
Current Neurology and Neuroscience Reports (2019) 19: 76

Published online: 27 August 2019

CRITICAL CARE (STEPHAN A. MAYER, SECTION EDITOR)

Healthcare-Associated Infections in the Neurocritical Care Unit

Katharina M. Busl1

# Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
Purpose of Review This article summarizes updated data and knowledge on healthcare-associated infections in the neurocritical
care unit, with a focus on central nervous system infections and systemic infectious complications in patients with acute brain
disease. It also reviews the concept of brain injury-induced immune modulation, an underlying mechanism to explain why the
neuro-ICU population is particularly susceptible to infections.
Recent Findings Healthcare-associated infections in the neuro-ICU are common: up to 40 % of meningitides in the developed
world are now healthcare-associated. The number of gram-negative infections is rising. New diagnostic approaches attempt to aid
in the diagnosis of healthcare-associated meningitis and ventriculitis.
Summary Healthcare-associated infections in the neurocritical care unit remain a challenge for diagnosis, treatment, and pre-
vention. Gaining a better understanding of at-risk patients and development of preventative strategies will be the goal for future
investigation.
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Introduction

Healthcare-associated infections (HAIs) occur in 3.2 % of
patients, with pneumonia, Clostridium difficile (C. diff) infec-
tions, surgical site infections, and urinary tract infections
(UTI) being the most common [1••]. HAIs result in increased
morbidity, mortality, and healthcare utilization [3]. General
risk factors for HAIs include a longer length of stay (LOS),
number of medical comorbidities, presence of invasive de-
vices, and use of antimicrobials [4]. Patients admitted to an
ICU are at higher risk for HAI, due to a higher prevalence of
immunosuppression, high frequency of indwelling catheters
and mechanical ventilation, and presence of multidrug-
resistant organisms [5]. Among ICU patients, the overall rate
of ICU-related infections is estimated to be 15 % [6], and UTI
is the most common accounting for as many as 23 % [7]. For
patients admitted to the neurointensive care unit (neuro-ICU),
the rate of infectious complications reaches up to 36 % when

admitted for more than 48 h [8]. Among patients undergoing
craniotomy, as many as 40 % develop at least one infection,
pneumonia being the most common (38 %), followed by UTI
(9 %), and surgical site infection (9 %) [9]. Postoperative
meningitis occurs in up to 8.6 % of all patients undergoing
cranial neurosurgery, and ventriculostomy-related infection
(VRI) occurs in up to 22 % [10•], although data are heteroge-
neous due to use of different definitions for infections, and
variable exclusion of culture-negative results, making a true
estimate of prevalence difficult.

The neuro-ICU population is particularly vulnerable to
pneumonias, due to the high rate of dysphagia and risk of
aspiration in patients with neurological diseases.
Furthermore, the risk of CAUTI is higher in the neuro-ICU
population due to the need for catheter placement and main-
tenance in many brain- or spine-injured patients, and paraple-
gia and cerebrovascular disease-posing-independent risk fac-
tors for CAUTIs [12].While a population high at risk for HAI,
the neuro-ICU population also poses a specific challenge in
the diagnosis of infections. Fever is highly prevalent, with an
incidence in the first week of hospitalization is as high as 87%
[13], but is oftentimes is a manifestation of the brain injury
itself and not infectious in origin. In a prospective study of
fever in neuro-ICU patients with an incidence of fever in one
of four patients, nearly half were noninfectious in etiology
[14]. Lastly, cerebrospinal fluid (CSF) parameters are difficult
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to interpret in the setting of previous antibiotic administration,
neurosurgical procedures, or acute brain injury and nervous
system disease that alters the profile per se.

Healthcare-associated Meningitis
and Ventriculitis (HAMV)

Infections After Craniotomy

For the development of post-neurosurgical meningitis, inde-
pendent risk factors include experience in surgical technique,
CSF leaks, concomitant infection at incisional sites, and peri-
operative steroid use [9]. Tumor surgery, severe head injury,
and subarachnoid hemorrhage pose the highest risk for post-
operative meningitis [15]. Furthermore, craniotomies with
extraventricular drain (EVD) and traumatic brain injury
(TBI) requiring craniotomies carry a higher risk for meningitis
[9, 16]. Data on duration and type of surgery are controversial
[9, 17]. Interestingly, different from healthcare-associated
pneumonia, age, sex, and diabetes do not seem to pose a
significant risk for the development of healthcare-associated
meningitis following craniotomy [9].

Central Nervous System Devices

Devices commonly used in the neuro-ICU include EVDs,
intracranial pressure (ICP) monitors, and lumbar drains.
Most data on infectious complications are available for
EVDs. As mentioned above, reported incidences on infec-
tions with these devices vary significantly, ranging from 0
to 22 % depending on diagnostic method, study popula-
tion, placement technique, and other modifiable risk fac-
tors [18–20]. Reported risk factors for VRI include the
duration of catheterization, presence of intraventricular
hemorrhage, insertion technique, and lack of infection
control bundles [19]. While earlier data indicated that re-
peated CSF sampling poses a risk factor for VRI, a recent
series did not show a higher risk of VRI but confirmed
other well-documented risk factors (CSF leak, concurrent
infection, long duration of EVDs) [21]. In a single-center
study on the use of EVD, lumbar drain, and ICP monitors,
the risk for infection was increased with increased drain
opening, drain days, and lack of adherence to infection
control bundle [22•]. However, when assessing risk for
VRI selectively, drain days only remained significant
(see Fig. 1 as an example of a duration-dependent in-
crease of VRI). Furthermore, underlying diabetes mellitus
and the presence of CSF leak posed a risk [22•]. A study
on the pathogenic role of CSF drainage devices in post-
operative neurosurgical patients showed that early device
removal and avoiding implantation of a second device
was associated with shorter illness duration [24].

Antibiotic prophylaxis and the type of device used play
a role, as well. Silver-impregnated EVDs showed some
promise when first introduced; however, recent data did
not show an overall reduction of VRI [25] but rather a
preferential reduction in the number of gram-positive or-
ganisms [26]. The use of antibiotic-impregnated EVDs
showed reduced rates of gram-positive infections (7.2 ver-
sus 12.1 infections per 1000 catheter days) with no sig-
nificant reduction in gram-negative infections in a pooled
meta-analysis [20]. Conventional EVDs with sustained
prophylactic systemic antibiotic use was found equally
effective for prevention of VRI [27], but this approach
bares the risk of potential systemic adverse events.
Clinical practice guidelines for surgical prophylaxis rec-
ommend periprocedural antibiotics at the time of device
insertion, along with protocolized sterile placement tech-
niques [28]. Multiple studies support the use of single-
dose prophylaxis regimens or systemic antibiotics for a
maximum of 24–48 h after EVD placement [28, 29].
The benefit of antibiotic prophylaxis beyond this time
frame, however, is not clear and may be associated with
increased complications such as infection with resistant
organisms or C. diff [29]. In a study of patients with
mostly TBI with EVDs or ICP monitors, and prophylactic
antibiotic use in 73 % of the cohort, resistant organisms
were more frequently found in the study versus control
cohort; however, no significant difference was found in
frequency of resistant organisms and C. diff rate when
adjusting for ICU and hospital LOS and mechanical ven-
tilation [30]. In contrary, limitation of systemic antimicro-
bial prophylaxis to the first 24 h after EVD placement in a
single-center cohort significantly decreased the risk of C.
diff infection without adverse effect on the rate of positive
CSF cultures [29]. In the abovementioned recent study
reporting equal effectiveness of antibiotic-coated EVDs

Fig. 1 EVD-related confirmed ventriculitis or meningitis (cVM),
cumulative infection rate over time. (Modified and reprinted, from
Citerio et al., External Ventricular and Lumbar Drain Device Infections
in ICU Patients: A Prospective Multicenter Italian Study, Crit Care Med
2015; Volume 43, Issue 8, with permission from Wolters Kluwer Health,
Inc.)
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and sustained antibiotic prophylaxis for conventional
EVDs, there was a 3 % incidence of C. diff infection,
and 35 % had healthcare-associated pneumonia, with
16 % of those growing organisms that were resistant to
the original antibiotics [27]. Less data are available on the
use of intraventricular antibiotics, but such an approach
may result in lower EVD infection rates: 2.7 % vs. 11.9 %
in one study [31].

Diagnosis

New headache, fever, evidence of meningeal irritation,
seizures, worsening mental status, nausea or lethargy in
a patient with a history of neurosurgery, and head trauma
or a CSF shunt or drain should raise suspicion for intra-
cranial infectious complications [32••]. However, interpre-
tation of clinical findings and CSF parameters are often
difficult. Fever or increase in acute-phase proteins may be
a manifestation of the underlying neurological disease or
preceding procedure rather than a new infection [34].
Intracranial hemorrhage (ICH), local inflammatory reac-
tions to neurosurgical interventions, and immunosuppres-
sion can drastically alter CSF profiles and create an asep-
tic inflammation that renders distinction from both viral
and bacterial infections difficult. Various CSF biomarkers
have been studied in the context of healthcare-associated
CNS infections, but to date, no single CSF parameter can
reliably predict or exclude HAVM. An elevated CSF lac-
tate, procalcitonin, or their combination may be useful in
diagnosing HAVM, and elevated serum procalcitonin may
be useful in differentiating CSF abnormalities due to sur-
gery or ICH from those due to bacterial infection [32••].
For CSF lactate, studies have shown cutoff values be-
tween 1.9 and 5.4 mmol/L to diagnose bacterial meningi-
tis, but no single standard exists and not all data are con-
clusive, especially when a ventriculostomy is in place
[35]. The cell index, assessing CSF cell counts in relation
to serum counts, has been reported to have some value in
diagnosing HAMV, even though the most convincing data
(area under the curve of 0.825) for infection in hospital-
ized patients with ICH were documented in the setting of
positive CSF culture [36]. Some experts suggest different,
not yet validated, algorithms such as consideration of bac-
terial meningitis as unlikely with normal CSF glucose,
CSF lactate < 4 mmol/L and negative Gram stain [10•].
A recently developed prediction rule to determine the
presence of postoperative meningitis includes six vari-
ables (aneurysmal subarachnoid hemorrhage, CRP level,
CSF/serum glucose ratio, CSF neutrophil count, CSF
leak, and CSF lactate level), with an area under the curve
of 0.94 for the prediction of infection [37], but this rule
lacks broader validation. CSF cultures remain the gold
standard, but cannot be relied upon as sole distinguishing

feature for the decision to diagnose and treat, as it is
estimated that up to 30 % of HAMV are culture-negative
[37]. Nucleic acid amplification tests, such as polymerase
chain reaction, on CSF may both increase the ability to
identify a pathogen and decrease the time to making a
specific diagnosis [32••]. Although the addition of imag-
ing is recommended, and distinct CT and MR imaging
features of pyogenic ventriculitis have been described
[38], sensitivity and specificity are not reliable enough
to lean on them for guidance, in addition to practical con-
siderations of obtaining imaging in critically ill patients.
CSF markers that are being explored for aiding in the
diagnosis of HAVM include CSF levels of IL-1β,
TNF-α, IL-6, and IL-8 [39], but are not yet available or
validated in a larger scheme.

Another important consideration in the diagnosis of
HAVM is the differentiation of a true infection from a contam-
ination or device colonization, as this will impact the thera-
peutic approach. The 2017 Infectious Disease Society of
America guidelines also provide updated guidance on the in-
terpretation of CSF profiles considering these possibilities
[32••].

Microbiology of Healthcare-associated Meningitis
and Ventriculitis

Themost common organisms for HAVMused to be cutaneous
gram-positive organisms such as coagulase-negative staphy-
lococci, Staphylococcus aureus, and Propionibacterium
acnes, but the proportion of gram-negative infections is in-
creasing [10•], with the percentage of gram-negative infec-
tions now reported as high as 52% [15]. In a series of all types
of HAVM, Acinetobacter spp. was the most common organ-
ism overall (31 %), followed by coagulase-negative staphylo-
cocci (21 %) and S. aureus (19 %) [40]. For EVD-related
infections, specifically, the proportion of gram-negative infec-
tions has increased with at least 35 % being gram-negative
[20]. Mortality rates vary, similar to the reported rates of oc-
currence, based on study methodology and definitions used,
and overall mortality has been reported as high as 27 % with
pathogen-specific mortality of 56 % for A. baumannii versus
12–19 % for staphylococcal species [40]. Enterococcal men-
ingitis is largely associated with device-related meningitis,
and early treatment in combination with device removal is
associated with favorable outcomes [41].

Treatment of Healthcare-associated Meningitis
and Ventriculitis

Empiric antibiotic therapy should broadly cover the most like-
ly pathogens involved, unless a causative agent has already
been isolated. The selected antimicrobials must penetrate the
blood-brain and blood-CSF barriers. Current guidelines
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recommend vancomycin, plus either an anti-pseudomonal
cephalosporin or carbapenem [32••]. In case of beta-lactam-
allergy, fluoroquinolones or aztreonam are alternatives. The
duration of treatment for HAVM is mostly based on common
practice rather than true evidence, and usually spans 21 days
for gram-negative, and 10–14 days for gram-positive menin-
gitis [32••]. If the hardware is in place, removal and subse-
quent extended treatment are recommended [32••]. If an EVD
is removed or exchanged, the duration of therapy is common-
ly limited to 5–7 days, while a longer duration of therapy for
10–14 days is usually recommended if the catheter is retained.
A study on the pathogenic role of CSF drainage devices in
postoperative neurosurgical patients showed that early device
removal and avoidance of re-implantation resulted in shorter
illness duration [24]. No antibiotics are currently FDA-
approved for intrathecal use, and no consensus exists on indi-
cations for intrathecal treatment. Intrathecal therapy is often
considered for severe ventriculitis, persistently positive CSF
cultures, multidrug-resistant pathogens, intolerance of system-
ic antibiotic administration, or when device removal is not
feasible [42]. Prophylactic catheter exchange has not been
shown to significantly reduce the incidence of VRI [19, 43].

Brain Injury-induced Immune Modulation

Why are patients with acute brain injury so susceptible to
infections? Acute brain injury leads to an inflammatory re-
sponse that involves a complex interaction between central
and peripheral cellular and soluble components, and is influ-
enced by patient age, gender, genetics, mechanism and degree
of injury, systemic and secondary injury, and therapeutic in-
terventions [44••]. However, evidence from both animal
models and humans indicates that brain-immune interactions
become dysregulated after acute brain injury, resulting in a so-
called brain injury-induced immunosuppression syndrome
[46], with early activation and subsequent systemic depression
that can last for weeks. While an inflammatory response is
necessary for repair, a prolonged inflammation can lead to
progressive neurodegeneration [47]. Although the bulk of data
on systemic immune changes were obtained in ischemic
stroke and traumatic brain injury (TBI), it is not unique to
these conditions, and can also follow any other types of brain
injury including brain surgery, subarachnoid hemorrhage, or
spinal cord injury [48]. The inciting trigger is believed to be an
intense activation of the hypothalamic-pituitary axis and the
sympathetic nervous system with subsequent release of cate-
cholamines [49]. Multiple modifications of the immune re-
sponse have been described, including lymphocyte depletion,
impaired monocyte function, reduced NK-cell activity, higher
CD4/CD8 T cell ratio, and increased release of inflammatory
cytokines with a shift in cytokine patterns [50–52]. Cellular
regulation of inflammation at the site of brain injury leads to

multiple interactions with the adaptive immune system, and
systemic conditions that trigger an inflammatory response fur-
ther complicate the interaction [44••].

Systemic Infectious Complications
in Individual Acute Neurocritical Disease
Processes

Traumatic Brain Injury (TBI)

The incidence of HAI in patients with TBI has been reported
as high as 41 % [53], with the incidence of pneumonia con-
sistently estimated at 30 % or greater [54, 55], and rates of
lower respiratory tract infections as high as 72 % [56].
Surgical site infections are another common infectious com-
plication with an incidence of 17–25 % [16]. Multiple inde-
pendent risk factors have been identified for the development
of HAI in TBI patients, including prolonged hospitalization,
surgical intervention, CSF leak, nasal colonization of
S. aureus, barbiturate use, and intubation with mechanical
ventilation [16, 57]. Characteristics of severe TBI patients
more likely to develop healthcare-associated pneumonia are
male gender, younger age, longer duration of mechanical ven-
tilation, intubation at the scene or in the emergency depart-
ment, lower GCS score, higher Injury Severity Score, and
thoracic injuries [58]. Ventilator-associated pneumonia
(VAP) often occurs between day 5 and 11 of the ICU course,
with a later, second, peak [59]. Factors independently associ-
ated with early-onset VAP include thoracic injury, Injury
Severity Score and coma upon admission, whereas age in
addition to Injury Severity Score and coma upon admission
was independently associated with late-onset VAP [59]. In
addition, the brain injury-induced immune changes have been
implicated in the occurrence of infections in patients with TBI
[44••]. Microbiological results for VAP in TBI patients pre-
dominantly consist of methicillin-sensitive S. aureus,
Haemophilus influenzae, and Streptococcus pneumonia [60],
with increasing numbers of Acinetobacter species in patients
with early- and late-onset VAP [59].

Significant increase in morbidity due to HAI and associa-
tion with worse outcomes for TBI patients has been shown in
numerous studies: longer intensive care unit and hospital
LOS, greater organ system dysfunction, more ventilator days
[56], and worse neurological outcome [61], but it remains
unclear whether HAI affect mortality in TBI [56, 62, 63].
Healthcare-associated pneumonia required longer inpatient re-
habilitation stay [58] and has been found independently asso-
ciated with an approximately sevenfold increase in odds of
lower functional outcomes scores as far out as 5 years after
injury [58]. For VAP specifically, survival rates at 1 month
were lower, with 46 % for early-onset VAP and 32 % for
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late-onset VAP as compared to 69 % for patients without VAP
[59].

Ischemic Stroke

The most common post-stroke infections are urinary tract in-
fections, with rates as high as 1 in 4 patients [64], and pneu-
monia, with rates as high as 25 % [65]. However, not all of
these infections are healthcare-associated—in one series,
24 % of stroke patients presented with an infection on admis-
sion [66]. While pneumonia was long thought to occur largely
as a result of dysphagia and aspiration, neurological impair-
ment alone does not explain the high incidence of post-stroke
infections, and accumulating evidence indicates a role of
stroke-induced immune depression as outlined above [67].
Well-documented predictors of post-stroke infection include
older age, stroke severity, a larger area of the infarct, and
dysphagia [68]. For pneumonia specifically, older age
[69–71], male sex [70, 72], current smoking [73], diabetes
mellitus [72], hypertension [74], atrial fibrillation [65, 75],
congestive heart failure [71, 75], chronic obstructive pulmo-
nary disease [75], tachypnea and intubation [76], preexisting
dependency [75, 77], stroke severity [65, 75, 76], stroke sub-
type [76], dysphagia [76], and nutritional factors [65, 75] have
been found to pose risk. Stroke-associated pneumonia not
only increases morbidity and mortality [78] but also clinical
outcomes after discharge [65] as well as healthcare costs and
LOS [79]. The largest trial evaluating the effect of pneumonia
on mortality in hospitalized stroke patients reported a 27 %
30-day mortality rate compared to 4 % among patients with-
out severe respiratory infections [80]. Patients with an infec-
tion at any time, whether on admission or healthcare-associ-
ated, are at nearly 7-fold greater odds of neurologic deteriora-
tion compared with patients without any infection; however,
healthcare-associated infections in particular seem to be asso-
ciated with a higher rate of neurologic deterioration [66].

Intracerebral Hemorrhage (ICH)

In a study of 202 patients with ICH, at least one infection
developed in 26 % of patients, most commonly pneumonia
(18 %,) UTI (12 %), meningitis or ventriculitis (3 %), and
bacteremia (1 %) [81]. Risk factors for healthcare-associated
pneumonia after ICH include age, active smoking, excess al-
cohol consumption, chronic obstructive pulmonary disease,
premorbid dependence, ICH severity [73], dysphagia, in-
hospital aspiration, mechanical ventilation, tube feeding and
tracheostomy [82, 83], infratentorial ICH location, [73], and
hematoma volume [84, 85]. Infections in ICH patients are
independently associated with prolonged hospital stay and
greater odds of requiring a gastrostomy tube [81].
Healthcare-associated pneumonia specifically is reported to
increase LOS, morbidity and mortality [82], and odds of poor

outcome at discharge [81]. Additionally, infratentorial ICH,
hematoma volume, and intraventricular extension—all risk
factors of healthcare-associated infections—also have been
shown to be risk factors for poor outcome after ICH [84, 85].

Subarachnoid Hemorrhage (SAH)

Incidence of HAI after SAH varies depending on the study
and included patient population from 26 to 41 % [86–88].
Risk factors include higher age, gender, poor clinical condi-
tion on admission, ICU admission, endotracheal intubation,
tracheostomy placement, urinary catheter utilization, presence
of IVH, and placement of an EVD [87, 89, 90]. Among
intubated patients, 21 % developed pneumonia, and 19 %
developed an infection during week 1 after aneurysmal SAH
[88]. Despite the frequent use of EVDs, VRI remains a com-
parably rare complication in patients with SAH, occurring in
approximately 1 %–5 % of patients [87, 91]. HAI in patients
with SAH have independently been associated with poor out-
comes [86], including poor functional outcome as well as
mortality [87, 92, 93] and prolonged LOS [87, 93].
Additionally, there might be an interaction between HAI and
delayed cerebral ischemia (DCI) that is not fully elucidated.
Infection is a recognized precipitant of systemic inflammation
leading to thrombocytosis, leukocytosis, and release of in-
flammatory cytokines [94], all of which have been implicated
in the development of DCI [95–97]. Healthcare-associated
bacteremia, pneumonia, UTI, and ventriculitis have all been
shown to independently increase risk of DCI [86]. Vice versa,
DCI predisposes patients to the development of HAI [87].

Status Epilepticus

While infections are a well-documented trigger for status ep-
ilepticus, data on incidence and impact of healthcare-
associated infections among patients with status epilepticus
are limited [98]. Respiratory and urinary tract infections are
most common, with respiratory tract infections occurring at a
rate of 24 % [98–100]. Ventilator-associated pneumonia and
sinusitis are the most common ICU-acquired infections [101].
Infections in this patient population are associated with
prolonged medical care, higher healthcare resource consump-
tion, refractory status epilepticus, higher morbidity and mor-
tality independent of potential confounders, and unfavorable
outcomes [98, 101].

Clostridium difficile infection in the neuro-ICU

Clostridium difficile infection and associated disease are seri-
ous infectious complications in hospitalized patients. In the
ICU, C. diff is one of the most feared causes of HAI, and a
6 % increase in the risk of mortality has been attributed to C.
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diff [102]. For neuro-ICUs specifically, the prevalence of 0.4–
0.5 % has been reported, with an infection rate of 8.3/10.000
patient days [103]. In comparison, rates of C. diff in general
ICUs were 15.5/10.000 patient days [104]. Risk factors for
acquiring C. diff infection include older age, prolonged hospi-
tal stay, antibiotic use especially if for concurrent infection,
immunosuppression, indwelling devices, laxative use, proton
pump inhibitors, and mechanical ventilation [103]. In one se-
ries of neuro-ICU patients, the antibiotic class most frequently
used in patients who subsequently developed C. diff were
cephalosporins in 71 % [103].

Prevention Strategies

The urgent need to develop novel ways to prevent HAI per-
sists, as they increase morbidity, mortality, and healthcare uti-
lization with worse outcomes. Preventive antibiotics have not
shown benefit and are not recommended even in subpopula-
tions with an acute neurological disease [105]. Infection-
prevention bundles and standardized care have been the cor-
nerstone for prevention for all types of HAI. Catheter-
associated UTIs (CAUTIs) continue to be among the most
common healthcare-associated infections, and their risk in-
creases with length of catheterization [12]. Preventive strate-
gies have focused on avoidance of catheter placement and
discontinuation when possible, as well as protocol-driven care
bundles [106]. For females, who are at greater risk for
CAUTIs, external collection devices have shown promise as
an alternative to indwelling catheters [107]; however, they are
not applicable in urinary retention. Similar to efforts with
CAUTIs, multidisciplinary quality improvements can be very
effective in addressing the strongest risk factor for pneumonia,
dysphagia [108]. An initiative to increase dysphagia screening
among patients with stroke including online education for
nurses, increased implementation of dysphagia screening
and process improvements resulted in a decrease in the pneu-
monia prevalence from 6.5 to 2.8 % among patients with
stroke in a single-center study [109]. Early antibiotic prophy-
laxis, however, failed to show benefit for stroke functional
outcome or mortality in a systematic review [110].
Furthermore, oropharyngeal decontamination with
povidone-iodine did not prove to be effective in preventing
VAP in a high-risk population of severely brain-injured pa-
tients or cerebral hemorrhage patients [60]. Lactoferrin, a
component of the innate immune system with bacteriostatic
effect was studied in mixed critically ill patients with mechan-
ical ventilation. Twenty-eight percent of a developed
healthcare-associated infection and lactoferrin had no effect
on the occurrence of infections or antibiotic free days and
outcomes [111]. Another topic of ongoing debate is early ver-
sus late tracheostomy in patients requiring ongoing ventilator
support. Most studies have concluded that early versus late

tracheostomy does not change mortality; however, there is
converging evidence that early tracheostomy decreases venti-
lation days [112] and evidence-based protocols for early
extubation can decrease the incidence of pneumonia [113,
114].

In line with the theory of brain injury-induced immune
suppression, prevention of immunosuppression and subse-
quent infections has been attempted by β-adrenergic receptor
blockade. In a retrospective analysis, use of beta-blockers was
indeed associated with reduced risk of early death in patients
with ischemic stroke [115], and both prospective and retro-
spective cohort studies have shown that the use of β-
adrenergic receptor antagonists in adult TBI patients was in-
dependently associated with improved survival [116–118].
However, newer series with larger cohorts did not corroborate
these findings and showed a lack of effect of beta-blocker
therapy on infection rates in patients with ischemic strokes
[119].

Conclusion

In conclusion, healthcare-associated infections remain a dis-
tinct challenge in the neuro-ICU population, not only due to
high prevalence of cranial infections but also due to the spe-
cific characteristics of the neuro-ICU population rendering
these patients especially prone to also systemic HAI.
Prevention of healthcare-associated infections heavily relies
on education, hygiene standards, and infection-prevention
bundles, while most efforts to develop mechanistic strategies
have mostly not shown benefit so far. The need for the devel-
opment of additional strategies to lessen healthcare-associated
infections remains.
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