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Abstract Neurointensive care (NICU) patients experience

complex infectious disease challenges. Central nervous

system (CNS) infections are difficult to diagnose and treat,

and post-neurosurgical patients are vulnerable to a unique

set of healthcare-acquired infections (HAI) in addition to

those typical of critically ill patients. The purpose of this

review is to summarize the approach to suspected infection

in the NICU and discuss management of several infectious

syndromes in the NICU setting.
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General Principles

The blood–brain barrier presents a challenge to antimi-

crobial selection and infection treatment. The majority of

the capillary space in the brain is covered in tight junctions

and gap junctions, preventing large molecules from pene-

trating into cerebrospinal fluid (CSF). While part of the

hypothalamus, the floor of the fourth ventricle, and the roof

of the third ventricles do not have tight junctions and allow

for limited penetration of large hydrophilic molecules into

the CSF space, for the most part, this barrier limits diffu-

sion to small or hydrophobic molecules [1]. As a result, the

number of antimicrobials available for infections of the

CNS space is limited and often requires dose adjustment

for maximal efficacy (see Table 1) [2]. Although some

earlier in vitro studies indicated that bacteriocidal drugs

would be preferable to bacteriostatic agents in the CSF,

in vivo experience has not shown this. The issues of pen-

etration beyond the blood–brain barrier and matching

spectrum of activity to agents are the most important

considerations in treating CNS infections [3].

This makes it critical to identify whether a NICU

infection is intra-axial (and thus potentially subject to

blood–brain barrier limitations) or extra-axial. Infections

that do not involve the CNS space have a wider variety of

treatment options than those within the CNS. Mis-identi-

fication of a CNS infection as a more superficial infection

can lead to under-treatment with ineffective drugs.

Antibiotics that effectively enter the CNS are unfortu-

nately often associated with CNS toxicities. Several

antibiotics have been reported to cause encephalopathy

either through a direct toxic effect or by causing noncon-

vulsive seizures that present as altered mental status. The

agents most commonly associated with encephalopathy are

beta-lactam antibiotics (penicillins, cephalosporins, and

carbapenems), quinolones, and metronidazole. Cefepime—

a fourth-generation cephalosporin that has excellent CNS

penetration—is increasingly used as empiric therapy for

serious infections. A syndrome of encephalopathy associ-

ated with myoclonus has been well described with this

agent. The risk is increased in patients with renal failure,

but several cases have been described in patients with

normal renal function. Fortunately, the encephalopathy is

reversible with discontinuation of the medication. Seizures

have been reported with beta-lactams and fluoro-

quinolones. They bind to g-aminobutyric acid class A

(GABA-A) receptors, impede inhibitory neurotransmission

and cause central excitotoxicity. The risk of seizures ranges
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Table 1 CNS properties of selected antimicrobials and antivirals by class. Adapted from Mayo Clinic Antimicrobial Guide [2]

Antibiotic class Degree of CNS penetration Dose adjustment required for CNS infections

Aminoglycosides Poor Not applicable

Carbapenems Fair No

Cephalosporins Higher-range dosing needed for selected

agentsFirst generation Poor

Second generation Poor

Third generation Fair

Fourth generation Fair

Aztreonam Fair No

Beta-lactams Poor to fair Higher-range dosing needed for selected

agentsPenicillin

Aminopenicillins

Beta-lactam/beta-lactamase inhibitors

Quinolones Fair No

Tetracyclines No

Doxycycline Fair to good

Minocycline Fair to good

Tetracycline Poor

Tigecycline Insufficient data

Colistin Poor Unknown

Daptomycin Unknown Unknown

Linezolid Good No

Metronidazole Good No

Trimethoprim/sulfamethoxazole Good No

Vancomycin Poor to fair Yes, aim for serum trough of 15–20 mcg/mL

to achieve higher levels in the CNS

Antitubercular agents

Ethambutol Fair No

Isoniazid Good No

Pyrazinamide Good No

Rifamycins Fair No

Antifungals

Amphotericin B (liposomal or conventional) Poor No; use in concert with other agents (e.g.,

flucytosine)

Echinocandins Poor Not applicable

Azoles No

Fluconazole Good

Itraconazole Poor

Voriconazole Good

Posaconazole Poor

Flucytosine Good No

Antivirals

Acyclovir Good No

Cidofovir Poor Not applicable

Foscarnet Fair No

Famciclovir Unknown Not applicable

Ganciclovir Unknown Not applicable

Valacyclovir Fair No

CNS Central nervous system
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from 0.04% with cephalosporins to as high as 20% with

imipenem use in patients who have underlying structural

brain lesions (Bhattacharya Current Infectious Disease

Reports � December 2014). Aminoglycosides and

polymyxins (colistin, polymyxin B) can cause a neuro-

muscular blockade-like effect. Older age, renal failure, and

higher doses are risk factors for beta-lactam-associated

neurotoxicity. Risk factors for neurotoxicity with other

classes of antimicrobials are generally not well understood,

and patients must be closely monitored for side effects [4].

Community-Acquired CNS Infections: Meningitis
and Encephalitis

Meningitis and encephalitis are difficult-to-diagnose clini-

cal syndromes. The prototypical manifestations—fever,

altered mental status, and occasional focal deficits—are

nonspecific and require careful consideration of risk fac-

tors, presentation, imaging, and CSF studies. Further, while

lumbar puncture is not a technically difficult procedure for

an average patient, a rising number of patients with morbid

obesity [5] and the increasing use of blood thinners [6]

have made obtaining CSF nontrivial for a large subset of

patients.

Meningitis and encephalitis are pathologically distinct

syndromes but have extensive clinical overlap. In menin-

gitis, the layers surrounding the brain are inflamed,

typically causing headache, meningismus, and fever.

Encephalitis involves brain parenchyma and presents as

altered mental status and cerebral dysfunction, such as

seizures and focal deficits. Though the features of menin-

gitis or encephalitis may predominate in a particular case

and affect treatment decisions, infections rarely completely

confine themselves to either the parenchyma or the

meninges. The term ‘‘meningoencephalitis’’ better captures

the clinical overlap often practically encountered [7].

Though characteristic imaging findings and associations

exist, the single most important diagnostic tool for CNS

infections is CSF analysis. When meningoencephalitis is

suspected, blood cultures should be obtained as soon as

possible, and empiric antimicrobial therapy should be ini-

tiated immediately. If the patient is immunocompromised

and has prior CNS disease, focal deficits, or papilledema,

imaging should be performed to ensure there is not a

contraindication to lumbar puncture. Otherwise, lumbar

puncture should be performed expeditiously [8]. Initial

testing should include Gram’s stain, cell count, differential,

glucose, protein, bacterial culture, and testing for herpes

simplex virus (HSV) by polymerase chain reaction. Typical

patterns [9, 10] of CSF findings are provided in Table 2.

Additional testing for fungal, mycobacterial, or other viral

causes may be considered in selected patients. We suggest

holding 1–2 cubic centimeters of CSF, if possible, to per-

form additional targeted testing if the initial tests do not

provide an etiology for meningitis (see Table 3 for com-

mentary on a selected group of additional tests).

Several noninfectious CNS syndromes can alter the CSF

profile and give the appearance of infection. Intracranial

bleeding is a cause of centrally mediated fever and will

result in pleocytosis and elevated protein in CSF. Similar

abnormalities can be seen with malignant,

Table 2 CSF interpretation. Adapted from Koski and Loo 2010 [10] and Seehusen et al. 2003 [9]

CSF

characteristic

Normal Bacterial Viral Mycobacterial Fungal

Opening

pressure

<10 mm

H2O

200–500 mm H2O Normal or

elevated

Elevated Elevated (>250 mm H2O in

cryptococcal meningitis)

WBC count 0–5 cells/

mm3
100–20,000 cells/mm3 5–500 cells/mm3

cells/uL

5–2000 cells/mm3 20–2000 cells/mm3

Differential N/A >80% PMN Early: neutrophil

predominant

Late:

Lymphocytes

>80% lymphocytes >50% lymphocytes

Protein 15–50 mg/

dL

100–500 mg/dL 30–150 mg/dL >50 mg/dL 40–150 mg/dL

Glucose* 45–100 mg/

dL

<40 mg/dL 30–70 mg/dL <40 mg/dL 30–70 mg/dL

Additional

testing of

note

N/A Gram’s stain and bacterial

cultures, blood cultures

PCR for HSV Mycobacterial culture

and AFB staining

Fungal culture

Fungal smear

Normal findings, common findings for untreated infectious syndromes described, as well as a common noninfectious syndrome (subarachnoid

hemorrhage) for reference for an infection mimic. * Glucose assumes normal serum glucose

AFB Acid-fast bacilli, CSF cerebrospinal fluid, PMN polymorphonuclear cell, RBC red blood cell, WBC white blood cell

460 Neurocrit Care (2017) 27:458–467

123



neuroinflammatory, and vasculitic disorders. In post-ictal

patients, protein and lactate may be elevated in the absence

of infection. Diagnosing infection in such patients relies on

judgment and interpretation of the overall clinical presen-

tation. Often this requires aggressive initial antibiotic

therapy for possible meningoencephalitis and rapid de-

escalation as alternative possibilities are explored.

Initial empiric therapy varies by age and clinical syn-

drome. In typical adult patients <50 years old, the most

common pathogens are Neisseria meningitidis and Strep-

tococcus pneumoniae, and thus, recommended empiric

therapy is vancomycin plus a third-generation cephalos-

porin. Susceptibility of S. pneumoniae to cephalosporins is

unpredictable, hence the empiric addition of vancomycin.

Over age 50, the risk of Listeria monocytogenes increases

and prompts the addition of ampicillin. In patients with

suspected or confirmed pneumococcal meningitis, adjunc-

tive dexamethasone is recommended. Dexamethasone is

not helpful in other types of bacterial meningitis and should

be discontinued if the Gram’s stain/cultures identify

another pathogen [8]. The only commonly encountered

viral meningoencephalitis with effective treatment is HSV,

and empiric acyclovir should be administered until HSV

infection is ruled out or a clear alternative diagnosis

established [7].

The question of prophylaxis of exposed persons, espe-

cially healthcare workers, arises after diagnosis of N.

meningitidis. Despite the anxiety about the possibility of

transmission of N. meningitidis in the healthcare setting,

relatively few individuals actually require chemoprophy-

laxis. Antimicrobial prophylaxis is recommended only for

‘‘close contacts,’’ i.e., those who spend a prolonged period

(>8 h) in close proximity to the patient or had direct

contact with oral/airway secretions. Typically, this is lim-

ited to household contacts, roommates, and healthcare

personnel who participated in invasive procedures such as

endotracheal intubation or suctioning without the use of

personal protective equipment. Options for chemoprophy-

laxis include ciprofloxacin, rifampin, and ceftriaxone.

Choice of a specific medication should be based on local

resistance patterns and characteristics of the exposed per-

son [11]. Prophylaxis should be administered as soon as

possible after exposure; it is not effective if it has been

more than 14 days since the exposure (Table 4).

HAI of the CNS Space

Post-neurosurgical infections are relatively rare, with esti-

mated incidences between <1–7%. The low incidence rate

makes it difficult to definitively state relative incidence, but

the most common organisms appear to be Staphylococcus

aureus and Propionibacterium acnes. Cranial surgeries

appear to have a higher risk than spinal procedures, with no

clear patient characteristics predicting higher infection risk

[12]. Selected post-neurosurgical infections are discussed

below.

Shunt and Reservoir Infections

CSF shunts make a communication between the CNS and

some other space. The other space may be external (ex-

ternal ventricular drain), peritoneal (ventriculoperitoneal

[VP] shunt), or vascular (ventriculoatrial [VA] shunt). In

acute care, these primarily relieve increased intracranial

pressure. In more chronic settings, shunts are also used to

relieve chronic hydrocephalus. Risk factors for shunt

infection include trauma, shunt irrigation, hemorrhage, and

recent placement [13–15]. Typical organisms involved

with infection are with skin flora such as Staphylococci and

Propionibacterium [12, 16], but VP shunts are also prone

to gram-negative and anaerobic infections from peritonitis

due to distal end contamination. These are challenging to

diagnose as they present with nonspecific symptoms of

Table 3 Additional testing on CSF for CNS infection

Test Utility

Cryptococcal antigen High in immunosuppressed patients; recommended in suspected cases

Pneumococcal antigen High; recommended when Gram’s stain/culture not available or when antibiotics have been

administered prior to culture. Urinary pneumococcal antigen testing is an alternative when CSF

examination cannot be performed

Herpes simplex virus (HSV) PCR High; common, treatable cause of viral meningoencephalitis

West Nile virus (WNV) IgM High in appropriate clinical setting: viral encephalitis, WNV endemic area, appropriate season

HHV-6 PCR High in appropriate clinical setting: viral encephalitis in an immunocompromised host

Cytomegalovirus (CMV) PCR Low; not routinely recommended even in immunocompromised patients

Epstein–Barr virus (EBV) PCR Low; false positives common, not routinely recommended even in immunocompromised patients

CMV Cytomegalovirus, CNS central nervous system, CSF cerebrospinal fluid, EBV epstein–barr virus, HHV Human herpesvirus, HSV herpes

simplex virus, PCR polymerase chain reaction, WNV West Nile virus
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shunt malfunction such as headache, nausea/vomiting,

personality changes, insomnia or somnolence, vision

problems, and vomiting. The preferred method of diagnosis

of shunt infection is CSF sampling from the shunt itself.

Ventricular taps and lumbar punctures may not be repre-

sentative of organisms associated with inflammation within

infected shunts, and negative cultures do not rule out shunt

infection. Positive blood cultures, particularly with VA

shunts, and neuroimaging findings can support a diagnosis

of shunt infection [15, 17, 18].

Treatment of shunt infection is not standardized, but at

minimum should include removal of the device, external

drainage, and parenteral antibiotics. Current guidelines

recommend empiric therapy with a combination of van-

comycin plus either a fourth-generation cephalosporin or

carbapenem active against Pseudomonas [19] followed by

targeted therapy based on culture results.

Shunts should not be replaced until the space is sterile

[7, 20]. In cases where the shunt cannot be removed, the

addition of rifampin can be considered for staphylococcal

infections susceptible to rifampin [21]. This combination is

synergistic in staphylococcal infections involving pros-

thetic material such as endocarditis and osteomyelitis.

Although experience in CNS infections is more limited,

case series have reported good outcomes with this

approach [22, 23]. There are no randomized controlled

trials or guidelines at this time to guide duration of

antimicrobials, and thus, duration of therapy must be tai-

lored to the individual patient based on concomitant

Table 4 Empiric systemic treatment of selected adult infections in the NICU

Infection Empiric treatment

Meningitis—Community

associated

Dexamethasone 0.15 mg/kg IV every 6 h if pneumococcal meningitis suspected

Before or concomitantly with

Vancomycin dosed to goal trough 15–20 mcg/mL

AND

Ceftriaxone 2 g IV every 12 h

If over age 50, pregnant or immune compromised

Add Ampicillin 2 g IV every 4 h

If herpes meningoencephalitis suspected

Add Acyclovir 10 mg/kg IV every 8 h

Shunt infection/nosocomial

meningitis

Vancomycin dosed to goal trough 15–20 mcg/mL

AND one of the following

Cefepime 2 g IV every 8 h

Ceftazidime 2 g IV every 8 h

Meropenem 2 g IV every 8 h

HAP/VAP Piperacillin/tazobactam 4.5 g IV every 6 h

OR

Cefepime 2 g IV every 12 h

If patient has recent antibiotic exposure, septic shock, organ failure, prolonged hospitalization, or increased

local MRSA prevalence

Vancomycin dosed to goal trough 15–20 mcg/mL

CLABSI Vancomycin dosed to goal trough 10–15 mcg/mL

AND

Cefepime 2 g IV every 12 h

CAUTI Ceftriaxone 2 g IV daily

OR

Cefotaxime 1 g IV every 8 h

OR

Cefepime 2 g IV every 12 h

Dosages should be adjusted based on patient renal function, and regimens may need alteration based on patient allergies and intolerances.

Pediatric patients may have additional considerations. Duration of therapy should be tailored based on specific information regarding etiologies

of infection

CAUTI Catheter-associated urinary tract infection, CLABSI central line associated bloodstream infection, HAP hospital-acquired pneumonia,

MRSA methicillin resistant staphylococcus aureus, NICU neurointensive care, VAP Ventilator-associated pneumonia
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surgical approaches, time to clearing of CSF, and the type

of organisms isolated [24, 25].

Intraventricular antibiotics can be considered in instan-

ces where the infection is difficult to eradicate or surgical

therapy is not feasible. To date, the only randomized

controlled trial examining intraventricular antibiotics

compared to intravenous antibiotics alone was in gram-

negative meningitis in infants and found a threefold

increase in mortality with intraventricular administration

[26]. However, the results of that study were not general-

izable to adults, as many of the deaths appeared

attributable to either delays in antimicrobial administration

or technical challenges to catheter placement, which is

considerably easier in adults. There has not been a com-

parable study in adults, and no medication is approved for

intraventricular administration by the Food and Drug

Administration. Evidence guiding how and when to use

interventricular antimicrobials is thus limited. A retro-

spective study looking at neurosurgical patients with

resistant Acinetobacter baumannii ventriculitis found that

intrathecal colistin along with intravenous colistin was

more effective than intravenous colistin alone [27]. With

the limited literature about this practice, protocols are not

standardized, but experience-based dosing regimens of

vancomycin, aminoglycosides, and polymyxins can be

found in current guidelines [28]. In the opinion of the

authors, intrathecal antibiotics should be considered in

conjunction with parenteral therapy in severe infections

with resistant organisms, particularly gram negatives, when

the CSF does not appear to be clearing rapidly. Once the

CNS is sterilized, intrathecal therapy can be discontinued.

Ommaya reservoirs, used for intraventricular antibiotic

administration as well as intraventricular chemotherapy,

are subject to many of the same infection risks as shunts.

The approach to an infected Ommaya reservoir is similar to

other shunt infections.

Deep Brain Stimulators

Once used exclusively for Parkinson’s disease, deep brain

stimulator (DBS) devices are now used for treatment of

other movement disorders, pain syndromes, and psycho-

logical conditions such as obsessive–compulsive disorder.

These devices are relatively new and literature on infec-

tions is sparse, but will be of increasing importance in

years to come [29]. Device infections can be associated

with any component of the DBS, including the intracranial

leads, the implanted pulse generator (IPG), or the

extracranial lead extender connecting the two. The highest

risk period for DBS infections appears to be in the first

month after implantation [7].

Infection involving the intracranial portion requires

definitive treatment with total hardware removal.

Fortunately, IPG infections appear to be the most common

and are the easiest to access. Sillay et al. described an algo-

rithm for managing infections where, so long as there was no

evidence of infection of the intracranial lead, multiple drai-

nage sites nor extensive cellulitis, salvage could be

attempted via removal of the IPG and lead extenders,

antibiotic treatment, and eventual re-implantation. Antibi-

otics were administered for 2–6 weeks between extraction

and implantation. Salvage was successful in 9/14 cases.

Notably, in 4/4 failures where culture data were available,

the responsible organism was S. aureus. Successful salvage

was reported in only one case of S. aureus IPG infection [21].

A similar study found partial device removal to be successful

when infection was limited to the IPG with higher intracra-

nial lead salvage failures reported with S. aureus infections

[30]. Thus, effective management must involve removal of

infected portions of the device, with consideration of total

extraction in S. aureus infections and in infections involving

the intracranial leads.

Post-Craniotomy Infections

Infection following neurosurgery makes up a unique subset

of surgical site infections (SSI). Though fortunately rare

and often preventable with routine perioperative surgical

prophylaxis, those with trauma, repeat surgery, or longer-

duration surgery remain at high risk for complications.

Typical organisms seen in these infections are skin flora,

with a predominance of Staphylococcal spp. [31]. Bone

flaps performed to access the brain are separated from their

blood supply and are at high risk of necrosis and infection

in the postoperative period [7].

When the bone flap is infected, optimal treatment

involves a combination of surgical debridement, flap

removal, and antimicrobials. Duration of therapy is not

established, but extends anywhere from 6 weeks to

12 months. Soft tissue reconstruction and cranioplasty

should ideally be delayed until infection is adequately

cleared [32]. When the bone flap itself becomes infected,

discarding the flap is the preferred treatment. A small case

series reported some success with sterilizing flaps after

gross contamination with betadine, antibiotic irrigation,

and/or autoclaving, [33], but these salvage approaches are

not routinely recommended.

Several techniques have been employed for cases where

immediate cranioplasty is deemed necessary, including

placement of titanium mesh or other hardware. Optimal

management of infections while hardware is in place is not

known, but extended courses of antimicrobials up to

12 months have been reported [34]. Ideally, hardware such

as screws and plates should be removed. Grafts may need

removal if they are not vascularized, but successful free

fascia grafts in the presence of infection have been reported
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[35]. If hardware removal is not feasible, chronic antimi-

crobial suppression targeting likely or cultured organisms

may be required.

In other areas, including orthopedic surgery [36] and

cardiovascular surgery [37], nasal screening and decolo-

nization for Staphylococcus aureus have been a cost-

effective tool for reducing SSI. It would be reasonable to

apply the same approach to neurosurgical patients. When a

Methicillin resistant staphylococcus aureus (MRSA)-colo-

nized individual is identified, they can be decolonized prior

to surgery with a combination of chlorhexidine washes

daily for five days along with twice daily nasal mupirocin.

This combination reduces the bacterial burden prior to

surgery and may reduce the rate of staphylococcal SSIs.

Vascular Access Infections

Catheter-related bloodstream infections (CRBSI) are

common and often preventable complications seen in all

ICU settings. All vascular devices including central venous

lines, peripherally inserted central catheters [38], and

arterial lines [39] are risk factors for bloodstream infection.

CRBSI occurs from either extraluminal or intraluminal

bacterial contamination and growth. Typically, extralumi-

nal infections involve migration of skin bacteria along the

surface of the catheter with resultant colonization of the

catheter. Less commonly, extraluminal contamination can

occur when a remote source of infection seeds the extra-

luminal intravascular portion of the catheter. In either

situation, biofilm forms rapidly and the cornerstone of

treatment is line removal. The extraluminal route pre-

dominates in early line infections and is most often seen in

the first several weeks after placement [40].

Intraluminal infection is associated with manipulation of

the catheter hub or infusion of contaminated fluids. Long-term

lines are at higher risk for this route due to more cumulative

manipulation of the hub [40]. Certain infusates, such as total

parenteral nutrition [41], are notorious for increasing the risk

of CRBSI. Depending on the organism involved, long-term

catheters with presumed intraluminal infection sources can be

candidates for salvage with antibiotic lock therapy. In this

approach, high concentration antibiotics are instilled into the

catheter when it is not in use to attempt to sterilize the lumen.

Success rates for coagulase-negative staphylococcal infec-

tions are reasonably high; S. aureus, Candida spp., and

multidrug-resistant organisms fail lock therapy routinely, and

an attempt at salvage is not recommended [42].

In conjunction with either line removal or selected sal-

vage, CRBSI is treated with systemic antimicrobial therapy

targeting the organism. The total duration of therapy

depends on the time it takes to clear blood cultures.

Typically, intravenous antibiotics are administered for

10–14 days beyond clearance of the blood stream, but

persistent bacteremia or other risk factors (e.g., endo-

carditis) may require longer treatment courses [42].

CRBSI is now being recognized as a preventable nosoco-

mial complication in most settings. Use of a ‘‘bundle’’ of

practices during catheter insertion including culture of safety,

skin antisepsis at the insertion site, full barrier precautions

(head to toe draping of the patient and use of sterile gown and

gloves, mask and cap by the inserter), and preferential

avoidance of femoral access has decreased central line

infection rates drastically [43, 44]. Use of chlorhexidine

bathing [45] and chlorhexidine dressings [46] may further

reduce the risk of infection. Contamination at the time of line

accessing can be reduced through nursing education to dis-

infect the hub or through the use of disinfecting caps [47].

Most importantly, daily reassessment of line need and

removal of catheters that are no longer necessary reduces the

risk of bloodstream infection [44].

Respiratory Infections

Neurologic illness is recognized as an independent risk

factor for developing nosocomial pneumonia and failing

therapy in other intensive care settings [48, 49]. It is thus no

surprise that nosocomial pneumonia is a leading cause of

infection in the NICU [50]. Nosocomial pneumonia occurs

when gastrointestinal flora are translocated to the lower

respiratory tract. This occurs through microaspiration or

gross aspiration of oral and/or gastric flora. Healthcare

worker hands or contaminated medical equipment may

transfer hospital organisms from one patient to another. The

presence of an endotracheal tube bypasses the patient’s first

line of defense to aspiration and makes intubated patients

more vulnerable to respiratory infections [51]. NICU

patients, with higher rates of invasive ventilation and mental

obtundation that predisposes to aspiration, are highly vul-

nerable to nosocomial pneumonia.

Hospital-acquired pneumonia (HAP) is a lower respi-

ratory tract infection that was not incubating at the time of

hospital admission and that presents 2 or more days after

hospitalization. Ventilator-associated pneumonia (VAP) is

defined as pneumonia that presents more than 48 h after

endotracheal intubation [52].

Both HAP and VAP management depend, in part, on

local resistance patterns and antibiograms. Empiric regi-

mens should cover S. aureus, P. aeruginosa as well as

other gram-negative bacilli. MRSA coverage is necessary

only when >10–20% of local isolates are methicillin

resistant; otherwise, empiric anti-staphylococcal coverage

should target MSSA. Gram-negative and Pseudomonas

coverage should be likewise selected by based on local

susceptibility. Double coverage for gram negatives is not
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routinely indicated unless resistance patterns are

unpredictable [52].

Empiric therapy should be re-evaluated within 72 h, and

de-escalation based on microbiology data initiated. If the

patient is stable and cultures are negative, coverage can be

narrowed to an agent with good gram-negative coverage

basedon local data. Treatment should typically be7 days [52].

The risk of VAP, and to a lesser degree, HAP, can be

mitigated by preventing aspiration. Ventilated patients

should have the head of bed >30o to avoid aspiration

associated with supine positioning. Continuous subglottic

suctioning may reduce the risk of VAP in patients who

require prolonged mechanical ventilation. Oral decontam-

ination with chlorhexidine reduces the risk of VAP. Other

measures, such as selective digestive decontamination,

early tracheostomy, and gastric volume monitoring, may be

of benefit, but the current evidence is not as clear on the

value of these measures [53].

Urinary Tract Infections

Urinary tract infections (UTI) are exceedingly common in

neurocritical care, second only to pneumonia [50]. In

addition to acutely ventilated and disabled patients seen in

every ICU, NICUs have a population of chronically dis-

abled and incontinent patients, such as patients with spinal

cord injuries who often have chronic indwelling urinary

catheters and thus tend to have a higher rate of catheter-

associated urinary tract infection (CAUTI).

CAUTI requires the presence of an indwelling urinary

catheter for more than 48 h, a positive urine culture, and

signs and symptoms of infection (fever, suprapubic/flank

discomfort). NICU patients frequently have fever, and

catheter use is higher in NICUs than other kinds of ICUs

[54]. Therefore, NICUs tend to have high CAUTI rates.

The surveillance definition for CAUTI is nonspecific, and

not all patients with CAUTI based on this definition need

antimicrobial therapy. Presence of a urinary catheter results

in inflammation and pyuria. Hence, presence of pyuria by

itself is not indicative of CAUTI and does not help in

identifying patients who need treatment. Treatment of

asymptomatic bacteriuria and colonization is not beneficial

for most patients and subjects them to harm associated with

antimicrobial overuse [55]. Ideally, when CAUTI is sus-

pected as a cause of fever, the indwelling catheter should

be removed and a urine specimen obtained for culture

through a new catheter. It is important to obtain the spec-

imen through the catheter port, not the drainage bag.

Empiric treatment for UTI should be initiated if no obvious

alternative cause for the fever is present. However, UTI

should be treated as a diagnosis of exclusion and other

diagnostic possibilities investigated thoroughly. The

diagnosis should be re-evaluated 48–72 h later based on

clinical response to therapy, culture results, and any alter-

native diagnoses made.

Empiric treatment for CAUTI is similar to acute compli-

cated cystitis, typically with a quinolone, third- or fourth-

generation cephalosporin. Duration of treatment is 1–2 weeks

depending on clinical response and organisms [55]. If the

catheter is no longer necessary or intermittent catheterization

feasible, thedevice shouldbe removed to prevent it fromacting

as a nidus for relapse or reinfection. If continuous catheteri-

zation is required, the catheter should be exchanged if this did

not occur prior to obtaining the urine culture [56].

Prevention of CAUTI relies mainly on aseptic insertion

of catheters and avoiding unnecessary use of urinary

catheters. Alternatives to indwelling catheters include

condom catheters (in men) and in-and-out catheterization.

Antimicrobial prophylaxis and antibiotic-coated catheters

have not been shown to be beneficial [55]. Aggressive

perineal cares may be counter-productive [57].

Noninfectious Causes of Fever

Fever is very common in the NICU and it is estimated that

infection accounts for only 50%of febrile episodes (Rabinstein

AA, Sandhu K. Noninfectious fever in the NICU: incidence,

causes and predictors. J Neurol Neurosurg Psychiatry. 2007;

78(11):1278–1280). Noninfectious causes of fever include

drug or alcohol withdrawal, transfusion reactions, drug reac-

tions, thromboembolic events, and central fever.

All of these are diagnoses of exclusion. Therefore,

management initially consists of empiric antimicrobial

therapy with discontinuation of antimicrobials if an alter-

native cause of the fever is found. Central fever is more

common in the NICU than other types of ICUs. A retro-

spective review of over 9000 patients admitted to an adult

NICU over a 5-year period determined that onset of fever

in first 72 h of NICU admission, subarachnoid, intraven-

tricular hemorrhage, or brain tumor were features more

likely to be associated with central fever (Hocker SE, Tian

L, Li G, Steckelberg JM, Mandrekar JN, Rabinstein AA.

Indicators of Central Fever in the Neurologic Intensive

Care Unit. JAMA Neurol. 2013; 70(12):1499–1504. doi:10.

1001/jamaneurol.2013.4354). In patients who meet these

criteria, it may be safe to discontinue antimicrobial therapy

if cultures are negative at 48–72 h.

Conclusion

NICU patients are at risk of several unique community and

healthcare-acquired infections in addition to common HAIs

experienced in other settings. The CSF space presents

several pharmacologic and diagnostic challenges when
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treating infections. Further, the effects of antibiotics on the

CNS complicate treatment considerations. A thorough

understanding of prevention techniques and special treat-

ment considerations in this patient population is necessary

for the neurointensivist.
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