may be considered.

Patients with cerebral edema and associated intracranial hypertension trea-
ted aggressively have better outcomes. [191, 192] Aggressive care includes the
use of osmotic agents such as mannitol or hypertonic saline, sedation, induced
hypothermia, hyperventilation, surgical brain decompression, control of fever,
and management of seizures. Other general recommendations include reducing
the period that the patient remains in a supine position, elevating the head at
least 30°, and avoiding hyponatremia. [3]

Implementation of corticosteroids has been proposed as adjunctive therapy;
however, clinical data is still limited to support their use. Despite this fact,
combination therapy of acyclovir and corticosteroids may be considered in VZV
and EBV encephalitis. [18e, 193, 194] In addition, consensus regarding cortico-
steroids dosage and duration in encephalitis does not exist, but prednisone at
1 mg/kg for 3-5 days has been described for VZV encephalitis. [195]

Cerebrovascular disease occurs in a variety of CNS infections, including enceph-
alitis, often requiring intensive care with a generally poor prognosis. [196]
Strokes in the setting of infectious encephalitis may be associated with the
primary infectious disease process and specific pathogen (e.g., HSV, VZV) or
due to secondary factors such as increased brain edema and transtentorial
herniations. Most of the infection associated cases of stroke have been reported
with HSV, VZV, and CMV infections. The presence of a stroke may distract the
medical team from the correct diagnosis and treatment. Thus, it is essential to
consider other alternative diagnoses when the clinical picture is atypical. Treat-
ment of the infection is the primary approach for this complication.

Hydrocephalus

Conclusion

Hydrocephalus is the result of an obstruction in the CSF pathway or alteration
of CSF production that more frequently affects children and adolescents. [197]
In infectious processes, the mechanism appears to be mediated by the desqua-
mation of ependyma with a posterior mechanical obstruction or cross-linking
between ependymal cells. [198] Also, the accumulation of particles in the
aqueduct, the narrowest structure of the CSF system, stimulates this process.
Numerous cases have been reported with HSV-2 infection. [199] Hydrocepha-
lus may be life-threatening and should be treated with medical and surgical
interventions. [200]

Infectious encephalitides include a diverse group of pathogens, including
viruses, which together represent a frequent type of encephalitis. The prompt
diagnosis and adequate treatment of the primary infection, as well as the
management of associated complications, are crucial for better outcomes and
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fewer neurological sequelae. Intensivists play a fundamental role in the man-
agement of patients with infectious encephalitis, particularly in the initial
evaluation and treatment as well as the management of complications. ICU-
level management is critical, given the high associated rate of mortality and the
critical role of ICU-level intervention in outcomes and survival.
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