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Central nervous system (CNS) infections represent
2.9% of the infections encountered in the intensive
care unit (ICU) [1]. Among them, infectious meningi-
tis and encephalitis, regardless of their community or
healthcare-associated origin, often have dramatic con-
sequences, including permanent brain injury and mor-
tality. Due to the potential severity of presentation and
the acute risk of mortality, many of these patients are
admitted to the ICU. Their management requires a thor-
ough understanding of not only epidemiology and diag-
nostic workup, but also of antimicrobial and adjunctive
treatments.

Epidemiology

Acute bacterial meningitis

The worldwide incidence of acute bacterial meningi-
tis is highly variable depending on the region, ranging
from 207.4 (95% UI 183.9-233.9) per 100,000 in South
Sudan to as low as 0.5 (0.4—0.7) per 100,000 in Australia
[2]. Mortality is high, ranging from 17 to 40%, depend-
ing on causative pathogen and country income status.
The global number of meningitis-related deaths has
decreased by 21% from 1990 to 2016 [2], mainly in chil-
dren younger than 5 years. For older patients, the num-
ber of deaths worldwide reduced only by 2.7% from 1990
to 2013 [3].

In a pooled analysis of studies from European coun-
tries, 53% of acute bacterial meningitis cases in adults
were due to Streptococcus (S.) pneumoniae, 27% to Neis-
seria (N.) meningitidis and 13% caused by Listeria (L.)
monocytogenes [4]. Five serogroups of meningococci are
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responsible for most cases of invasive meningococcal dis-
ease—A, B, C, W135 and Y. Common risk factors for lis-
teriosis include exposure to contaminated food, older age
(>65 years), and immunocompromised states [5]. Hae-
mophilus (H.). influenzae and Staphylococcus (S.) aureus
comprise 1-2% of cases in adults, usually in specific
clinical circumstances, such as sinusitis and endocarditis,
respectively [4].

The current epidemiology of community-acquired
bacterial meningitis cannot be understood without tak-
ing into account the impact of vaccination [6]. Over the
past decades, large-scale immunization programs against
H. influenzae type b, N. Meningitidis serogroups A, C, W
and Y and against some serotypes of S. Pneumoniae have
led to stark reductions in their incidence in vaccinated,
but also in unvaccinated populations [7]. From Europe
to Africa, the introduction of specific anti-meningococ-
cal vaccines played an important role in reducing the
incidence of the disease, such that N. Meningitidis is no
longer the leading global cause of meningitis-associated
mortality [2]. In the Netherlands, the incidence dropped
from 4.5 to 0.6 cases per 100,000 people after vaccination
in 2002 against serogroup C [8]. Currently, meningococ-
cal meningitis is predominantly caused by serogroup B,
and mostly found in adolescents, but this might change
now that the first serogroup B vaccine has been intro-
duced [9]. In addition to its established effectiveness in
children, pneumococcal vaccination has recently been
evaluated in a large placebo-controlled trial of elderly
adults (more than 65 years of age) and was found to be
effective in preventing vaccine-type pneumococcal pneu-
monia and invasive pneumococcal disease [10]. Routine
vaccination, through selective pressure, may lead to sero-
type replacement, especially in the case of S. pneumoniae
[11]. Nevertheless, the predominant effect remains a net
reduction of invasive pneumococcal disease [12].
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Among survivors, long-term disability plays a signifi-
cant role and has been described in up to half of patients
[8, 13]. S. pneumoniae, the main etiologic pathogen in the
adult, also caused the largest number of years of life lived
with disabilities [2]. Pneumococcal etiology has an inde-
pendent association with poor outcome, together with
other known risk factors such as age, systemic compro-
mise, and reduced level of consciousness. The prospec-
tive multicenter PNEUMOREA cohort study reported
a mortality rate of 33% (51/156) at 3 months after ICU
admission in patients with pneumococcal meningitis,
with neurologic sequelae observed in 34% of survivors
[14].

Acute meningoencephalitis

Viral meningoencephalitis is an inflammation of the
meninges and brain parenchyma caused by the infection
of a neurotropic virus [15]. Data from population-based
cohort studies conducted in high-income countries sug-
gest that the herpes simplex virus (HSV) accounts for 22%
of etiologies in immunocompetent adults [16]. Enterovirus
is a frequent cause of encephalitis in infants and children,
but not in the adult population. Arboviruses occur season-
ally and according to specific geographical regions. West
Nile virus, for example, is considered endemic in the USA.
Other specific causative pathogens, such as Zika or Den-
gue, should be suspected during outbreaks in determined
regions of the world. In a recent outbreak of Zika infection
in Brazil, a series of 40 patients with neurological compli-
cations reported 18% of those with encephalitis [17]. Mea-
sles or mumps can be observed in unvaccinated patients.

Varicella-zoster virus (VZV) is the first etiology identi-
fied in immunocompromised patients [16]. HSV enceph-
alitis in these patients may present atypically and is
associated with poorer outcomes [18, 19]. Other viruses
in immunocompromised population include cytomegalo-
virus (CMV), human herpesvirus (HHV)-6 and -7 as well
as John Cunningham-virus (JCV) [20].

Non-viral causes of acute encephalitis include Myco-
bacterium tuberculosis, which may account for 5% of
etiologies of acute meningoencephalitis [16]. Other non-
viral causes should be suspected in specific situations
such as immunodepression (toxoplasmosis, cryptococco-
sis) or travel to endemic regions (malaria).

Non-infectious immune-mediated encephalitis, such as
acute disseminated encephalitis (ADEM) and other anti-
body-associated causes, might represent 20% of causes
presenting to the hospital [21].

Healthcare-associated ventriculitis and meningitis

Infectious meningitis and/or encephalitis may also
develop after breaches in meningeal integrity, caused by
head trauma, invasive procedures, or external ventricular

drains (EVD). In a study from Taiwan, 48% of meningi-
tis cases were classified as hospital acquired [22] and in
a multicentric epidemiological study from the USA, the
incidence of meningitis caused by nosocomial patho-
gens was similar to that caused by N. meningitidis [23].
Etiologic agents and pathogenesis differ significantly
from community-acquired infections. Common patho-
gens include coagulase-negative staphylococci (CNS),
Staphylococcus (S.) aureus, and Gram-negative bacilli
(including Enterobacteriaceae, Pseudomonas aerugi-
nosa and Acinetobacter species) [24]. In traumatic brain
injury (TBI), the incidence of meningitis is estimated to
be 1.4%, but may be higher in the presence of depressed
cranial fractures, basilar skull fractures and sinus cavity
exposure. Bacterial meningitis after elective craniotomy
occurs in 0.8—-1.5% of patients and has been reported
both in high-income countries and lower-resource set-
tings. Risk factors include CSF drainage, the presence
of CSF leaks and steroid use [25, 26]. A major source of
infection in neurosurgical and neurocritical care units
are external ventricular drains (EVD). The incidence of
EVD-associated ventriculitis is approximately 8% (range
0 to 22%), depending on diagnostic criteria and patient
population [24, 27]. A recent multicentric study from
Italy [28] reported that 11% of patients with EVDs had
ventriculitis or meningitis, with an early peak after EVD
placement and a rise of the rate of meningitis/ventricu-
litis with increased lengths of catheterization. A large
meta-analysis of 35 studies [29] found a pooled inci-
dence of 11.4 per 1000 ventricular catheter days (95% CI
9.3-13.5), with progressively lower rates of infection with
catheters in place for less than 7 days (19.6/1000 cathe-
ter-days), 7-10 days (12.8/1000 catheter-days) and more
than 10 days (8/1000 catheter-days). These findings sug-
gest that the duration of catheterization is not the only
culprit of EVD infections, and that a significant propor-
tion of infections may originate from the insertion pro-
cedure. The SiLuDrain trial [30] is a recently published
randomized controlled trial (RCT) evaluating the effect
of a silver-impregnated lumbar drain on the development
of meningitis. The rates found were 4.2% in the interven-
tion arm and 16.7% in the control group, a difference that
was not statistically significant due to small sample size.
However, the high incidence of infections in the con-
trol group was striking and unexplained. Internal CSF
shunts as a long-term treatment for hydrocephalus may
get infected in 4%—17%, but most studies were performed
in children. In adults, internal shunts are usually inserted
after hemorrhagic stroke and infections mostly occur
within 1 month of the procedure [31], presumably due to
colonization at the time of surgical insertion.

The epidemiology of infectious meningoencephalitis is
summarized in Table 1.
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Diagnostic workup

Clinical signs and symptoms

Infectious meningitis and encephalitis are medical emer-
gencies, and early recognition and treatment are essen-
tial. The ‘classic triad” of meningitis (neck stiffness, fever,
and headache is present in less than 50% of cases and
has low sensitivity [32]. Indeed, common symptoms of
meningeal irritation (neck stiffness, the Kernig sign and
the Brudzinski sign) do not accurately identify patients
with meningitis [33]. Involvement of brain parenchyma
due to direct inflammation or intracranial complications
is responsible for changes in mental status, seizures and/
or focal signs. Almost all meningitis patients present with
at least two out of the four symptoms: neck stiffness,
fever, altered mental status, or headache [8, 32].

The differential diagnosis can be complex, and non-
infectious conditions such as tumors, toxic agents, auto-
immune diseases, or paraneoplastic phenomena might
have clinical features similar to meningoencephalitis.
Intracerebral or epidural abscesses might also present
with symptoms of meningoencephalitis.

Otogenic meningitis is a rare but serious complication
of acute otitis media in children, associated with acute
or chronic mastoiditis. A recent history of otitis media
and in particular key symptoms such as persistent fever,
headache, and purulent otorrhea should raise the level of
suspicion [34].

Patients with meningococcal or pneumococcal men-
ingitis often show signs of coexisting sepsis and may
present with petechial skin rash. This clinical presenta-
tion may be obscured in severely immunocompromised
patients, such as untreated HIV-positive individuals, or
after bone marrow or solid organ transplantation [35].

Patients with viral encephalitis usually present with
a rapid onset of encephalopathy, with a combination of
various symptoms, including fever, focal signs, and gen-
eralized or focal seizures [15].

CSF examination

CSF examination is essential to confirm or rule out bac-
terial meningitis/encephalitis, and to identify other
non-bacterial infections or immune-mediated diseases.
A diagnostic tree is presented in Fig. 1. Physicians first
need to verify whether a lumbar puncture is safe for
the patient. Typical CSF findings that are assessed in
the diagnosis meningitis/encephalitis are presented in
Table 2. Gram staining allows for rapid identification of
the causative organism in 60-90% of cases, while CSF
culture remains the gold standard for the diagnosis of
bacterial meningitis [36]. Latex agglutination testing in
CSF has a widely varying sensitivity depending on the
causative pathogen: 59-100% and 22-93% for S. pneu-
moniae and N. meningitidis, respectively. Blood cultures,

collected before the start of antibiotic treatment, are pos-
itive in 66% of patients with bacterial meningitis [32] as
well as in neurolisteriosis [5]. CSF polymerase chain reac-
tion (PCR) is increasingly used, especially when antibi-
otic treatment has been initiated before the LP.

In patients with suspected viral encephalitis, no blood
laboratory result can be used to guide the etiological
diagnosis, but is nevertheless needed to establish a dif-
ferential diagnosis [37]. CSF PCR for HSV, VZV, and
enterovirus are imperative. Whether additional viro-
logic evaluation for arboviruses is necessary, is based on
the geographic region and season. Measles and mumps
need to be excluded in unvaccinated patients [38]. In
the absence of comorbidities and after reasonable exclu-
sion of common infectious causes, non-infectious causes
should systematically be considered, including ADEM
[39] and antibody-associated encephalitis [40]).

The diagnostic workup in severely immunocompro-
mised patients is more complex and has been covered
more extensively in a recent review [35]. Importantly,
only minimal CSF pleocytosis may be observed in
these patients, making CSF Gram stain, PCR and cul-
tures especially important. In addition, other pathogens
should be systematically sought, including viruses (CMV,
HHV6, HHV7, and JC virus), Mycobacterium tubercu-
losis and fungi [15]. Mycobacterium tuberculosis detec-
tion includes detection of acid-fast bacilli by microscopic
examination (>2 ml CSF), real-time PCR, and mycobac-
terial cultures. CSF microscopic direct examination is
rarely positive and real-time PCR has a negative predic-
tive value of 84%, suggesting that a negative real-time
PCR does not rule out tuberculous meningitis [37]. Blood
and CSF IGRA (interferon gamma release assay) tests are
currently not recommended. Other high-risk patients, in
whom testing for tuberculosis is indicated, are the elderly
(>75 years), and those coming from high incidence coun-
tries. Tuberculous meningitis in adult patients admit-
ted to the ICU may be complicated by infarction, basilar
arachnoiditis, hydrocephalus or abscess, as best detected
on magnetic resonance (MR) scan [41]. Fungal menin-
gitis should be systematically sought in patients with
unexplained meningitis/encephalitis and in immuno-
compromised patients, with india ink stain direct exami-
nation, and cryptococcal antigen in both serum and CSE.

Recent data suggest that a multiplex PCR approach
simultaneously detecting bacteria (H. influenzae, N. men-
ingitidis, L. monocytogenes, S. agalactiae, S. pneumoniae,
H. influenzae), viruses (HSV-1, HSV-2, CMV, VZV, HPV,
HHV®, enterovirus) and yeast (Cryptococcus) has high
sensitivity and specificity [42]. Antigen and immuno-
chromatographic tests provide tools for rapid identifica-
tion of the pathogen [43]. Routine microbiologic testing
may not be sufficient to detect neuro-invasive pathogens
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Table 1 Overview of the most common pathogens causing meningoencephalitis, and predisposing risk factors associ-

ated with these pathogens

[Common pathogens

Comments and predisposing cond

Bacterial meningitis

Neisseria meningitidis

Streptococcus pneumoniae

Listeria monocytogenes

Coagulase-negative staphylococci

Staphylococcus aureus

Gram-negative bacilli

Haemophilus influenzae

HSV 1and 2

\74%

Enterovirus

Dengue, Zika
West Nile Virus
EBV

@Y\

Measles, mumps
Others

Healthcare-associated meningitis and ventriculitis
Staphylococcus aureus

Coagulase-negative staphylococci (especially Staphy-
lococcus epidermidis)

Pseudomonas aeruginosa
Acinetobacter baumannii
Propionibacterium acnes

Streptococcus pneumoniae, Haemophilus influenzae,
group A B-hemolytic streptococci

All ages affected; more common in younger patients

Entry through nasopharynx;

Usually no predisposing conditions

All ages affected; more common in older adult patients

Entry through nasopharynx, skull fractures, and contiguous or distant site of infection

Predisposing conditions include HIV-infected individuals, pneumococcal bacteremia, fracture of cribriform
plate, cochlear implants, and cerebrospinal fluid leaks from basilar skull fracture

More common in older adults or neonates
Entry through gastrointestinal tract or placenta

Predisposing conditions include immunodeficiency—defects in cell-mediated immunity (i.e,, glucocorti-
coids, transplantation), pregnancy, liver disease, alcoholism, malignancy

All ages affected;
Entry through foreign body;

Predisposed patients are those that underwent neurosurgery with foreign body (i.e., ventricular drains and
shunts)

All ages affected
Entry through foreign body, neurosurgery or bacteremia

Predisposition include endocarditis, neurosurgery, foreign body (i.e. ventricular drains and shunts), cellulitis
with bacteremia

More common in older adults, neonates, immunocompromised patients and all ages in hospitalized
patients

Predisposition include severity of systemic illness, neurosurgery, ventricular drains, disseminated strongyloi-
diasis

Affects all ages

Entry through nasopharynx and contiguous spread from local infection

Predisposed patients are those with compromised humoral immunity and unvaccinated children

Affects all ages, immunocompetent individuals;

Most common, 50 to 75% of identifiable cases

No seasonal or geographic preferences

More common in immunocompromised adults or unvaccinated children

Associated with viral reactivation, even in absence of skin lesions

In children, most cases occur concurrently with chickenpox or in a post-infectious form
Common cause among identifiable etiologies; common among children

Fecal oral contamination

May occur in outbreaks

Varies upon geographic region and outbreak season, reflecting arboviral transmission
Depending upon geographic region. For example, it is considered endemic in the USA
More common in children and adolescents

More common in immunocompromised patients

In unvaccinated patients

Evaluate geographic region, travel history, outbreak season, differential diagnosis (i.e,. autoimmune
encephalitis)

Penetrating traumatic brain injury, neurosurgery, ventricular and lumbar drains

Neurosurgery with foreign body, especially ventricular drains

Ventricular and lumbar drains

Basilar skull fracture
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I Clinical suspicion of meningitis/encephalitis ‘

o

Is lumbar puncture contra-indicated ? *

S

YES |
Blood cultures |
Start dexamethasone and antibiotics *** |

[ I
‘ Other contra-indications ? | ‘ Risk of herniation ? **

[ [
Correct if possible ? | | CT scan |

| |
Contra-indication ?
[ I

YES | ‘ NO }—\
I

NO

Blood cultures + lumbar puncture

| |
| l |
| |
| |

Cloudy CSF ?

I [
YES
I
Start dexamethasone
and antibiotics

NO | |

Antibiotic/antiviral therapy |

CSF analysis |

based on clinical I

I

presentation, biology and | “polynuclear cells” ? | |

“lymphocytes” ? |

microbiological results ***

I [

I Normal CSF/plasma glucose ratio ‘ ‘

Low CSF/plasma glucose ratio |

Bacterial meningitis ?
(GRAM, CSF cultures)

Auto-immune encephalitis ?

Viral encephalitis ?
(CSF PCR)

Tuberculous meningitis ?
(culture, PCR)

Fungal meningitis ?

(antibodies in CSF and serum) (cultures, antigens)

unwell or deteriorating

Fig. 1 Diagnostic algorithm in non-immunocompromised patients with suspected meningoencephalitis. *Contraindication to lumbar puncture
includes severe coagulation abnormalities, hemodynamic instability, focal neurologic deficits (excluding cranial nerve palsies), new-onset seizures,
severely altered mental status, and severely immunocompromised state (e.g., in organ transplant recipients and HIV-infected patients). **A space-
occupying intracranial lesion or diffuse brain edema, which both cause a substantial brain shift, resulting in an increased risk of cerebral herniation.
**¥|t is strongly recommended to start antibiotic therapy as soon as possible in acute bacterial meningitis patients. The time period until antibiotics
are administered should not exceed 1 h. Whenever lumbar puncture is delayed, e.g., due to cranial CT, empiric treatment must be started immedi-
ately on clinical suspicion, even if the diagnosis has not been established. ntravenous aciclovir (10 mg/kg three times daily) should be started if the
initial CSF and/or imaging findings suggest viral encephalitis, or within 6 h of admission if these results will not be available, or if the patient is very

and metagenomic next-generation sequencing may pro-
vide actionable information in some cases [44].

When there is a known history of (potential) meningeal
integrity breaches, such as craniofacial trauma, cranial
surgery, or ventricular or lumbar shunts, it is important
to consider healthcare-associated infections. Clinical
symptoms may arise during hospitalization, but also late,
up to months after hospital discharge. Implanted shunt
systems may have a CSF sampling port of reservoir that
can be punctured for diagnostics.

Imaging

In patients with bacterial meningitis, common intrac-
ranial complications detected on CT scan obtained at
admission include cerebral ischemia (10%), diffuse cer-
ebral edema (10%), hydrocephalus (3%) and empye?a
(1%) [45]. Brain MRI is the first-line imaging to perform
in patients with suspected viral encephalitis, when it is
feasible, and should include FLAIR, diffusion, T2%, and

T1 sequences with and without gadolinium, as well as
venous and arterial sequences [37]. Typical patterns of
HSV encephalitis, such as bilateral temporal lobe involve-
ment, may help to distinguish HSV from its mimics [46].

EEG

EEG may also add to clinical, diagnostic and prognos-
tic information in patients with acute encephalitis [47],
although the EEG abnormalities are often non-specific
for the underlying cause.

Management

Antimicrobial treatment

Community-acquired meningitis

For community-acquired meningitis, prompt initia-
tion of empirical antimicrobial treatment should not be
delayed by the diagnostic process, and should be started
within the first hour of presentation [4, 24], even if CSF
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Table 2 Interpretation of cerebrospinal fluid (CSF) findings

Normal Bacterial Viral Tuberculous Fungal
Opening pressure 6-20 cmH,0 20-50 cmH,0 6-30 cmH,0 20-40 cmH,0 20-100 cmH,0O
Colour Clear Cloudy “Gin"clear Cloudy/yellow Clear/cloudy
Cells <5/mm? High-very Slightly increased  Slightly increased 10-1000/mm?®  Normal-high 0-1000/mm?
high > 1000/ 10-1000/mm?
mm
Differential Lymphocytes Neutrophils Lymphocytes Lymphocytes Lymphocytes
CSF/blood glucose ratio 50-66% Low <40% Normal Low-very low < 30-40% Normal-low
Protein level <045 g/l >14g/l 0.5-1 g/l 1-5 g/ 0.5-5 g/l

Adapted from [37] and [57]

When performing a lumbar puncture for CSF sampling, the following should be observed:
The minimum amount of CSF sampled must be 120 drops (1 drop amounts to approximately 50 uL): 20 drops (1 mL) for biochemistry tests and 80-100 drops (4=5 mL)

for microbiological and virological tests

Part of the CSF must be kept (at+4 “C and then, if possible, at — 80 “C) for additional biological tests (including tuberculosis diagnostic test)

CSF glucose level must imperatively be combined with a concomitant blood glucose level test

examination is not possible. It should be maintained until
CSF examination results are negative, or if suspicion of
meningitis persists. Independent of severity at the time
of ICU admission, delays in antibiotic treatment are pre-
dictive of mortality and unfavorable outcome [48]. The
choice of antibiotic therapy for community-acquired
(suspected) bacterial meningitis depends on the age of
the patient, specific risk factors, and the local antibiotic
resistance pattern of S. Pneumoniae. In patients between
18-50 years of age, cefotaxime or ceftriaxone should be
adequate to cover for S. Pneumoniae, H. Influenzae, and
N. Meningitidis. However, in areas with decreased sus-
ceptibility for these antibiotics, vancomycin or rifampicin
[49] should be considered, even while there is currently
no evidence for efficacy from human interventional clini-
cal trials. Listeria coverage with amoxicillin, ampicillin,
or penicillin G should be added in all patients >50 years
of age, or younger patients with risk factors (diabetes,
impaired immunity, or cancer). Because listeriosis has
been reported in patients <50 years without risk factors
as well, many local protocols have included Listeria cov-
erage in all initial empiric regimens, regardless of age or
risk. Community-acquired meningitis due to E. coli [50-
52] should be considered in patients with risk factors such
as a higher age, immune-suppression or concomitant
other infections at admission (in particular, urinary tract
infections). In most settings, E. Coli should be susceptible
to standard empirical antibiotic regimen, although add-
ing gentamicin might be considered [52, 53]. However, in
regions where the prevalence of extended spectrum beta-
lactamase (ESBL) or carbapenemase producing (CPO) E.
Coli is significant, it could be an option to initiate treat-
ment with carbapenem or colistin [54]. Once the causa-
tive organism has been identified, de-escalation is usually
feasible. Standard duration of therapy is 7-10 days for N.

Meningitidis, 10—14 days for S. Pneumoniae pneumococ-
cal, and 21 days for L. Monocytogenes.

Adding dexamethasone together with the initial dose
of antibiotics has been shown to decrease hearing loss
and neurological sequelae in bacterial meningitis caused
by H. Influenzae and S. Pneumoniae, and reduce mortal-
ity in pneumococcal meningitis, at least in high-income
countries [55]. Whether adjuvant dexamethasone should
be stopped when final microbiology demonstrates non-
pneumococcal and non-haemophilus meningitis is con-
troversial. A recent observational cohort in 120 adults
found an association between dexamethasone use and
delayed cerebral injury (DCI) [56], but the retrospec-
tive nature, small sample, and low event rate (only five
patients developed DCI) in this study do not allow for
any conclusion and certainly should not change practice.

In case of a brain or subdural abscess, or mastoiditis,
consultation with a neurosurgeon or head and neck sur-
geon, and surgical drainage, will be necessary.

Acute viral encephalitis

If CSF or imaging is suggestive of viral encephalitis, aci-
clovir 10 mg/kg, three times per day (adapted to renal
function) should be started immediately [57]. Even if
CSF or imaging results cannot be obtained within 6 h
of admission, or if the patient deteriorates before results
become available, antiviral therapy should be initiated.
Empirical aciclovir cannot be stopped until an alternative
diagnosis of meningoencephalitis is confirmed, or viral
encephalitis caused by an aciclovir-susceptible virus has
been ruled out by (weekly repeated) negative LP, in the
absence of radiological (MRI) signs of viral encephalitis.
If HSV encephalitis is confirmed, aciclovir should be con-
tinued for at least 14 days. Upon stop, a repeat LP with
PCR should confirm that CSF is negative for HSV. If still
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positive, aciclovir should be continued for an additional
week, with a new weekly LP until CSF is negative. For
VZV, 10-15 mg/kg of aciclovir three times daily is rec-
ommended. In case of suspected vasculitis, steroids may
be considered for this indication. Enterovirus encepha-
litis requires no specific treatment. Immunocompro-
mised patients with CMV encephalitis should be treated
with ganciclovir, although foscarnet or cidofovir are
alternatives.

Other pathogens

Other causes of meningoencephalitis (mycobacteria,
malaria, ...) must be treated with appropriate anti-infec-
tive agents. When suspicion of a specific rare cause is
strong, empirical therapy is defendable until the cause
has been ruled out.

Healthcare-associated ventriculitis and meningitis
Pathogens associated with healthcare-associated menin-
gitis and ventriculitis vary according to the clinical cir-
cumstances described above. After elective neurosurgery
and TBI, common bacteria include staphylococci and
gram-negative bacilli. In patients that underwent elective
placement of neurosurgical devices such as CSF shunts,
infections are usually caused by cutaneous organisms—
CNS or Propionibacterium acnes. When determining
probable etiologic pathogens and empirical therapy, the
duration of hospitalization and local antimicrobial-sus-
ceptibility profiles prior to surgery should be considered,
and multi-drug-resistant (MDR) bacteria might become a
major problem. Empirical therapy should cover the most
common pathogens implicated. In acute stroke or TBI
patients with EVD-associated ventriculitis, the causa-
tive bacteria can be Gram positive or Gram negative [28,
29], and a recent single center study reported that 70.5%
of cases were due to Gram-negative organisms with half
of them isolating carbapenem-resistant Acinetobacter
(A.) baumannii [58]. Empiric antibiotic therapy should
be aimed at (methicillin resistant) S. aureus (MRSA),
coagulase-negative staphylococcus (CNS), Pseudomonas
aeruginosa and A. baumannii. Less common pathogens
are enteric bacteria and Candida species. Empirical
treatment of post-neurosurgical meningitis in patients at
risk of A. baumannii infection should include high-dose
intravenous meropenem with colistin in areas with high
rates of resistance. The optimal duration of treatment of
A. baumannii meningitis/ventriculitis is unknown, and
experts recommend continuing antimicrobial therapy for
3 weeks [59].

The management of bacterial meningitis of ventriculi-
tis in patients with EVDs should always involve removal
and/or replacement of the indwelling device. EVDs are
easy to remove. Internal ventricular catheters should be

removed as well and replaced by a temporary EVD until
cultures are negative for at least 7-10 days [54].

Intraventricular or intrathecal antibiotic treatment,
with vancomycin, aminoglycosides, polymyxin B, or
colistin, is sometimes considered, especially for difficult
to eradicate surgical infections with MDR pathogens
[60], such as A. baumanii [61], Pseudomonas aerugi-
nosa, or MRSA, even when the exact indications of this
therapy remain unknown. Adding intraventricular colis-
tin in episodes caused by MDR A. baumannii is recom-
mended, but intraventricular aminoglycosides can be an
alternative if the strain is susceptible. Lower mortality
associated with intrathecal colistin has been reported in
patients with antibiotic-resistant Acinetobacter nosoco-
mial meningitis [62].

Penetration of systemic antibiotics in the CSF is a par-
ticular concern, and several reports have been published
to support therapeutic drug monitoring (TDM) in CSF
for antimycobacterial [63] or antifungal agents [64], but
also for more commonly used drugs where CSF penetra-
tion is known to be a problem, such as vancomycin [65]
or ceftriaxone [66]. For vancomycin [67] and colistin [68],
CSF TDM is often recommended, even for intrathecal
administration.

Adjunctive treatments

Sepsis

The septic response to bacterial meningitis can be
aggravated and is often fatal, especially in the classic
Waterhouse—Friderichsen syndrome, where severe sep-
tic shock, diffuse intravascular coagulation, and adre-
nal infarctions are present. Sepsis management and the
management of multiple organ failure (MOF) are not
the scope of this review and should be done according to
international guidelines [53]. When present, sepsis and
MOF might be the main contributors to worse clinical
outcomes and immediate fatality.

Intracranial hypertension

Elevated ICP is common after meningoencephalitis and
is often lethal. Even while non-invasive assessment of ICP
remains a challenge, and the predictive value of clinical
or radiological signs to rule out intracranial hyperten-
sion is notoriously low [69], ICP monitoring in menin-
goencephalitis remains a subject of discussion. In analogy
with traumatic brain injury [66], a tiered therapy for
intracranial hypertension is usually proposed, including
sedation, external ventricular drainage, hyperosmolar
therapy with mannitol or hypertonic saline, and barbi-
turate coma or even surgical decompression for extreme
cases. A prospective interventional trial of ICP specific
therapy (mainly consisting of liquor drainage via an
external ventricular drain, that was also used to measure
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the ICP) suggested benefit over a historical control group
where no routine early ICP-directed treatment was used
[70]. Mainly due to the lack of prospective data, no rec-
ommendations can currently be made [71].

Temperature management

Antipyretics to control fever, even while frequently used
in bacterial meningitis, had no demonstrated effect on
outcome in two RCTs in children, performed in Angola
[72] or Malawi [73]. Induced hypothermia is consid-
ered contraindicated in comatose bacterial meningitis
patients, after a multicenter French RCT was stopped
prematurely due to excess mortality in the hypothermia
group [74].

Seizures

EEG must be systematically performed to rule out non-
convulsive seizures, in patients with proven or suspected
meningitis/encephalitis that are comatose or have unex-
plained neurological deficits [24, 47]. In bacterial menin-
gitis, risk factors for the development of seizures include
pneumococcal etiology, and abnormalities on imaging
studies, while the effect of older age is less consistent [75-
77]. The role of prophylactic antiseizure treatment is not
well established, and has not made it into the guidelines
[24]. For viral encephalitis, in the absence of adequately
powered RCTs, the evidence for routine anti-epileptics
for the primary or secondary prevention of seizures
remains equally weak [78]. Rather, it is advisable to have a
low threshold for starting antiseizure therapy in patients
with meningitis or encephalitis, where a clinical suspi-
cion or a high risk for seizures exists [76].

Glycerol

Studies on the role of oral glycerol to prevent neurologi-
cal complications of bacterial meningitis have demon-
strated conflicting results. A multicenter double-blind
RCT found an effect of oral glycerol in monotherapy
and combined with dexamethasone, in reducing neuro-
logical complications [79]. However, a subsequent trial
in adult meningitis patients in Malawi [80], a resource-
poor setting with a high HIV prevalence, was stopped
prematurely due to excess mortality in the glycerol group.
Another study in children in Malawi [73] found no effect
on outcome.

Conclusion

Meningitis and encephalitis represent severe and under-
recognized causes of brain injury and mortality in the
ICU setting. The incidence of healthcare-associated men-
ingitis and ventriculitis is increasing, and requires special
consideration. Admission to an intensive care unit (ICU)

is often necessary, to prevent or treat associated sys-
temic and neurological complications. Recent advances
in molecular biology allow for faster and more accurate
etiological diagnosis. Further studies in ICU patients
focusing on management of raised intracranial pressure,
seizure detection, and treatment and potential adjunctive
therapies to improve neurologic outcomes are urgently
needed.
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