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Purpose of review

Management of patients with meningitis and encephalitis oftentimes requires ICU level of care. This article
is an update on management for meningitis and encephalitis with focus on clinical care in the ICU.
Information provided is based on a review of recent studies with focus on studies since 2017.

Recent findings

Advances in diagnostic and treatment approach for different pathogens are presented. Nosocomial
meningitis now constitutes a major part of brain infections seen in ICUs in the developed world. Advances
in ICU care of central nervous system (CNS) infections include application of newer diagnostic methods,
improved understanding and delivery of antibiotics to the CNS, infection prevention for nosocomial
infections, and application of neuromonitoring where indicated.

Summary

Advances in diagnostics and therapeutic approach to CNS infections are continually made. For intensivists,
focus on neuromonitoring and brain resuscitation in critically ill patients with CNS infections may present a
path fo enhance preservation of brain function and improve outcomes.

Video abstract
http://links.lww.com/COCC/A22.
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INTRODUCTION

Central nervous system (CNS) infections are medical
emergencies that require immediate diagnosis, ini-
tiation of therapy, and oftentimes admission to an
ICU. This article focuses on the updated ICU man-
agement of infectious meningitis and encephalitis.

DIAGNOSTICS AND INITIAL
ANTIMICROBIAL TREATMENT

Community acquired bacterial and viral
infections

Common culprits of community-acquired bacterial
meningitis in the developed world remain Strepto-
coccus preumoniae, Neisseria meningitidis, and Listeria
monocytogenes. For diagnosis, blood cultures should
be obtained immediately. Empiric antibiotics,
ideally started within 1h of presentation, should
be initiated to cover likely organisms |[[1%%]. Antibi-
otic initiation should not be delayed to obtain cere-
brospinal fluid (CSF). Empiric treatment regimens
should cover all potential causes that the limited
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initial diagnostic work-up supports [2"]. Local pat-
terns of antibiotic resistance need to be considered
[3""]. While the debate about utility of steroids is
ongoing, adjunctive dexamethasone, if indicated,
should be given simultaneously with the first dose of
antimicrobials [1**]. Recent Européan guidelines rec-
ommend steroid [discontinuation if a patient
has bacterial meningitis by an organism |other
than Haemophilus influenzae or S. pneumoniae [1*].
A recent study evaluating delayed outcomes after
treatment for bacterial meningitis found that
adverse clinical joutcomes were associated with the
use of adjunctive steroids [4].
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Infectious diseases

KEY POINTS

e Advances in diagnostic methods have improved early
diagnosis of bacterial meningitis.

can develop - a viral
e considered in cases of-

and shou
to therapy or

o [NGsecamial meningitis represents of bacterial

meningitis cases in the developed world.

e While main causative organisms for nosocomial
meningitis remain organisms,
the iroiortion of Gram infections

IS

e Elevated is and a
common eventua o in patients with
meningitis, and might require specific monitoring

and treatment.
. of into the cerebrospinal fluid
is hi an regimen should be
to the individual situation.

In addition to conventional CSF analysis, advan-

ces using CSF and sérum biomarkers to distinguish
bacterial meningitis from nonbacterial disease are

reported. Community-acquired bacterial meningitis
can reliably be using

and be reliably using

phil count and |CSF lactat€ levels [S]. Serum CRP
and [procalcitonin also exhibit highl sénsitivity and
specificity in differentiating bacterial and viral men-
ingitis [6]. Furthermore, newer assays such as multi
PIeX-PCR assays and techniques
serve to simultaneously detect and identify a greater
number of pathogens [7], including rare pathogens
such as Captocytophaga canimorsus [8].

The Gifferential AgROSI for EACEPAAES is
broad, including infectious and autoimmune
causes. [Viftisés remain the most common culprit,
however fungal, protozoan, and immune-related
causes should be on the mind of any treating inten-
sivist [9*"]. Herpes simplex virus (HSV) encephalitis
is the [most €ommon identified cause of infectious

encephalitis, accounting for B0=40% of cases with

identified pathogen [10]. CSE HSV-PCR is the [best

diagnostic [test for HSV encephalitis, but can

sionally produce [fals¢ negative results when per-

formed in the course, and should then be
[11]. If clinical Suspicion

remains high despite negative testing, ffreatment
should be [contintied as 0:4% of patients will remain
falselFiegative [12]. Brain MR has a Bighisensitivity
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and will show in [80=100% of cases

[13]. Mainstay of treatment is with

lacyclovir, but fesistance has been reported for both

immunocompromised and immunocompetent

patients, in which case [F0Sc¢arnet can serve as [alter-

native [14-16]. During the course of viral manage-
of [auteimmune encephalitis

ment,
can occur [17], and appropriate testing should be
performed if lack of response to antiviral treatment

is seen [11].

Tuberculous and fungal meningitis
Tuberculous (TB) meningitis should be

in high risk patients or when presenting with

for other bacterial meningitis,

including cranial NERVES deficits, ydFOCEpRAIGS,
brain @bscesses, or hyponatremia due to syndrome

of inappropriate antidiuretic hormone secretion
or cerebral salt wasting [18"]. remains

ftivity, and clinicians being required to exert judg-

ment based on examination, [nflammatory CSF

imaging studies, and scoring systems

markers,
[19]. regimens are largely based
on those for with a staged

combination regimen [18%].
[Fungal CNS infections are highly Vatiablé in
clinical and can mimic other acute
neurological diseases [20]. Prior history of systemic
fungal infections, CNS disease, or fapid disease pro-
jgression| should raise the index of suspicion for
fungal meningitis. As with other CNS infections,
early identification and treatment significantly

improve odds for better outcome [21]. “

Bition via lumbar puncture is
very ighi (>1 gm/dl) CSF [Biofeln and OBstuCtive
hydfocephalis§ should be consideted. Empiric
lamphotericin B will provide broad coverage. For
lcryptococcal meningitis, the most common fungal

meningitis. Updated guidelines by the WHO were
published in 2018 including treatment regimens

with @ntifungal agents and management of €lévated
intracerebral pressure (ICP) with CSF [diversion [22].

INosocomial/postneurosurgical meningitis
and ventriculitis

Nosocomial CNS infections are associated with
increased

worsening neurological func-
tion, and prolonged hospital stay. Nosocomial men-
ingitis now [40% of bacterial meningitis
cases in the developed world [23]. Reported inciden-
ces of nosocomial CNS infections vary widely, with
occurring in 0.34-25% of

cases, and extraventricula rain (EVID) FFeStions in

Volume 25 o Number 00 o Month 2019

Copyright © 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel



Meningitis and encephalitis management in the ICU Robinson and Busl

up to .% [24]. Accurate estimates of the incidence
are difficult, as diagnosis and definition of infection
vary, as do institutional infection control and device
manufacturers [25,26""]. Importantly, many studies
include only culture positive cases in their analysis.
This likely results in an overall under-approxima-
tion, as at least [=30%6 6T HOSOCOMIAl THENIEItS is
estimated to be culture negative [27,28]. A variety of
fisKfactors have been described for the development
of postneurosurgical meningitis, including experi-
ence in surgical techniques, [CSF [€aKs, concomitant

infection at incisional sites, and duration and type
of surgery. Tumor surgery, §evere heéad injury and
subarachnoid hemorthage pose the highest risk for
postoperative meningitis [23].

The|diagnosis of remains
Affected patients are already ill, and
fever and headaches are common baseline problems
in this population.

Prior antibiofic or steroid usc

oftentimes further complicates the picture. Paralle-
ling the use of biomarkers in CSF and serum for the
diagnosis of community-acquired meningitis, vari-
ous CSF biomarkers have been studied in the context
of nosocomial CNS infections. For [CSElactate, stud-
ies have shown [Cutoff values between
S:4mmol/l to diagnose bacterial meningitis. Other
data are not as conclusive, and no single standard
exists, especially when a ventriculostomy is in place
[29]. The cell index, assessing CSF cell counts in
relation to serum counts, has been reported to have
some value in diagnosing nosocomial meningitis
[24].In 2017, the Infectious Disease Society of Amer-
ica published updated guidelines for the diagnosis
and management of healthcare-associated ventricu-
litis and meningitis [26"]. SOmMe€ €Xperts suggest
different, not yet validated, algorithms such as con-
sideration of [bacteral meringitis as unlikely with
normal CSF glucose, CSF lactate less than 4 mmol/l

and [24]. Another group
recently developed a fulé to determine
the presence of postoperative meningitis. This rule
includes (aneurysmal subarachnoid
hemorrhage, CRP level, CSF/serum glucose ratio,
CSF neutrophil count, CSF leak and CSF lactate
level), with an of 094 for
the prediction of CNS infection [27].

For -related infections, the accuracy of the
clinical diagnosis remains low [30]. Reported [iSK
factors for EVD-related infections include [dufation
of catheterization, presence of intraventricular hem-
orrhage, insertion technique, and lack of infection
control bundles [25]. While older data indicate
repeated CSF sampling as a risk factor for EVD-
infection, a recent series did not show this to be a

1070-5295 Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.
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risk factor, but rather reconfirmed previously known
risks [31]. In a pooled meta-analysis, the use of

organisms with no significant reduction in Gram.-
negative infections (32]. Silver-impregnated EVDs

showed some promise, but recent data did show
an overall féduction of EVD-related infections [33].
Antibiotic use with both conventional and antibi-
otic-impregnated EVDs has also been studied. Infec-
tion rates using conventional EVDs with prolonged
antibiotics are similar to using antibiotic-coated
EVDs with periprocedural antibiotics. In addition,

are
to with or without

periprocedural jantibiotics [34]. Recent data also
suggest_the use of [ntAVENtCAlaFANGbIOCS
resulted in significantly lower EVD infection rates

(2.7 versus 11.9%) [35].

The [main causative @rganisms for nosocomial
meningitis are cutaneous Gram-positive organisms
such as 0agulase Egative Staphylococei, Staphylo-
coccus [aureus, and [Propionibacterium acnes, but the
proportion of Gram-negative infections is [fncreas-
fing [24], with the percentage of Gram
infections now reported as high as M
EVD-related infections, specifically, the proportion
of Gram-negative infections has increased with at
least 35% being Gram-negative. [32].
of meningitis should
include coverage of likely involved pathogens
and follow local resistance patterns. Current guide-

lines recommend treatment with Vancomyein, and
either an

The duration of treatment for nosocomial menin-
gitis is mostly based on common practice rather
than evidence, and usually spans 217days for
Gram and 10=14 days for Gram-positive
meningitis [26™]. If implants or shunts are in place,
hardware removal and extended treatment is rec-
ommended [26"]. Arecent study on the pathogenic
role of CSF drainage devices in postoperative neu-
rosurgical patients showed that [€arly device
as associ-
illness [36]. Currently,
ministration has N6t

any antibiotics for iiffathegal usc, and no consen-

sus exists on indications for intrathecal treatment.

Intrathecal therapy is for severe
ventriculitis cultures

despite appropriate intravenous dosing, multi-
drug-resistant pathogens, intolerance of systemic
antibiotic administration, or when device removal
is not feasible [37].

ated with
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Infectious diseases

in patients
with central nervous system infections
Guidelines recommend to per-
forming a lumbar puncture if the patient’s age is at
IEGSEG0, there is a history of NS WiSease, Seizures, or
state, or exami-

suggest that

can be performed

Iage MAOrity of patients with BACEeHal meningitis
as cerebral herniation is far€ [39]. While these data
jstiggest computed tomography (€T) as a Sciéening

method for contraindications to lumbar puncture,

others point out that (I AiNEs o ROE Feleel
[40].

Although and a

elevated ICP is prevalent
[mon eventual cause of [death in patients with men-
ingitis, data evaluating the [Bignificance of ICP
in these diseases are limited. This is
likely due to large proportions of patients receiving
management in ICUs without subspecialty exper-
tise, where the focus is systemic resuscitation rather
than cerebral resuscitation [41]. Older data indicate
development of intracranial hypertension in as
many as 93% of patients, especially when the Glas-
gow Coma Scale (GCS) score is 8 or less [42]. In a
recent series where all meningitis patients received

ICP monitoring, were present in [62%
[40]. In patientsm meningitis, the
prevalence of glévated ICP is estimated at least SO0
[43]. As_ophthalmoscopy cannot reliably detect

newer methods of noninvasive
ICP monitoring, such as

measurement of optic

_ have become popular [44].
In cryptococcal meningitis, where glévated ICP is
particularly Comiio, and fépeated lumbas punce:
fes may be Recessary, Honinvasive ICP monitoring

has been described as an alternative to determine
need and timing of invasive ICP monitoring [43].
Given that elevated ICP is more prevalent
among patients with a lower GCS score, some
experts suggest placement of an ICP monitor if
the neurological examination deteriorates, pupils
are nonreactive, or there is radiographic evidence

of herniation [41]. I/ SEIECECases, ContinE0US ICP
monitoring has been linked to improved outcomes

In a series evaluating neurointensive treatment,
targeting ICP reduced all-cause mortality at
2 months [45]. However,
In a recent study comparing
ICP targeted therapy to cerebral perfusion pressure
(CPDP), was associated with
lower 90-day mortality [46]. Another recent study
also showed that elevated ICP and the number of
episodes when CPP was less than 50 mmHg corre-
lated with functional outcomes [47].

4 WWWw.co-criticalcare.com

pressife management in patients

with central nervous system infections

In a large systematic review of[0sSmotic therapies for
reduction of cerebral edema and ICP in bacterial
meningitis, glycerol was the only agent evaluated,
and had noeffecton mortality [48]. While there are
several case reports of decompressive hemicraniec-
tomy for severely elevated ICP in patients with
meningitis [49], decompression is rarely used in
infective meningitis, and conclusive data on
long-term outcomes are not available. Similarly,
there are few structured data on CSF diversion in
meningitis. In a series of pneumococcal meningitis,
only 3% of survivors required permanent shunting
[50]. For [cryptococcal meningitis, fany patients
(58% in a
recent series), and a was more
likely to be fecessary [51). In immunocompetent
cryptococcal meningitis, Shunting was more likely
necessary in patients and provided signifi-
cant relief of headaches as well as fungal overload
[52]. Outcome after for
on clinical and
patients generally have a
a study comparing safety and efficacy of
versus shunting in TB
meningitis, ETV was superiot with a lower rate of
failure [54].

[53]. In

Use of continuous
and other multimodality monitoring

Among neurocritically ill patients, continuous
electroencephalography (cEEG) and multimodality
monitoring are increasingly used, enabling real-
time assessment of brain function in unresponsive
or sedated patients [SS5]. There are few data specific
to the use of EEG in meningoencephalitis. cEEG can
not only serve to determine control of seizures, but
also aid in assessment of progression of disease and

prognostication [56]. BEG alSo aids i identification

[57"]. Cerebral oximetry
has been described in select cases of meningitis with
ability to predict mortality, though data are limited
[58].

Neurological and systemic complications and

considerations

The treating intensivist should be aware of neuro-
logical complications that might develop during the
course of meningoencephalitis: SEiZures,

(CVST), myelitis,

cerebritis, and hypothalamic- pituitary

Volume 25 o Number 00 o Month 2019
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Meningitis and encephalitis management in the ICU Robinson and Busl

[1™"]. S€izutes occur in [at'least 25% with
Filtacquired Bacterial meningitis (50,59]. In HSV-
encephalitis, occur in as many as 38% of
patients [60]. has most commonly been

reported after pneumococcal [50] and [TB meningitis
[61]. It is[far]ess common inmeéningococcal [62] and
meningoencephalitis [63]. Manage-
ment for CVST requires Systemic
however, the risk of anticoagulation should be
weighed against other intracerebral or systemic
risks.

Regarding general ICU  considerations,
enhanced contact precautions (such as droplet pre-
[catitions) may be necessary. Invasive temperature
measurement may be indicated in patients with
marked tachypnea, diaphoresis, or shivering. Some
patients with develop [distribu=
five'shock, and like other diseases, can trigger a
pronounced inflammatory response [64]. Initial
resuscitation strategies should follow sepsis guide-
lines [65]. However, the relationship between
aggressive early volume resuscitation and cerebral
edema is unclear, and as such,

The results of the recently com-
pleted ProCESS, ProMISe, and ARISE studies do not
provide adequate data, as less than 2% of the
enrolled patients had meningitis [66-71]. Other
systemic complications in patients with meningitis

include

distress syn-
drome [50]. Furthermore, patients with altered men-
tal status are at high risk for aspiration, and may
require airway control and early enteral feeding via
nasogastric tubes. Special attention should also be

paid to
and any dysfunction requires

ladjustments to avoid toxicity.

T S STE ot

[Pénétration of antimicrobials into the CSF is highly
variable, and [dépendent on the degree of meningeal
inflammation and [dosing regimen. Therapeutic
drug monitoring (FDM) is available for vancomycin
and aminoglycosides, and

[72]. A recent systematic review on
nlevels showed Variable [73]. The
(CSE protein/séfialbumin ratio has been reported
to with and
might be a better estimate of activity in the CSF
[74]. Comparing vancomycin CSF penetration in
patients with postoperative intracranial infection
versus community-acquired meningitis, overall
penetrance was similar [75].

is also highly Vatiablé with reported percentages of

and

1070-5295 Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.
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H0=55%) with |Kiglies GOSN and SHOFEH dosing
intervals providing higher penefation

[76]. Higher

dosed has achieved CSFlevels
to those with dosing [77].
Continuous infusion

of vancomycin and Meropes

nem with concomitant TDM might be another way
to titrate to better levels and compensate for individ-

ual differences [78]. Linezolid penetrance reached an
average of [57% with for

critically ill or drug-resistant patients [79]. Another
strategy commonly used, but with little substantive
data, is addition of intrathecal or intraventricular
antibiotics to intravenous dosing. In a meta-analysis

studying the role of [faventiculas ANBIOE

administration as an adjunct to intravenous antibi-

otics in [pOSEOpErative Gram Hiegative ventriculo-

meningitis, intraventricular and intravenous treat-

ment was SUperior to intravenous-only therapy [80%].

CONCLUSION AND FUTURE

Published data and guidelines on meningoenceph-
alitis stress the necessity of both early diagnosis and
antibiotic administration. Only a few reports how-
ever point out the importance of brain resuscitation
and brain-focused ICU management. As technology
advances, subspecialty management within neuro-
ICUs, using multimodality monitoring to target
ICP, cerebral perfusion, and metabolism should be
considered. Given that cerebral mitochondrial dys-
function is a prominent mechanism in neuronal
damage caused by meningitis [81], metabolic moni-
toring and heightened attention to cerebral resusci-
tation might be a future direction to advance care
and improve outcomes in critically ill patients with
CNS infections.
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