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Objective: To review current advances in the treatment of
critically ill neurologic patients, including specialized care by
neurointensivists.

Design: Review article.

Main Discussion and Conclusions: Significant developments in
the fields of neurology and neurosurgery have led to improved
treatments for the critically ill neurologic patient. The major areas
reviewed include neuromonitoring, disease-specific treatments,
and specialized neurocritical care units and team. The current
trend is for the application of the so-called multimodality neuro-
monitoring, which includes the use of several monitoring tech-
niques, including intracranial pressure, brain electrophysiology,
brain metabolism and oxygenation, and cerebral blood flow,

among others. Many new therapies that have been introduced are
discussed, including thrombolytic therapy for acute ischemic
stroke, induced hypothermia for comatose survivors of cardiac
arrest, and endovascular coiling for ruptured cerebral aneurysms.
Lastly, the introduction of neurointensivists and neurocritical care
units has been associated with reduced hospital mortality and
resource utilization without changes in readmission rates or long-
term mortality rates. (Crit Care Med 2006; 34[Suppl.]:S232-S238)
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mportant developments in the

fields of neurology and neurosur-

gery have greatly improved thera-

peutic modalities for the critically
ill neurologic patient. Such enhancement
is the result of improved monitoring
techniques, microsurgical approaches,
and novel and effective treatments for
complex neurologic conditions. This arti-
cle contains an overview of the field of
neurocritical care, therapeutic advances
including neuromonitoring, and empha-
sizes the role of specialized neurocritical
care teams.

Overview of Neurocritical Care:
Brief History and Outcome
Measures Used

Neurocritical care is a relatively new
discipline dedicated to the advancement
of care of the critically ill neurologic pa-
tient (1). The birth of neurocritical care
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stemmed from the appreciation that an
already affected brain (primary injury) is
greatly influenced by systemic alterations
that may adversely affect its function
(secondary injury). The group of practi-
tioners that are specially trained to rec-
ognize and treat such injuries are called
neurointensivists. The first neurocritical
care fellowships in the United States were
set up in the late 1970s to early 1980s.
Since then, neurocritical care has grown
and is being increasingly recognized as a
separate subspecialty within critical care.
In fact, the Neurocritical Care Society,
an international multidisciplinary enter-
prise, was founded in 2003 with the sup-
port of the Society of Critical Care Med-
icine (2). Also, most major academic
medical centers in the United States have
developed dedicated specialized neuro-
critical care units.

The main argument for the necessity
of neurointensivists is that the care of the
critically ill neurologic patient requires
training in clinical physiology of intracra-
nial pressure, cerebral blood flow and
metabolism, brain and neuromuscular
electrophysiology, postoperative care,
and systemic complications of nervous
system diseases. Neurointensivists would
typically care for patients with acute isch-
emic stroke, intracerebral and subarach-
noid hemorrhage, intracranial neoplasms,

traumatic brain and spinal cord injury,
status epilepticus, and neuromuscular re-
spiratory failure, among others. Many ad-
vances in therapeutics and neuromoni-
toring have made it possible for neuro-
intensivists to affect outcome of these
patients.

Outcome of neurocritically ill patients
is usually determined by using a combi-
nation of scales, including severity of ill-
ness scales, general functional scales,
global health status scales, and disease-
specific scales (3—14). A common feature
of most of these outcome measures is
their crudeness. However, with the ad-
vent of newer treatments, more sensitive
scales have been developed. A summary
of outcome measures commonly used in
neurocritical care is presented in Table 1.
The severity of illness scoring system
most widely used is the Acute Physiology
and Chronic Health Evaluation score
(APACHE 1I and III) (8). APACHE score
has been used mainly for stratification of
patients with similar severity of disease in
clinical studies, comparison of perfor-
mance of multiple intensive care units
(ICUs) with similar case mix, and for re-
source allocation. Despite the fact that
disease-specific neurologic scales, such as
the Glasgow Coma Scale, (9) have pre-
dicted patients’ outcome, many studies
have included general severity of disease
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Table 1. Scales and outcome indicators commonly used in neurocritical care

Indicator

Type of Scale/Outcome

Advantages

Disadvantages

Mortality (4-7)

Length of stay (4-7)

APACHE Score (8)

GCS (9)

GOS (10)

Barthel index (11)
Rankin Scale Score (12)
SF-36 (13)

NIHSS (14)

General

General

Severity of illness

Disease specific; measures level of
consciousness
Disability scale

Functional scale; measures ability to
perform activities of daily living
Disability scale

Multidimensional health status

Disease specific; measures stroke
severity

Easy to obtain

Easy to obtain; surrogate for
resource utilization

Widely used in critical care; risk
adjustment

Easy to obtain; good interobserver
and intraobserver reliability

Easy to obtain; good interobserver
and intraobserver reliability

Easy to obtain; good interobserver
and intraobserver reliability

Easy to obtain; good interobserver
and intraobserver reliability

Attempts to measure quality of
life

Easy to obtain; good interobserver
and intraobserver reliability

Lack of indication of quality of life of
survivors; greatly influenced by
discharge practices

Crude measure of resource utilization;
greatly influenced by discharge
practices

Neurologic information is limited to
GCS

Crude measure of neurologic injury

Crude measure of disability

Lack of measurement of quality of life
Lack of measurement of quality of life
Floor effect in the physical function and

role domains in neurologic patients
It applies to stroke patients only

APACHE, Acute Physiology and Chronic Health Evaluation; GCS, Glasgow Coma Scale; GOS, Glasgow Outcome Scale; SF-36, Short-Form 36 Health
Survey; NIHSS, National Institutes of Health Stroke Scale.

scoring systems such as the APACHE in
neurologic outcome predictive models.
The advantage of such approach is the
inclusion of underlying medical co-
morbidities that may affect final out-
come. The main outcomes that have been
studied in the neurocritically ill include
mortality, length of stay, and long-term
functional outcome (4-7, 11, 12, 14).
More recent outcome research studies
have also incorporated measures of health
status and quality of life (14).

Neuromonitoring

The monitoring of the neurocritically
ill patient has become increasingly com-
plex (15). Besides the close evaluation of
cardiac and respiratory functions com-
mon to all critically ill patients, several
techniques have become available for
whole and regional brain monitoring
(16-32). A complete description of all the
neuromonitoring techniques available is
beyond the scope of this review. A brief
overview of such techniques is presented
in Table 2.

The simplest and most commonly
used monitoring technique is the serial
neurologic assessment performed at the
patient’s bedside. Despite its importance,
neurologic examinations have several
limitations, including the inability to de-
tect changes in patients who are receiv-
ing sedatives and the fact that it provides
a qualitative rather than a quantitative
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assessment of brain functions. Other dis-
advantages are the lack of sensitivity at
detecting some important conditions
such as nonconvulsive status epilepticus
or early changes in intracranial pressure
or cerebral metabolism.

Because of these drawbacks, various
other techniques have been developed to
aid the neurointensivist in the manage-
ment of the critically ill neurologic pa-
tient. As can be glanced from the infor-
mation provided in Table 2, there is no
ideal technique, and many of their indi-
cations still need to be explored further.
However, the most useful clinical appli-
cation of the neuromonitoring tech-
niques has been in the early detection
and treatment of secondary insults that
may not be otherwise obvious on physical
examination. Such secondary insults may
be due to derangements in cerebral hemo-
dynamics that lead to deleterious effects
on brain oxygenation and metabolism.
Derangements in cerebral hemodynamics
in turn may be due to systemic hypoten-
sion, intracranial hypertension, hypoxemia,
or anemia, among others. All these fac-
tors will ultimately result in brain tissue
damage and worse clinical outcome.

Therefore, it seems logical to envision
that the best clinical results would result
from reliance on a multimodal monitor-
ing approach (33, 34). For instance, a
typical patient with severe traumatic
brain injury would be monitored with
continuous systemic blood pressure, in-

tracranial pressure, cerebral perfusion
pressure, jugular venous and brain tissue
oxygenation, systemic and brain temper-
ature, electroencephalography, and mi-
crodialysis. Some studies have addressed
the issue of multimodal monitoring (15).
Although the sample sizes have been
small, it has become increasingly clear
that by using such approach neurointen-
sivists may be able to apply new technol-
ogy more judiciously. Information that is
corroborated by various techniques can
be more reliably acted on, whereas spu-
rious readings can be more easily dis-
carded. The main challenge for the future
is the validation of all available tech-
niques in a large sample of patients and,
more importantly, their correlation with
clinical outcome.

Therapeutic Advances

Many significant developments have
occurred over the past decade that have
changed the way we view and treat acute
neurologic conditions. These are mostly
due to the design and execution of clini-
cal trials that have been bridging the gap
between knowledge of brain function and
effective therapeutic interventions when
such function is disturbed. This section
presents a succinct description of new
treatments for common neurologic emer-
gencies such as acute ischemic stroke, in-
tracerebral hemorrhage, subarachnoid

5233

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Table 2. Major neuromonitoring techniques used in the neurocritical care unit

Technique

Variable Measured

Major Indications

Disadvantages

Whole-brain monitoring
Serial neurologic examination (15)

Intracranial pressure devices
(16, 17)

Internal jugular bulb catheters
(18, 19)

Continuous
electroencephalography (20)

Regional/focal brain monitoring
Transcranial Doppler ultrasound
(21, 22)

Near-infrared spectroscopy
(23, 24)
Xenon-133 clearance (25, 26)

Laser-Doppler flowmetry (27)

Thermal diffusion flowmetry (28)

Microdialysis catheters (29, 30)

Brain tissue probes (31, 32)

Qualitative assessment of
brain function

Intracranial pressure; cerebral
perfusion pressure

Oxygen saturation of venous
return from the brain;
cerebral oxygen extraction
can be derived

Brain electrical activity with
close relationship to
cerebral metabolic rate

Cerebral blood flow velocity

Cerebral tissue oxymetry

Regional cerebral blood flow

Qualitative regional cerebral
blood flow

Regional cerebral cortical
blood flow

Various substances in the
extracellular space

Regional brain Po,, Pco,, pH,
and temperature

All neurocritically ill patients

Coma and abnormal head CT;
cerebral edema; midline
shift; acute hydrocephalus

Severe traumatic brain injury;
diffuse cerebral edema

Status epilepticus; altered level of
consciousness to detect
nonconvulsive status epilepticus;
pentobarbital coma

Monitoring of cerebral
vasospasm,; vessel
recanalization after
thrombolytic therapy;
confirmation of brain death

Severe traumatic brain injury

Severe traumatic brain injury;
subarachnoid hemorrhage

Under study for severe
traumatic brain injury and
massive cerebral edema

Under study for severe
traumatic brain injury and
massive cerebral edema

Severe traumatic brain injury;
subarachnoid hemorrhage

Severe traumatic brain injury;
subarachnoid hemorrhage;

Constricted by pharmacologic interventions;
operator dependent; qualitative

Invasive; ICH (<3%); infection (<14%);
malfunction

Line sepsis; venous thrombosis; carotid
puncture; does not measure regional
oxygenation

Qualitative evaluation; frequent artifacts;
interference with head imaging studies

Operator dependent; may be limited by
cranial anatomy

Sensitivity to extraneous light; motion
artifact; signal drift

Measures superficial blood flow; unreliable
with abnormal blood-brain partition
coefficient

Probe malfunction requiring replacement

Infection (low risk); signal distortion; small
region monitored

Infection (low risk); may not detect all
ischemic regions
ICH and infection (low risk)

diffuse cerebral edema

ICH, intracerebral hemorrhage; CT, computed tomography.

hemorrhage, traumatic brain injury, hypoxic-
ischemic brain insult, and fever.

Acute Ischemic Stroke. The most im-
portant therapy for ischemic stroke intro-
duced in the past decade has been throm-
bolysis. The administration of intrave-
nous thrombolytic agents (mainly rt-PA)
within 3 hrs of symptom onset can result
in clinical and statistical significant im-
provement (35). At least 30% of treated
patients will be completely independent 3
months after treatment. Other approaches
to thrombolysis include the intraarterial
route (which increases the window treat-
ment to 6 hrs) (36), the combination ad-
ministration of intravenous followed by
intraarterial medications (37), and ultra-
sound-enhanced systemic thrombolysis
(38). The latter incorporates the use of con-
tinuous transcranial Doppler ultrasound
that augments thrombolysis-induced arte-
rial recanalization. The future of acute isch-
emic stroke management will be in the
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development of newer neuroprotective
therapies that could be administered along
with thrombolytic medications.
Intracerebral Hemorrhage. One of the
major discoveries has been the realiza-
tion that intraparenchymal hematomas
grow in about 38% of patients within 3
hrs of onset (39). Such growth may result
in increased mortality. The most promis-
ing intervention to limit hematoma
growth with resulting improved mortal-
ity and functional outcome thus far has
been the administration of recombinant
activated factor VIIa (39, 40). Surgical
evacuation of intracerebral hematomas
within 24 hrs has not shown benefit when
compared with initial conservative treat-
ment (41). The one group of patients who
may benefit from surgery with improved
functional outcome is that with cerebel-
lar hematomas. Another issue that has
generated controversy is the blood pres-
sure management in the acute setting

after intracerebral hemorrhage. On the
one hand, there is the risk of increasing
the size of the hematoma if blood pres-
sure remains elevated, and on the other,
there may be the theoretical risk of caus-
ing cerebral ischemia if blood pressure is
reduced. Recent preliminary evidence
suggests that blood pressure reductions
may be safe (42). A prospective study is
under way to evaluate the optimal blood
pressure control level in these patients.
Subarachnoid Hemorrhage. Sub-
arachnoid hemorrhage is a devastating
disease. It carries a significant number of
medical and neurologic complications.
The results of several clinical trials have
led to improved care and outcome of
these patients. Cerebral vasospasm is a
frequent cause of cerebral ischemia after
subarachnoid hemorrhage. Calcium an-
tagonists, particularly nimodipine and
possibly magnesium, reduce the risk of
poor outcome and cerebral ischemia (43).
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Current management protocols for pa-
tients with subarachnoid hemorrhage in-
corporate the routine use of nimodipine
for all patients. Circulatory volume ex-
pansion has been commonly used under
the assumption that hypovolemia is re-
lated to cerebral ischemia. However, con-
vincing evidence of its benefit is lacking
(44). The use of intraoperative (i.e., dur-
ing aneurysm clipping) hypothermia does
not improve clinical outcome as was pre-
viously predicated (45). Lastly, treatment
of ruptured aneurysm has been revolu-
tionized with the advent of endovascular
detachable coiling as an alternative to
craniotomy and aneurysm clipping. A re-
cent multiple-center, randomized trial
revealed that in patients with ruptured
cerebral aneurysms, for which both en-
dovascular coiling or surgical clipping
are treatment options, the outcome in
terms of disability at 1 yr is better for
patients undergoing endovascular coiling
(46). Currently ruptured aneurysms are
best treated by a team of professionals
with experience in both surgical clipping
and endovascular coiling who can decide
on the proper therapeutic option.

Hypoxic—Ischemic Insult. Sudden
death from cardiac arrest is a frequent
health problem. Few patients survive a
cardiac arrest with acceptable neurologic
recovery. Traditionally, for the past 40
yrs, treatment of cardiac arrest patients
concentrated on resuscitative efforts to
try to limit both systemic and neurologic
damage. However, it has become evident
that neurologic injury occurs during and
after resuscitation. The most significant
novel treatment for comatose survivors of
cardiac arrest has been induced hypo-
thermia (47-49). Evidence from random-
ized controlled trials has demonstrated
that institution of mild-to-moderate hy-
pothermia results in improved survival
and functional outcome of these patients.
Based on these results, the American
Heart Association has recommended the
inclusion of hypothermia intervention
into the management of post—cardiac ar-
rest patients.

Traumatic Brain Injury. Severe trau-
matic brain injury still remains an impor-
tant public health issue, particularly
among the young. Mortality rates have
decreased over the past decade. One ma-
jor factor that may have accounted for
this is the establishment of trauma cen-
ters (50, 51). Patients admitted to special-
ized trauma centers are more likely to
experience a reduced hospital length of stay
and mortality, with improved functional
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outcome. Another important issue is the
aggressive management of hypotension in
the prehospital setting. A recent random-
ized clinical trial of aggressive fluid man-
agement in the prehospital setting revealed
decreased mortality, most likely related to
avoidance of hypotension (52).

Induced hypothermia has also been
applied to patients with severe traumatic
brain injury (53). Clinical trial results
have not been as convincing as in coma-
tose survivors of cardiac arrest. Studies
have revealed that induced hypothermia
may confer benefit particularly to those
patients with elevated intracranial pres-
sure. However, the routine use of this
treatment remains controversial.

Fever. Elevated core body and brain
temperature is associated with worsening
neurologic injury and functional out-
come of critically ill neurologic patients,
regardless of the type of injury (54). Such
association is very important because fe-
ver is a frequent occurrence in neuro-
logic patients while in the ICU. It has also
become evident that traditional methods
of fever treatment such as administration
of acetaminophen and traditional cooling
blankets are not that effective at reducing
fever. Therefore, newer cooling tech-
niques have been developed. Both novel
surface cooling and catheter-based heat-
exchange systems have been found to be
more beneficial than traditional cooling
methods in febrile patients in the neuro-
critical care unit (55, 56). What remains
to be answered is whether effective fever
reduction results in significantly im-
proved functional outcome and mortality
rates in these patients.

High-Intensity Staffing with a
Specialized Neurocritical
Care Team

Care of the critically ill is expensive. It
has been estimated that approximately
1% of the U.S. gross domestic product is
directly utilized in the ICU (57). There is a
lack of uniformity in how ICU care is deliv-
ered. The organization of an ICU is impor-
tant because it can potentially reduce costs
and improve outcomes. One such example
is the availability of intensivists. Staffing
general and surgical ICUs with intensivists
has been associated with improved out-
comes and reduced resource utilization
(57-60).

ICU staffing has been classified as low
intensity (i.e., no intensivist available or
elective intensivist consultation) or high
intensity (i.e., mandatory intensivist con-

sultation or closed ICU) (57). Pronovost
et al. (57) reported on a systematic review
of the literature of physician staffing pat-
terns and clinical outcomes in critically
ill patients. A total of 26 observational
studies were included in their review. The
authors found that high-intensity staffing
was associated with lower hospital mor-
tality in 94% of the studies and reduced
hospital length of stay in all the studies
that adjusted for case mix. Most of these
studies were reported in general medical
or surgical ICUs.

A review of MEDLINE (January 1,
1965, through September 1, 2005) re-
vealed four studies specifically addressing
the issue of the effect of specialized neu-
rocritical care teams or specialized neu-
rocritical care units on outcome of the
critically ill neurologic patient (4-7). The
main features of these four studies are
summarized in Table 3. Two of the stud-
ies evaluated the effect of the availability
of specialized neurocritical care teams
(high-intensity staffing) on mortality and
length of stay (4, 5). Both studies re-
ported improved outcomes as given by
decreased hospital mortality rates and re-
duced hospital length of stay. There was
also a reduced number of significant
medical complications after the teams
were introduced. Mirski et al. (7) reported
on the effect of a neuroscience intensive
care unit on outcome of patients with
intracerebral hemorrhage within the
same institution. The authors found that
admission to a dedicated neuroscience
critical care unit was associated with re-
duced mortality and hospital length of
stay for these patients. Diringer and
Edwards (6) analyzed data prospectively
collected by Project Impact over a period
of 3 yrs from 42 participating ICUs. The
authors compared outcomes of patients
with intracerebral hemorrhage admitted
to general ICUs vs. those admitted to spe-
cialized neurocritical care units. They
found that not being admitted to a neu-
rocritical care unit was associated with
increased hospital mortality. As opposed
to the other three previous studies, the
latter found that admission to a neuro-
critical care unit was also associated with
increased length of stay in patients with
intracerebral hemorrhage. In summary,
the availability of specialized neurocriti-
cal care teams or neurocritical care units
is associated with improved outcomes of
critically ill neurologic patients, includ-
ing decreased hospital mortality and re-
source utilization. The study by Suarez et
al. (4) also evaluated the effect of a spe-
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Table 3. Studies reporting on the effect of neurocritical care unit admission or availability of neurocritical care teams on outcomes of critically ill
neurologic patients

Adjustment for

No. of Confounding Hospital Hospital Length ~ Readmission Long-Term
Source Population Study Design ICUs Studied Patients Variables Mortality of Stay Rates Mortality
Suarez Mixed critically ~ Cohort with One neurocritical 2381 APACHE 11T Reduced from —13.8% change  Unchanged Unchanged
et al. ill neurologic historical care unit (before adults score and 10.6% to 8.0% in mean (7.7% vs.
(4) and control and after other variables (» =.04) length of stay 6.4%,
neurosurgical neurocritical (95% CI, p=.3)
care team —182to —9.1)
introduction)
Varelas Mixed critically ~ Cohort with One neurocritical 2366 Several variables,  Unchanged, Decreased from  Not reported  Not reported
et al. ill neurologic historical care unit (before adults including 10.1% and 85 + 89 to
(5) and control and after expected 9.1% (p = .4), 76 * 8.1
neurosurgical neurocritical mortality from but different days
care team University from expected p =.012)
introduction) Hospitals increase of
Consortium 1.4% (p = .048)
Diringer  Intracerebral Outcomes, 42 ICUs (comparing 1038 APACHE II score  Increased if Increased from Not reported ~ Not reported
and hemorrhage Cross- two neurocritical adults and other admitted to 45+ 6.2 to
Edwards  patients sectional units with other variables general ICU 78 =125
(6) with medical and (OR, 3.4; 95% (» < .05)
concurrent surgical ICUs) CI, 1.65-7.6)
control
Mirski Intracerebral Cohort with Two (general ICU 128 Mortality Decreased from Unchanged Not reported ~ Not reported
et al. hemorrhage historical compared with adults compared 36% to 19%
(7 patients control specialized with national » < .05)
neurocritical benchmarks
care unit) for general
ICUs

ICU, intensive care unit; APACHE, Acute Physiology and Chronic Health Evaluation; OR, odds ratio; CI, confidence intervals.

cialized neurocritical care team on read-
mission rates and long-term mortality at
1 yr after discharge. The authors reported
no changes in either outcome after the
team was introduced.

The availability of neurocritical care
teams as reported in all of the four stud-
ies mentioned led to significant organi-
zational changes in the care of critically
ill neurologic patients (4-7). There were
changes in discharge and admission pat-
terns, including enforcement of triage
criteria. The authors also reported devel-
opment of management protocols and ed-
ucational programs for all the personnel
involved in the care of these patients. The
improved outcome associated with the
presence of the neurocritical care team is
likely multifactorial and may be related to
the ability of these practitioners to stan-
dardize management of common medical
problems and organize and manage the
ICU environment (61, 62).

All studies investigating physician
staffing patterns and outcomes of criti-
cally ill patients have limitations that are
worth considering (4, 61). Most of these
studies published so far include retro-
spective analysis of prospectively col-
lected data. No randomized controlled
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trial has been designed to evaluate this
issue due to both practical and ethical
dilemmas. Other limitations include tem-
poral trends and lack of control over pre-
and post-ICU care, including changes in
patient management and discharge prac-
tices over time. Lastly, none of these
studies analyzed quality of life of survi-
vors, which would be more meaningful
for the everyday activities of survivors.
Despite all these limitations, the evidence
is very strong for the implementation of
specialized neurocritical care units staffed
by neurointensivists.

Conclusions

Critically ill neurologic patients present
special challenges related to the interac-
tion between systemic derangements and
intracranial processes that require special
attention. Significant advances have oc-
curred over the past few years with regard
to the care of these patients. It has be-
come increasingly clear that neurocriti-
cal care units staffed by specially trained
neurointensivists have a significant favor-
able effect on clinical outcome of patients
and resource utilization. Neurointensiv-
ists are capable of providing an integra-

tive care of neurologic patients requiring
critical care. More importantly, neuroin-
tensivists can interpret multimodality
monitoring that these patients often need
and correct abnormalities in a timely
fashion. Neurocritical care is a growing
discipline. The creation of the Neurocriti-
cal Care Society will provide a means to
enhance cooperation among neurointen-
sivists. Such cooperation will undoubt-
edly have a significant effect on patient
care, including better clinical trial design
and execution.
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