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Editor’s Commentary

T

he Journal of Neurotrauma is proud to publish a special issue dedicated to the new edition of the Guidelines for the Management of Severe Traumatic Brain
Injury. Under the sponsorship of the Brain Trauma Foundation, these guidelines were first published in 1995, and
the 2nd revised edition was published in 2000.1 This 3rd
edition is substantially different, with six new topics
added for a total of 15 chapters.
The Brain Trauma Foundation has drawn together 22
experts for the authorship of these guidelines, including
15 emerging experts in the field, each of whom were
trained in evidence-based medicine methodology. The
Foundation established the Center for Guidelines Management, which worked in partnership with methodologists from the Oregon Evidence-based Practice Center to
develop the 3rd Edition of these Guidelines. This group
performed comprehensive electronic searches of all databases relevant to the neurotrauma literature, up to April
2006. They used criteria to assess the quality of the included literature that was based on the United States Preventive Services Taskforce, the National Health Services
(UK) Centre for Reviews and Dissemination, and the
Cochrane Collaboration.
Two independent members of the EPC staff reviewed
each selected study and classified them as Class I, Class
II, or Class III, with the aid of the neurotrauma expert
panel. The literature lists and classifications were refined
by consensus discussion, among the experts. The studies
were limited to human studies in the adult age group (17
years) in the English language, covering traumatic brain
injury (TBI), and excluding editorials, expert opinion, and
studies of fewer than 25 patients. The topics for review
were selected based upon these criteria when there were
sufficient published studies to formulate recommendations. Many more topics (such as decompressive craniotomy) were initially listed, but were eliminated, either
because they were covered in other guideline documents,
such as Guidelines for the Surgical Management of Traumatic Brain Injury2 or because of insufficient data.
For hypothermia, the conflicting findings in over 15
clinical trials in TBI led the EPC group to implement it’s
own independent meta-analysis to assess the clinical trials in question.

As with the previous guidelines for TBI, the reader
must be aware of the limitations and restricted scope of
the guidelines. The guidelines reflect only what is contained in the existing human-based literature. They do not
reflect pathomechanistic information from animal studies, nor in vitro or mathematical modeling studies.
Since the first Guidelines for Management of Traumatic Brain Injury were published in 1995, there have
been several studies clearly demonstrating that TBI management in accordance with the Guidelines can achieve
substantially better outcomes in terms of metrics such as
mortality rate, functional outcome scores, length of hospital stay, and costs.3,4 This has been shown in single
Level I and II trauma centers in the United States, and in
large population-based studies in Eastern Europe.5 Previous editions of the guidelines have been translated into
over 15 different languages, and applied in most European countries, several countries in South America, and
in parts of China. In the United States, surveys conducted
in 1995, 2000, and 2006 have shown that increasing numbers of severe TBI patients are being managed in accordance with the Guidelines, with ICP monitoring, for example, rising from 32% in 1995 to 78% in 2005. The
influence of these Guidelines upon patient care has thus
already been enormous; and taken together with the Companion Guidelines for pediatric TBI,6 prehospital management of TBI,7 management of penetrating TBI,8 and
surgical management of TBI,2 these documents offer the
possibility for uniformity of TBI care, and conformity
with the best standards of clinical practice. Only in this
way can we provide the best milieu for the conduct of
clinical trials to evaluate putative new therapies, which
are being brought forth for clinical trials.
As in all areas of clinical medicine, the optimal plan
of management for an individual patient may not fall exactly within the recommendations of these guidelines.
This is because all patients, and in particular, neurotrauma patients, have heterogeneous injuries, and optimal management depends on a synthesis of the established knowledge based upon Guidelines, and then
applied to the clinical findings in the individual patient,
and refined by the clinical judgment of the treating physician.
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Introduction

T

(TBI) is a major cause of
disability, death, and economic cost to our society.
One of the central concepts that emerged from research
is that all neurological damage from TBI does not occur
at the moment of impact, but evolves over the ensuing
hours and days. Furthermore, improved outcome results
when these secondary, delayed insults, resulting in reduced cerebral perfusion to the injured brain, are prevented or respond to treatment. This is reflected in the
progressive and significant reduction in severe TBI mortality from 50% to 35% to 25% and lower over the last
30 years, even when adjusted for injury severity, age and
other admission prognostic parameters.1 This trend in reduced mortality and improved outcomes from TBI has
been subsequent to the use of evidence-based protocols
that emphasize monitoring and maintaining adequate
cerebral perfusion.2,3
In preparation for the revision of the 2nd edition of
these Guidelines, a systematic review of the literature was
conducted to assess the influence of the use of the Guidelines on mortality and morbidity from TBI. The results
indicated that consistent application of ICU-based protocols improves outcomes, and reduces mortality and
length of stay.4–7
This is the third edition of the evidence-based Guidelines for the Management of Severe Traumatic Brain Injury, following the first and second editions in 1995 and
2000.8,9 These Guidelines address key topics useful for
the management of severe TBI in adult patients with a
Glasgow Coma Scale score of 3–8. The following are notable changes from the second edition:

and III, are derived from Class I, II, and III evidence, respectively.
• The classification of certain publications included in
previous editions has been changed. Publications
were classified both by design and quality (see Methods section and Appendix A).
• This is the first edition of these Guidelines for which
a meta-analysis was conducted, for the topic of Prophylactic Hypothermia.

RAUMATIC BRAIN INJURY

• Six new topics were added and two topics were assigned to the pre-hospital Guidelines. This is not an
exhaustive review of all TBI management but rather
a focus on interventions that have an impact on outcome and have sufficient scientific data specific to
TBI to warrant the development of new topics.
• The Levels of Recommendation were changed
from “Standard, Guideline, and Option” to “Level
I, Level II, and Level III,” respectively. The previous language did not lend itself to clear operational definitions. Recommendation Levels I, II,

In 2004, the Brain Trauma Foundation (BTF) called a
meeting of all the TBI Guidelines contributing authors
for the purpose of formalizing a collaborative process of
Guidelines updates, publication, and implementation
shared by those with a stake in acute TBI care. A partnership of interested professional associations was
formed to review, endorse and implement future editions
of the Guidelines. The mission of this TBI Partnership is
to improve the outcome of TBI through collaboration and
the promotion of evidence-based medicine.
For these and future Guidelines projects, contributing
authors agreed to establish a Center for Guidelines Management (Center), which would be responsible for generating new guidelines as well as updating those that exist. The participants endorsed the BTF proposal to
establish the Center to be located at Oregon Health &
Sciences University (OHSU). A collaboration was established between the Center and the Oregon Evidencebased Practice Center (EPC). The Oregon EPC conducts
systematic reviews of various healthcare topics for federal and state agencies and private foundations. These reviews report the evidence from clinical research studies,
and the quality of that evidence, for use by policy makers in decisions about guidelines and coverage issues. The
collaboration made the expertise and personnel of the
EPC available to the Center
The TBI partnership further agreed to adopt and explicitly adhere to a systematic process and set of criteria for reviewing, assessing, and synthesizing the scientific literature. The process and criteria (see Methods
Section) are derived from work by the U.S. Preventive
Services Task Force,10 the National Health Service
Centre for Reviews and Dissemination (U.K.),11 and
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the Cochrane Collaboration.12 The goal was to establish
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Methods
I. TOPIC REFINEMENT
The Brain Trauma Foundation (BTF) and BTF Center
for Guidelines Management (Center) convened a virtual
meeting of previous guideline authors and colleagues
new to the project. This group agreed that separate guidelines should be provided for prehospital and prognosis
topics. Thus, these were eliminated from the current update. They specified which previous topics would be
maintained and agreed upon new topics to include. Previous topics which were updated are Blood Pressure and
Oxygenation, Indications for Intracranial Pressure (ICP)
Monitoring, ICP Treatment Threshold, ICP Monitoring
Technology, Cerebral Perfusion Thresholds, Nutrition,
Antiseizure Prophylaxis, Hyperventilation, and Steroids.
New topics are Prophylactic Hypothermia, Brain Oxygen
Monitoring and Thresholds, Infection Prophylaxis, and
Deep Vein Thrombosis Prophylaxis. The previous topic
of Mannitol was expanded to Hyperosmolar Therapy, and
the previous topic of Barbiturates was expanded to Anesthetics, Analgesics, and Sedatives.

II. INCLUSION/EXCLUSION CRITERIA
Inclusion Criteria
•
•
•
•
•

Human subjects
Traumatic brain injury
English language
Adults (age  18 years)
In-hospital (e.g., no studies from the prehospital setting)
• 25 subjects
• Randomized controlled trials (RCTs), cohort studies, case-control studies, case series, databases, registries

Exclusion Criteria
• Sample contained 15% of pediatric patients or
15% of patients with pathologies other than TBI,

and the data were not reported separately (see Appendix C)
• Wrong independent variable (e.g., the intervention
was not specific to the topic)
• Wrong dependent variable (e.g., outcomes were not
mortality or morbidity, or did not associate with clinical outcomes)
• Case studies, editorials, comments, letters

III. LITERATURE SEARCH
AND RETRIEVAL
Center staff worked with a doctoral level research librarian to construct electronic search strategies for each
topic (see Appendix B). For new topics, the literature was
searched from 1966 to 2004, and for previous topics from
1996 to 2004. Strategies with the highest likelihood of
capturing most of the targeted literature were used, which
resulted in the acquisition of a large proportion of nonrelevant citations. Two authors were assigned to each
topic, and a set of abstracts was sent to each. Blinded to
each others’ work, they read the abstracts and eliminated
citations using the pre-determined inclusion/exclusion
criteria.
Center staff compared the selections, and identified
and resolved discrepancies either through consensus or
through use of a third reviewer. A set of full-text publications was then sent to each author. Again blinded to
each others’ work, they read the publications and selected
those that met the inclusion criteria.
Results of the electronic searches were supplemented
by recommendations of peers and by reading reference
lists of included studies. A second search was conducted
from 2004 through April 2006 to capture any relevant
Class I or II literature (see Quality Assessment section
of this chapter) that might have been published since the
first literature search in 2004. Relevant publications were
added to those from the original search, constituting the
final library of studies that were used as evidence in this
document. The yield of literature from each phase of the
search is presented in Appendix D.
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METHODS

IV. DATA ABSTRACTION
AND SYNTHESIS

V. QUALITY ASSESSMENT
AND CLASSIFICATION OF EVIDENCE
FOR TREATMENT TOPICS

Two authors independently abstracted data from each
publication using an evidence table template (see Appendix E). They compared results of their data abstraction and through consensus finalized the data tables. Due
to methodological heterogeneity of studies within topics,
and to the lack of literature of adequate quality, data were
not combined quantitatively for all but one topic. The exception was Prophylactic Hypothermia, for which a metaanalysis was performed.
Authors drafted manuscripts for each topic. The entire
team gathered for a 2-day work session to discuss the literature base and to achieve consensus on classification
of evidence and level of recommendations. Some topics,
while considered important, were eliminated due to lack
of a literature base (e.g., At-Risk Non-Comatose Patient,
Hyperacute Rehabilitation, ICP in the Elderly, and Decompressive Therapies). Manuscripts were revised. Virtual meetings were held with a subset of the co-authors
to complete the editing and consensus processes. The final draft manuscript was circulated to the peer review
panel.

TABLE 1. CRITERIA
Class of evidence

FOR

In April of 2004, the Brain Trauma Foundation established a collaboration with the Evidence-Based Practice
Center (EPC) from Oregon Health & Science University
(OHSU). Center staff worked with two EPC epidemiologists to develop criteria and procedures for the quality assessment of the literature. Criteria for classification of evidence based on study design and quality are in Table 1, and
are derived from criteria developed by the U.S. Preventive
Services Task Force,1 the National Health Service Centre
for Reviews and Dissemination (U.K.),2 and the Cochrane
Collaboration.3 These criteria were used to assess the literature for all topics except ICP Monitoring Technology.
Quality criteria specific to technology assessment were used
to assess the ICP Monitoring Technology topic.
Two investigators independently read the studies included in the Evidence Tables (both new studies and
those maintained from the previous edition) and classified them as Class I, II, or III, based on the design and
quality criteria in Table 1. Discrepancies were resolved
through consensus, or through a third person’s review.

CLASSIFICATION

OF

EVIDENCE

Study design

Quality criteria

I

Good quality
randomized
controlled trial
(RCT)

II

Moderate quality
RCT
Good quality
cohort

Adequate random assignment method
Allocation concealment
Groups similar at baseline
Outcome assessors blinded
Adequate sample size
Intention-to-treat analysis
Follow-up rate 85%
No differential loss to follow-up
Maintenance of comparable groups
Violation of one or more of the criteria for a good quality RCTa

II

II

Good quality
case-control

III

Poor quality
RCT

Blind or independent assessment in a prospective study, or use
of reliableb data in a retrospective study
Non-biased selection
Follow-up rate 85%
Adequate sample size
Statistical analysis of potential confoundersc
Accurate ascertainment of cases
Nonbiased selection of cases/controls with exclusion criteria
applied equally to both
Adequate response rate
Appropriate attention to potential confounding variables
Major violations of the criteria for a good or moderate quality
RCTa
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III

Moderate or poor
quality cohort
Moderate or poor
quality casecontrol
Case Series,
Databases or
Registries

III

III

Violation of one or more criteria for a good quality cohorta
Violation of one or more criteria for a good quality casecontrola

aAssessor

needs to make a judgment about whether one or more violations are sufficient to downgrade the class of study, based
upon the topic, the seriousness of the violation(s), their potential impact on the results, and other aspects of the study. Two or three
violations do not necessarily constitute a major flaw. The assessor needs to make a coherent argument why the violation(s) either do,
or do not, warrant a downgrade.
bReliable data are concrete data such as mortality or re-operation.
cPublication authors must provide a description of important baseline characteristics, and control for those that are unequally
distributed between treatment groups.

Class I Evidence is derived from randomized controlled
trials. However, some may be poorly designed, lack sufficient patient numbers, or suffer from other methodological
inadequacies that render them Class II or III.
Class II Evidence is derived from clinical studies in
which data were collected prospectively, and retrospective analyses that were based on reliable data. Comparison of two or more groups must be clearly distinguished.
Types of studies include observational, cohort, prevalence, and case control. Class II evidence may also be
derived from flawed RCTs.
Class III Evidence is derived from prospectively collected data that is observational, and retrospectively collected data. Types of studies include case series, databases or registries, case reports, and expert opinion. Class
III evidence may also be derived from flawed RCTs, cohort, or case-control studies.

VI. QUALITY ASSESSMENT
AND CLASSIFICATION OF EVIDENCE
FOR ICP MONITORING TECHNOLOGY
Quality criteria typically used for literature about technology assessment are presented in Table 2, and are derived from criteria developed by the U.S. Preventive Services Task Force.1 As indicated in Table 2, a key criterion
for establishing Class I evidence for technology assessment is the application of the device in patients with and
without the disease. Thus, the ability to use these criteria in evaluating ICP monitoring technology is limited,
in that it would not be ethical to test the monitors in people without probable elevated ICP. Criteria were applied
when feasible to estimate the reliability of the findings
from each study included for this topic; however, levels
of recommendation were not applied.

TABLE 2. QUALITY ASSESSMENT

OF

DIAGNOSTIC STUDIES

Criteria
Screening test relevant, available, adequately described
Study uses credible reference standard, performed regardless of test results
Reference standard interpreted independently of screening test
Handles indeterminate results in a reasonable manner
Spectrum of patients included in the study
Adequate sample size
Administration of reliable screening test
Class of evidence based on above criteria
Class I:II Evaluates relevant available screening test; uses a credible reference standard; interprets reference standard
independently of screening test; reliability of test assessed; has few or handles indeterminate results in a
reasonable manner; includes large number (more than 100) broad-spectrum patients with and without disease.
Class II:I Evaluates relevant available screening test; uses reasonable although not best standard; interprets reference
standard independent of screening test; moderate sample size (50–100 subjects) and with a “medium” spectrum
of patients. A study may be Class II with fewer than 50 patients if it meets all of the other criteria for Class II.
Class III: Has fatal flaw such as: uses inappropriate reference standard; screening test improperly administered; biased
ascertainment of reference standard; very small sample size of very narrow selected spectrum of patients.
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VII. LEVEL OF RECOMMENDATION
Levels of recommendation are Level I, II, and III,
derived from Class I, II, and III evidence, respectively.
Level I recommendations are based on the strongest evidence for effectiveness, and represent principles of patient management that reflect a high degree of clinical
certainty. Level II recommendations reflect a moderate
degree of clinical certainty. For Level III recommendations, the degree of clinical certainty is not established.
To determine the recommendation level derived from
a meta-analysis, three criteria are considered:
• Are all included studies of the same quality class?
• Are the findings of the studies in the same or contradictory directions?
• What are the results of analyses that examine potential confounding factors?

Thus, a meta-analysis containing only Class II studies
may be used to make a Level III recommendation if the
answers to the above questions render uncertainty in the
confidence of the overall findings.

VIII. REFERENCES
1. Harris RP, Helfand M, Woolf SH, et al. Current methods of
the third U.S. Preventive Services Task Force. Am J Prevent
Med 2001;20:21–35.
2. Anonymous. Undertaking systematic reviews of research on
effectiveness: CRD’s guidance for those carrying out or
commissioning reviews. CRD Report Number 4 (2nd edition). York, UK: NHS Centre for Reviews and Dissemination; 2001. 4 (2nd edition).
3. Mulrow CD, Oxman AD. How to conduct a Cochrane systematic review. Version 3.0.2. Paper presented at: Cochrane
Collaboration, 1997; San Antonio, TX.
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I. Blood Pressure and Oxygenation
I. RECOMMENDATIONS

IV. SCIENTIFIC FOUNDATION

A. Level I

Hypoxemia

There are insufficient data to support a Level I recommendation for this topic.

In TBI patients, secondary brain injury may result from
systemic hypotension and hypoxemia.3,18 The effect of
hypoxemia was demonstrated by the analysis of a large,
prospectively collected data set from the Traumatic Coma
Data Bank (TCDB).2,11 Hypoxemia occurred in 22.4%
of severe TBI patients and was significantly associated
with increased morbidity and mortality.
In a helicopter transport study, which was not adjusted
for confounding factors, 55% of TBI patients were hypoxemic prior to intubation.18 Of the hypoxemic patients,
46% did not have concomitant hypotension. In non-hypoxemic patients, mortality was 14.3% with a 4.8% rate
of severe disability. However, in patients with documented O2 saturations of 60%, the mortality rate was
50% and all of the survivors were severely disabled.
In an inhospital study of 124 patients with TBI of varying degrees of severity, Jones et al. performed a subgroup
analysis of 71 patients for whom there was data collection for eight different types of secondary insults (including hypoxemia and hypotension).8 Duration of
hypoxemia (defined as SaO2  90%; median duration
ranging from 11.5 to 20 min) was found to be an independent predictor of mortality (p  0.024) but not morbidity (“good” outcome [12-month GCS of good recovery and moderate disability] versus “bad” outcome [GCS
of severe disability, vegetative survival, or death], p 
0.1217).

B. Level II
Blood pressure should be monitored and hypotension
(systolic blood pressure  90 mm Hg) avoided.

C. Level III
Oxygenation should be monitored and hypoxia
(PaO2  60 mm Hg or O2 saturation  90%) avoided.

II. OVERVIEW
For ethical reasons, a prospective, controlled study
concerning the effects of hypotension or hypoxia on outcome from severe traumatic brain injury (TBI) has never
been done. Nevertheless, there is a growing body of evidence that secondary insults occur frequently and exert
a powerful, adverse influence on outcomes from severe
TBI. These effects appear to be more profound than those
that result when hypoxic or hypotensive episodes of similar magnitude occur in trauma patients without neurologic involvement. Therefore, it is important to determine
if there is evidence for specific threshold values for oxygenation and blood pressure support.

Hypotension

III. PROCESS
For this update, Medline was searched from 1996
through April of 2006 (see Appendix B for search strategy), and results were supplemented with literature recommended by peers or identified from reference lists. Of
17 potentially relevant studies, 3 were added to the existing table and used as evidence for this question (Evidence Table I).

Both prehospital and inhospital hypotension have been
shown to have a deleterious influence on outcome from
severe TBI.4 In the TCDB studies referenced above,2,11
a single prehospital observation of hypotension (systolic
blood pressure [SBP] 90 mm Hg) was among the five
most powerful predictors of outcome. This was statistically independent of the other major predictors such as
age, admission Glasgow Coma Scale (GCS) score, ad-
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mission GCS motor score, intracranial diagnosis, and
pupillary status. A single episode of hypotension was associated with increased morbidity and a doubling of mortality as compared with a matched group of patients without hypotension.2 These data validate similar
retrospectively analyzed Class III5,6,7,9,12–17,19 reports
published previously.
Several studies analyzed the association of inhospital
hypotension with unfavorable outcomes. Manley et al.
reported a non-significant trend toward increased mortality in patients with GCS  13 experiencing a single
inhospital event of hypotension (SBP  90) (relative risk
2.05, 95% CI 0.67–6.23).10 The relative risk increased to
8.1 (95% CI 1.63–39.9) for those with two or more
episodes. Thus repeated episodes of hypotension in the
hospital may have a strong effect on mortality. Jones et
al. found that in patients with episodes of in-hospital hypotension, increased total duration of hypotensive
episodes was a significant predictor of both mortality
(p  0.0064) and morbidity (“Good” vs. “Bad” outcome,
p  0.0118).8
The question of the influence of hypoxia and hypotension on outcome has not been subject to manipulative investigation, as it is unethical to assign patients to
experimental hypotension. Therefore the large, prospectively collected, observational data set from the TCDB is
the best information on the subject that is available. This
and other studies show a strong association between hypotension and poor outcomes. However, because of ethical considerations there is no Class I study of the effect
of blood pressure resuscitation on outcome.
In a series of studies by Vassar et al.,20–22 designed to
determine the optimal choice of resuscitation fluid, correcting hypotension was associated with improved outcomes. One of these studies was a randomized, doubleblind, multicenter trial comparing the efficacy of
administering 250 mL of hypertonic saline versus normal saline as the initial resuscitation fluid in 194 hypotensive trauma patients; 144 of these patients (74%)
had a severe TBI (defined as an abbreviated injury score
[AIS] for the head of 4, 5, or 6). Hypertonic saline significantly increased blood pressure and decreased overall fluid requirements.

of cerebral perfusion pressure (CPP) on outcome, it is
possible that systolic pressures higher than 90 mm Hg
would be desirable during the prehospital and resuscitation phase, but no studies have been performed thus far
to corroborate this. The importance of mean arterial pressure, as opposed to systolic pressure, should also be
stressed, not only because of its role in calculating CPP,
but because the lack of a consistent relationship between
systolic and mean pressures makes calculations based on
systolic values unreliable. It may be valuable to maintain
mean arterial pressures considerably above those represented by systolic pressures of 90 mm Hg throughout the
patient’s course, but currently there are no data to support this. As such, 90 mm Hg should be considered a
threshold to avoid; the actual values to target remain unclear.

V. SUMMARY
A significant proportion of TBI patients have hypoxemia or hypotension in the prehospital setting as well as
inhospital. Hypotension or hypoxia increase morbidity
and mortality from severe TBI. At present, the defining
level of hypotension is unclear. Hypotension, defined as
a single observation of an SBP of less than 90 mm Hg,
must be avoided if possible, or rapidly corrected in severe TBI patients.1,4 A similar situation applies to the definition of hypoxia as apnea cyanosis in the field, or a
PaO2  60 mm Hg. Clinical intuition suggests that correcting hypotension and hypoxia improves outcomes;
however, clinical studies have failed to provide the supporting data.

VI. KEY ISSUES
FOR FUTURE INVESTIGATION
The major questions for resuscitating the severe TBI
patient are as follows:

Resuscitation End-Points
The value of 90 mm Hg as a systolic pressure threshold for hypotension has been defined by blood pressure
distributions for normal adults. Thus, this is more a statistical than a physiological finding. Given the influence
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• The level of hypoxia and hypotension that correlates
with poor outcome
• Treatment thresholds
• Optimal resuscitation protocols for hypoxia and hypotension
• The impact of correcting hypoxia and hypotension
on outcome
• Specification of target values
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VII. EVIDENCE TABLE
EVIDENCE TABLE I. BLOOD PRESSURE
Reference

AND

Data
class

Description of study

Chesnut et
al., 19932

A prospective study of 717
consecutive severe TBI patients
admitted to four centers
investigated the effect on
outcome of hypotension (SBP
90 mm Hg) occurring from
injury through resuscitation.

III

Cooke et
al., 19953

A prospective audit of 131
patients with severe TBI
evaluating the early
management of these patients in
Northern Ireland.
A prospective study of
prehospital and inhospital
predictors of outcome in 315
consecutive severe TBI patients
admitted to a single trauma
center.
A retrospective study of 600
severe TBI patients in three
cohorts evaluating the influence
of hypotension on outcome and
the effect of improved
prehospital care in decreasing
its incidence and negative
impact.

III

A retrospective study of
prehospital and ED
resuscitative management
of 40 consecutive, multitrauma
patients. Hypotension SBP 80
mm Hg) correlated strongly
with fatal outcomes.
hemorrhagic hypovolemia was
the major etiology of
hypotension.
A retrospective review of
hospital records in 190 TBI
patients who died after
admission
A retrospective evaluation of 67
severe TBI patients seen over a
6-month period were correlated
with 6-month outcome.

III

Fearnside et
al., 19934

Gentleman
et al., 19925

Hill et
al., 19936

Jeffreys et
al., 19817

Kohi et al.,
19849

OXYGENATION
Conclusion
Hypotension was a statistically
independent predictor of outcome.
A single episode of hypotension
during this period doubled
mortality and also increased
morbidity. Patients whose
hypotension was not corrected in
the field had a worse outcome than
those whose hypotension was
corrected by time of ED arrival.
27% of patients were hypoxemic
on arrival to the ED.

III

Hypotension (SBP
90 mm Hg) was an independent
predictor of increased morbidity
and mortality.

III

Improving prehospital
management decreased the
incidence of hypotension but its
impact on outcome in patients
suffering hypotensive insults was
maintained as a statistically
significant, independent predictor
of poor outcome. Management
strategies that prevent or minimize
hypotension in the prehospital
phase improve outcome from
severe TBI.
Improving the management of
hypovolemic hypotension is a
potential mechanism for improving
the outcome from severe TBI.

III

Hypotension was one of the four
most common avoidable factors
correlated with death.

III

Early hypotension increases the
mortality and worsens the
prognosis of survivors
in severe TBI.
(continued)
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EVIDENCE TABLE I. BLOOD PRESSURE
Reference

AND

OXYGENATION (CONT’D)
Data
class

Description of study

Marmarou
et al., 199111

From a prospectively collected
database of 1,030 severe TBI
patients; all 428 patients who
met ICU monitoring criteria
were analyzed for monitoring
parameters that determined
outcome and their threshold
values.

III

Miller et al.,
198212

A prospective study of 225
severely head-injured patients
regarding the influence of
secondary insults on outcome.
One hundred consecutive
severe TBI patients were
prospectively studied regarding
the influence of secondary
insults on outcome. Seminal
report relating early
hypotension to increased
morbidity and mortality.
Influence of hypotension on
outcome not analyzed
independently from other
associated factors.
Retrospective analysis of 207
consecutively admitted severe
TBI patients. Management
included aggressive attempts to
control ICP using a threshold of
20 mm Hg.
A retrospective review of the
impact of hypotension (SBP
90 mm Hg) on 53 otherwise
normotensive severe TBI
patients who received early
surgery (within 72 h of
injury).

III

A retrospective review of
hospital and necropsy records
of 116 TBI patients who were
known to have talked before
dying.
A study of all patients (n  160)
with an ICP of 30 mm Hg

III

Miller et
al., 197813

Narayan et
al., 198214

Pietropaoli
et al., 199215

Rose et al.,
197716

Seelig et
al., 198617

III

The two most critical values were
the proposition of hourly ICP
readings greater than 20 mm Hg
and the proportion of hourly SBP
readings less than 80 mm Hg. The
incidence of morbidity and
mortality resulting from severe
TBI is strongly related to ICP and
hypotension measured during the
course of ICP management.
Hypotension (SBP  95 mm Hg)
was significantly
associated with increased
morbidity and mortality.
Hypotension (SBP  95 mm Hg)
associated with a non-significant
trend toward worse outcome in
entire cohort. This trend met
statistical significance for patients
without mass lesions. Hypotension
is a predictor of increased
morbidity and mortality from
severe TBI.

III

ICP control using a threshold of 20
mm Hg as a part of an overall
aggressive treatment approach to
severe TBI associated with
improved outcome.

III

Early surgery with intraoperative
hypotension was significantly
correlated with increased mortality
from severe TBI in a durationdependent fashion. The mortality
rate was 82% in the group with
hypotension and 25% in the
normotensive group (p  0.001).
The duration f intraoperative
hypotension was inversely
correlated with Glasgow Outcome
Scale score using linear regression
(R  0.30, p  0.02).
Hypotension is a major avoidable
cause of increased mortality in
patients with moderate TBI.

III
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Early hypotension was
significantly correlated with
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Stocchetti
et al.,
199618

during the first 72 h after
injury from a prospectively
collected database of severe
TBI patients (n  348).
A cohort study of 50 trauma
patients transported from the
scene by helicopter, which
evaluated the incidence and
effect of hypoxemia and
hypotension on outcome.

increased incidence and severity of
intracranial hypertension and
increased mortality.
III

Fifty-five percent of patients were
hypoxic (SaO2  90%) and 24%
were hypotensive. Both hypoxemia
and hypotension negatively
affected outcome, however, the
degree to which each
independently affected the
outcome was not studied.
No beneficial or adverse effects of
rapid infusion of 7.5% NaCl or
7.5% NaCl/6% dextran 70 were
noted. There was no evidence of
potentiating intracranial bleeding.
There were no cases of central
pontine myelinolysis; however,
patients with severe pre-existing
disease were excluded from the
study.
The survival rate of severely headinjured patients to hospital
discharge was significantly higher
for those who received hypertonic
saline/dextran (HSD) (32% of
patients with HSD vs. 16% in

Vassar et
al., 199020

A randomized, double-blind,
clinical trial of 106 patients
over an 8-month period.
Intracranial hemorrhage was
present in 28 (26%) patients.

II

Vassar et
al., 199121

A randomized, double-blind
multicenter clinical trial of 166
hypotensive patients over a 44-month
month period. Fifty-three of
these patients (32%) had a
severe TBI (defined as an AIS score
for the head of 4, 5, or 6).
A randomized, double-blind
multicenter trial comparing the
efficacy of administering 250
mL of hypertonic saline versus
normal saline as the initial
resuscitation fluid in 194
hypotensive trauma patients
over a 15-month period. 144 of
these patients (74%) had a
severe TBI (defined as an
abbreviated injury score [AIS]
for the head of 4, 5, or 6).

III

III

Raising the blood pressure in the
hypotensive, severe TBI patient
improves outcome in proportion to
the efficacy of the resuscitation.
Prehospital administration of 7.5%
sodium chloride to hypotensive
trauma patients was associated
with a significant increase in blood
pressure compared with infusion of
Lactated Ringer’s (LR) solution.
The survivors in the LR and
hypertonic saline (HS) groups had
significantly higher blood
pressures than the non-survivors.
Thee was no significant increase
in the overall survival of patients
with severe brain injuries,
however, the survival rate in the
HS group was higher than that in
the LR group for the cohort with a
baseline GCS score of 8 or less.

Prospective analysis of 124
patients 14 years old admitted
to single center with a GCS
12, or 12 and Injury Severity
Score 16, with clinical

III

Mortality is best predicted by
durations of hypotensive (p 
0.0064), hypoxemia (p  0.0244),
and pyrexic (p  0.0137) insults.
Morbidity (“Good” vs. “Bad”

Vassar et
al., 199322

New studies
Jones et al.,
19948

(continued)
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EVIDENCE TABLE I. BLOOD PRESSURE
Reference

Manley et
al., 200110

Struchen et
al., 200119

AND

OXYGENATION (CONT’D)
Data
class

Description of study
indications for monitoring.
Subgroup analysis performed
on 71 patients for whom data
existed for 8 potential
secondary insults (ICP,
hypotension, hypertension,
CPP, hypoxemia, pyrexia,
bradycardia, tachycardia) to
identify predictors of morbidity/
mortality
Prospective cohort of 107
patients with GCS 13 admitted
to a single center; primarily
evaluating impact of hypoxic
and hypotensive episodes
during initial resuscitation on
mortality. Impact of multiple
episodes of hypoxia or
hypotension analyzed.
Cohort of 184 patients with
severe TBI admitted to a single
level I trauma center
neurosurgical ICU who
received continuous monitoring
of ICP, MAP, CPP, and jugular
venous saturation (SjO2).
Primary outcomes were GOS
and Disability Rating Scale
(DRS). Analysis included
multiple regression model
evaluating effect of physiologic
variables on outcome.

Conclusion
outcome) was predicted by
hypotensive insults (p  0.0118),
and pupillary response on
admission (p  0.0226).
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II. Hyperosmolar Therapy
I. RECOMMENDATIONS
A. Level I
There are insufficient data to support a Level I recommendation for this topic.

B. Level II
Mannitol is effective for control of raised intracranial
pressure (ICP) at doses of 0.25 gm/kg to 1 g/kg body
weight. Arterial hypotension (systolic blood pressure
 90 mm Hg) should be avoided.

C. Level III
Restrict mannitol use prior to ICP monitoring to patients with signs of transtentorial herniation or progressive neurological deterioration not attributable to extracranial causes.

the brain either by lowering blood pressure and cerebral
perfusion pressure (CPP) or by causing cerebral vasoconstriction (hyperventilation). Ideally, a therapeutic intervention should effectively reduce ICP while preserving or improving CPP.
The use of HS for ICP control was discovered from
studies on “small volume resuscitation.”28,43,51,59 Hypertonic saline solutions were tested in poly-traumatized patients with hemorrhagic shock. The subgroup with accompanying TBI showed the greatest benefit in terms of
survival and hemodynamic parameters were restored effectively.59 The findings that HS may benefit patients
with TBI while preserving or even improving hemodynamic parameters stimulated further research on the effects of HS solutions on increased intracranial pressure
in patients with TBI15,18,36,40,41,46,51 subarachnoid hemorrhage,18,55,56 stroke,50 and other pathologies.14

II. OVERVIEW

III. PROCESS

Hyperosmolar agents currently in clinical use for traumatic brain injury (TBI) are mannitol and hypertonic
saline (HS) (Table 1).

This chapter combines information from the previous
guideline about mannitol with new information about hypertonic saline. For this topic, Medline was searched from
1966 through April of 2006 (see Appendix B for search
strategy), and results were supplemented with literature
recommended by peers or identified from reference lists.
Of 42 potentially relevant studies, no new studies were
added to the existing table for mannitol (Evidence Table
I) and 2 were included as evidence for the use of hypertonic saline (Evidence Table II).
Three publications about mannitol were identified in the
literature research8,9,10 that were not included as evidence
due to questions about the integrity of the trial data.61

Mannitol
Mannitol is widely used in the control of raised ICP
following TBI. Its use is advocated in two circumstances.
First, a single administration can have short term beneficial effects, during which further diagnostic procedures
(e.g., CT scan) and interventions (e.g., evacuation of intracranial mass lesions) can be accomplished. Second,
mannitol has been used as a prolonged therapy for raised
ICP. There is, however, a lack of evidence to recommend
repeated, regular administration of mannitol over several
days. Although there are data regarding its basic mechanism of action, there are few human studies that validate
different regimens of mannitol administration.

Hypertonic Saline
Current therapies used for ICP control (mannitol, barbiturates) bear the risk of further reducing perfusion to

IV. SCIENTIFIC FOUNDATION
Mannitol
Over the last three decades, mannitol has replaced
other osmotic diuretics for the treatment of raised
ICP.2,4,7,12,19,20,26,30 Its beneficial effects on ICP, CPP,
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CBF, and brain metabolism, and its short-term beneficial
effect on neurological outcome are widely accepted as a
result of many mechanistic studies performed in humans
and in animal models.7,31,34,35,37 There is still controversy
regarding the exact mechanisms by which it exerts its
beneficial effect, and it is possible that it has two distinct
effects in the brain.33
1. One effect may be an immediate plasma expanding
effect, which reduces the hematocrit, increases the deformability of erythrocytes, and thereby reduces blood
viscosity, increases CBF, and increases cerebral oxygen delivery.2,6,21,31,35,34,35,44 These rheological effects may explain why mannitol reduces ICP within a
few minutes of its administration, and why its effect
on ICP is most marked in patients with low CPP
(70).30,33,34,44
2. The osmotic effect of mannitol is delayed for 15–30
min while gradients are established between plasma
and cells.2 Its effects persist for a variable period of
90 min to 6 or more h, depending upon the clinical
conditions.4,6,27,30,57 Arterial hypotension, sepsis,
nephrotoxic drugs, or preexisting renal disease place
patients at increased risk for renal failure with hyperosmotic therapy.4,13,26,31
Relatively little is known regarding the risks of mannitol when given in combination with hypertonic saline,
or when used for longer periods (24 h). The last edition of these guidelines provided a Level III recommendation that intermittent boluses may be more effective
than continuous infusion. However, recent analysis concluded that there are insufficient data to support one form
of mannitol infusion over another.42,46,48
The administration of mannitol has become common
practice in the management of TBI with suspected or actual raised intracranial pressure. In a randomized controlled trial (RCT) comparing mannitol with barbiturates
for control of high ICP after TBI, mannitol was superior
to barbiturates, improving CPP, ICP, and mortality.49
However, the evidence from this study is Class III.

Hypertonic Saline
Mechanism of action. The principal effect on ICP is
possibly due to osmotic mobilization of water across the
intact blood–brain barrier (BBB) which reduces cerebral
water content.5,17,39,60 While not applicable as evidence,
in an animal study HS was shown to decrease water content, mainly of non-traumatized brain tissue, due to an
osmotic effect after building up a gradient across the intact blood brain barrier.11 Effects on the microcirculation
may also play an important role: HS dehydrates endothelial cells and erythrocytes which increases the di-

ameter of the vessels and deformability of erythrocytes
and leads to plasma volume expansion with improved
blood flow.22,25,29,39,49,52,53 HS also reduces leukocyte
adhesion in the traumatized brain.16
Potential side effects. A rebound phenomenon as seen
with mannitol has been reported after 3% saline administration for non-traumatic edema,40 but not after human
TBI even with multiple use.16,18 Hypertonic saline infusion bears the risk of central pontine myelinolysis when
given to patients with preexisting chronic hyponatremia.24 Hyponatremia should be excluded before administration of HS. In healthy individuals with normonatremia, central pontine myelinolysis was not
reported with doses of hypertonic saline given for ICP
reduction. In the pediatric population sustained hypernatremia and hyperosmolarity were generally well tolerated
as long as there were no other conditions present, such
as hypovolemia which may result in acute renal failure.23
Hypertonic saline also carries a risk of inducing or aggravating pulmonary edema in patients with underlying
cardiac or pulmonary problems.40
Continuous infusion. Shackford et al. conducted a RCT
with 34 adult patients with a GCS of 13 and less after TBI.
The hypertonic saline group received 1.6% saline titrated
to treat hemodynamic instability with systolic blood pressures of 90 mm Hg during their pre and inhospital phase
for up to 5 days.51 Maintenance fluid in these patients was
normal saline. The other patient group received lactated
Ringer’s for hemodynamic instability and half normal
saline as maintenance solution. The groups were not well
matched and the HS group at baseline had higher ICPs and
lower GCS scores. Despite these differences the ICP
course was not different between groups. Outcome at discharge was also not different between groups. Serum
sodium and osmolarity were higher in the HS group. Given
the difference in study groups in terms of initial ICP and
GCS, it is not possible to draw firm conclusions from this
study. In addition, the concentration of HS tested (1.6%)
was low compared to other trials.
In a retrospective study, Qureshi et al. reported the effects of a continuous 3% saline/acetate infusion in 36 patients with severe TBI compared to the continuous infusion of normal saline in 46 control patients.41 The
incidence of cerebral mass lesions and penetrating TBI
was higher in the HS group and ICP was not monitored
in all patients. Given the mismatch of patients between
groups this study does not help to clarify the role of continuous infusion of HS after TBI.
More studies regarding continuous administration of
HS have been done in children with severe TBI.1 Three
Class III studies showed beneficial effects of continuous
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HS infusion on ICP in pediatric TBI patients.23,38,54 Effective doses range between 0.1 and 1.0 mL/kg of body
weight per hour, administered on a sliding scale. The
choice of mannitol or hypertonic saline as first line hyperosmolar agent was left to the treating physician. The
pediatric guidelines1 currently recommend continuous infusion of 3% saline for control of increased ICP as a Level
III recommendation.
Bolus administration for treatment of intracranial hypertension. Four case series have been published evaluating bolus infusion of between 7.2% and 10% saline in
patients after TBI.16,18,36,45 In a total of 32 patients, bo-

lus infusion of HS reliably decreased ICP in all studies.
HS effectively lowered ICP in patients that were refractory tomannitol.16,18,45 Repeated administration of HS in
the same patient was always followed by a reduction in
ICP and a rebound phenomenon was not observed.16,18
In a pilot RCT HS bolus infusion was compared to mannitol in nine patients, and HS was found to be equivalent
or superior to mannitol for ICP reduction.3 Taken together, these studies suggest that HS as a bolus infusion
may be an effective adjuvant or alternative to mannitol
in the treatment of intracranial hypertension. However,
the case series design, and the small sample of the trial,
do not allow for conclusions.

TABLE 1. DEFINITION OF COMMONLY USED TERMS IN THE TREATMENT
OF INTRACRANIAL HYPERTENSION WITH HYPEROSMOTIC SOLUTIONS
Osmolarity

Osmolality

Osmotic pressure

Oncotic pressure

Hyperosmolarity
Hypertonicity

The osmotic concentration of a solution
expressed as osmoles of solute per liter of
solution
The osmotic concentration of a solution
expressed as osmoles of solute per kg of
solution.
Osmolality (mOsm/kg)  ([Na]  2) 
(glucose/18)  (BUN/2.3) (Na in
mmol/L glucose and BUN in mg/dL)
The pressure exerted by a solution
necessary to prevent osmosis into that
solution when it is separated from the pure
solvent by a semipermeable membrane.
Osmotic pressure (mmHg)  19.3 
osmolality (mOsm/kg)
A small portion of the total osmotic
pressure that is due to the presence of large
protein molecules
Increase in the osmolarity of a solution to
above the normal plasma concentration
The ability of a hyperosmolar solution to
redistribute fluid from the intra- to the
extracellular compartment. Urea, for
example, may be hyperosmotic but since it
equilibrates rapidly across membranes it is
not hypertonic (see Table 2: low BBB
reflexion coefficient for urea)

V. SUMMARY
Mannitol is effective in reducing ICP in the management of traumatic intracranial hypertension. Current

evidence is not strong enough to make recommendations
on the use, concentration and method of administration
of hypertonic saline for the treatment of traumatic intracranial hypertension.
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VI. KEY ISSUES FOR FUTURE
INVESTIGATION
• An RCT is required to determine the relative benefit of hypertonic saline versus mannitol.
• Research is needed to determine the optimal administration and concentration for hypertonic saline.

• The use of a single high dose of mannitol needs to
be validated, preferably in a multicenter trial, as well
as for the entire severe TBI population.
• Studies are required to determine the efficacy of prolonged hypertonic therapy for raised ICP, especially
with respect to the effect of this therapy in relation
to outcome.

VII. EVIDENCE TABLES
EVIDENCE TABLE I. MANNITOL
Reference
Becker and
Vries,
19724

Data
class

Description
The alleviation of increased ICP by
chronic administration of osmotic
agents. Retrospective analysis over
an epoch of ICU care; patients not
clearly identified.
High dose barbiturate control of
elevated ICP in patients with severe
TBI. A trial of barbiturates in
patients who fail ICP control with
conventional measures (n  73)
randomized patients).
Method for the control of ICP with
hypertonic mannitol. Retrospective
study based upon ICU usage
patterns.

III

Marshall
et al.,
197827

Mannitol dose requirements in TBI
patients. Retrospective study.

III

Mendelow
et al.,
198531

Effect of mannitol on cerebral blood
flow and cerebral perfusion pressure
in human TBI. Retrospective
analysis.

III

Miller et
al.,
197532

Effect of mannitol and steroid
therapy on intracranial volumepressure relationships.
Observations in an ICU TBI
population, using, e.g., pressure/
volume index as endpoint.

III

Eisenberg
et al.,
198812

James et
al.,
198019

II

III

Conclusion
Continuous infusion of Mannitol offers
no advantage over bolus use. Mannitol,
often causes renal failure when
continued if serum osmolarity exceeds
320 mOSm.
Mannitol, hyperventilation, and CSF
drainage were effective for ICP control
in 78% of patients.

Effect becomes less after multiple
doses, especially greater than 3–4
doses/24 h. Hyperventilation
initially avoids risk of ICP “spike” in
first minutes.
1. An osmotic gradient of 10 mOSm or
more is effective in lowering ICP.
2. Fast i.v. infusion of 0.5–1 g/kg is
best; effect begins at 2 min, lasts 6–8
h or more.
3. Effect becomes less after multiple
doses—esp. 3–4 doses/24 h
4. Hyperventilation initially avoids any
risk of ICP “spike” in first minutes.
Mannitol consistently improved
MAP, CPP, and CBF, and lowered ICP
by 10–20 min after infusion; the
effect was greater with diffuse injury,
and in normal hemisphere. CBF
increase was greatest when CPP was
50 mm Hg. (rheologic effect is
important).
Brain compliance and V/P response
improves rapidly after mannitol
infusion; possibly a rheological effect.

(continued)
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EVIDENCE TABLE I. MANNITOL (CONT’D)
Reference
Muizelaar
et al.,
198433
Schwartz
et al.,
198449

Data
class

Description
Effect of mannitol on ICP and CBF
and correlation with pressure
autoregulation in severe TBI
patients.
Randomized trial comparing
mannitol with barbiturates for ICP
control. Crossover permitted.
Sequential analysis, n  59.

III

III

Conclusion
Mannitol works best on ICP when
autoregulation is intact; suggests
rheologic effect is more important than
osmotic effect.
Pentobarbital was not significantly
better than mannitol. Mannitol group
had better outcome mortality 41% vs.
77%. CPP much better with mannitol
than barbiturates (75 vs. 45 mm Hg)

EVIDENCE TABLE II. HYPERTONIC SALINE
Reference
Qureshi et al.,
199941

Shackford et
al., 199851

Data
class

Description
Retrospective analysis
comparing continuous
administration of 3% sodium
chloride/acetate solution at
75–50 mL/h (n  30) or 2%
solution (n  6) to NS
maintenance in 82 TBI
patients with GCS  8.
Randomized controlled trial
comparing 1.6% saline to
lactated Ringer’s for
hemodynamic instability in
pre and inhospital phase in 34
patients with TBI and GCS 
13.
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III. Prophylactic Hypothermia
I. RECOMMENDATIONS
A. Level I
There are insufficient data to support a Level I recommendation for this topic.

B. Level II
There are insufficient data to support a Level II recommendation for this topic.

C. Level III
Pooled data indicate that prophylactic hypothermia is
not significantly associated with decreased mortality
when compared with normothermic controls. However,
preliminary findings suggest that a greater decrease in
mortality risk is observed when target temperatures are
maintained for more than 48 h.

with TBI have been published.2,7,8,12 All analyses concluded that the evidence was insufficient to support routine
use of hypothermia, and recommended further study to determine factors that might explain variation in results. Thus,
for this topic a meta-analysis was conducted of induced prophylactic hypothermia that includes studies published subsequent to the last meta-analysis, using specific inclusion
criteria designed to minimize heterogeneity. Only studies
assessed to be Class II evidence or better were included.
Also excluded was literature about induced hypothermia
for ICP control because there were inconsistent inclusion
criteria and outcome assessments across studies.

Study Selection Criteria
Selection criteria were as follows:
• Patients with TBI, age 14 years (studies that enrolled patients under age 14 were included if at least
85% of patients were 14 years)
• Hypothermia therapy used as prophylaxis, regardless
of intracranial pressure (ICP) (studies in which hypothermia was used as treatment for uncontrollable
ICP, and those that enrolled only patients with controlled ICP (e.g., 20 mm Hg), were excluded)
• Assessed all-cause mortality

Prophylactic hypothermia is associated with significantly higher Glasgow Outcome Scale (GOS) scores
when compared to scores for normothermic controls.

Comment Regarding Classification of Level
of Evidence for Meta-Analyses
As stated in the Method Section of this guideline, to determine the recommendation level derived from a metaanalysis, three criteria are considered: (1) are all included
studies of the same quality class, (2) are the findings of the
studies in the same or contradictory directions, and (3) what
are the results of sub-analyses that examine concerns about
potential confounding factors? In this meta-analysis, although all included studies were Class II, the sub-analyses
findings introduced sufficient concern about unknown influences to render the recommendation a Level III.

II. OVERVIEW
Although hypothermia is often induced prophylactically
on admission and used for ICP elevation in the ICU in many
trauma centers, the scientific literature has failed to consistently support its positive influence on mortality and
morbidity. Four meta-analyses of hypothermia in patients

Outcomes
All-cause mortality at the end of the follow-up period
was the primary outcome evaluated. Secondary outcomes
included favorable neurological status, defined as the proportion of patients that achieved a Glasgow Outcome
Scale score (GOS) of 4 or 5 (good outcome) at the end
of the follow-up period.

Statistical Methods
Only data from the moderate (Level II) to good (Level
I) quality trials were used to calculate the pooled relative
risk (RR) and 95% confidence intervals (CIs) for allcause mortality and good neurological outcome using a
random-effects model. Analyses were conducted using
RevMan version 4.2 (Update Software). Statistical heterogeneity was calculated using the chi-squared test.
A priori particular aspects of hypothermia treatment
were identified, and a sensitivity analysis was conducted
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to examine their relationship to all-cause mortality. These
aspects were as follows:
• Target cooling temperature (32–33°C or 33°C)
• Cooling duration (48 h, 48 h, or 48 h)
• Rate of rewarming (1°C per hour, 1°C per day, or
slower)
A post hoc analysis was conducted of the relationship
between trial setting (single center vs. multicenter) and
mortality.

tions of MeSH (Medical Subject Headings) terms and
text words for hypothermia, brain injury, craniocerebral trauma, and neurosurgery. A supplemental literature search was conducted of MEDLINE (2002 through
April 2006) using the search strategy for this question
(see Appendix B).
Of 29 potentially relevant trials, 13 met the inclusion
criteria for this report.1,3–6,9–11,13–17 Of those, six trials
were assessed as Level II (moderate quality),1,3,5,10,11,13
and seven as Level III (poor quality).4,6,9,14–17 Only the
moderate quality trials are included in the meta-analysis
(Evidence Table I).

III. PROCESS

IV. SCIENTIFIC FOUNDATION

Reference lists of the four previous good-quality systematic reviews2,7,8,12 provided the basis for identification of all eligible randomized controlled trials from
1966 through September, 2002. Electronic databases
included MEDLINE (OVID), EMBASE, Cochrane Library, Current Contents, EMBASE, CENTRAL, Science Citation Dissertation Abstract, AANS and CNS
abstract center, and Specialist Trials Register for the
Injuries Group. Searches included various combina-

FIG. 1.

FIG. 2.

Primary Analysis
Overall, the risk of all-cause mortality for patients
treated with hypothermia was not significantly different
from that observed in the control groups (RR 0.76; 95%
CI 0.50, 1.05; p  0.18) (Fig. 1). However, hypothermia
was associated with a 46% increased chance of good outcome, defined as a GOS score of 4 or 5 (RR 1.46; 95%
CI 1.12, 1.92; p  0.006) (Fig. 2).

All-cause mortality.

Good neurological outcomes (GOS score 4 or 5).

S-22

III. PROPHYLACTIC HYPOTHERMIA

Subgroup Analyses
Interpretation of results from subgroup analyses based
on aspects of hypothermia treatment protocols is limited
due to small sample sizes.
Mortality. Cooling duration was the only aspect of hypothermia treatment, specified a priori, that was possibly
associated with decreased rates of death. Preliminary results suggest that there was a significantly lower risk of
death when hypothermia was maintained for more than
48 h (RR 0.51; 95% CI 0.34, 0.78). Target cooling temperature and rate of rewarming did not influence mortality.
The post hoc analysis indicated an influence of study
setting on mortality. One of the six trials, which was the
largest trial (n  392) was conducted at multiple centers.
When removed from the analysis, hypothermia was associated with a significant decrease in mortality (RR 0.64;
95% CI 0.46, 0.89).
GOS. Target temperature was the only aspect of hypothermia treatment protocols that was possibly associated with improved outcomes. There was significantly

TABLE 1. FOUR POTENTIAL CATEGORIES

Condition at admission

FOR

greater chance of better outcomes with target temperature ranges of 32–33°C (RR 1.67; CI 1.18, 2.35) and
33–35°C (RR 1.75; CI 1.12, 2.73). Findings from subgroup analyses did not suggest any clear relationship between cooling duration or rate of rewarming and improved outcomes.
As with mortality, the post hoc analysis of study setting showed a higher chance of good outcomes from studies conducted in single centers (RR 1.70; CI 1.33, 2.17)

Potential Confounding Influence
or Effect Modification of Temperature
Management Protocol
A concern regarding interpretation of outcome, introduced in one RCT3 and a recent systematic review,8 is
the interaction of the patient’s baseline temperature at
hospital admission with treatment group allocation. As
illustrated in Table 1, at randomization, there are four potential patient categories: (a) hypothermic patient randomized to hypothermia; (b) hypothermic patient randomized to normothermia; (c) normothermic patient
randomized to hypothermia; and (d) normothermic patient randomized to normothermia.

TBI PATIENTS RANDOMIZED

Hypothermic
Normothermic

There is potential for either a confounding influence or
an effect modification (interaction) of warming hypothermic patients who are randomized to the normothermic
group, or of having patients in the normothermic group become hypothermic during the observation period. Clifton
et al.3 addressed this question in part by conducting a subanalysis of 102 patients who were hypothermic at hospital admission, and finding a non-significant trend toward
poor outcomes in the control group (Table 1, category b)
compared to the treatment group (category a). Data in the
studies included in this meta-analysis were insufficient to
address this question. Thus, all results reported must be
considered in light of the possibility that baseline temperature either confounds or interacts with outcome. Furthermore, there is the possibility that patients who are hypothermic on admission have a decreased brain
temperature and may have a pseudo-lowering of the GCS
independent of the level of TBI.

TO

HYPOTHERMIA

OR

NORMOTHERMIA

Hypothermia

Normothermia

a
c

b
d

V. SUMMARY
Evidence from six moderate quality RCTs did not
clearly demonstrate that hypothermia was associated with
consistent and statistically significant reductions in allcause mortality. However, patients treated with hypothermia were more likely to have favorable neurological outcomes, defined as GOS scores of 4 or 5.
Preliminary findings suggest that hypothermia may have
higher chances of reducing mortality when cooling is
maintained for more than 48 hours. Interpretation of results from this and other subgroup analyses based on different aspects of the hypothermia treatment protocols
were limited due to small sample sizes. Potential confounding and effect modifying factors that are not accounted for in the trials included in this analysis, such as
patients’ temperature at admission, limit these recommendations to Level III.
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VI. KEY ISSUES FOR FUTURE
INVESTIGATION
Although 13 RCTs of hypothermia meeting the inclusion criteria have been conducted, only six were included
in the meta-analysis due to serious quality flaws in the
remaining seven. Flaws, which are markers for improvement in future research, included the following:
• Inadequate or poorly described randomization or allocation concealment

• Inability to rule out confounding of treatment effects,
due to differences in (or inadequately described)
baseline prognostic factors
• No blinding of outcome assessors
• Inadequate management of missing outcome data
Improvements should also include use of independent
event monitoring committees, larger sample sizes across
multiple trauma centers, and increased standardization
and reporting of control group temperature management
protocols.

VII. EVIDENCE TABLES
EVIDENCE TABLE I. PROPHYLACTIC HYPOTHERMIA
Reference

Data
class

Description of study

Abiki et al.,
20001

Single-center RCT comparing
effect of moderate hypothermia
(3–4 days, 32–33°C) [n 15]
vs. normothermia [n 11] on
GOS at 6 months post-injury.

II

Clifton et
al., 19935

Multi-center RCT comparing
effect of hypothermia (2 days, 32
–33°C) [n  24] vs.
normothermia n  22] on GOS
at 3 months post-injury.

II

Clifton et
al., 19935

Multi-center RCT comparing
effect of hypothermia (2 days,
33°C) [n  199] vs.
normothermia n  193] on
GOS at 6 months post-injury.

II

Jiang et al.,
200010

Single-center RCT comparing of
effect of long-term (3–14 days)
mild hypothermia (33–35°C)
[n  43] vs. normothermia [n 
44] on mortality and GOS at 1
year post-injury.

II
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Conclusion
1 patient died in the hypothermia
group (6.7%) vs. 3 in normothermi
group (27.3%). Significantly better
outcomes (good recovery to moderate
disability on 6-month GOS) in
hypothermia than normothermia
group (80% vs. 36.4%, respectively;
(p  0.04).
No significant difference in mortality
between hypothermia and
normothermia groups (35% and 36%
respectively) or 3-month GOS (good
recovery to moderate disability 
52.2% in hypothermia and 36.4% in
normothermia groups). Significantly
fewer seizures in hypothermia group
(p  0.019). No significant differences
between groups on other
complications.
No significant difference in mortality
between hypothermia and
normothermia groups (28% and 27%
respectively) or 6-month GOS (severe
disability, vegetative, or dead
[combined]  57% in both groups).
Trend toward poor outcomes for
patients hypothermic on arrival who
were randomized to normothermia.
Significantly less
hypothermia than normothermia
group (25.6% vs. 45.5%
respectivly). Significantly better
outcomes (good recovery to moderate
disability on 1-year GOS) in
hypothermia than normothermia
group (46.5% vs. 27.3%, respectively;
p  0.05). No significant difference
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Marion et
al., 199711

Qiu et al.,
200513

Single-center RCT comparing of
effect of moderate hypothermia
(24 h, 32–33°C) [n  40] vs.
normothermia [n  42] on GOS
at 3 and 6 months, and 1  year
Single-center RCT comparing
effect of mild hypothermia (3–5
days, 33–35°C) [n  43] vs.
normothermia [n  43] on
mortality and GOS at 2 years
post-injury.

II

II
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IV. Infection Prophylaxis
III. PROCESS

I. RECOMMENDATIONS
A. Level I
There are insufficient data to support a Level I recommendation for this topic.

B. Level II
Periprocedural antibiotics for intubation should be administered to reduce the incidence of pneumonia. However, it does not change length of stay or mortality.
Early tracheostomy should be performed to reduce mechanical ventilation days. However, it does not alter mortality or the rate of nosocomial pneumonia.

C. Level III
Routine ventricular catheter exchange or prophylactic
antibiotic use for ventricular catheter placement is not
recommended to reduce infection.
Early extubation in qualified patients can be done without increased risk of pneumonia.

II. OVERVIEW
In severe traumatic brain injury (TBI) patients, the incidence of infection is increased with mechanical ventilation
and invasive monitoring techniques. Infections contribute
to morbidity, mortality, and increased hospital length of
stay.7,11,21 For example, as many as 70% of mechanically
ventilated patients can develop pneumonia,21 and ICP monitoring infection rates can be as high as 27%.14 While there
is no current evidence that short-term use of ICP monitors
leads to increased morbidity and mortality, health care costs
can increase with device reinsertion and administration of
antibiotics. Infection prophylaxis for TBI can be divided
into several aspects of care, including external ventricular
drainage (EVD) and other ICP monitoring devices, and prophylaxis to prevent nosocomial systemic infections.

For this new topic, Medline was searched from 1966
through April of 2006 (see Appendix B for search strategy). A second search was conducted using the key words
tracheostomy and TBI. Results were supplemented with
literature recommended by peers or identified from reference lists. Of 54 potentially relevant studies, 7 were included as evidence for this topic (Evidence Tables I and
II).

IV. SCIENTIFIC FOUNDATION
Pressure Monitors
The incidence of infection for ICP devices is reported
to be 1%–27%,14 but this incidence also depends upon
the method of ascertaining infection. Ventriculostomy
colonization is easier to detect because of CSF sampling.
Few studies have actually sent ICP devices for culture
after usage. When ICP device bacterial colonization is
compared, ventricular (by CSF culturing) has an average
infection rate of 8% and parenchymal (by culturing the
device tip) has an infection rate of 14%.5 Several factors
have been identified that may affect the risk of EVD infection: duration of monitoring; use of prophylactic parenteral antibiotics; presence of concurrent other systemic
infections; presence of intraventricular or subarachnoid
hemorrhage; open skull fracture, including basilar skull
fractures with CSF leak; leakage around the ventriculostomy catheter; and flushing of the ventriculostomy
tubing.2,3,9,14–16,18,22,25,27
In studies of patients with neurological processes other
than or including TBI, contradictory results were found
when analyzing infection risk factors for EVD. Mayhall
et al.16 published a sentinel, prospective, observational
study of 172 patients with 213 ventriculostomies. The authors found that the cumulative infection risk increased
if monitoring duration exceeded five days. However, no
increased infection risk was noted if patients had multiple catheters, leading to the conclusion that routine, pro-
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phylactic catheter exchanges at 5 days would potentially
lower the overall infection rate. Winfield et al.25 challenged the analysis of cumulative risk in terms of infection and catheter duration. In 184 monitors over a 12year period, they found the daily infection rate to be less
than 2% through the monitoring period. No correlation
was noted between daily infection rate and monitoring
duration. Age, hospital site of monitor placement, and diagnosis (trauma vs. non-trauma) had no effect on infection rate. The authors concluded that prophylactic
catheter exchange was not substantiated.
In a cohort of 584 severe TBI patients, Holloway et al.9
reevaluated the EVD infection rate and monitoring duration at the same institution as Mayhall.25 The authors included patients from the multi-centered Traumatic Coma
Data Bank. They found that the risk of EVD infections rose
over the first 10 days, but, thereafter, decreased significantly. There was no difference in the infection rate in patients who had catheter exchange prior to or after 5-day intervals, concluding that routine catheter exchange offered
no benefit. EVD infection was positively associated with
systemic infection and ventricular hemorrhage.
Studies that included non-TBI patients support the findings discussed above. Park et al.18 studied 595 patients
with ventricular drains, 213 of which were catheterized
for more than 10 days. The authors found a non-linear
relationship between daily infection rates and monitoring
duration, increasing over the first 4 days, reaching a
plateau after day 4, and subsequently ranging between
1% and 2% regardless of catheter duration for catheters
originally placed at the authors’ institution. Twenty-two
percent received prophylactic exchanges, which did not
affect infection rates. Hospital site of insertion, age, and
diagnosis (trauma vs. no trauma), again, had no effect.
Wong, et al.26 performed a randomized trial of routine
catheter exchange on 103 patients, only 18 of whom had
TBI. There was no significant difference in outcome or
infection rate, the latter of which was slightly higher in
the catheter exchange group. Indeed, the risk of infection
has not been shown to exceed the risk of complications
resulting from the catheter exchange procedure (5.6%).17
Prophylactic antibiotic use was also studied in ICP monitors.1–3,19,20,24 Sundbarg et al.24 analyzed 648 patients
who underwent “prolonged” (greater than 24 h) ventricular drainage, 142 of which were severe TBI. None were
given prophylactic antibiotics for the catheters, but 76%
received antibiotics for systemic illnesses. The TBI patients had no positive CSF cultures but did have the highest rate of other infections among the cohorts studied.
Several studies, which included a substantial number
of non-TBI patients, have addressed prophylactic antibiotic usage in patients with EVD. Aucoin et al.2 showed
no significant difference in infection rate between pa-

tients treated with and without procedural or peri-procedural antibiotics. However, patients receiving routine
bacitracin flushes to maintain patency experienced significantly higher infection rate (18% vs. 5.7%). The lack
of prophylactic antibiotic effect on infection rate was also
found by others.1,20
Poon et al.19 prospectively studied 228 patients, only
22 of whom had TBI, using peri-procedural Unasyn
(Group 1) versus Unasyn/aztreonam (Group 2) for EVD
monitoring duration (mean duration, 4  3 days). Routine catheter exchanges were performed on most patients.
Group 2 had a significantly lower infection rate than
Group 1 (11% vs. 3%). It is not clear why a different regimen was used between the two groups, and no placebo
group was used for this study. Group 1 had a higher incidence of extracranial infections (42% vs. 20%). However, the infections in the second group were diagnosed
to be resistant staphylococcus and fungal infections.
A multi-centered, randomized controlled trial (RCT)
by Zambramski et al.27 studied the effects of antibioticimpregnated (minocycline and rifampin) catheters on
CSF infection rates and catheter colonization. Such
catheters are designed to cover gram-positive pathogens,
specifically, staphylococcal species. Among 288 patients
(37 were TBI patients and not separately analyzed), there
was a significant difference in infection rate in the impregnated versus non-impregnated catheters (1.3% vs.
9.4%). The colonization rate was also significantly different (17.9% vs. 36.7%) with all positive cultures sensitive to minocycline. However, some rifampin resistance
was noted. Overall, the catheters were judged to be safe
and effective in reducing infection rates.

Systemic Nosocomial Infections
Systemic infection rates increase with TBI severity and
coexisting chest trauma.8 In general, for trauma patients
receiving prolonged (greater than 48 h) antibiotic prophylaxis, an increase in the incidence of resistant or gramnegative pneumonias was noted, with a higher incidence
of antibiotic-related complications than those patients not
receiving such prophylaxis.10
In the available studies of TBI patients, prophylactic
antibiotics have not shown a reduction in nosocomial infections.7,8 Goodpasture et al.7 conducted a prospective
trial on a small number of severe TBI patients. The authors reported an increased infection rate in patients not
treated with prophylactic antibiotics for intubation compared to those who received antibiotics, the duration of
which was not well defined. However, the former group
was noted to have mild gram-positive infections,
whereas the treated patients had a higher incidence of
gram-negative infections, which were deemed more se-
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vere. Furthermore, antibiotics did not alter the rate of
bacterial colonization of the respiratory tract and was
associated with an earlier appearance of gram-negative
organisms.
Sirvent et al.21 conducted a RCT of 100 critically ill
patients, 86% of whom had severe TBI, evenly divided
into a treatment group of cefuroxime 1.5 g for two doses
within 6 h after intubation and a control group not given
antibiotics after endotracheal intubation. There was a statistically significant decrease in the incidence of pneumonia in the treated group (23% vs. 64%, p  0.016),
but no difference in mortality.
Liberati et al.13 did a meta-analysis of 36 randomized
trials for respiratory tract infection prophylaxis in 6922
adult intensive care patients, mostly without TBI. They
studied a combination of topical and systemic antibiotics
to reduce infection and mortality. Topical antibiotics were
usually a mixture of antibiotics applied enterally and/or as
a paste or gel applied to the mouth or oropharynx. Only
topical antibiotic usage reduced the infection rate.
Early tracheostomy has been proposed to decrease the
incidence of pneumonias in critically ill patients.12 Recent randomized trials,l4,23 though small in numbers,
found no differences in pneumonia rates or mortality in
severe TBI patients undergoing early tracheostomy (1
week). As an alternative to tracheostomy, Hsieh et al.11
found that extubation of severe TBI patients, as long as
they satisfied respiratory criteria and possessed an intact
gag and cough reflex, did not result in increased incidence of pneumonia. In a later study by the same group,
including patients with other neurological conditions, a
delay in extubation was associated with an increased in-

cidence of pneumonia, whereas extubation itself was
not.6

V. SUMMARY
Good clinical practice recommends that ventriculostomies and other ICP monitors should be placed under sterile conditions to closed drainage systems, minimizing manipulation and flushing. There is no support
for routine catheter exchanges as a means of preventing
CSF infections.
There is no support for use of prolonged antibiotics for
systemic prophylaxis in intubated TBI patients, given the
risk of selecting for resistant organisms. However, a single study supports the use of a short course of antibiotics
at the time of intubation to reduce the incidence of pneumonia. Early tracheostomy or extubation in severe TBI
patients have not been shown to alter the rates of pneumonia, but the former may reduce the duration of mechanical ventilation.

VI. KEY ISSUES FOR FUTURE
INVESTIGATION
There is a lack of RCTs with sufficient numbers of TBI
patients to study the effect of prophylactic antibiotics for
external ventricular drains and other ICP devices. Due to
the preponderance of Class III evidence and continued clinical uncertainty, such trials, including those with antibiotic
impregnated catheters, would be both ethical and useful.

VII. EVIDENCE TABLES
EVIDENCE TABLE I. INTRACRANIAL PRESSURE MONITORING
Reference

Description of study

Holloway
et al.,
19969

Retrospective analysis of 584
severe TBI patients from the
Medical College of Virginia
Neurocore Data Bank and the
multicenter Traumatic Coma Data
Bank. Authors evaluated the
effect of catheter exchange on the
incidence of infection.

Data
class
III
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AND

EXTERNAL VENTRICULAR DRAINS
Conclusion
Sixty-one patients were found to have
ventriculostomy-related infection.
Overall, the infection rate rose over the
first 10 days of catheterization,
thereafter dropping off to near zero.
There was no difference in infection
rates between groups based on length
of catheterization: 5 days (13%)
versus 5 days (18%). Catheter
exchange, either within or greater than
5 days, had no effect on infection rate.
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Sundbarg
et al.,
19969

Retrospective analysis of 648
patients undergoing ventricular
catheter placement for ICP
monitoring and “prolonged
drainage,” 142 of whom had
severe TBI. None were given
prophylactic antibiotics, but a
high percentage (76%) received
antibiotics for other systemic
illnesses.

III

The TBI patients had no incidence of
definitive CSF infection and a 3.7%
rate of positive CSF cultures deemed
contaminants.

EVIDENCE TABLE II. SYSTEMIC NOSOCOMIAL INFECTIONS
Reference

Data
class

Description of study

Bouderka et
al., 20044

Randomized trial of 62 patients
with severe TBI, who, on the
fifth hospital day, were
randomized to early
tracheostomies (Group 1, n 
31) or prolonged intubation
(Group 2, n  31).

II

Goodpasture
et al.,
19777

Prospective study of 28 patients
with severe TBI; 16 (Group 1)
were given prophylactic
antibiotics for endotracheal
intubation. A subsequent cohort
of 12 TBI patients (Group 2)
were not given prophylactic
antibiotics.

III

Hsieh et al.,
199211

Retrospective review of 109
severe TBI patients on
mechanical ventilation for 24 h
h. Extubation was
performed when patients met
respiratory criteria for
extubation and possessed an
intact cough and gag reflex.
RCT of 100 mechanically
ventilated ICU patients (86% of
which were severe TBI)
assigned to a treatment group
(n 50, 43 TBI) of cefuroxime
1.5 grams IV for two doses or no
treatment group (n  50, 43 TBI)
after endotracheal intubation.

III

Sirvent et
al., 199721

II
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Conclusion
There was no difference in the rate
of mortality or pneumonia between
the groups. Early tracheostomy
group showed a decrease in the
number of overall mechanical
ventilation days, and mechanical
ventilation days after the diagnosis
of pneumonia. ICU days were not
reduced.
An increased respiratory tract
infection rate was noted in Group
2, but usually with Gram positive
organisms. Antibiotic prophylaxis
did not alter the rate of bacterial
colonization and was associated
with an earlier appearance of Gram
negative organisms, the infections
of which were more severe.
Forty-one percent of the patients
developed pneumonia, which
increased the duration of intubation
and ventilation, and hospital/ICU
length of stay, but not mortality.
Extubation was not significantly
associated with an increased risk of
pneumonia.
The overall incidence of
pneumonia was 37%, 24% in
Group 1, and 50% in the control
group. The difference was
statistically significant. There was
no difference in mortality. A short
course of prophylactic cefuroxime
was effective in decreasing the
incidence of nosocomial
pneumonia in mechanically
ventilated patients.
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Sugerman et
al., 199723

Multicenter RCT (with
crossover) of early tracheostomy
in critically ill patients receiving
intubation and mechanical
ventilation. Of the 127 patients,
67 had severe TBI. Thirty-five
were randomized to the
tracheostomy group on days 3–5
and 32 to continued
endotracheal intubation.
Twenty-five of the latter
underwent late (days 10–14)
tracheostomy.

II

There was no difference in rate of
pneumonia or death in TBI patients
undergoing early tracheostomy.

lowing closed head injury. Am Rev Respir Dis 1995;
146:290–294.
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V. Deep Vein Thrombosis Prophylaxis
I. RECOMMENDATIONS
A. Level I
There are insufficient data to support a Level I recommendation for this topic.

B. Level II
There are insufficient data to support Level II recommendation for this topic.

C. Level III
Graduated compression stockings or intermittent pneumatic compression (IPC) stockings are recommended,
unless lower extremity injuries prevent their use. Use
should be continued until patients are ambulatory.
Low molecular weight heparin (LMWH) or low dose
unfractionated heparin should be used in combination
with mechanical prophylaxis. However, there is an increased risk for expansion of intracranial hemorrhage.
There is insufficient evidence to support recommendations regarding the preferred agent, dose, or timing of pharmacologic prophylaxis for deep vein thrombosis (DVT).

II. OVERVIEW
Patients with severe TBI are at significant risk of developing venous thromboembolic events (VTEs) with
their accompanying morbidity and mortality. In a review
of data from the National Trauma Databank, Knudson et
al. found TBI (AIS  3) to be a high risk factor for VTE
(odds ratio 2.59).9 The risk of developing deep venous
thrombosis (DVT) in the absence of prophylaxis was estimated to be 20% after severe TBI.6
Rates of DVT vary depending on the methods used for
detection. Clear distinctions need to be made between clinically evident DVTs and those detected by laboratory investigations (Duplex scanning, venography, radiolabeled
fibrinogen scans) in asymptomatic patients. Most DVTs diagnosed by screening tests are confined to the calf, are clinically silent, and remain so without adverse consequences.3

However thrombi involving the proximal leg veins are more
likely to produce symptoms and result in a pulmonary embolus (PE). A review of the Pennsylvania Trauma Outcomes Study by Page et al, found an incidence of PE of
0.38% in TBI patients during their acute hospital stay.12
PE is known to be associated with high rates of morbidity and mortality in hospitalized patients. Treatment
of PE in neurosurgical patients is often complicated by
uncertainty regarding the safety of anticoagulation among
patients who have recently undergone craniotomy or suffered intracranial hemorrhage from trauma. Furthermore,
a high proportion of patients who develop DVTs have
residual venous abnormalities: persistent occlusion
and/or venous incompetence, leg swelling, discomfort, or
ulcers that diminish quality of life. All these manifestations of VTEs, make prevention critical.
Options for prevention of VTE in neurosurgical patients
include both mechanical (graduated compression stockings, intermittent pneumatic compression stockings), and
pharmacological (low-dose heparin, and low-molecularweight heparin) therapies. Intuitively, mechanical therapies carry less associated risk. A study by Davidson et al.
did not find any change in mean arterial pressure, intracranial pressure, or central venous pressure in TBI patients receiving ICP monitoring with the initiation of sequential pneumatic compression devices.4 However, lower
extremity injuries may prevent or limit their use in some
trauma patients and the devices may limit physical therapy and progressive ambulation. Risks associated with the
use of LMWH and low-dose heparin include both intracranial and systemic bleeding, the effects of which may
range from minor morbidity to death. Any decision regarding the use of these anti-VTE therapies must weigh
efficacy against harm from the proposed intervention.

III. PROCESS
For this new topic, Medline was searched from 1966
through April of 2006 (see Appendix B for search strategy), and results were supplemented with literature recommended by peers or identified from reference lists. Of
37 potentially relevant studies, 5 were included as evidence for this topic (Evidence Table I).

S-32

V. DEEP VEIN THROMBOSIS PROPHYLAXIS

IV. SCIENTIFIC FOUNDATION
Mechanical Interventions
In 1986, Black et al. published a prospective cohort
study of 523 patients, of whom 89 had TBI, all treated
with intermittent pneumatic compression stockings.2
Rates of clinically apparent DVT and PE were determined. The incidence of VTE in the entire study group
with intracranial disorders was 3.8%, with no cases of
VTE detected in patients with TBI.
A number of studies have assessed the efficacy of mechanical interventions in preventing DVT in neurosurgical
patients. The first such report by Skillman et al. in 1978 enrolled 95 patients randomized to treatment with intermittent
pneumatic compression stockings and no treatment.13 Patients were screened for DVT with daily radiolabeled fibrinogen scans, and those with positive scans underwent
venography to confirm the diagnosis. The authors found an
8.5% incidence of DVT in the treatment group compared
with a rate of 25% in untreated controls (p  0.05). However, no data regarding patients specifically with TBI were
presented. In 1989, Turpie et al. reported the results of a
randomized study in 239 neurosurgical patients of whom
57 had TBI.14 Radiolabeled fibrinogen scanning or impedence plethysmography was used to screen for DVT, with
venography performed if either test was abnormal. Patients
were randomized to graduated compression stockings, graduated compression stockings plus IPC, or no treatment, with
DVT rates of 8.8%, 9%, and 16%, respectively. Ten deaths
were reported in the group treated with compression stockings alone, none thought to be due to VTE. One case of PE
was found on post-mortem examination in this group, but
cause of death was attributed to massive cerebral edema. In
each of the two other groups, four deaths were reported,
none attributed to VTE.
The demonstrated efficacy of mechanical measures to
prevent DVT in neurosurgical, multisystem trauma, and
TBI patients, along with the minimal side effects, lead us
to recommend their use in all patients with severe TBI.
However, because of the lack of Class II data specific to
TBI on this topic, the recommendation must be made at
Level III. Obviously, the use of graduated compression and
IPC stockings may be limited by lower extremity injuries.

Pharmacological Interventions
In 2002, Kim et al. reported a case series of 64 patients
admitted to a Level I trauma center with severe TBI.7
DVT prophylaxis consisted of 5000 units of subcutaneous heparin given twice daily. For analysis patients
were grouped according to time of prophylaxis initiation:
less than or greater than 72 h following admission. No
differences in rates of DVT, PE, or death were found be-

tween groups. However, the small sample size and retrospective nature of the study preclude any conclusions
regarding efficacy or safety of early versus late prophylaxis with low-dose heparin after TBI. Also in 2002, Norwood et al. conducted a prospective study of 150 patients
with TBI treated with enoxaparin 30 mg twice daily beginning 24 h after arrival to the emergency department.10
The rate of clinically evident DVT was 4%. Notably, during this study the protocol for initiation of enoxaparin
therapy was changed to 24 h following any neurosurgical intervention, after two of 22 patients (9.1%) who underwent craniotomy, developed post-operative bleeding
while receiving surgical evacuation. The rate of bleeding
complications in patients treated non-operatively was
3%. The rate of Doppler-detected DVT reported by Norwood was lower compared to historical controls; however, there was a higher incidence of bleeding complications with early initiation of enoxaparin therapy.
In 2003, Kleindienst et al. reported a case series of 940
neurosurgical patients, including 344 patients with TBI
who were treated with compression stockings and certoparin 18 mg once daily within 24 h of admission or
surgery.8 Prophylaxis with certoparin was initiated in TBI
patients only when a head CT within 24 h of admission
or surgery did not show any progression of intracranial
bleeding. Patients did not receive certoparin if they were
chronically treated with oral anti-coagulant or antiplatelet therapy, or had abnormal coagulation studies,
platelet aggregation test, or platelet count below
100,000/mL on admission. Among patients in whom
DVT was suspected on clinical grounds, the diagnosis
was confirmed with Duplex sonography or venography.
Among the 280 TBI patients who received certoparin,
none were diagnosed with VTE. However, nine study patients (3.2%) with TBI had progressive intracranial
hematoma, eight of whom received re-operation. Four of
the nine TBI patients with an expanding intracranial
hematoma received certoparin prior to the screening CT
scan. Nevertheless, the observed rate of patients with expanding intracranial hematoma receiving reoperation in
this retrospective series again raises concern for harm.
In 2003, Gerlach et al. reported a prospective cohort
study of 2,823 patients undergoing intracranial surgeries
who were treated with nadroparin (0.3 mL/day) and compression stockings within 24 h of surgery.5 This study included 231 patients with TBI (81 subdural hematomas, 47
epidural hematomas, 42 cranial fractures, and 61 decompressive craniectomies). No clinically apparent VTE was
reported among patients with these lesions. However,
DVT was identified in one patient undergoing surgical reconstruction of the basal frontal cranial region after severe
TBI and in another after evacuation of a chronic subdural
hematoma. The rate of clinically significant post-opera-
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tive hematomas in patients undergoing evacuation of acute
subdural hematomas was 2.5%, 0% in patients with
epidural hematomas, and 1.6% following decompressive
craniectomy. This study raises the possibility that different TBI pathologies have different risks from prophylaxis
with LMWH. However, subset analysis is limited by both
small sample size and lack of a control group.
Though studies regarding pharmacologic DVT prophylaxis in patients with severe TBI along with studies from
elective neurosurgical patients suggest that low-dose heparin or LMWH is efficacious in reducing the risk of VTE,
the available data show a trend toward increased risk of intracranial bleeding. Case studies suggest that pharmacologic prophylaxis should not be initiated peri-operatively,
but when it is safe to begin such therapy in patients with
severe TBI remains poorly defined. Moreover, no recommendations regarding drug choice or optimal dosing in neurosurgical patients can be made based on current evidence.

Mechanical versus Pharmacological Interventions
Several studies have compared the efficacy and complication rates of LMWH or low-dose heparin in preventing DVT in patients undergoing elective neurosurgical procedures against treatment with mechanical prophylaxis.
Agnelli et al. compared enoxaparin (40 mg once daily) begun 24 h post-operatively with compression stockings
alone in patients undergoing elective cranial or spinal
surgery.1 Lower rates of DVT were found in patients receiving enoxaparin in comparison to those treated with
graduated compression stockings alone (17% vs. 32%, p 
0.004). Lower rates of proximal DVT (5% vs. 13%, p 
0.04) were also seen. No significantly increased risk of
major (3% vs. 3%) or minor (9% vs. 5%) bleeding complications was noted between groups. Similarly, Nurmohamed et al. found non-significant lower rates of proximal
DVT or pulmonary embolism (6.9% vs. 11.5%, p  0.065)
in patients treated with nadroparin and graduated compression stockings, compared to those treated with graduated compression stockings alone.11 However, a trend towards a higher rate of major bleeding complications (2.5%

vs. 0.8%, p  0.087) was found in nadroparin-treated patients. These studies suggest that DVT prophylaxis with
pharmacological agents is more efficacious than mechanical measures alone in preventing DVT in neurosurgical
patients. However, any attempt to extrapolate data from
elective neurosurgical patients to patients with TBI must
be viewed with caution, as the later frequently have intracranial hemorrhages at risk of expansion.

V. SUMMARY
Level III evidence supports the use of graduated compression or IPC stockings placed for DVT prophylaxis for
patients with severe TBI, unless lower extremity injuries
prevent their use. Level III evidence supports the use of
prophylaxis with low-dose heparin or LMWH for prevention of DVT in patients with severe TBI. However, no reliable data can support a recommendation regarding when
it is safe to begin pharmacological prophylaxis. Moreover,
no recommendations can be made regarding medication
choice or optimal dosing regimen for patients with severe
TBI, based on the current evidence.

VI. KEY ISSUES FOR FUTURE
INVESTIGATION
A randomized controlled trial (RCT) of mechanical
prophylaxis alone versus with the addition of pharmacological prophylaxis of DVT in patients with severe TBI
is needed. Such a study should specifically address the
issue of when it is safe to begin pharmacological therapy, ideal agent, and dosing regimen in the patient with
traumatic intracranial bleeding.
Whether the risks of pharmacological DVT prophylaxis
are greater in specific traumatic intracranial lesions (contusions, subdural hematomas), than in others (small traumatic subarachnoid hemorrhage) needs to be explored. In
addition, the indications, risks, and benefits of vena cava
filters in severe TBI patients requires investigation.

VII. EVIDENCE TABLE
EVIDENCE TABLE I. DEEP VEIN THROMBOSIS PROPHYLAXIS
Reference
Black et al.,
19862

Data
class

Description of study
Prospective, observational study of
523 neurosurgical patients
including 89 TBI patients treated
with external pneumatic calf
compression.

III
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Conclusion
Overall, rates of DVT were 3.8% in
intracranial disorders and 0% in patients
with TBI. Use of external pneumatic calf
compression may be associated with low
rates of DVT in TBI patients.
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Gerlach et
al., 20035

Prospective observational study of
2,823 patients undergoing
intracranial surgery including 231
patients with TBI (81 acute
subdural hematomas, 47epidural
hematomas, 42 cranial fractures, 61
decompressive craniectomies)
treated with compression stockings
plus nadroparin 0.3 mL/day within
24 h of surgery.

III

Kim et al.,
20027

Retrospective study of 64 patients
with severe TBI admitted to a Level
I trauma center. Patients were
divided into those in whom
prophylaxis with 5000 units of
subcutaneous heparin was begun
less than or greater than 72 h
after admission.

III

Kleindienst
et al., 200310

Retrospective analysis of 940
neurosurgical patients including
344 patients with TBI treated with
compression stockings and
certoparin 18 mg/day within 24
h of admission or surgery
whenever a control CT scan did not
show progression of an intracranial
hematoma.
Prospective, observational study of
150 TBI patients treated with
enoxaparin 30 mg twice daily for
DVT prophylaxis beginning 24
h after arrival to the emergency
department. Observed rate of DVT
was 2%. (Study protocol was
changed to initiation of enoxaparin
at 24 h after any surgical
intervention rather than arrival to
ED after two of 24 (8%) of patients
developed post-operative bleeding
and received repeat craniotomy.)

III

Norwood et
al., 20027
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VI. Indications for Intracranial Pressure Monitoring
I. RECOMMENDATIONS
A. Level I
There are insufficient data to support a treatment standard for this topic.

B. Level II
Intracranial pressure (ICP) should be monitored in all
salvageable patients with a severe traumatic brain injury
(TBI; Glasgow Coma Scale [GCS] score of 3–8 after resuscitation) and an abnormal computed tomography (CT)
scan. An abnormal CT scan of the head is one that reveals hematomas, contusions, swelling, herniation, or
compressed basal cisterns.

C. Level III
ICP monitoring is indicated in patients with severe TBI
with a normal CT scan if two or more of the following
features are noted at admission: age over 40 years, unilateral or bilateral motor posturing, or systolic blood pressure (BP)  90 mm Hg.

ciated with systemic hypotension6 and intracranial hypertension (ICH).18,33 Cerebral perfusion pressure (CPP),
an indirect measure of cerebral perfusion, incorporates
mean arterial blood pressure (MAP) and ICP parameters.
CPP values below 50 are associated with poor outcome
(see CPP topic). The only way to reliably determine CPP
and cerebral hypoperfusion is to continuously monitor
ICP and blood pressure.4,5,23,31
As with any invasive monitoring device, ICP monitoring has direct costs, uses medical personnel resources
for insertion, maintenance, troubleshooting, and treatment, and has associated risks (see ICP Technology
topic). These must be outweighed by the benefits or usefulness of ICP monitoring which can be captured in selecting patients that are at risk for ICH. This would also
minimize the risks of prophylactic treatment of ICH in
the absence of ICP monitoring.
There are three key questions addressing the utility of
ICP monitoring in TBI patients:
1. Which patients are at risk for ICH?
2. Are ICP data useful?
3. Does ICP monitoring and treatment improve outcomes?

II. OVERVIEW
It is now clear that only part of the damage to the brain
during TBI occurs at the moment of impact. Numerous
secondary insults compound the initial damage in the ensuing hours and days. A large body of published data
since the late 1970s reports that significant reductions in
mortality and morbidity can be achieved in patients with
severe TBI by using intensive managemenst protocols.2,20,22,28 These protocols emphasize early intubation,
rapid transportation to an appropriate trauma care facility, prompt resuscitation, early CT scanning, and immediate evacuation of intracranial mass lesions, followed by
meticulous management in an intensive care unit setting,
which includes monitoring ICP.
The main objective of intensive monitoring is to maintain adequate cerebral perfusion and oxygenation and
avoid secondary injury while the brain recovers. Cerebral perfusion is reduced and poorer outcomes are asso-

III. PROCESS
For this update, Medline was searched from 1996
through July of 2004 (see Appendix B for search strategy), and results were supplemented with literature recommended by peers or identified from reference lists. Of
36 potentially relevant studies, 12 were added to the existing table and used as evidence for this question (Evidence Tables I, II, and III).

IV. SCIENTIFIC FOUNDATION
Which Patients Are at Risk for ICH?
The correlation between ICH and poor outcome in patients with severe TBI has been demonstrated in several
studies.2,17,18,22,25 Comatose (GCS  9) TBI patients
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constitute the group at highest risk for ICH.18,26 Admission CT scans are variable predictors of ICH in severe
TBI patients as evidenced in the following studies:
In 1982, Narayan et al. reported a prospectively studied series of patients with severe TBI and found that, in
comatose TBI patients with an abnormal CT scan, the incidence of ICH was 53–63%.26 In contrast, patients with
a normal CT scan at admission had a relatively low incidence of ICH (13%). However, within the normal CT
group, if patients demonstrated at least two of three adverse features (age over 40 years, unilateral or bilateral
motor posturing, or systolic BP  90 mm Hg), their risk
of ICH was similar to that of patients with abnormal CT
scans.
Others also have found a relatively low incidence of
ICH in severe TBI patients with a normal CT scan. In
1986, Lobato et al. studied 46 patients with severe TBI
who had completely normal CT scans during days 1–7
after injury.16 They reported “sustained elevation of the
ICP was not seen in these patients, indicating that ICP
monitoring may be omitted in cases with a normal scan.”
However, since one-third of the patients with a normal
admission scan developed new pathology within the first
few days of injury, the authors recommended a strategy
for follow-up scanning. In 1990, in a prospective multicenter study of 753 severe TBI patients, Eisenberg et al.
found that a patient whose admission CT scan does not
show a mass lesion, midline shift, or abnormal cisterns
has a 10–15% chance of developing ICH.9
In 1998, Poca et al. correlated the Marshall CT classification of admission CT scans in severe TBI patients
with incidence of ICH and found that three out of 94 patients had diffuse injury I (no visible intracranial pathology on CT).29 These patients had ICP less than 20 mm
Hg; however, one patient had an evolution of the CT to
diffuse injury II, demonstrating one out of three severe
TBI patients with a normal admission CT evolved into
new intracranial lesions.
In 2004, Miller et al. conducted a retrospective review
of 82 patients with severe TBI without surgical mass lesions.23 They did not correlate CT characteristics of midline shift, basal cisterns, ventricular effacement, sulci
compression, and gray/white matter contrast with initial
ICP, although there was a correlation with later high ICP
values.
Lee et al. (1998) studied the relationship of isolated
diffuse axonal injury (DAI) to ICH in 36 out of 660 severe TBI patients.15 Patients were mildly hyperventilated
and maximal hourly ICP values were recorded showing
90% of all the readings below 20 mm Hg. Ten patients
had all ICP readings below 20 mm Hg, and the remainder had readings above 20 mm Hg, with four having read-

ings above 40 mm Hg (which were associated with fever).
Four patients died and discharge outcome was correlated
with severity of DAI.
In summary, there is a markedly lower incidence of
ICH in severe TBI patients with completely normal admission and follow up CT scans that do not have associated admission parameters.26 Abnormal CT scans are
variable predictors of ICH except in CT scans showing
severe intracranial pathology.

Are ICP Data Useful?
ICP data can be used to predict outcome and worsening intracranial pathology, calculate and manage CPP, allow therapeutic CSF drainage with ventricular ICP monitoring and restrict potentially deleterious ICP reduction
therapies. ICP is a robust predictor of outcome from TBI
and threshold values for treatment are recommended
based on this evidence18,20,22,25 (see ICP Threshold
topic).
ICP monitoring can be the first indicator of worsening
intracranial pathology and surgical mass lesions. Servadei et al. (2002) studied 110 consecutive patients with
traumatic subarachnoid hemorrhage, of which 31 had severe TBI and ICP monitoring.34 ICP monitoring was the
first indicator of evolving lesions in 20% of the severe
TBI group, four out of five of whom received an operation.
CPP management cannot be done without measuring
ICP and MABP. CPP levels are used for therapeutic intervention that targets both MABP and ICP (see CPP
topic).
Prophylactic treatment of ICP without ICP monitoring
is not without risk. Prolonged hyperventilation worsens
outcome24 and significantly reduces cerebral blood flow
based on jugular venous oxygen saturation monitoring.11,35 Prophylactic paralysis increases pneumonia and
ICU stay.13 Barbiturates have a significant risk of hypotension and prophylactic administration is not recommended.30 Mannitol has a variable ICP response in both
extent of ICP decrease and duration.19,21
In summary, ICP data are useful for prognosis and in
guiding therapy.

Does ICP Monitoring and Treatment
Improve Outcome?
A randomized trial of ICP monitoring with and without treatment is unlikely to be carried out. Similarly, a
trial for treating or not treating systemic hypotension is
not likely. Both hypotension and raised ICP are the leading causes of death in severe TBI, and are treated if either is suspected, regardless of whether ICP or blood
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pressure is monitored. The question remains, does ICH
reflect an irreversible, evolving pathology sustained at
the time of injury? The question can be answered partially by examining the outcome of those patients that respond to therapies that lower ICP.
Eisenberg et al. (1988) reported in a multi-center study
of the use of pentobarbital to treat patients with ICP elevations refractory to all other therapy.8 In their study,
patients whose ICP could be controlled had a much better outcome than those in whom it could not be controlled.
Saul and Ducker32 prospectively studied 127 severe
TBI patients who were treated with mannitol and CSF
drainage for an ICP 20–25 mm Hg, and were compared
to a similar group of 106 patients treated at a lower ICP
of 15 mm Hg. They found a significant reduction in mortality in the lower ICP threshold treatment group.
Howells et al. found that patients who respond to CPP
treatment which incorporated ICP had better outcomes.12
They studied 64 patients treated according to a CPP directed protocol (CPP  70 and ICP  25 mm Hg). Patients with intact pressure autoregulation who responded
to the CPP protocol by decreasing ICP had a significantly
better outcome compared to those patients who responded by increasing ICP (pressure passive autoregulation). It may be that patients with intact pressure autoregulation would have tolerated high ICP and low CPP
without a change in outcome, but determining this would
have required a “do not treat” arm of the study.
Decompressive craniectomy for ICH is associated with
better outcomes in those patients that have a decrease in
ICP. Aarabi et al. studied 50 consecutive severe TBI patients, 40 of whom had intractable ICH and underwent
decompressive craniectomy, leading to a significantly
lowered ICP from a mean of 24 to 14 mm Hg.1 For the
30-day survivors of the original sample (n  39), good
outcome (Glasgow Outcome Scale score [GOS] of 4 or
5) occurred in 51.3%. Similar results were reported by
Timofeev et al. in 49 severe TBI patients with ICH that
underwent decompressive craniectomy.36
Does ICP monitoring per se make a difference in outcome? Cremer et al. reported a retrospective analysis
of severe TBI patients managed at two different trauma
centers who differed in the use of ICP monitoring.7 One
center with 122 patients that did not monitor ICP but
used ICP lowering treatment (82% sedatives and paralytics, 25% mannitol, 22% hyperventilation and 2%
ventricular drainage) was compared to another with 211
patients that used ICP monitoring in 67% of severe TBI
patients and treated ICP significantly more except for
hyperventilation and ventricular drainage which was

equally used in both centers. There was no difference
in mortality or 12-month GOS. However, differences
between the groups in the sample render the findings
minimally useful. More than twice the patients in the
ICP monitoring center had hypotension on admission
compared to the center that did not monitor ICP, which
also had a significant number of patients transferred
from other hospitals.
Protocols that incorporate ICP monitoring and other
advanced monitoring have demonstrated improved outcomes when compared to earlier time periods without a
protocol.27,10,28 In addition the frequency of ICP monitoring in trauma centers has been reported to be associated with improved outcomes.3,14
In summary, patients who do not have ICH or who respond to ICP-lowering therapies have a lower mortality
than those who have intractable ICH. There are no data
on patients with untreated ICH compared to treated ICH
and little data on the outcome of patients that respond to
ICP lowering therapies.30

V. SUMMARY
There is evidence to support the use of ICP monitoring in severe TBI patients at risk for ICH. ICP cannot be
reliably predicted by CT scan alone. ICP data are useful
in predicting outcome and guiding therapy, and there is
an improvement in outcomes in those patients who respond to ICP lowering therapies. The limited data on improvement in outcome in those patients that respond to
ICP lowering treatment warrants ICP monitoring to treat
this group of patients. Not monitoring ICP while treating
for elevated ICP can be deleterious and result in a poor
outcome.

VI. KEY ISSUES FOR FUTURE
INVESTIGATION
A randomized clinical trial (RCT) of ICP monitoring,
with and without treatment, would be extremely useful
in establishing the value of ICH treatment, but it is unlikely considering that most TBI experts consider ICP or
CPP parameters to be the primary basis for ICU management decisions in the care of the severe TBI patient.
Further studies on sequential normal CT scans in severe
TBI patients and the incidence of ICH and evolving lesions would be useful to identify a group that may not
require ICP monitoring and treatment.
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VII. EVIDENCE TABLES
EVIDENCE TABLE I. WHICH PATIENTS ARE
Reference
Eisenberg et
al., 19909

Lobato et al.,
198616

AT

Data
class

Description of study
Prospective multicenter study in
which authors examined the CT
scans of 753 patients with severe
TBI who were treated in a
consistent fashion.
Study of 46 severe TBI patients
who had normal CT scans days 1
through 7 post-injury.

III

III

Marmarou et
al., 199118

A study of 428 severe TBI
patients describing the relationship
between raised ICP (20 mm Hg),
hypotension and outcome.

III

Miller et al.,
198122

Series of 225 prospective,
consecutive patients with severe
TBI managed by a uniform and
intensive protocol in an effort to
relate outcome to several clinical
variables.

III

Narayan et al.,
198226

207 consecutive patients with
severe TBI who underwent ICP
monitoring were analyzed to
determine the efficacy and need of
ICP monitoring.

III

S-40

HIGH RISK

FOR

ICH?
Conclusion

“Severe TBI patients whose initial
CT scan does not show a mass
lesion, midline shift, or abnormal
cisterns have a 10–15% chance of
developing elevated pressure.”
“A sustained elevation of ICP was
not seen in these patients, indicating
that ICP monitoring may be omitted
in cases with a normal scan.”
However, a strategy for controlled
scanning was recommended because
one-third of patients with a normal
admission scan developed new
pathology within the first few days
of the injury.
The proportion of ICP
measurements 20 mm Hg was
highly significant in explaining
outcome (p  0.0001). As ICP
increased, favorable outcomes
became less likely while worse
outcomes became more likely. The
next most significant factor in
predicting outcome was the
proportion of mean BP
measurements 80 mm Hg. Patients
with a GCS  8 are at high risk of
developing ICH.
Factors important in predicting a
poor outcome included: presence of
intracranial hematoma; increasing
age; abnormal motor responses;
impaired or absent eye movements
or pupil light reflexes; early
hypotension, hypoxemia or
hypercarbia; elevation of ICP  20
mm Hg despite artificial ventilation.
Comatose patients with an abnormal
CT scan had a 53–63% incidence of
ICH, while patients with a normal
CT scan at admission had a 13%
incidence of ICP elevation.
However, in patients with normal
CT scans with two of three adverse
features (age 40 years, uni- or
bilateral posturing, or systolic
BP  90 mm Hg), the incidence of
ICH was 60%. Patients with a GCS
8 are at high risk for developing
ICH, especially if their CT scan is
abnormal.

VI. INDICATIONS FOR INTRACRANIAL PRESSURE MONITORING
New studies
Lee et al.,
199815

Miller et al.,
200423

Poca et al.,
199829

ICP and CPP data reviewed in 36
severe TBI patients with clinical
and radiological evidence of
diffuse axonal injury.
82 severe TBI patients were
retrospectively analyzed regarding
initial CT findings relative to ICP.

III

Of 2,698 hourly peak ICP
recordings, 905 were 20 mm Hg.

III

Patterns of ICP elevations were
correlated with CT diagnostic
categories in 94 patients with
severe TBI.

III

CT findings regarding gray/white
differentiation, transfalcine
herniation, size of ventricles, and
basilar cistern sulci are associated
with, but not predictive of,
intracranial hypertension.
Intracranial hypertension correlated
with injury patterns identified on CT.
Diffuse injury type I had no ICP
elevations, whereas the incidence for
type II was 27.6%, type III was
63.2%, and type IV was 100%. One
of three patients with no CT pathology
evolved new intracranial lesions.

EVIDENCE TABLE II. ARE ICP DATA USEFUL?
Reference
Narayan et al.,
198125

Data
class

Description of study

Conclusion

Clinical signs, MEPs, CT scans,
and ICP data were prospectively
recorded and analyzed in 133
severe TBI patients to ascertain
their accuracy and relative value,
either individually or in various
combinations, in predicting one of
two categories of outcome.

III

ICP  20 mm Hg that
treatment was associated with a
significantly poorer prognosis (36%
Good or Moderate Disability on the
GOS) than if the ICP was 20 mm
Hg (80% Good Recovery or Moderate
Disability).

ICP ranges assessed in patients
with traumatic subarachnoid
hemorrhage to determine if there
were any identifiable changes
predictive of worsening CT
findings.

III

ICP monitoring was the first
indicator of evolving lesions in 20%
of patients. However, in 40% of
patients, CT worsening was not
associated with ICP elevations, thus
ICP monitoring alone may be
inadequate to follow CT
abnormalities.

New study
Servadei et al.,
200234

EVIDENCE TABLE III. DOES ICP MONITORING IMPROVE OUTCOME?
Reference
Eisenberg et
al., 19888

Data
class

Description of study
In a multicenter study, 73 Patients
with severe TBI and elevated ICP
were randomized to receive either a
regimen that included high-dose
pentobarbital or one that was similar
but did not include pentobarbital.

II

Conclusion
Because all decisions relative to
therapy were based on ICP data, ICP
monitoring was pertinent to therapy.
Patients whose ICP could be
controlled with pentobarbital had a
much better outcome than those in
whom it could not be controlled. At
(continued)
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EVIDENCE TABLE III. DOES ICP MONITORING IMPROVE OUTCOME? (CONT’D)
Reference

Saul et al.,
198232

Data
class

Description of study

Prospective study of 127 severe TBI
patients who were treated with
mannitol and CSF drainage for
ICP  20–25 mm Hg and 106 patients
who were treated similarly except at
a lower ICP level (15 mm Hg).

III

Aarabi et al.,
20061

Prospective observational study of
50 severe TBI patients, 40 with
intractable ICH whose ICP was
measured before decompressive
craniectomy.

III

Cremer et
al., 20057

Retrospective study with
prospective outcome data collection
comparing mortality and 12 month
GOS in severe TBI patients treated
in two hospitals, one with ICP
monitoring (n  211) and the other
without (n  122).
Retrospective comparison of
mortality and outcomes for severe
TBI patients in three groups:
(1) before the use of guidelinesbased protocol (1991–1994, n  219);
(2) after initiation of the protocol
with low compliance (1995–1996,
n  188; (3) after initiation of the
protocol with high compliance
(1997–2000, n  423).
Prospective comparison of
outcomes for severe TBI patients
treated in two hospitals, one using an
ICP-oriented protocol (ICP  20
mm Hg, CPP  60 mm Hg, n  67)
and the other using a CPP-oriented
protocol (CPP at least 70 mm Hg,
ICP below 25 mm Hg as a
secondary target, n  64).
Retrospective review of the Ontario
Trauma Registry evaluating 541
severely TBI patients with ICP
monitoring.
Prospective and retrospective cohort
at a single level I trauma center
comparing mortality and outcomes
for patients treated before (n  37)

III

Conclusion
1 month, 925 of the patients who
responded to treatment survived and
83% who did not respond had died.
Mortality was 46% in the patients
treated for ICP  20–25 mm Hg and
28% in the 106 patients treated at an
ICP level of 15 mm Hg.

New studies

Fakhry et al.,
200410

Howells et
al., 200512

Lane et al.,
200014

Palmer et al.,
200127
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Of the subgroup of 40 whose ICP
had been measured before
decompression, the mean ICP
deceased after decompression from
23.9 to 14.4 mm Hg (p  0.001).
Of the 30-day survivors of the total
original group of 50 (n  39), 51.3%
had a GOS score of 4 or 5.
No significant difference in mortality
or GOS at 12 months. Baseline
differences between groups in
hypotension on admission and number
of patients transferred from other
hospitals.

III

Significant decrease in mortality
between patients from 1991–1996
and those from 1997–2000 (4.55,
(p  0.047). Significantly more
patients with GOS scores of 4 or 5 in
the 1997–2000 cohort (61.5%) than in
the 1995–1996 (50.3%) or 1991–1994
(43.3%) cohorts (p  0.001).

III

Among the 64 patients treated with
the CPP-oriented protocol, those with
intact pressure autoregulation who
responded to the CPP protocol by
decreasing ICP had a significantly
better outcome compared to those
patients who responded by increasing
ICP.

III

When severity of injury was
controlled for, ICP monitoring was
associated with improved survival.

II

Mortality at 6 months was
significantly reduced from 43 to 16%
with the protocol. ICU days
remained the same and hospital costs

VI. INDICATIONS FOR INTRACRANIAL PRESSURE MONITORING
and after (n  56) implementation of
a protocol based on the Brain
Trauma Foundation guidelines.

Patel et al.,
200228

Comparative retrospective review of
severe TBI patients from two time
periods, pre (1991–1993) and post
(1994–1997) establishment of a
dedicated Neurosciences Critical
Care Unit (NCCU).

III

Timofeev et
al., 200636

Retrospective analysis of outcomes
for severe TBI patients (n  49)
treated for intractable ICH with
decompressive craniectomy.

III
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VII. Intracranial Pressure Monitoring Technology
I. CONCLUSIONS

Parenchymal ICP monitors cannot be recalibrated during
monitoring. Parenchimal ICP monitors, using micro strain
pressure transducers, have negligible drift. The measurement drift is independent of the duration of monitoring.

fiberoptic technology. External strain gauge transducers
are coupled to the patient’s intracranial space via fluidfilled lines whereas catheter tip transducer technologies
are placed intracranially. There is evidence that external
strain gauge transducers are accurate.1 They can be recalibrated, but obstruction of the fluid couple can cause
inaccuracy. In addition, the external transducer must be
consistently maintained at a fixed reference point relative to the patient’s head to avoid measurement error.
Micro strain gauge or fiberoptic devices are calibrated
prior to intracranial insertion and cannot be recalibrated once
inserted, without an associated ventricular catheter. Consequently, if the device measurement drifts and is not recalibrated, there is potential for an inaccurate measurement.

Subarachnoid, subdural, and epidural monitors (fluid
coupled or pneumatic) are less accurate.

III. PROCESS

In the current state of technology, the ventricular
catheter connected to an external strain gauge is the most
accurate, low-cost, and reliable method of monitoring intracranial pressure (ICP). It also can be recalibrated in
situ. ICP transduction via fiberoptic or micro strain gauge
devices placed in ventricular catheters provide similar
benefits, but at a higher cost.

II. OVERVIEW
In patients for whom ICP monitoring is indicated, a
decision must be made about what type of monitoring device to use. The optimal ICP monitoring device is one
that is accurate, reliable, cost effective, and causes minimal patient morbidity.
The Association for the Advancement of Medical Instrumentation (AAMI) has developed the American National Standard for Intracranial Pressure Monitoring Devices in association with a Neurosurgery committee.2 The
purpose of this standard is to provide labeling, safety, and
performance requirements, and to test methods that will
help assure a reasonable level of safety and effectiveness
of devices intended for use in the measurement of ICP.
According to the AAMI standard, an ICP device should
have the following specifications:

For this update, Medline was searched from 1996
through April of 2006 (see Appendix B for search strategy), and results were supplemented with literature recommended by peers or identified from reference lists. Of
39 potentially relevant studies, 7 were added to the existing tables and used as evidence for this question (see
Evidence Tables I and II).

IV. SCIENTIFIC FOUNDATION
The scientific discussion of ICP monitoring technology is divided into the following sections:
A.
B.
C.
D.

ICP monitoring device accuracy and reliability
Optimal intracranial location of monitor
Complications
Cost

A. ICP Monitoring Device Accuracy
and Reliability

• Pressure range 0–100 mm Hg.
• Accuracy  2 mm Hg in range of 0–20 mm Hg.
• Maximum error 10% in range of 20–100 mm Hg.
Current ICP monitors allow pressure transduction by
external strain, catheter tip strain gauge, or catheter tip

As specified in the Methods section of this document,
the strongest evidence for the accuracy and reliability of
ICP monitors would be derived from well designed studies that compare simultaneous readings from the moni-
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tor being tested to those of an established reference standard and that, among other things, would include large
samples of broad-spectrum patients. The ventricular fluid
coupled ICP monitor is the established reference standard
for measuring ICP.17 Fourteen publications were identified that simultaneously compared the ventricular monitor to other monitors in a total of 273 patients with TBI
(see Evidence Table I).5–7,10,15,19,20,24,27,28,31,32,34,36 Location of pressure transduction devices varied across
studies. Sample sizes for the individual studies ranged
from five to 51 patients. Due to changes in technology,
only more current publications were considered relevant.
Four studies compared readings from the reference
monitor to those of parenchymal strain gauge catheter tip
pressure transducer device.15,27,28,36 Of those, two were
published since 1995,15,36 one of which indicated that
readings from the parenchymal strain gauge device varied within 2 mm Hg from those of the reference standard.
In four studies that compared readings from the reference monitor to those of parenchymal fiberoptic catheter
tip pressure transduction devices,10,24,32,34 only one was
published since 1995,34 and reported a strong correlation
between initial parenchymal and ventricular measurement.
Precision of parenchymal ICP monitors has also been
assessed by comparing the measurement value at the time
of ICP monitor removal with zero atmosphere (degree of
difference  drift).1,3,12,15,18,21,29,30,38 Data from eight
studies published since 1995 are presented in Evidence
Table II. Of these, two publications report accuracy for
the micro strain gauge transducer12,15 and six for the
fiberoptic.3,18,21,29,30,38 However, the literature on
fiberoptic transducers is outdated, as there were significant improvements for the fiberoptic transducer in the
manufacturing and testing processes in 1999 (manufacturer correspondence), and studies were conducted with
data collection from populations treated before the improvements were made. In 153 separate parenchymal ICP
probe measurements there were less than 1% of readings
above or below 5 mm Hg, when compared to zero atmosphere, at the time of the ICP device removal.12,15

B. Optimal Intracranial Location of Monitor
A pressure transduction device for ICP monitoring can
be placed in the epidural, subdural, subarachnoid,
parenchymal, or ventricular location. Historically, ventricular ICP is used as the reference standard in comparing the accuracy of ICP monitors in other intracranial
compartments. The potential risks of catheter misplacement, infection, hemorrhage and obstruction have led to
alternative intracranial sites for ICP monitoring.
The following statements regarding ICP monitor loca-

tion are derived from the primarily Class III evidence included in this review:
• Ventricular pressure measurement is the reference
standard for ICP monitoring.2,5–7,10,12,15,16,18,19–21,27,
28,31,32,33,36,40,41

• ICP measurement by parenchymal micro strain
gauge15,36 pressure transduction is similar to ventricular ICP. Some investigators have found that subdural and parenchymal fiberoptic catheter tip pressure monitoring did not always correlate well with
ventricular ICP (note that currently available
fiberoptic transducers have not been the subject of a
clinical publication).18,21,29,30,34,38
• Fluid coupled epidural devices or subarachnoid
bolts2,4,8,16,19,20,40 and pneumatic epidural devices7,31,33 are less accurate than ventricular ICP
monitors. Significant differences in readings have
been demonstrated between ICP devices placed in
the parenchyma versus the subdural space.13

C. Complications
ICP monitoring complications include infection (see
Infection Prophylaxis topic), hemorrhage, malfunction,
obstruction, or malposition. While the current literature
suggests these complications generally do not produce
long term morbidity in patients, they can cause inaccurate ICP readings, and they can increase costs by requiring replacement of the monitor.
i. Hemorrhage. Hemorrhage associated with an ICP
device is not defined in the majority of reports reviewed
in terms of volume of hematoma on head CT, or in terms
of morbidity. There were eight publications on ventriculostomy associated hematomas9,14,21,22,23,26,37,39 reporting an average incidence of 1.1% versus an article on
subarachnoid bolts (no hematomas), subdural catheters
(no hematomas),23 and micro strain gauge devices (three
hematomas in 28 patients, 11%).15 There have been no
publications on the complication rate of an improved
fiberoptic transducer in populations studied since 1999.
Significant hematomas receiving surgical evacuation occurred in 0.5% of patients in published reports with more
than 200 patients receiving ICP monitoring.22,26,34
ii. Malfunction. Malfunction or obstruction in fluid
coupled ventricular catheters, subarachnoid bolts, or subdural catheters has been reported as 6.3%, 16%, and
10.5% respectively.2,3,23 In reports of ventricular catheter
malposition, 3% of patients needed operative revision.25,26,35 There have been no publications on the complication rate of an improved fiberoptic transducer in pop-

S-46

VII. INTRACRANIAL PRESSURE MONITORING TECHNOLOGY
ulations studied since 1999. Malfunctions of micro strain
gauge devices are reported as 0%.12,15
As delineated above, each type of pressure transduction
system and intracranial location of the monitor has a profile of potential complications. Calibration, monitoring for
infection, and checking fluid coupled devices for obstruction are necessary tasks in maintaining an optimal ICP monitoring system. Table 2 below summarizes each type of ICP
monitor by the parameters discussed above.
TABLE 1. COST (2005)

Device location
Ventricular

Method of pressure
transduction
FC external strain
gauge

FC micro strain gauge
catheter tip

FC fiberoptic

Parenchymal

Pneumatic
Micro strain gauge

Fiberoptic

Subarachnoic

Subdural

Pneumatic
FC external strain
gauge
Micro strain gauge

Fiberoptic

Epidural

FC external strain
gauge
FC external strain
gauge
Pneumatic

OF

D. Cost
Estimated costs of the various ICP devices are presented in Tables 1 and 2. The non-disposable hardware
that need to be purchased with fiberoptic and strain gauge
catheter tip ICP devices range in cost from $6,000 to
$10,000 per bed. ICP transduction with an external strain
gauge costs $208 versus an average of $545 for micro
strain gauge or fiberoptic transducers.
ICP MONITORING DEVICES

Product description and catalog number
Generic:
Ventricular catheter
External drainage bag
Abbott Transpac IV transducer
Codman:
External CSF drainage bag
Microsensor ventricular Kit
Monitor
Integra Neuroscience:
External CSF drainage bag
Microventricular pressure monitoring kit
Multiparametric MPM-1
Speigelberg
Codman:
Microsensor ventricular kit
Monitor
Integra Neuroscience:
Microventricular pressure monitoring kit
Multiparametric MPM-1
Speigelberg
Generic:
Ventricular catheter
Abbott Transpac IV transducer
Codman:
Microsensor ventricular kit
Monitor
Integra Neuroscience:
Microventricular pressure monitoring kit
Multiparametric MPM-1
Generic:
Abbott Transpac IV transducer
Generic:
Abbott Transpac IV transducer
Speigelberg

aMultiparametric monitor for temperature and oxygen as well as ICP.
FC, fluid coupled.
n/a, data not available.
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Estimated
2005 cost
(in dollars)

Reusable display
monitor and/
or calibration
device
(in dollars)

$75
$80
$53
$197
$600

$6,600

$80
$450
n/a

$10,000a
n/a

$600
$6,600
$450
n/a

$10,000a
n/a

$75
$53
$600
$6,600
$450
$10,000a
$53
$53
n/a

n/a
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V. RANKING OF ICP
MONITORING TECHNOLOGY
ICP monitoring devices were ranked based on their accuracy, reliability, and cost, as follows:
1. Intraventricular devices—fluid-coupled catheter with
an external strain gauge

TABLE 2. RANKING
Device
location
Ventricular

Parenchymal
Subarachnoic
Subdural

Epidural

1
2
3
4
5
6
7
8
9
10

FOR

2. Intraventricular devices—micro strain gauge or
fiberoptic
3. Parenchymal pressure transducer devices
4. Subdural devices
5. Subarachnoid fluid coupled devices
6. Epidural devices

ICP MONITORING TECHNOLOGIES

Method of pressure
transduction

Accuracy

Recalibration

Estimated 2005 cost
(in dollars)

FC external strain gauge
FC micro strain gauge
FC fiberoptic
Micro strain gauge
Fiberoptic
FC external strain gauge
Micro strain gauge
Fiberoptic
FC external strain gauge
FC external strain gauge
Pneumatic



n/a

n/a


n/a
















$208
$600
$450
$600
$450
$53
$600
$450
$53
85
n/a

aThere

were significant improvements in the manufacturing and testing processes in 1999, which have not been the subject of a
clinical publication.
FC, fluid coupled.
n/a, data not available.

VI. SUMMARY
In patients who receive ICP monitoring, a ventricular
catheter connected to an external strain gauge transducer
is the most accurate and cost effective method of monitoring ICP. Clinically significant infections or hemorrhage
associated with ICP devices causing patient morbidity are
rare and should not deter the decision to monitor ICP.
Parenchymal transducer devices measure ICP similar
to ventricular ICP pressure but have the potential for measurement differences due to the inability to recalibrate.
These devices are advantageous when ventricular ICP is
not obtained or if there is obstruction in the fluid couple.
Subarachnoid or subdural fluid coupled devices and
epidural ICP devices are currently less accurate.

VII. KEY ISSUES FOR FUTURE
INVESTIGATION
• The specifications standard for ICP monitoring should
include in vivo clinical ICP drift measurement. In vitro
testing of devices does not necessarily reflect clinical
S-48

performance. Specifications for ICP devices should be
reviewed in the context of what data is useful in the
management of patients that receive ICP monitoring.
• It is unclear if a difference in pressure between ventricular and parenchymal ICP is normal. Studies
measuring ventricular and parenchymal ICP simultaneously report both positive and negative differences. However, these studies are difficult to interpret if the ICP device was inaccurate. A study of
parenchymal and ventricular ICP measurements using an accurate transducer device is needed.
• Research is needed to answer the question, does
parenchymal monitoring in or near a contusion site
provide ICP data that improves ICP management,
and subsequent outcome, compared to other sites of
ICP monitoring?
• Further improvement in ICP monitoring technology
should focus on developing multiparametric ICP devices that can provide simultaneous measurement of
ventricular CSF drainage, parenchymal ICP, and
other advanced monitoring parameters. This would
allow in situ recalibration and give accurate ICP
measurements in case of transient fluid obstruction.
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VIII. EVIDENCE TABLES
EVIDENCE TABLE I. ICP MONITORING DEVICE ACCURACY
Reference
Artru et al.,
19921
Barlow et al.,
19852

Bavetta et al.,
19973

Description of study
A prospective study of parenchymal
fiberoptic catheter tip ICP monitors in
100 patients
Simultaneous recording of ventricular
fluid coupled ICP compared to a
subdural fluid coupled catheter in 10
patients and a subdural catheter tip
pressure transducer device in another 10
patients
A prospective study of 101 fiberoptic
pressure transducers (52 subdural and 42
ventricular) in 86 patients.

Bruder et al.,
19954

Comparison of an epidural ICP monitor
and a parenchymal fiberoptic catheter tip
ICP monitor in 10 severe head injury
patients.

Chambers et al.,
19936

Simultaneous recording of ventricular
fluid coupled ICP compared to a
fiberoptic catheter tip pressure transducer
device at the tip of the ventricular
catheter in 10 patients.
ICP recordings between a ventricular
fluid coupled system in 10 patients
compared to a subdural fiberoptic
catheter tip pressure transducer and the
same device situated in the ventricular
catheter in another 10 patients.
Comparison of simultaneous ICP
recordings in 15 patients using a
ventricular flid coupled ICP monitoring
system and an epidural pneumatic ICP
monitoring device.

Chambers et al.,
19905

Czech et al.,
19937

Dearden et al.,
19848

Gambardella et al.,
199210

Gopinath et al.,
199512

Assessment of ICP measurement
accuracy in a subarachnoid/subdural
fluid coupled bolt device using an
infusion test in 18 patients
Comparison of a parenchymal fiberoptic
catheter tip pressure transduction device
to ventricular fluid coupled ICP readings
in 18 adults patients.
Evaluation of the measurement accuracy
and drift of a new catheter tip strain
gauge ICP device. The device was
placed in the lumen of a ventricular
catheter in 25 patients.

AND

RELIABILITY
Conclusion

Daily baseline drift of 0.3 mm
Hg
Compared to ventricular ICP,
44% of the subdural fluid
coupled device measurements
and 72% of the subdural catheter
tip pressure transducer devices
were within a 10 mm Hg range.
An average of 3.3 mm Hg zero
drift was noted each day up to 5
days after insertion. 10% of
devices had functional failure.
There was a lack of measurement
agreement with the epidural ICP
on average 9 mm Hg higher
(range, 10–28 mm Hg) than
parenchymal ICP.
60% of the ICP readings with the
fiberoptic device were within 2 mm
Hg of the ventricular fluid
coupled ICP readings.
54% and 74% of the fiberoptic
subdural and fiberoptic
ventricular ICP readings
respectively were with 5 mm Hg
of the ventricular fluid coupled
ICP measurements.
In the majority of comparisons
the epidural device ICP
measurements were different
from ventricular ICP recordings
with deviations between 20 and
12 mm Hg.
Device read ICP accurately
accordin to infusion test 48%
of the time.
55% of parenchymal fiberoptic
ICP readings were 5 mm Hg
higher or lower than ventricular
ICP measurements.
No significant measurement drift
was noted over an average of
four days. The device was 63%
accurate (within 2 mm Hg)
compared to ventricular ICP
recordings.

(continued)
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EVIDENCE TABLE I. ICP MONITORING DEVICE ACCURACY
Reference

Description of study

Gray et al.,
199613

Comparison of ICP readings in 15
patients using catheter tip strain gauge
devices simultaneously in parenchymal
and subdural locations.

Mendelow et
al., 198319

Simultaneous recordings of ICP using
two types of subdural fluid coupled bolt
devices and a ventricular catheter fluid
coupled system in 31 patients.

Mollman et al.,
198820

Simultaneous recordings of ICP using a
subdural/subarachnoid fluid coupled
catheter and a ventricular fluid coupled
catheter in 31 patients.
Comparison of ICP readings between a
parenchymal fiberoptic catheter tip
pressure transducer device and
ventricular fluid coupled catheter or
subarachnoid bolt in 15 adults and 5
children.
In a series of 100 patiens, 13 had
simultaneous ICP recordings from a
parenchymal strain gauge catheter tip
pressure transducer device and a
ventricular fluid coupled catheter.
Simultaneous recordings of ICP using a
parenchymal strain gauge catheter tip
pressure transducer device and a
ventricular fluid coupled catheter in
seven patients.
Simultaneous recordings of ICP using an
epidural pneumatic pressure transducer
and a ventricular fluid coupled catheter
in 17 patients.
Comparison of ICP readings between a
parenchymal fiberoptic catheter tip
pressure transducer device and
ventricular fluid coupled catheter in 10
patients.

Ostrup et al.,
198724

Piek et al.,
199027

Piek et al.,
198728

Powell et al.,
198531

Schickner et al.,
199232

Schwartz et al.,
199233

Shapiro et al.,
199634

Comparison of ICP readings between an
epidural pneumatic pressure transducer
device and a subdural strain gauge,
subdural fiberoptic or ventricular fluid
coupled catheter 6 patients.
Review of clinical performance of
parenchymal fiberoptic catheter tip ICP
monitors in 244 patients (180 head
injury) of which 51 also had ventricular
catheter placement.
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AND

RELIABILITY (CONT’D)
Conclusion
ICP measurement differences of
4 mm Hg were noted in 30%
of the readings. Daily baseline
drift of 0.3 mm Hg in
parenchymal location.
ICP recordings were within 10
mm Hg of ventricular ICP in
41% of the recordings using one
type of bolt and 58% using the
other kind.
The difference between the ICP
readings was 0.12 mm Hg with
a standard deviation of 5.29 mm
Hg.
Measurement drift up to 1 mm
Hg per day. Parenchymal ICP
readings were generally within 2–
5 mm Hg of ventricular or
subarachnoid ICP measurements.
An initial drift up to 4 mm Hg in
the first day. Parenchymal ICP
measurements were generally 4–8
mm Hg below ventricular ICP.
Parenchymal ICP was 4–12 mm
Hg lower than ventricular ICP
but parallel changes in pressure
were noted.
Marked differences in pressure
up to 30 mm Hg were recorded.

66% of the parenchymal
fiberoptic measurements
exceeded ventricular ICP and
21% were lower. Absolute
pressure differences of up to 40
mm Hg were recorded.
ICP readings from the epidural
device correlated with the other
device readings in only one case.

A strong correlation was found
between initial parenchymal and
ventricular measurements.
Fiberoptic breakage and
malfunction was seen in 17% and
14% of patients, respectively.
The mean length of monitoring
was 7 days.
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Weaver et al.,
198240

Comparison of ICP measurements
between two subarachnoid fluid coupled
pressure transducers in the same patient.
Twenty patients were studied, four of
them had unilateral mass lesions

More than 50% of patients
demonstrated significant
differences in ICP. Patients
harboring intracranial mass
lesions showing clear
differences.

Koskinen et al.,
200515

A prospective study in 28 patients with
parenchymal micro strain gauge ICP
transducer and in 22 patients with
parenchymal microstrain gauge ICP
transducers and concurrent
ventriculostomies.

Martinez-Manas
et al.,
200018

Prospective study done in 1997 of 101
patients (71% TBI) all patients had
GCS  9 who had 108 consecutive
fiberoptic ICP monitors placed (63%
parenchymal, 28% subdural and the rest
intraventricular.

Munch et al.,
199821

Parenchymal (n  104) and ventricular
(n  32) fiberoptic transduced ICP devices
were placed. Accuracy of expected ICP
was assessed by neurological exam and
CT scan. 118 patients studied
prospectively over an 18-month period.
Fiberobtics (104) and ventrics (32)
placed. Reliability assessed by neuro
exam and CT, complications assessed
Zero drift characteristics of 34
parenchymal fiberoptic probes studied in
50 patients with a 4-day mean
duration of ICP monitoring (range 1–12
days)

Only 21% of the probes showed
zero drift greater than 2 mm
Hg when removed. 22% of the
probes read more than 2 mm
Hg compared to ventricular CSF
pressure readings. Three
hematomas (nonoperable) and no
significant infections (probes
were not cultured).
Probe tips were sent for culture
and 13.2% were positive.
Intracranial hematoma occurred
near the probe placement in 4%.
89% of the probes showed a
positive or negative drift after
removal (range 24 to 35 mm
Hg which was not correlated
with duration of monitoring.
85% of the ICP devices were
deemed reliable. Complications
included 18.1% needed
replacement due to failure.
23.5% were dislocated. Only one
positive CSF culture noted.

New studies

Piper et al.,
2001329

Poca et al.,
200230

163 patients who had 187 fiberoptic
parenchymal bolts placed prospectively
and studied over a three year period. all
patients had TBI and GCS  9. Mean
duration of monitoring was 5  2.2 days.

Signorini et al.,
199836

10 patients (8 TBI) had placement of
micro strain gauge parenchymal ICP
monitor and comparisons with fiberoptic
parenchymal monitors (5) and
intraventricular fluid coupled monitors
(5) were performed.

50% of the parenchymal probes
had measurements greater than
3 mm Hg after removal when
compared to zero drift. There
was no correlation with the
duration of monitoring.
89% of probes showed drift (12
to 7 mm Hg) when removed and
17% had positive culture of the
probe tip. 10% sensor mal
function and 2.8% hematoma
rate (nonoperable) was reported.
A difference of 9 mm Hg was
noted between the two
parenchymal monitors.
Following removal, 33% of the
micro strain gauge monitor
readings and 50% of the
fiberoptic monitor readings were
greater than 2 mm Hg from
zero drift, respectively.
(continued)

S-51

VII. INTRACRANIAL PRESSURE MONITORING TECHNOLOGY
EVIDENCE TABLE I. ICP MONITORING DEVICE ACCURACY
Reference

Conclusion

Prospective comparison testing of the
Neurovent ICP and fiberoptic
parenchymal probes in 148 patients (72%
TBI) of whom an early group of 50
patients received fiberoptic probes and
then 98 had Neurovent parenchymal
monitors placed.

EVIDENCE TABLE II. COMPARISON

Koskinen et
al., 200515
Gopinath et
al., 199512
Stendel et
al., 200338
Poca et al.,
20023
Piper et al.,
200129
Martinez et
al., 200018
Munch et
al., 199821
Bavetta et
al., 19973

RELIABILITY (CONT’D)

Description of study

Stendel R et al.,
200338

Author

AND

TO

ZERO DRIFT

IN

Hematomas were noted in 2%
and 1% of fiberoptic (C) and
Neurovent (N) probes
respectively. Technical problems
in the following: dislocation 14%
(C) and 2% (N), damage 6% (C)
and 5% (N), Error 8% (C) and
0% (N) and drift 3.5 mm  3.1
(C) and 1.7 mm  1.36 (N) were
reported.

PARENCHYMAL ICP PRESSURE DEVICESa

Year of
study

TBI
patients%

Number
of probes

Parenchymal
transducer type

Percentage
difference
from
  2 mm Hg

Percentage
difference
from
  5 mm Hg

Range
(mm Hg)

1996–2004

NA

128

Micro strain gauge

20%

1%

5, 4

N/A

72%

25

Micro strain gauge

11%

0%

2, 2

2000

72%

50

Fiberopticb

46%

36%

0, 12

1993–1996

100%

126

Fiberopticb

51%

24%

12, 7

NA

NA

40

Fiberopticb

50%

NA

13, 22

1997

71%

108

Fiberopticb

74%

52%

24, 35

1993–1998

83%

95

Fiberopticb

45%

26%

5, 12

NA

NA

83

Fiberoptic
(60% subdural
and 40%
parenchymal)b

65%

23%

12, 14

aStudies found no association between measurement differences and the duration of monitoring. Fiberoptic and micro strain
gauge parenchymal ICP devices are listed by manufacturer on Table 4. All studies are from after 1990.
bThere were significant improvements in the manufacturing and testing processes in 1999, which have not been the subject of a
clinical publication.
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VIII. Intracranial Pressure Thresholds
I. RECOMMENDATIONS
A. Level I
There are insufficient data to support a Level I recommendation for this topic.

B. Level II
Treatment should be initiated with intracranial pressure (ICP) thresholds above 20 mm Hg.

C. Level III
A combination of ICP values, and clinical and brain CT
findings, should be used to determine the need for treatment.

II. OVERVIEW
Quantitative guidelines are needed for ICP management. The impact of ICP on outcome from severe traumatic brain injury (TBI) appears to lie in its role in determining cerebral perfusion pressure (CPP), and as an
indicator of mass effect. Since CPP can be managed by
manipulation of arterial pressure to a great extent, the issue of herniation is more determinant of the ICP threshold. The goal is to balance the risks of herniation against
the iatrogenic risks of overtreatment.

III. PROCESS
For this update, Medline was searched from 1996
through April of 2006 (see Appendix B for search strategy), and results were supplemented with literature recommended by peers or identified from reference lists. Of
10 potentially relevant studies, 3 were added to the existing table and used as evidence for this question (Evidence Table I).

IV. SCIENTIFIC FOUNDATION
There remain no large randomized trials that directly
compare ICP treatment thresholds. The largest study using prospectively collected, observational data, control-

ling for a large number of confounding prognostic variables, analyzed the mean ICP in 5 mmHg steps against
outcome in a logistic regression model, and found 20 mm
Hg to have the optimal predictive value.4
These values are in keeping with small, non-controlled
reports suggesting a range of 15–25 mm Hg.5,7,9,10 The report by Saul and Ducker changed the ICP threshold from
25 to 15 mm Hg in two sequentially treated groups of patients and found an associated decrease in mortality from
46% to 28%.9 However, differences in protocols between
the first and second treatment periods confound the determination of the independent influence of lowering the ICP
treatment threshold on outcome. Shreiber et al. assessed
prospectively collected data from 233 patients regarding
the impact on survival for multiple predictive parameters.
They found an ICP  15 mm Hg was one of five independent risk factors associated with death.10
The study by Eisenberg et al. is the only prospective,
double-blind, placebo-controlled study demonstrating
improved outcome attributable to lowering ICP.3 Their
lowest ICP thresholds were 25 mm Hg in patients without craniectomy and 15 mm Hg in patients following
craniectomy. However, they defined additional ICP
thresholds at higher pressures and shorter durations (for
details, see Anesthetics, Analgesics, and Sedatives chapter), and they did not stratify outcome by threshold.
A small prospective trial reported 27 patients assigned
to ICP treatment groups of 20 or 25 mm Hg. Identical
treatment protocols were used, including maintenance of
CPP at 70 and SjO2 at 54%. The 6-month GOS found
no difference between groups.8
Patients can herniate at intracranial pressures less than
20–25 mm Hg. The likelihood of herniation depends on
the location of an intracranial mass lesion.1,6 In the report by Marshall et al., pupillary abnormalities occurred
with ICP values as low as 18 mm Hg.6 Therefore, at all
points, any chosen threshold must be closely and repeatedly corroborated with the clinical exam and CT imaging in an individual patient.
The intracranial pressure at which patients begin to
show signs of neurological deterioration can also occasionally be greater than 20–25 mm Hg. There is some
evidence that ICPs higher than 20 mm Hg may be tolerated in patients that have minimal or no signs of brain
injury on their CT scans.2
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V. SUMMARY
Current data support 20–25 mm Hg as an upper threshold above which treatment to lower ICP should generally
be initiated.3,4,7–9

VI. KEY ISSUES FOR FUTURE
INVESTIGATION

jor unanswered question. As the importance of other
parameters is recognized and the ability is improved to
safely maintain adequate intracranial parameters somewhat independently of ICP, the issue of an absolute
value for ICP may become less important. ICP may be
most closely related to the risk of herniation, which
seems to vary between and within patients over the
course of therapy. Two potentially important steps toward identifying more concrete treatment thresholds
for ICP are to:

The critical value of ICP and its interaction with CPP
and other measures (e.g., SjO2, PbtO2, CBF) is a ma-

• Develop a method to estimate “herniation pressure”
• Determine the critical values for other parameters

VII. EVIDENCE TABLE
EVIDENCE TABLE I. INTRACRANIAL PRESSURE THRESHOLDS
Reference

Data
class

Description of study

Andrews et al.,
19881

Retrospective review of the
clinical course and CT scans of 45
patients with supratentorial
intracerebral hematomas to
determine the effect of hematoma
location on clinical course and
outcome.

III

Eisenberg et
al., 19883

Prospective, multicenter study
wherein 73 severe TBI patients,
whose ICP was not controllable
using “conventional therapy” were
randomly assigned to a high-dose
pentobarbital vs. placebo-control
regimen. Dependent variable was
ability to control ICP below 20
mm Hg.
From a prospectively collected
database of 1,030 severe TBI
patients, all 428 patients who met
ICU monitoring criteria were
analyzed for monitoring
parameters that determined
outcome and their threshold
values.

II

Marmarou et
al., 19914
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III

Conclusion
Signs of herniation were
significantly more common with
temporal or temporoparietal lesions.
Clot size of 30 cc was the threshold
value for increased incidence of
herniation. Factors other than ICP
(such as location of mass lesion)
must be considered in guiding
treatment.
The outcome for study patients
whose ICP could be kept below 20
mmHg using either regimen was
significantly better than those whose
ICP could not be controlled.

Using logistic regression, the
threshold value of 20 mm Hg was
found to best correlate with outcome
at 6 months. The proportion of
hourly ICP reading greater then 20
mm Hg was a significant
independent determinant of
outcome. The four centers used ICP
treatment thresholds of 20–25
mm Hg. The degree to which this
confounds the regression statistics is
unclear. The incidence of morbidity
and mortality resulting from severe
TBI is strongly related to ICP
control wherein 20 mm Hg is the
most predictive threshold.

VIII. INTRACRANIAL PRESSURE THRESHOLDS
Marshall et al.,
19795

Retrospective review of 100
consecutively admitted severe TBI
patients

III

Patients managed with a regimen
including ICP monitoring using a
threshold of 15 mm Hg had
improved outcome compared to
published reports using less ICPintensive therapy.
Outcome was significantly
correlated with the ability to control
ICP. ICP control using a threshold
of 20 mm Hg as a part of an overall
aggressive treatment approach to
severe TBI associated with
improved outcome.
The 46% mortality in the first group
was significantly greater then the
28% mortality in the second group.
Suggests an increase in mortality if
ICP maintained above a threshold of
15–25 mm Hg.

Narayan et al.,
19827

Retrospective analysis of the
courses of 207 consecutively
admitted severe TBI patients.
Management included aggressive
attempts to control ICP using a
threshold of 20 mm Hg.

III

Saul et al.,
19829

A series of 127 severe TBI
patients whose ICP treatment was
initiated at 20–25 mm Hg, not
using a strict treatment protocol,
was compared with a subsequent
group of 106 patients with similar
injury characteristics who received
treatment under a strict protocol at
an ICP threshold of 15 mm Hg.

III

Chambers et al.,
20012

Prospective series of 207 adult
patients with ICP and CPP
monitoring were analyzed using
ROC curves to determine if there
were significant thresholds for the
determination of outcome.

III

The sensitivity for ICP rose for
values 10 mm Hg, but it was
only 61% at 30 mm Hg. ICP
cut off value for all patients
was 35 mm Hg, but ranged
from 22 to 36 mm Hg for different
CT classifications. It may be
inappropriate to set a single
target ICP, as higher values
may be tolerated in certain CT
classifications.

Ratanalert
et al.,
20048

Prospective trial of 27 patients,
grouped into ICP treatment
thresholds of 20 or 25 mm Hg.
Treatment protocols were similar
between groups with CPP kept as
70 and SjO2 at 54%.
233 patients with ICP monitoring
were analyzed from a
prospectively collected database
of 368 patients. Potentially
predictive parameters were
analyzed to determine their impact
on survival.

III

No difference in outcome
between ICP thresholds of 20
or 25 mm Hg.

III

An opening ICP of 15 mm Hg
was identified as one of five
risk factors associated with
higher mortality.

New studies

Schreiber
et al.,
200210
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IX. Cerebral Perfusion Thresholds
I. RECOMMENDATIONS
A. Level I
There are insufficient data to support a Level I recommendation for this topic.

B. Level II
Aggressive attempts to maintain cerebral perfusion
pressure (CPP) above 70 mm Hg with fluids and pressors should be avoided because of the risk of adult respiratory distress syndrome (ARDS).

C. Level III
CPP of 50 mm Hg should be avoided.
The CPP value to target lies within the range of 50–70
mm Hg. Patients with intact pressure autoregulation tolerate higher CPP values.
Ancillary monitoring of cerebral parameters that include blood flow, oxygenation, or metabolism facilitates
CPP management.

II. OVERVIEW
There is a substantial body of evidence that systemic hypotension independently increases the morbidity and mortality from TBI, both clinical10,14,24,26 and histological.15,29
CPP has been used as an index of the input pressure determining cerebral blood flow and therefore perfusion. CPP
is defined as the MAP minus the ICP. It has long proven
its value as a perfusion parameter in physiological studies.16,18,32 Its clinical use as a monitoring parameter burgeoned in the late 1980s28 in parallel with the concept that
induced hypertension may improve outcome. Until this period, it was the practice to avoid systemic hypertension as
it was felt to contribute to intracranial hypertension.22
Rosner and Daughton proposed a management strategy based primarily on CPP management, stressing the
maintenance of CPP at 70 mm Hg and often at much

higher levels.28 This approach provided outcomes that
were superior to an unadjusted control group from the
Traumatic Coma Data Bank where ICP management was
the primary therapeutic goal. Subsequently, CPP management became widely practiced, despite misgivings
that the primary issue might be avoidance of cerebral hypotension rather than benefit from CPP elevation per
se.10,13 The question of what is the optimal CPP to maintain after TBI remains unanswered.

III. PROCESS
For this update, Medline was searched from 1996
through April 2006 (see Appendix B for search strategy),
and results were supplemented with literature recommended by peers or identified from reference lists. Of 48
potentially relevant studies, six were added to the existing table and used as evidence for this question (Evidence
Table I).

IV. SCIENTIFIC FOUNDATION
Is Low CPP Harmful?
This question suffers from lack of an adequate, generalizable definition of low CPP. The individual parameters of CPP (blood pressure and ICP) have been shown
to be critically related to outcome from TBI. Systemic
hypotension is highly associated with poor outcome.6,10,14,24,26 As well, elevated ICP predicts increased
mortality and less recovery.2,6,21
Low cerebral blood flow per se is associated with poor
outcome. However, the reliability of CPP in this regard
remains less well defined. When physiological indices
(rather than clinical outcomes) are used as dependent
variables, there is evidence that low CPP is associated
with unfavorable physiological values. Within the range
of autoregulation, low CPP is associated with increased
ICP through compensatory vasodilation in response to
decreased perfusion pressure.3,4 Looking at SjO2 and
transcranial Doppler pulsatility index values, Chan et al.
found that these parameters appeared to stabilize at CPP
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values of 60–70 mm Hg, suggesting that this range might
represent the lower end of cerebral pressure autoregulation.7,8 It has also been demonstrated that decreased CPP
values associate with levels of brain tissue O2 saturation
(PbrO2) and jugular venous oxygen saturation that correlate with unfavorable outcomes, and that raising the
CPP above 60 mm Hg may avoid cerebral O2 desaturation.20,27 Sahuquillo et al. studied PbO2 values as a function of CPP in severe TBI patients and did not find that
low PbO2 values were predictable with low CPPs ranging from 48 to 70 mm Hg. They also found that raising
CPP did not increase oxygen availability in the majority
of cases.30 Cerebral microdialysis studies suggest that,
although the normal brain may be more resistant to low
CPP, the injured brain may show signs of ischemia if the
CPP trends below 50 mm Hg, without significantly benefiting from various elevations above this threshold.25
These studies suggest that there is a physiologic threshold for CPP of 50–60 mm Hg, below which cerebral
ischemia may occur.
When CPP per se is evaluated in terms of human clinical outcome, low CPP is frequently found to correlate
with poor outcome. Clifton et al. retrospectively analyzed
data on CPP within the dataset from 392 patients in the
randomized controlled trial of therapeutic hypothermia
for severe TBI.11 When they analyzed individual predictive variables separately, they found CPP of 60 mm Hg
to be associated with an increased proportion of patients
with poor outcome. They found similar associations for
intracranial pressure 25 mm Hg, mean arterial pressure
70 mm Hg, and fluid balance lower than 594 mL.
When these variables were combined into a stepwise logistic regression model, however, CPP fell out, although
the other three variables remained within the group of
most powerful variables in determining outcome.
Juul et al. retrospectively analyzed the data on ICP
and CPP within the dataset of 427 patients in the international, multicenter, randomized, double-blind trial of
the N-methyl-D-aspartate antagonist Selfotel.19 They
found that a CPP of 60 mm Hg was associated with
worse outcome, however this relationship is confounded
by high ICP which independently associates with poor
outcome.
Andrews et al. prospectively studied 124 severe TBI
patients for the purpose of determining predictive variables.1 They employed on-line collection of physiologic
variables, which allowed them to detect and grade a number of secondary insults, including low CPP. Using decision tree analysis, they found that CPP was predictive
of outcome when insults were severe and, in common
with systemic hypotensive insults of moderate or severe
intensity, was more predictive of outcome than ICP. Sys-

temic hypotension per se was consistently important as
a predictor of unfavorable outcome in all analyses.
These studies support CPP as a valuable monitoring
parameter in managing patients with severe TBI. They
suggest that there is a critical threshold for CPP that, in
aggregate, appears to lie between 50 and 60 mm Hg. They
do not support substituting CPP for monitoring and management of either of its constituent parameters (MAP and
ICP).

Is Elevating CPP above a “Critical Threshold”
Beneficial or Detrimental?
Early proponents of CPP management reported improved outcomes for severe TBI patients whose CPPs
were higher during their treatment course. McGraw developed a model using retrospective data analysis that
proposed that patients with a CPP of 80 mm Hg had
better outcomes than those with a lower CPP.23 The same
group subsequently reported a 100% mortality for patients for whom 33% of their CPP course was 60 mm
Hg.9 Both of these studies, however, were retrospective
data analyses without risk adjustment on patients managed using ICP-targeted therapy.
Rosner and Daughton prospectively studied 34 patients
managed with CPP of 70 mm Hg.28 When they compared their outcomes to those from the Traumatic Coma
Data Bank, they described an increase in good or moderately impaired outcomes and a decrease in mortality,
which they attributed to the elevation of CPP. However,
there was no adjustment for differences between the two
populations. One subsequent analysis suggested that the
outcome differences disappeared if there was adjustment
for the incidence of in-ICU hypotension (presumably rare
in patients undergoing CPP elevation).10
With respect to ICP or intracranial hypertension, elevating CPP by up to 30 mm Hg does not appear to be associated with intracranial hypertension in patients with
patently intact pressure autoregulation.3,5 In patients with
impaired autoregulation, the ICP response to such CPP
elevation is less predictable, sometimes slightly decreasing,3 while others see mostly a small elevation, albeit
some patients demonstrate more profound ICP responses.5 In these papers, MAP elevation was generally
initiated at CPP values of 60 mm Hg. Increased intracranial hemorrhage has not been generally reported as
a complication, even in reports where CPP was greatly
augmented.23,27,28
Subsequent reports call into question whether there is
any marginal gain by maintaining the CPP at an elevated
level. Robertson et al. reported a randomized controlled
trial of CPP therapy versus ICP therapy.27 In the CPP
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therapy group, CPP was kept at 70 mm Hg; in the ICP
therapy group, CPP was kept at 50 mm Hg, and ICP
was specifically kept at 20 mm Hg. They found no significant difference in outcome between the two groups.
However, the risk of ARDS was five times greater among
patients in the CPP-targeted group and associated with a
more frequent use of epinephrine and a higher dose of
dopamine. One perceived benefit of the CPP-based protocol was fewer episodes of jugular venous desaturation,
which logistic regression modeling suggested was attributed to less hyperventilation in the CPP group. They also
noted, however, that the expected influence on outcome
of such desaturations was probably minimized because
all episodes in both groups were rapidly corrected.
In their analysis of the data from the international, multicenter, randomized, double-blind Selfotel trial, Juul et
al. did not find a benefit of maintaining CPP greater than
60 mm Hg.19
There is a growing body of clinical evidence that elevating the CPP above the threshold for ischemia may not
be beneficial and may indeed have detrimental cerebral
and systemic effects. Cruz et al. reported a prospectively
collected dataset with one group of patients managed
based on jugular venous saturation and CPP, and another
group managed under a CPP-based protocol, targeting a
CPP of 70 mm Hg.13 The patients were characterized
by having CT evidence of diffuse swelling either on admission or following craniotomy for clot evacuation. The
patients were well matched in terms of demographic and
injury variables. However, there was no adjustment for
other confounding variables (e.g., no adjustment was
done to control for specific management variables that
covaried with the two treatment philosophies). Mortality
in the cohort managed according to jugular venous saturation was 9% versus 30% in the CPP group. This study
strongly suggests that CPP-based therapy may not be optimal in all patient groups and that it should be possible
to match management strategies to patient characteristics.
Howells et al. compared two separate prospective databases of severe TBI patients managed via two differing
philosophies allowed quantitative comparison of outcomes using ICP-guided protocols versus CPP-guided
protocols.17 Their general results supported using CPP as
an important index in directing targeted therapy. They
noted that a CPP of 60 mm Hg appeared to be too high
in some patients. They reported that CPP-based management appeared more efficacious in patients with more
intact autoregulation. Patients with less intact autoregulation, however, appeared to do less well if their CPP exceeded 60 mm Hg.
Steiner et al. used an on-line method of measuring
cerebral pressure autoregulation and estimated the CPP

at which autoregulation appeared most robust in 60%
of their patient group.31 The more closely the mean CPP
at which individual patients were maintained approximated the CPP at which their autoregulation was optimal, the more likely that patient was to have a favorable outcome. In addition to the hazard of too low CPP,
they specifically stated that maintaining the CPP at levels that are too high may have a negative influence on
outcome.
There also appear to be serious detrimental systemic
effects of elevating CPP. Analyzing data from their randomized controlled trial (RCT) on ICP-based management versus CPP-based management, Contant et al. reported a highly significant association (fivefold increase
in risk) between CPP-based therapy and ARDS.12 Associated medical maneuvers included increased administration of epinephrine and dopamine. Patients who developed ARDS had a higher average ICP and received
more treatment to manage intracranial hypertension.
They were 2.5 times more likely to develop refractory intracranial hypertension and this group was two times
more likely to be vegetative or dead at 6-month followup. In this trial, it was felt that any potential benefits of
a focus on elevating CPP was obviated by such systemic
complications.27

V. SUMMARY
It is important to differentiate physiologic thresholds
representing potential injury from clinical thresholds to
treat. Much of the definition of the former can come from
simple physiologic monitoring; the latter requires clinical evidence from controlled trials using outcome as their
dependant variable. With respect to CPP, it appears that
the critical threshold for ischemia generally lies in the
realm of 50–60 mm Hg and can be further delineated in
individual patients by ancillary monitoring.
At this time, it is not possible to posit an optimal level
of CPP to target to improve outcome in terms of avoiding clinical episodes of ischemia and minimizing the
cerebral vascular contributions to ICP instability. It is becoming increasingly apparent that elevating the CPP via
pressors and volume expansion is associated with serious systemic toxicity, may be incongruent with frequently encountered intracranial conditions, and is not
clearly associated with any benefit in terms of general
outcome. Based on a purely pragmatic analysis of the
randomized, controlled hypothermia trial, Clifton et al.
noted that a CPP target threshold should be set approximately 10 mm Hg above what is determined to be a critical threshold in order to avoid dips below the critical
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level.11 In combination with the studies presented above,
this would suggest a general threshold in the realm of 60
mm Hg, with further fine-tuning in individual patients
based on monitoring of cerebral oxygenation and metabolism and assessment of the status of pressure autoregulation. Such fine-tuning would be indicated in patients
not readily responding to basic treatment or with systemic
contraindications to increased CPP manipulation. Routinely using pressors and volume expansion to maintain
CPP at 70 mm Hg is not supported based on systemic
complications.

VI. KEY ISSUES FOR FUTURE
INVESTIGATION
Minimally invasive, efficient, and accurate methods of
determining and following the relationships between CPP
and autoregulation and between CPP and ischemia in individual patients are needed. There is a need for randomized trials of the influence on outcome of basing optimal CPP on ischemia monitoring (e.g., jugular venous
saturation or PtiO2) or on the quantitative indices of pressure autoregulation.

VII. EVIDENCE TABLE
EVIDENCE TABLE I. CEREBRAL PERFUSION THRESHOLDS
Reference

Data
class

Study description

Changaris
et al.,
19879

Retrospective analysis of the
relationship between 1-year
outcomes and initial CPP in 136
patients with severe TBI.

III

Cruz,
199813

Prospective observational study of 6month outcomes in adults with
severe TBI characterized by brain
swelling where 178 were treated
according to cerebral oxygen
extraction and CPP and 175 were
treated with management of CPP
alone.
Retrospective analysis of the
relationship between 1-year
outcomes and initial CPP
in 221 patients with severe TBI.

III

Robertson
et al.,
199927

RCT comparing the influence of
CPP- versus ICP-targeted
management on 6-month outcome in
189 adults with severe TBI.

II

Rosner
and
Daughton,
199028

Prospective study of outcomes in 34
TBI patients who were managed by
actively keeping CPP above 70 mm
Hg.

III

McGraw,
198923
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Conclusion
All patients with CPP of 60
mm Hg on the second postinjury day died; more
patients had a good
outcome than died when
CPP was 80 mm Hg.
Mortality in the cohort
managed according to
jugular venous saturation
was 9% versus 30% in the
CPP group.

The likelihood of good
outcomes was significantly
higher and of death
significantly lower if CPP
was 80 mm Hg.
No difference in outcome.
ICP group had more
jugular desaturations but
these were rapidly
managed. CPP group had
more systemic
complications.
ARDS was five times greater
in the CBF-targeted group
(p  0.007).
The mortality rate was
21%, and good recovery
rate was 68%.

IX. CEREBRAL PERFUSION THRESHOLDS
New studies
Andrews
et al.,
20021

Clifton et
al., 200211

Contant et
al., 200112

Howells et
al., 200517

Juul et al.,
200019

Steiner et
al., 200231

Prospective analysis of the influence
of quantitative data on secondary
insults on 1 year outcome for 69
adults with mild, moderate and
severe TBI.
Retrospective review of 393 patients
from the multicenter randomized
hypothermia trial, comparing 60
month outcome with ICP, MAP,
CPP, and fluid balance.
Retrospective analysis of the factors
related to the occurrence of ARDS
in the 189 adults with severe TBI
from the RCT comparing CPP- with
ICP-targeted.
Prospective observation of 6-month
outcome for 131 severe TBI adults
who received either ICP (Lund) or
CPP-targeted acute care.

Retrospective review of the 427
adult patients in the Selfotel RCT of
the influence of ICP and CPP on
neurological deterioration and 6
month outcome.
Prospective observation of CPP and
outcome at 6 months for 114 adults
with moderate or severe TBI.
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X. Brain Oxygen Monitoring and Thresholds
I. RECOMMENDATIONS
A. Level I
There are insufficient data to support a Level I recommendation for this topic.

B. Level II
There are insufficient data to support a Level II recommendation for this topic.

C. Level III
Jugular venous saturation (50%) or brain tissue oxygen tension (15 mm Hg) are treatment thresholds.
Jugular venous saturation or brain tissue oxygen monitoring measure cerebral oxygenation.

II. OVERVIEW
Intracranial pressure (ICP) monitoring is routinely
used for patients with severe TBI. ICP is influenced by
several factors that affect the pressure-volume relationship. However, monitoring ICP gives only limited information regarding other factors known to be important to
the pathophysiology of TBI, such as cerebral blood flow
and metabolism. The development of additional monitoring systems to provide information regarding cerebral
blood flow and metabolism has been a long-standing aim
in neurocritical care.
Therapy following severe TBI is directed towards preventing secondary brain injury. Achieving this objective
relies on assuring the delivery of an adequate supply of
oxygen and metabolic substrate to the brain. Delivery of
oxygen to the brain is a function of the oxygen content
of the blood and the cerebral blood flow (CBF). Delivery of glucose and other metabolic substrates to the brain
also depends on CBF. Kety and Schmidt pioneered methods to measure CBF in experimental animals and humans.4 Their methods are still used today, and have
served as the scientific basis for many of the technologies used to measure CBF, including Xe-CT, positron

emission tomography (PET) studies of CBF, and others.
While these technologies have made important contributions to our current understanding of pathophysiology in
severe TBI, none are in common clinical use. In part, this
is due to expense, expertise requirements, and patient
transport necessary to perform these studies. In addition,
the intermittent nature of the measurements has also limited their clinical utility. Also, any measurement of flow
must be interpreted in the context of possible alterations
of cerebral metabolism in the injured brain.
In recent years, methods to continuously monitor measures of adequate cerebral perfusion have been developed.
Broadly, these monitoring systems seek either to measure
CBF directly (thermal diffusion probes, trans-cranial
Doppler), to measure adequate delivery of oxygen (jugular
venous saturation monitors, brain tissue oxygen monitors,
near-infrared spectroscopy), or to assess the metabolic state
of the brain (cerebral microdialysis). A full discussion of
all these technologies is beyond the scope of this topic. We
have focused our analysis only on those monitoring systems which to date have yielded sufficient clinical experience to relate the data to outcomes in patients with TBI,
namely jugular and brain tissue oxygen monitoring.

III. PROCESS
For this new topic, Medline was searched from 1966
through the April of 2006 (see Appendix B for search
strategy), and results were supplemented with literature
recommended by peers or identified from reference lists.
Of 217 potentially relevant studies, 12 were included as
evidence for this topic (Evidence Table I).

IV. SCIENTIFIC FOUNDATION
Jugular Venous Saturation Monitoring
A number of studies have assessed the role of jugular
venous saturation monitoring in patients with severe TBI.
In 1993, Robertson reported a prospective case series of
116 patients with severe TBI.6 Seventy-six episodes of
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desaturation (SjO2  50%) were confirmed in 46 patients. In patients without desaturation episodes, mortality was 18%. Patients with one or multiple desaturation
episodes had mortality rates of 46% and 71%, respectively. A further study by Robertson et al., in 1995 included 177 patients with severe TBI (Glasgow Coma
Scale Score [GCS]  8) and demonstrated that 39% of
monitored patients had at least one episode of desaturation.7 The causes of desaturation were about equally divided between systemic (hypotension, hypoxia, hypocarbia, anemia) and cerebral (elevated ICP, vasospasm)
etiologies. Good recovery or moderate disability occurred
in 44% of patients with no episodes of desaturation, 30%
of patients with one episode, and 15% of patients with
multiple episodes of desaturation. Mortality was found to
be higher in patients with one or multiple episodes (37%
and 69%), as opposed to no episodes of desaturation
(21%).
Episodes of desaturation may be more common early
after injury. In 1995, Schneider et al. reported a prospective case series of 54 patients of whom 28 suffered severe TBI.8 Episodes of desaturation were frequent in the
first 48 h after injury in non-survivors, while patients who
survived typically had episodes of desaturation 3–5 days
after injury.
High SjO2 values have also been associated with poor
outcome. In 1999, Cormio et al. reported a retrospective
series of 450 patients who underwent jugular venous saturation monitoring.2 Patients with mean SjO2  75%
were found to have significantly higher cerebral blood
flow measured intermittently by the Kety-Schmidt nitrous oxide method. High SjO2 occurs with hyperemia or
after infarction, as non-viable tissue does not extract oxygen. In addition, this group was found to have significantly worse outcome measured by Glasgow Outcome
Scale Score (GOS) at 6 months post-injury, compared
with patients whose mean SjO2 was 56–74%.
SjO2 values alone may not provide the best critical
threshold indicator of prognosis. In a consecutive study
of 229 comatose TBI patients, arterio-jugular difference
of oxygen content (AJDO2) in addition to SjO2 was obtained every 12 h, and the measurements correlated with
6-month outcome.10 SjO2 measurements below 55%
were recorded in 4.6% with the majority due to profound
hyperventilation or CPP  60. Higher mean AJDO2 (4.3
vol %) was found to be associated with a good outcome
and it was an independent predictor of outcome. The authors postulate that a low SjO2 may indicate low oxygen
delivery but AJDO2 represents oxygen extraction by the
brain. In either case, the missing variable is cerebral blood
flow, which is needed to calculate the cerebral metabolic
rate for brain oxygen consumption.

The association of low and high SjO2 with poor outcome still leaves open the question of whether treatment
directed at restoring normal jugular venous saturation improves outcome. In 1998, Cruz reported a prospective
controlled, but non-randomized and non-blinded study of
353 patients with severe TBI and diffuse brain swelling
on CT.3 The control group (n  175) underwent monitoring and management of cerebral perfusion pressure
alone, while the experimental group (n  178) underwent
monitoring and management of arteriovenous oxygen difference (AVDO2) as well as cerebral perfusion pressure.
At 6 months post-injury, the authors found improved
GOS in the experimental group. However, the lack of
randomization and the non-blinded nature of the study
raise concern regarding possible selection and treatment
bias. In 1997, Le Roux et al. reported a prospective case
series of 32 patients with severe TBI treated for worsening AVDO2 with either mannitol or craniotomy, and
found that patients with limited improvement in AVDO2
following treatment had increased incidence of delayed
cerebral infarction and worse outcome at 6 months postinjury.5

Brain Tissue Oxygen Monitoring
Several studies investigated the relationship between
outcome and brain tissue oxygen tension (PbrO2). In
1998, Valadka et al. reported a prospective case series of
34 patients with severe TBI and found that the likelihood
of death increased with increasing duration of time of
PbrO2 less that 15 mm Hg.12 Additionally, their data suggest that the occurrence of any PbrO2 less than or equal
to 6 mm Hg, regardless of its duration, is associated with
an increased chance of death. Bardt et al. also reported
in 1998 a prospective case series of 35 patients with severe TBI and found that PbrO2 values less than 10 mm
Hg for more than 30 min had considerably higher rates
of mortality (56% vs. 9%).1 Likewise, rates of favorable
outcome (GOS 4–5) were lower (22% vs. 73%) in this
group. In 2000, van den Brink et al. reported a prospective case series of 101 patients and found that initial PbrO2
values less than 10 mm Hg lasting for more than 30 min
were associated with increased mortality and worse outcomes.13 In this study both depth and duration of low
PbrO2 correlated with mortality. A 50% risk of death was
associated with PbrO2 values less than 15 mm Hg lasting
4 h or longer.
The association of low PbrO2 values with poor outcome
raises the question of whether treatment directed at improving PbrO2 improves outcome. Studies have explored
the relationship of oxygen-directed therapy on both metabolic and clinical outcome parameters. In 2004, Tolias et
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al. studied 52 patients with severe TBI treated with an
FiO2 of 1.0 beginning within 6 h of admission and compared these to a cohort of 112 matched historical controls.11 They measured ICP and used microdialysis to
study brain metabolites. They found an increase in brain
glucose, and a decrease in brain glutamate, lactate, lactate/glucose, and lactate/pyruvate ratio in the group
treated with an FiO2 of 1.0. They also noted a decrease
in ICP without change in CPP in the patient group treated
with oxygen-directed therapy. While suggesting improved metabolic patterns in patients placed on an FiO2
of 1.0 soon after injury, definitive conclusions regarding
treatment cannot be drawn from this study which used
historical controls and found a nonsignificant improvement in outcome in the treatment group. In 2005, Stieffel et al. reported a series of 53 patients with severe TBI
treated with both standard ICP and CPP treatment goals
(ICP  20 mm Hg, CPP  60 mm Hg) and the addition
of an oxygen-directed therapy protocol aimed at maintaining PbrO2 greater than 25 mm Hg.9 They compared
mortality and outcome at discharge with historical controls, finding a significant decrease in mortality (44% to
25%) in those treated with an oxygen-directed therapy
protocol. Limitations of this study, including the reliance
on historical controls which had significant mortality by
today’s standards and the lack of any medium or longterm outcome measures, limits the possibility of drawing
definitive recommendations regarding therapy in severe
TBI patients.

V. SUMMARY
Evidence supports a Level III recommendation for use
of jugular venous saturation and brain tissue oxygen monitoring, in addition to standard intracranial pressure mon-

itors, in the management of patients with severe TBI.
However, the accuracy of jugular venous saturation and
brain tissue oxygen monitoring was not evaluated in this
guideline. Current evidence suggests that episodes of desaturation (SjO2  50–55%) are associated with worse
outcomes, and high extraction (AJVO2) are associated
with good outcome. Low values of PbrO2 (10–15 mm
Hg) and the extent of their duration (greater than 30 min)
are associated with high rates of mortality.
Though many technologies including cerebral microdialysis, thermal diffusion probes, transcranial Doppler,
near-infrared spectroscopy, and others hold promise in
advancing the care of severe TBI patients, there is currently insufficient evidence to determine whether the information they provide is useful for patient management
or prognosis.

VI. KEY ISSUES FOR FUTURE
INVESTIGATION
While the establishment of critical thresholds for SjO2,
AJDO2, and PbrO2 are important milestones, future investigations need to explore what specific therapeutic
strategies can prevent these thresholds from being
crossed and whether this intervention improves outcome.
If treatment preventing desaturation events or low PbrO2
is shown to improve outcome in patients with severe TBI,
the use of these monitoring systems will mark an important advance in the care of TBI patients.
For SjO2 monitors, issues of reliability need to be addressed and may require technological improvements.
For brain tissue oxygen monitors, studies are needed to
address issues of probe placement with respect to the location of the injury (most injured vs. least injured hemisphere; pericontusional vs. relatively uninjured brain).

VII. EVIDENCE TABLE
EVIDENCE TABLE I. BRAIN OXYGEN MONITORING
Reference
Bardt et al.,
19981

Study description
Prospective, observational
study of 35 severe TBI (GCS 
8) patients who underwent
monitoring of brain tissue
oxygen. Outcome was
assessed by GOS at 6 months
post-injury.

Data
class
III
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AND

THRESHOLDS
Conclusion

Time spent with a PbrO2  10 was related to
outcome as follows:
Patients (n  12) with PbrO2  10 mm Hg for
30 min had rates of:
Favorable outcome: 73%
Unfavorable outcome: 18%
Death: 9%
(continued)
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EVIDENCE TABLE I. BRAIN OXYGEN MONITORING
Reference

Cornio et al.,
19981

Cruz, 19983

Le Roux et
al.,
19975

Robertson,
19936

Robertson et
al., 19957

Study description

Retrospective analysis of 450
TBI patients who underwent
jugular venous saturation
monitoring in which the
relationship of elevated SjO2 to
GOS at 3 or 6 months was
studied. The relationship of
SjO2 to CBF measured by
Kety-Schmidt method was also
studied.
Prospective, controlled but
non-randomized and nonblinded study of 353 TBI
patients undergoing
continuous jugular bulb
saturation and cerebral
extraction of oxygen (AVDO2)
monitoring, in which GOS at 6
months was compared between
patients who underwent
monitoring and those who did
not.
Prospective, observational
study of 32 TBI patients with
GCS  8 who underwent
jugular bulb oxygen and
AVDO2 monitoring, in which
the incidence of delayed
cerebral infarction and GOS at
6 months post-injury was
assessed.
Prospective, observational
study of SjO2 monitoring in
116 TBI patiens (100 with
closed head injury and 16 with
penetrating head injury) in
which desaturation episodes
(SjO2  50%) were monitored
and correlated to GOS at 3
months post-injury.
Prospective, observational
study of continuous SjO2
monitoring during first 5–10
days after injury in 177 TBI
patients with GCS  8 in

Data
class

III

III

AND

THRESHOLDS (CONT’D)
Conclusion

Patients (n  23) with PbrO2  10 mm Hg for
30 min had rates of:
Favorable outcome: 22%
Unfavorable outcome: 22%
Death: 56%
Low PbrO2 values and the duration of time
spent with lowPbrO2 are associated with
mortality.
Patients in group with mean SjVO2  75%
had significantly higher CBF. Patients in
group with mean SjO2  75% had
significantly worse outcomes (death or
vegetative state in 49% and severe disability
in 26%) compared with those with mean
SjO2 of 74–56%.
High SjO2 values may be associated with
poor outcomes.
Outcome at 6 months by GOS improved in
patients who underwent SjO2 and AVDO2
monitoring.
Monitoring SjO2 may improve outcome in
severe TBI. However, caution must be
utilized in interpreting the results of this
study as the non-randomized, non-blinded
nature of the study may introduce treatment
bias.

III

III

III
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A limited improvement in elevated AVDO2
after treatment (craniotomy or mannitol
administration) was significantly associated
with delayed cerebral infarction and
unfavorable outcome.
Lack of response of SjO2 to treatment
measures may be associated with poor
outcome in severe TBI.
The number of episodes of desaturation
were found to be associated with mortality
as follows:
no desaturation episodes: mortality 18%
1 desaturation episode: mortality 46%
multiple desaturation episodes: mortality 71%.
Episodes of desaturation are related to
mortality and GOS at 3 months
Causes of desaturation are about equally
divided between systemic and cerebral
causes.
39% of patients had at least one episode of
desaturation (112 episodes in 69 patients)
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which episodes of desaturation
(SjO2  50%) were correlated
with GOS at 3 months postinjury.

Schneider et
al., 19958

Prospective case series of 54
patients (28 severe TBI)

III

Stiefel et al.,
20059

Prospective study of 53 severe
TBI patients from before brain
and after (n  28).
Prospective observational
study of 229 severe TBI
patients measuring AJDO2 and
SjO2 every 12 h

III

Prospective study of 52 severe
TBI patients treated with an
FiO2 of 1.0 beginning within 6
h of admission, compared
to 112 matched historical
controls who did not receive
the treatment.
Prospective, observational
study of 34 TBI patients who
underwent monitoring of brain
tissue oxygen. Outcome was
assessed by GOS at 3 months
post-injury.

III

Prospective, observational
study of 101 severe TBI (GCS
 8) who underwent
monitoring of brain tissue
oxygen. Outcome was
assessed by GOS at 6 months
post-injury.

III

Stocchetti et
al., 200410

Tolias et al.,
200411

Valadka et
al.,
199812

Van den
Brink et al.,
200013

III

III
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Systemic causes (hypotension, hypoxia,
hypocarbia, anemia) were responsible for
51 episodes, while cerebral causes (elevated
ICP, vasospasm) were responsible for 54
episodes. The number of desaturation
episodes were related to outcome as
follows:
Good recovery/moderate disability
No episodes: 44%
One episode: 30%
Multiple episodes: 15%
Severe disability/vegetative state
No episodes: 35%
One episode: 33%
Multiple episodes: 15%
Death
No episodes: 21%
One episode: 37%
Multiple episodes: 69%
Episodes of desaturation are common and
are relataed to mortality and GOS at 3
months.
Episodes of desaturation frequent in the first
48 h after injury in non-survivors;
survivors typically had episodes of
desaturation 3–5 days after injury.
Significantly higher mortality in control
(44% vs. treatment group (25%; p  0.05).
At 6 months post-injury, favorable
outcomes group had significantly higher
mean AJDO2 (4.3 vol %; SD 0.9) than severe
disability/vegetative group (3.8 vol %; SD
1.3) or group that died (3.6 vol %; SD 1;
p  0.001). AJDO2 was a significant and
independent predictor of outcome.
No significant difference between groups
on GOS scores at 3 and 6 months.

The likelihood of death increased with
increasing duration of time below PbrO2 of
15 mm Hg or with occurrence of any value
below 6 mm Hg.
Low PbrO2 values and the duration of time
spent with low PbrO2 are associated with
mortality.
Patients with initially low values (10 mm
Hg) of PbrO2 for more than 30 min had
higher rates of mortality and worse
outcomes than those whose PbrO2 values
were low for less than 30 min. Time
spent with a low PbrO2 was related to
outcome as follows:
(continued)
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EVIDENCE TABLE I. BRAIN OXYGEN MONITORING
Reference

Data
class

Study description

AND

THRESHOLDS (CONT’D)
Conclusion

PbrO2  5 mm Hg of 30 min
duration was associated with a 50% risk of
death.
PbrO2  10 mm Hg of 1 h 45 min
duration was associated with a 50% risk of
death.
PbrO2  15 mm Hg of 4 h duration
was associated with a 50% risk of death.
Low PbrO2 values and the duration of time
spent with low PbO2 are associated with
mortality. A 50% risk of death was
associated with a PbrO2 less than 15 mm Hg
lasting longer than 4 h.
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XI. Anesthetics, Analgesics, and Sedatives

I. RECOMMENDATIONS

Barbiturates

A. Level I
There are insufficient data to support a Level I recommendation for this topic.

B. Level II
Prophylactic administration of barbiturates to induce
burst suppression EEG is not recommended.
High-dose barbiturate administration is recommended
to control elevated ICP refractory to maximum standard
medical and surgical treatment. Hemodynamic stability
is essential before and during barbiturate therapy.
Propofol is recommended for the control of ICP, but
not for improvement in mortality or 6 month outcome.
High-dose propofol can produce significant morbidity.

II. OVERVIEW
Sedatives and Analgesics
A variety of pharmacological agents have been advocated to treat pain and agitation in the traumatic brain injury (TBI) patient. It is felt beneficial to minimize painful
or noxious stimuli as well as agitation as they may potentially contribute to elevations in ICP, raises in blood pressure, body temperature elevations and resistance to controlled ventilation. Until recently the primary concern over
the utilization of these agents has been related to their tendency to obscure the neurologic exam, with a secondary
concern over potential adverse hemodymanic effects.
In the previous edition of these guidelines,2 little information was provided regarding analgesic and sedation utilization in severe TBI. It was noted that there have been
relatively few outcome studies and therefore “decisions
about . . . use . . . and the choice of agents are left to the
practitioner to make based on individual circumstances.”

Since the 1930s, high-dose barbiturates have been
known to lower ICP.10 However their well known risks
and complications, as well as the ongoing controversy over
their ultimate benefits, have limited their use to the most
extreme of clinical situations. Both cerebral protective and
ICP-lowering effects have been attributed to barbiturates:
alterations in vascular tone and resistance, suppression of
metabolism, inhibition of free radical-mediated lipid peroxidation and inhibition of excitotoxicity.5,9,12 The most
important effect may relate to coupling of cerebral blood
flow (CBF) to regional metabolic demands such that the
lower the metabolic requirements, the less the CBF and
related cerebral blood volume with subsequent beneficial
effects on ICP and global cerebral perfusion.
A number of barbiturates have been studied, with the
most information available on pentobarbital. All suppress
metabolism, however little is known about comparative
efficacy to recommend one agent over another except in
relationship to their particular pharmacologic properties.
Considerably more is known, however, about the potential complications of a therapy that is essentially the institution of a general anesthetic in a non-operating room
environment.
The use of barbiturates is based on two postulates: (1)
they can affect long-term ICP control when other medical and surgical therapies have failed, and (2) absolute
ICP control improves ultimate neurologic outcome.

III. PROCESS
This chapter combines information from the previous
guideline about barbiturates with new information about
sedatives and analgesics. Medline was searched from
1966 through April of 2006 (see Appendix B for search
strategy). Results were supplemented with literature recommended by peers or identified from reference lists. Of
92 potentially relevant studies, one new study was included as evidence and added to the existing table (Evidence Table I).

S-71

XI. ANESTHETICS, ANALGESICS, AND SEDATIVES

IV. SCIENTIFIC FOUNDATION
Sedatives and Analgesics
Only one study fulfilling the predetermined inclusion
criteria for this topic provides an evidence base for recommendations about sedatives and analgesics. In 1999,
Kelly et al.13 conducted a double-blind, randomized controlled trial (RCT) comparing multiple endpoints for patients who received either propofol or morphine sulfate.
Propofol has become a widely used neuro-sedative as
this sedative-hypnotic anesthetic agent has a rapid onset
and short duration of action. In addition, propofol has been
shown to depress cerebral metabolism and oxygen consumption and thus has a putative neuroprotective effect.
Several studies found no statistically or clinically acute significant changes in MAP or ICP with propofol infusions,
but they suggest that ICP might decrease slightly (mean,
2.1 mm Hg) after several hours of dosing.8,18
The primary end-point of the trial by Kelly et al.12 was
determining drug safety, but they also evaluated clinically relevant end-points, including ICP control, CPP,
therapeutic intensity level (TIL) for ICP/CPP control, 6month neurological outcome and treatment-related adverse events. Sixty-five patients with a GCS of 3–12 were
randomized to receive either morphine sulfate (average
infusion rate of 1.3  0.7 mg/hour) or propofol (average
infusion rate of 55  42 mcg/kg/min). Twenty-three patients were excluded for various reasons from the efficacy analysis, leaving 23 in the propofol and 19 in the
morphine group. Daily mean ICP and CPP were similar
between the two groups; however, on day 3 ICP was
lower in the propofol group (p  0.05), and the TIL overall was higher in the morphine group.
There were no significant differences between groups in
mortality or GOS. A favorable neurological outcome based
on the GOS occurred in 52.5% of propofol treated patients
compared to 47.4% of those receiving morphine, with mortality rates of 17.4% and 21.1%, respectively. In a post hoc,
analysis, authors compared outcomes for patients receiving
“high-dose” (total dose of 100 mg/kg for 48 h) versus
“low-dose” propofol. While there were no significant differences in ICP/CPP between these groups, there was a significant difference in neurological outcome: high-dose favorable outcome 70% versus low-dose 38.5% (p  0.05).
Significant concerns have subsequently arisen regarding the safety of high dose propofol infusions. Propofol
Infusion Syndrome was first identified in children, but
can occur in adults as well. Common clinical features include hyperkalemia, hepatomegaly, lipemia, metabolic
acidosis, myocardial failure, rhabdomyolysis, and renal
failure resulting in death. Thus extreme caution must be
taken when using doses greater than 5 mg/kg/h or when
usage of any dose exceeds 48 h in critically ill adults.11

The following section contains information about sedatives and analgesics from small studies that do not provide an evidence base for recommendations.
The most widely used narcotic in the acute setting has
been morphine sulfate. Limited studies suggest a high
level of analgesic efficacy and safety in this setting, however it provides minimal if any sedation and tachyphylaxis is extremely common, thus leading to continuous
need for dose escalation and a prolonged period of “withdrawal” when therapy is discontinued. At least one study
demonstrated a significant rebound increase in CBF and
ICP with pharmacologic reversal of morphine.
The rapidly metabolized synthetic narcotics, fentanyl
and sufentanyl, have become increasingly popular because of their brief duration of action. However, multiple studies have shown a mild but definite elevation in
ICP with their utilization.1,20 deNadal et al. showed a significant fall in mean arterial pressure (MAP) and rise in
ICP (p  0.05) lasting for up to 1 h after a single bolus
dose of fentanyl (2 mcg/kg) in 30 severe TBI patients.
Patients with preserved autoregulation experienced the
largest elevations in ICP.6
One study suggested that the slow, titrated administration of fentanyl and sufentanyl may minimize ICP elevations.14 Thus utilization of the synthetic narcotics
should be undertaken with caution in potentially hemodynamically unstable patients and those with poor intracranial compliance. No studies were found examining
the effects of continuous use of these agents on ICP or
hemodynamics. Tachyphylaxis and withdrawal symptoms may occur after prolonged use of these agents.
Traditionally, benzodiazepines have been avoided in
the TBI population because of their neuro-depressant effects and their long duration of action. However, Midazolam has gained wide popularity in neurosurgical intensive care units, especially to control agitation
associated with mechanical ventilation. Papazian et al.
studied 12 patients with GCS  6 with a 0.15 mg/kg midazolam bolus. All had a baseline ICP of 18 mm Hg.
Up to a 50% decrease in MAP (p  0.0001) was observed
with 33% of patients with a significant and sustained elevation in ICP, and a similar percentage with a sustained
drop in cerebral perfusion pressure (CPP) below 50 mm
Hg (p  0.0001).17 Nevertheless, caution must be exercised when using this agent as well. A test bolus of 2 mg
can be used to ascertain efficacy and systemic response
before initiating a continuous infusion. If necessary, midazolam can be reversed with flumazenil.

Barbiturates
There have been three randomized controlled trials of
barbiturate therapy in severe TBI.
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Prophylactic use of barbiturates. Two RCTs examined
early, prophylactic administration and neither demonstrated significant clinical benefit. In 1984, Schwartz et
al. compared barbiturates to mannitol as the initial therapy for ICP elevations and found no improvement in outcome, noting that when diffuse injury was present, barbiturate-treated patients fared much worse.21 Patients
with ICPs of 25 mm Hg for more than 15 min were
randomly assigned to a pentobarbital or mannitol treatment group. In patients who underwent evacuation of
mass lesions, mortalities were 40% and 43%, respectively. However, in patients with diffuse injury, there was
77% mortality in those on pentobarbital compared to 41%
receiving mannitol. Additionally, these authors noted significant decrements in CPP in the pentobarbital group.
In 1985, Ward et al. reported results of an RCT of pentobarbital in 53 consecutive TBI patients who had an
acute intradural hematoma or whose best motor response
was abnormal flexion or extension.22 There was no significant difference in 1-year GOS outcomes between
treated patients and controls, while six in each group died
from uncontrollable ICP. The undesirable side effect of
hypotension (SBP  80 mm Hg) occurred in 54% of the
barbiturate-treated patients compared to 7% in the control group (p  0.001).
Refractory intracranial hypertension. In 1988, Eisenberg et al. reported the results of a five-center RCT of highdose barbiturate therapy for intractable ICP elevation in
patients with a GCS of 4–8.7 ICP control was the primary
outcome measure, although mortality was also assessed.
The patients were randomly allocated to barbiturate treatment when standard conventional therapy failed.
Patients in the control group were electively crossedover to barbiturate therapy at specific “ICP treatment failure” levels. There were 36 controls and 32 study patients,
although 32 of the controls ultimately crossed-over and
received barbiturates. The odds of ICP control were two
times greater with barbiturate treatment and four times
greater when adjusted for “cardiovascular complications.” The likelihood of survival for barbiturate responders was 92% at 1 month compared to 17% for non-responders. Of all deaths, 80% were due to refractory ICP.
At 6 months, 36% of responders and 90% of non-responders were vegetative or had died. Due to the study
design, the effects of barbiturate treatment on any outcome other than mortality cannot be conclusively determined. Additionally, when one compares the noncrossover control patients (n  10) with the patients
initially randomized to barbiturates, the effect on mortality was lost: 100% versus 97.7% survival.
Prerandomization cardiac “complications” were evaluated and appeared to have an important interaction with

barbiturate therapy and outcome. In those patients with
prerandomization hypotension, control of ICP with either
barbiturate or conventional treatment had a similar
chance of success (24% vs. 29%).
It must be borne in mind that all of the RCTs of barbiturate therapy were undertaken when prolonged prophylactic hyperventilation, fluid restriction and steroids
were considered the best available medical therapies for
severe TBI.
Systematic review of barbiturate RCTs. In 1999 and 2004,
the Cochrane Injuries Group undertook a systematic review
of the three barbiturate RCTs.19 In all three trials, death was
an outcome measure and the pooled relative risk for death
was 1.09 (95% CI 0.81–1.47). In the two studies utilizing
the GOS, the pooled relative risk for adverse neurologic outcome was 1.15 (95% CI 0.81–1.64). In the two studies examining the effect on ICP, the relative risk for refractory
ICP with barbiturate therapy was 0.81 (95% CI 0.62–1.06).
In the two studies examining the occurrence of hypotension,
there was a substantial increase of occurrence of hypotension in barbiturate treated patients (RR  1.80, 95% CI
1.19–2.70).
The Cochrane group thus concluded: “There is no evidence that barbiturate therapy in patients with acute severe head injury improves outcome. Barbiturate therapy
results in a fall in blood pressure in one of four treated
patients. The hypotensive effect of barbiturate therapy
will offset any ICP lowering effect on cerebral perfusion
pressure”

Therapeutic Regimens
Sedatives and analgesics. Table 1 provides general
dosing guidelines if the option to utilize these agents is
exercised.

TABLE 1. DOSING REGIMENS
ANALGESICS AND SEDATIVES

FOR

Morphine sulfate

Midazolam

Fentanyl
Sufentanyl
Propofol
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4 mg/hr continuous infusion
Titrate as needed
Reverse with narcan
2 mg test dose
2–4 mg/h continuous infusion
Reverse with flumazenil
2 mcg/kg test dose
2–5 mcg/kg/h continuous infusion
10–30 mcg test bolus
0.05–2 mcg/kg continuous infusion
0.5 mg/kg test bolus
20–75 mcg/kg/min continuous infusion
(not to exceed 5 mg/kg/hr)
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Barbiturates. A number of therapeutic regimens using
pentobarbital have been applied, all requiring a loading
dose followed by a maintenance infusion. The Eisenberg
RCT7 used the following protocol:
Loading dose 10 mg/kg over 30 min; 5 mg/kg every
hour  3 doses
Maintenance 1 mg/kg/h
Even though a goal of therapy is to establish serum
pentobarbital levels in the range of 3–4 mg%, available
pharmacologic literature suggests a poor correlation
among serum level, therapeutic benefit and systemic
complications. A more reliable form of monitoring is the
electroencephalographic pattern of burst suppression.
Near maximal reductions in cerebral metabolism and
CBF occur when burst suppression is induced.

V. SUMMARY
Analgesics and sedatives are a common management
strategy for ICP control, although there is no evidence to
support their efficacy in this regard and they have not
been shown to positively affect outcome. When utilized,
attention must be paid to potential undesirable side effects that might contribute to secondary injury.
High dose barbiturate therapy can result in control of
ICP when all other medical and surgical treatments have
failed. However it has shown no clear benefit in improving outcome. The potential complications of this
form of therapy mandate that its use be limited to critical care providers; that patients be hemodynamically
stable before its introduction; and that appropriate, continuous systemic monitoring be available to avoid or
treat any hemodynamic instability. Utilization of barbi-

turates for the prophylactic treatment of ICP is not indicated.

VI. KEY ISSUES FOR FUTURE
INVESTIGATION
More studies are needed to identify certain subsets of
patients who might respond favorably to analgesic-sedative and/or barbiturate treatment, and to identify alternative agents, drug combinations, and dosing regimens.14
Continuous dosing regimens must be further refined to
determine affect on outcome.
More research should be added to current studies of
the novel sedative-anesthetic dexmedetomidine and its
effects in patients with severe TBI.3 They should attempt to identify subsets of patients who might respond
favorably or unfavorably to barbiturate treatment. For
example, Cruz et al. suggested that certain patients may
develop oligemic hypoxia if given barbiturates.4 Lobato et al., based on their experience with 55 patients,
suggested that barbiturates increase the odds of survival
in the setting of post-traumatic unilateral hemispheric
swelling.15 And Nordstrom et al. demonstrated a correlation in 19 patients between cerebral vasoreactivity
and the beneficial effects of barbiturate therapy on outcome.16
The effects of barbiturate-mediated ICP control on the
quality of survival after severe TBI remain, for the most
part, unknown. Further studies are required to adequately
address outcomes utilizing the GOS, Disability Rating
Scale, Functional Independence Measures, and neuropsychological testing.
Finally, additional studies examining the comparative
clinical efficacy of different barbiturates or combinations
of barbiturates are warranted.

VII. EVIDENCE TABLES
EVIDENCE TABLE I. ANESTHETICS, ANALGESICS,
Reference
Eisenberg et
al., 19887

Data
class

Study description
RCT of pentobarbital for medically
refractory ICP in 37 patients with
36 controls. Crossover design
allowed 32 of the 36 controls to
receive pentobarbital.

II
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AND

SEDATIVES
Conclusion
The likelihood of survival for
those patients whose ICP
responded to barbiturate therapy
was 92% compared to 17% for
non-responders. In those patients
with pre-randomized hypotension,
barbiturates provided no benefit.
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Schwartz et
al., 198421

RCT of prophylactic pentobarbital
(n  28) versus mannitol (n  31)
therapy for ICP elevations
25 mm Hg. Patients stratified
based on presence/absence of
intracranial hematoma.

III

Ward et al.,
198522

RCT of pentobarbital vs. standard
treatment in 53 patients with risk
factors for elevated ICP.

II

RCT of propofol versus morphine
sulfate to determine drug safety in
severe TBI patients. Secondary
endpoints included ICP control,
CPP, TIL, and 6-month GOS.

II

Pentobarbital provided no benefits
in mortality or ICP control for
patients with intracranial mass
lesions. In patients with diffuse
injury, there was no benefit to ICP
control, and significantly higher
group (p  0.03).
No significant difference in
mortality at 1 year BOS found
between treatment groups.
Hypotension (SBP  80 mm Hg)
occurred in 54% of pentobarbitaltreated patients compared to 7% of
controls (p  0.001).

New study
Kelly et al.,
199913

8. Farling PA, Johnston JR, Coppel DL. Propofol infusion for
sedation of patients with head injury in intensive care.
Anesthesiology 1989;44:222–226.
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XII. Nutrition

I. RECOMMENDATIONS

IV. SCIENTIFIC FOUNDATION
Metabolism and Energy Expenditure
and Caloric Intake

A. Level I
There are insufficient data to support a Level I recommendation for this topic.

B. Level II
Patients should be fed to attain full caloric replacement
by day 7 post-injury.

II. OVERVIEW
There are still few studies specifically addressing the
impact of nutrition on traumatic brain injury (TBI) outcome. The effects of TBI on metabolism and nitrogen
wasting have been studied most thoroughly. Prior to the
1980s, there were occasional case reports of hypermetabolism in TBI. The general attitude toward nutritional
replacement was based on the assumption that, due to
coma, metabolic requirements were reduced. However,
over the last 25 years, numerous studies have documented
hypermetabolism and nitrogen wasting in TBI patients.
Data measuring metabolic expenditure in rested comatose
patients with isolated TBI yielded a mean increase of approximately 140% of the expected metabolic expenditure
with variations from 120% to 250% of that expected.
These findings were consistent whether corticosteroids
were used or not.5,20 Since the 2000 guidelines, two Class
II studies have been conducted.19,24

III. PROCESS
For this update, Medline was searched from 1996
through April of 2006 (see Appendix B for search strategy), and results were supplemented with literature recommended by peers or identified from reference lists. Of
33 potentially relevant studies, 4 were added to the existing tables and used as evidence for this question (Evidence Table I).

Researchers found that, in TBI patients, paralysis with
pancuronium bromide or barbiturate coma decreased
metabolic expenditure from a mean of 160% of that expected to 100–120%. This finding suggests that a major
part of the increased metabolic expenditure is related to
muscle tone. Even with paralysis, energy expenditure remained elevated by 20–30% in some patients.4 In the first
2 weeks after injury, energy expenditure seems to rise regardless of neurological course.
Nitrogen balance is an important measure of the adequacy of caloric intake and metabolism. The acceptable
amount of nitrogen loss has not been quantified and has
not been subjected to Class I studies relating it to global
outcome. Randomized controlled trials (RCTs) measuring nitrogen balance or the degree of nitrogen loss as a
surrogate of outcome have been performed,3,6,10 but because they do not measure patient outcomes, they are not
included as evidence for this topic. However, data from
these studies suggest that at a high range of nitrogen intake (17 g/day), less than 50% of administered nitrogen is retained after TBI. Therefore, the level of nitrogen
intake that generally results in 10 g nitrogen loss per
day is 15–17 g N/day or 0.3–0.5 g N/kg/day. This value
is about 20% of the caloric composition of a 50kcal/kg/day feeding protocol. Twenty percent is the maximal protein content of most enteral feedings designed
for the hypermetabolic patient. Twenty percent is the
maximal amino acid content of most parenteral formulations for trauma patients which generally contain 15%
protein calories.
Two studies evaluated the relationship of caloric intake to patient outcomes.17,22 One Class II study found
that the consequence of severe undernutrition for a 2week period after injury was a significantly greater mortality rate as compared to full replacement of measured
calories by 7 days.17 A subsequent Class III study found
no difference in morbidity at 6 months with full replacement at 3 versus 9 days.22
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Timing of Feeding after Injury
To achieve full caloric replacement by 7 days, nutritional replacement is usually begun no later than 72 h after injury. One Class II study demonstrated fewer infective and overall complications by starting feeding (jejunal
and/or gastric) at a rate that met the estimated energy and
nitrogen requirements starting on day 1 after injury.19 The
study also showed that these patients had a higher percentage of energy and nitrogen requirements met by the
end of the first week. There was a trend towards improvement at 3 months but no difference in outcome at
6 months as measured by the Glasgow Outcome Scale
(GOS) score. There is evidence to suggest that 2–3 days
are required to gradually increase feedings to full replacement whether feeding is by jejunal or gastric
route.8,22 Intravenous hyperalimentation is also started at
levels below resting metabolism expenditure and advanced over 3 days. Whichever method is used, feedings
are usually begun within 72 h of injury in order to achieve
full nutritional support.

Formulations for Feeding
There have been no published studies comparing different specific formulations for parenteral or enteral nutrition in the setting of human TBI. Except for the protein content, the appropriate combination of the core
components of nutritional support (carbohydrates, lipids,
and proteins) are based on the critical care literature. As
discussed above, the recommended amount of protein in
enteral and parenteral formulations should make up about
15% of the total calories. The use of branch chain amino
acids has not been studied in TBI. There is evidence in
critical care literature that branch chain amino acids improve outcome in septic patients.7 Glutamine supplementation may also be beneficial by decreasing the infection rate, but it has yet to be adequately studied in TBI
patients. Immune enhancing and immune modulating diets containing glutamine, arginine, omega-3 fatty acids,
and nucleotides have been studied in the critical care and
surgical settings but not in TBI patients specifically.11,15,16

Method of Feeding
There are three options for the method of early feeding: gastric, jejunal, and parenteral. Some reports indicate that jejunal and parenteral replacement produce better nitrogen retention than gastric feeding.8,9,21,22 Gastric
alimentation has been used by some investigators.22 Others have found altered gastric emptying or lower
esophageal sphincter dysfunction to complicate gastric
feeding.16 One study reported better tolerance of enteral
feeding with jejunal rather than gastric administration.12

In studies of both gastric and jejunal administration, it
has been possible to achieve full caloric feeding in most
patients by 7 days after injury.8,12,22
Percutaneous endoscopic gastrostomy is well tolerated
in TBI patients, but there is the concern that early intragastric feeding may pose the risk of formation of residual, delayed gastric emptying, and aspiration pneumonia.
However, one Class III found 111/114 (97%) patients tolerated intragastric feeding (started at an initial rate of 25
mL/h and increased by 25 mL/h every 12 h until target
was reached) without complication.13 Another Class III
study demonstrated better feeding tolerance with continuous compared to bolus feeding and were able to meet
75% of nutritional goals faster.18 In this study, the authors also identified other significant independent predictors of feeding intolerance (use of sucralfate, propofol, pentabarbitol and days of mechanical ventilation,
older age, admission diagnosis of either intracerebral hemorrhage or ischemic stroke). Use of prokinetic agents
failed to improve tolerance to gastric feeding. There was
no difference in clinical outcome (GOS, ICU, and hospital length of stay) with continuous versus bolus feeding.
Jejunal feeding by gastrojejunostomy avoids gastric intolerance found in gastric feeding and the use of intravenous catheters required in total parenteral nutrition. Jejunal alimentation by endoscopic or fluroscopic, not
blind, placement has practical advantages over gastric
feeding. A higher percentage of patients tolerate jejunal
better than gastric feeding early after injury (first 72 h)
with less risk of aspiration.8,16 Increasingly, parenteral
nutrition is started early after injury until either gastric
feedings are tolerated or a jejunal feeding tube can be
placed.1,17
The risk of infection has not been shown to be increased with parenteral nutrition as compared to enteral
nutrition in TBI patients.1,21 The primary advantage of
parenteral nutrition is that it is well tolerated. While in
laboratory animals, parenteral nutrition may aggravate
brain swelling, the available evidence does not indicate
this is a clinical problem.21 No clearly superior method
of feeding has been demonstrated either in terms of nitrogen retention, complications, or outcome.

Glycemic Control
Hyperglycemia has been shown to aggravate hypoxic
ischemic brain injury in an extensive body of experimental literature with animals. One such study of cortical contusion injury in rats found hyperglycemia to exacerbate cortical contusion injury with superimposed
ischemia.2 In two Class III human studies, hyperglycemia
has been associated with worsened outcome.14,23
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Vitamins, Minerals, and Supplements
Zinc is the only supplement studied in detail in a TBI
population. One small pilot Class II study reported a better 24-h peak GCS motor score at two time points after
injury (days 15 and 21) with zinc supplementation.24
There was also a significant improvement in two visceral
protein levels (serum prealbumin, retinol binding protein)
and a trend towards lower mortality.

by the end of the first week. It has not been established
that any method of feeding is better than another or that
early feeding prior to 7 days improves outcome. Based
on the level of nitrogen wasting documented in TBI patients and the nitrogen sparing effect of feeding, it is a
Level II recommendation that full nutritional replacement
be instituted by day 7 post-injury.

VI. KEY ISSUES FOR FUTURE
INVESTIGATION
V. SUMMARY
Data show that starved TBI patients lose sufficient nitrogen to reduce weight by 15% per week; 100–140% replacement of Resting Metabolism Expenditure with
15–20% nitrogen calories reduces nitrogen loss. Data in
non-TBI injured patients show that a 30% weight loss increased mortality rate. The data support feeding at least

Studies are needed to determine if specific nutritional
formulations and the addition of vitamins and other supplements can improve outcome of TBI patients. There is
still some debate with regards to the timing of feeding,
rate of the achievement of target caloric intake and
method of delivery that could be answered by well designed clinical trials.

VII. EVIDENCE TABLE
EVIDENCE TABLE I. NUTRITION
Reference

Data
class

Study description

Borzotta et
al., 19941

Energy expenditure (MREE) and
nitrogen excretion (UNN) measured
in patients with severe TBI
randomized to early parenteral (TPN,
n  21) or jejunal (ENT, n  17) feeding
with identical formulations.

III

Clifton et
al., 19864

A nomogram was presented for
estimation of RME at bedside of
comatose, TBI patients based on 312
days of measurement of energy
expenditure in 57 patients.

III

Grahm et
al., 19898

Thirty-two TBI patients were
randomized to nasojejunal or gastric
feeding. Nitrogen balance in the
nasojejunal group was 4.3 vs. 11.8
g/day in the gastric feeding group.

III
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Conclusion
Either TPN or ENT support is
equally effective when
prescribed according to
individual measurements of
MREE and nitrogen excretion.
MREE rose to 2400  531
kcal/day in both groups and
remained at 135–146% of
predicted energy expenditure
over 4 weeks. Nitrogen
excretion peaked the second
week at 33.4 (TPN) and 31.2
(ENT) g N/day. Equal
effectiveness in meeting
nutritional goals. Infection rates
and hospital costs similar.
No predictors for N excretion
were found. The authors
recommend use of a nomogram
to estimate RME and
measurement of nitrogen
excretion to guide feeding.
Nasojejunal feeding permitted
increased caloric intake and
improved nitrogen balance.
(continued)
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EVIDENCE TABLE I. NUTRITION (CONT’D)
Reference

Data
class

Study description

Hadley et
al., 19869

Forty-five acute TBI patients were
randomized into two groups comparing
the efficacy of TPN and enteral
nutrition.

III

Kirby et
al., 199112

Twenty-seven patients with severe
TBI underwent feeding with
percutaneous endoscopic
gastrojejunostomy.

III

Lam et al.,
199114

The clinical course of 169 patients
with moderate or severe TBI was
retrospectively reviewed and outcome
correlated with serum glucose.

III

Rapp et
al., 198317

Thirty-eight TBI patients were
randomly assigned to receive total
parenteral nutrition (TPN) or standard
enteral nutrition (SEN). Mean intake
for the TPN group was 1750 calories
and 10.2 g/day of N for the first 18
days. The TPN group got full
nutritional replacement within 7 days
of injury. The SEN group achieved
1600 calories replacement by 14 days
after injury. For the SEN group mean
intake in the same period was 685
calories and 4.0 g/day of N.
Serum glucose levels were followed
in 59 consecutive TBI patients for up
to 18 days after injury and correlated
with outcome.
Fifty-one TBI patients with admission
GCS 4–10 were randomized to receive
TPN or enteral nutrition. The TPN
group received higher cumulative
intake of protein than the enteral
nutrition group (8.75 vs. 5.7 g/day
of N).

II

Young et
al., 198923

Young et
al., 198722
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III

III

Conclusion
TPN patients had significantly
higher mean daily N intakes
(p  0.01) and mean daily N
losses (p  0.001) than nasogastrically fed patients;
however, nitrogen balance was
not improved.
Patients with TBI who are fed
larger nitrogen loads have
exaggerated nitrogen losses.
Average nitrogen balance was
5.7 g/day.
The reduction in N loss by this
technique appeared equal or
superior to gastric or TPN.
Among the more severely
injured patients (GCS  8), a
serum glucose level greater than
200 mg/chl postoperatively was
associated with a significantly
worse outcome.
There were 8 deaths in the
enteral nutrition group and none
in the parenteral nutrition group
in the first 18 days (p  0.001).
Early feeding reduced mortality
from TBI.

The patients with the highest
peak admission 24-h glucose
levels had the worst 18-day
neurological outcome.
Nitrogen balance was higher in
the TPN group in the first week
after injury. Caloric balance
was higher in the TPN group
(75% vs. 59%). Infections,
lymphocyte counts, albumin
levels were the same in both
groups as was outcome. At 3
months the TPN group had a
significantly more favorable
outcome, but at 6 months and 1
year the differences were not
significant.
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Young et
al., 198721

Ninety-six patients with severe TBI
were randomly assigned to TPN or
enteral nutrition. The incidence of
increased ICP was measured in both
groups for a period of 18 days.

III

There was no difference in rate
of increased ICP between
groups.

Prospective observational study of
118 moderate to severe TBI patients
provided percutaneous endoscopic
gastrostomy (PEG) and intragastric
feeding.
Retrospective cohort study of 152
severe TBI subjects comparing bolus
versus continuous gastric feeding.

III

Intragastric feeding was
tolerated in 111 of 114 patients.
Five patients aspirated.

III

Feeding intolerance was greater
in bolus groups. Continuous
group reached 75% goals
earlier, trend towards less
infection in continuous feeding.
No difference in outcome
(hosp/ICU stay, GOS, death)
There was a trend toward better
GOS at 3 months in the
accelerated feeding cohort, but
no difference at 6 months.
Accelerated feeding met goals
faster in first week and there
were less infections.
Nonsignificant trend toward
higher mortality in control (n 
26) 26 versus treatment (n  12;
p  0.09). Albumin, prealb, RBP
were significantly higher in
treatment group., GCS did not
differ significantly.

New studies
Klodell et
al., 198721

Rhoney et
al., 198721

Taylor et
al., 198721

RCT of TBI patients receiving
mechanical ventilation comparing
accelerated enteral feeding versus
standard feeding.

II

Young et
al., 199624

RCT of severe TBI comparing
supplemental Zinc cover and above
normal formulations

II

MREE, metabolic resting energy expenditure; N, nitrogen; RME, resting metabolic expenditure; g, grams; TPN, total parenteral
nutrition.
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XIII. Antiseizure Prophylaxis

I. RECOMMENDATIONS
A. Level I
There are insufficient data to support a Level I recommendation for this topic.

B. Level II
Prophylactic use of phenytoin or valproate is not recommended for preventing late posttraumatic seizures
(PTS).
Anticonvulsants are indicated to decrease the incidence
of early PTS (within 7 days of injury). However, early
PTS is not associated with worse outcomes.

II. OVERVIEW
PTSs are classified as early, occurring within 7 days
of injury, or late, occurring after 7 days following injury.8,11 It is desirable to prevent both early and late PTS.
However, it is also desirable to avoid neurobehavioral
and other side effects of medications, particularly if they
are ineffective in preventing seizures.
Prophylaxis for PTS refers to the practice of administering anticonvulsants to patients following traumatic
brain injury (TBI) to prevent the occurrence of seizures.
The rationale for routine seizure prophylaxis is that there
is a relatively high incidence of PTS in TBI patients, and
there are potential benefits to preventing seizures following TBI.8,11
The incidence of seizures following penetrating injuries is about 50% in patients followed for 15 years.8 In
civilian TBI studies that followed high-risk patients up
to 36 months, the incidence of early PTS varied between
4% and 25%, and the incidence of late PTS varied between 9% and 42% in untreated patients.8,2,5 In the acute
period, seizures may precipitate adverse events in the injured brain because of elevations in intracranial pressure
(ICP), blood pressure changes, changes in oxygen delivery, and also excess neurotransmitter release. The occur-

rence of seizures may also be associated with accidental
injury, psychological effects, and loss of driving privileges. There has been a belief that prevention of early
seizures may prevent the development of chronic
epilepsy.8,11 Experimental studies have supported the
idea that initial seizures may initiate kindling, which then
may generate a permanent seizure focus.
Early retrospective studies indicated that phenytoin
was effective for the prevention of PTS.10,12 A practice
survey among U.S. neurosurgeons in 1973 indicated that
60% used seizure prophylaxis for TBI patients.6 On the
other hand, anticonvulsants have been associated with adverse side effects including rashes, Stevens-Johnson syndrome, hematologic abnormalities, ataxia, and neurobehavioral side effects.8,11,2 Certain risk factors have been
identified that place TBI patients at increased risk for developing PTS.9,11 These risk factors include the following:
Glasgow Coma Scale (GCS) Score  10
Cortical contusion
Depressed skull fracture
Subdural hematoma
Epidural hematoma
Intracerebral hematoma
Penetrating head wound
Seizure within 24 h of injury
It is therefore important to evaluate the efficacy and
overall benefit, as well as potential harms, of anticonvulsants used for the prevention of PTS.

III. PROCESS
For this update, Medline was searched from 1996
through April of 2006 (see Appendix B for search strategy), and results were supplemented with literature recommended by peers or identified from reference lists. Of
10 potentially relevant studies, one was added to the existing table and used as evidence for this question (Evidence Table I).
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IV. SCIENTIFIC FOUNDATION
Temkin et al. reported the results of a large randomized, double-blind, placebo-controlled trial of 404
patients evaluating the effect of phenytoin on early and
late PTS.9 This trial was unique in that serum levels
were independently monitored and dosages were adjusted so that therapeutic levels were maintained in at
least 70% of the patients. Moreover, three quarters of
the patients who had levels monitored on the day of
their first late seizure had therapeutic levels. There was
a significant reduction in the incidence of early PTS in
the treated group from 14.2% to 3.6% (p  0.001).
There was no significant reduction in the incidence of
late PTS in the treated group. The survival curves for
the placebo and active treatment groups showed no significant difference.
A secondary analysis was performed on the data from
this trial to determine if treatment for early PTS was associated with significant drug related adverse side effects.3 The occurrence of adverse drug effects during the
first 2 weeks of treatment was low and not significantly
different between the treated and placebo groups. Hypersensitivity reactions occurred in 0.6% of the phenytoin group versus 0% of the placebo group (p  1.0) during week 1, and 2.5% of the phenytoin group versus 0%
of the placebo group (p  0.12) for the first 2 weeks of
treatment. Mortality was also similar in both groups. The
results of the study indicate that the incidence of early
posttraumatic seizures can be effectively reduced by prophylactic administration of phenytoin for 1 or 2 weeks
without a significant increase in serious drug related side
effects.
In another secondary analysis of the same trial, Dikmen et al. found significantly impaired performance on
neuropsychologic tests at 1 month after injury in severe TBI patients maintained on phenytoin. However,
the difference was not apparent at 1 year following
injury.1
An additional randomized, double-blind study evaluated the effect of valproate to reduce the incidence of
early and late posttraumatic seizures.7 The trial compared
phenytoin to valproate for the prevention of early PTS,
and valproate to placebo for the prevention of late PTS.
The incidence of early PTS was similar in patients treated
with either valproate or phenytoin. The incidence of late
PTS was similar in patients treated with phenytoin for 1
week and then placebo, or patients treated with valproate
for either 1 month then placebo, or with valproate for 6
months. There was a trend toward higher mortality in patients treated with valproate.
Young et al. conducted a randomized, double-blind

study of 244 TBI patients and reported that phenytoin
was not effective in preventing early or late PTS.13 The
incidence of early PTS was low in the placebo and treatment groups, however, which may have influenced the
lack of protective effect of treatment on early PTS. No
patient with a phenytoin plasma concentration of 12
mcg/ml or higher had a seizure however, and therefore,
the possibility remained that higher levels may have been
more effective in preventing late PTS. Methodological
flaws in this study render the evidence Class III and limit
inferences.
Manaka conducted a randomized, double-blind study
of 126 patients receiving placebo or phenobarbital for the
prevention of late PTS.4 There was no significant reduction in late PTS in the active treatment group. This study
provided Class III evidence.
The studies that form the evidence base for this topic
indicate that anticonvulsants administered prophylactically reduce the incidence of early PTS but do not significantly reduce the incidence of late PTS. All of these
studies classified seizures based on clinically recognized
episodes. Currently there is no evidence on outcome in
patients with non-convulsive seizures with or without
prophylaxis. In addition, the available evidence does not
indicate that prevention of PTS improves outcome.

V. SUMMARY
The majority of studies do not support the use of the
prophylactic anticonvulsants evaluated thus far for the
prevention of late PTS. Routine seizure prophylaxis
later than 1 week following TBI is, therefore, not recommended. If late PTS occurs, patients should be managed in accordance with standard approaches to patients with new onset seizures. Phenytoin has been
shown to reduce the incidence of early PTS. Valproate
may also have a comparable effect to phenytoin on reducing early PTS but may also be associated with a
higher mortality.

VI. KEY ISSUES FOR FUTURE
INVESTIGATION
Additional studies are needed to determine if reduction in early PTS has an effect on outcome. Such studies should utilize continuous EEG monitoring to identify
seizures. Future trials should investigate incidence of PTS
in patients treated with neuroprotective agents that have
antiepileptic activity, such as magnesium sulphate and
other NMDA receptor antagonists.
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VII. EVIDENCE TABLE
EVIDENCE TABLE I. ANTISEIZURE PROPHYLAXIS
Reference
Manaka et
al., 19924

Temkin et
al., 19909

Temkin et
al., 19997

Young et al.,
198313

Data
class

Description of study
Randomized, double-blind
study of 126 patients
receiving
placebo or phenobarbital for
effect on late PTS.
Treatment was started 1
month following TBI.
Randomized, double-blind
study of 404 patients
receiving
placebo vs. phenytoin for
the prevention of early and
late PTS. Patients were
followed for 24 months.
Randomized, double-blind
parallel group clinical trial
of 380 patients at high risk
for post-traumatic seizures
assigned to either 1 week of
phenytoin, 1 month of
valproate, or 6 months of
valproate.
Randomized, double-blind
study of 244 patients
receiving placebo vs.
phenytoin for the prevention
of early and late PTS.

Conclusion

III

No significant effect of
phenobarbital on late PTS.

II

Significant reduction in early
PTS by phenytoin and no
significant effect in preventing
late PTS.

II

Similar rates of early PTS in
patients treated with either
valproate or phenytoin. No
significant difference in late
PTS in patients treated with
either phenytoin for 1 week, or
valproate for either 1 month or
6 months.
No significant effect of
phenytoin on early or late PTS.

III

New Study
Dikmen et
al., 19911

Sub-group analysis (n
244) of double-blind RCT
of 404 patients receiving
placebo vs. phenytoin for
the prevention of early and
late PTS. Patients were
evaluated at 1, 12, and 24
months using
neuropsychologic and
psychosocial measures.

II
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XIV. Hyperventilation
I. RECOMMENDATIONS
A. Level I
There are insufficient data to support a Level I recommendation for this topic.

B. Level II
Prophylactic hyperventilation (PaCO2 of 25 mm Hg
or less) is not recommended.

there is a risk of causing cerebral ischemia with aggressive
hyperventilation. Histologic evidence of cerebral ischemia
has been found in most victims of severe TBI who die.7,8,22
A randomized study found significantly poorer outcomes
at 3 and 6 months when prophylactic hyperventilation was
used, as compared to when it was not.17 Thus, limiting the
use of hyperventilation following severe TBI may help improve neurologic recovery following injury, or at least avoid
iatrogenic cerebral ischemia.

C. Level III

III. PROCESS

Hyperventilation is recommended as a temporizing
measure for the reduction of elevated intracranial pressure (ICP).
Hyperventilation should be avoided during the first 24
hours after injury when cerebral blood flow (CBF) is often critically reduced.

For this update, Medline was searched from 1996
through April of 2006 (see Appendix B for search strategy), and results were supplemented with literature recommended by peers or identified from reference lists. Of
23 potentially relevant studies, 2 were added to the existing tables and used as evidence for this question (Evidence Tables I, II, and III).

If hyperventilation is used, jugular venous oxygen saturation (SjO2) or brain tissue oxygen tension (PbrO2) measurements are recommended to monitor oxygen delivery.

IV. SCIENTIFIC FOUNDATION
CBF Following TBI

II. OVERVIEW
Aggressive hyperventilation (arterial PaCO2  25 mm
Hg) has been a cornerstone in the management of severe
traumatic brain injury (TBI) for more than 20 years because
it can cause a rapid reduction of ICP. Brain swelling and
elevated ICP develop in 40% of patients with severe TBI,15
and high or uncontrolled ICP is one of the most common
causes of death and neurologic disability after TBI.1,13,18
Therefore, the assumption has been made that hyperventilation benefits all patients with severe TBI. As recent as
1995, a survey found that hyperventilation was being used
by 83% of U.S. trauma centers.6
However, hyperventilation reduces ICP by causing cerebral vasoconstriction and a subsequent reduction in CBF.20
Research conducted over the past 20 years clearly demonstrates that CBF during the first day after injury is less than
half that of normal individuals,2,3,5,11,12,16,21,23,24 and that

Three studies provide Class III evidence that CBF can
be dangerously low soon after severe TBI (Evidence Table
I).2,12,26 Two measured CBF with xenon-CT/CBF method
during the first 5 days following severe TBI in a total of
67 patients. In one, CBF measurements obtained during the
first 24 h after injury were less than 18 mL/100 g/min in
31.4% of patients.2 In the second, the mean CBF during
the first few hours after injury was 27 mL/100g/min.12
The third study measured CBF with a thermodiffusion
blood flow probe, again during the first 5 days post-injury, in 37 severe TBI patients.26 Twelve patients had a
CBF less than 18 mL/100g/min up to 48 h post-injury.

PaCO2/CBF Reactivity and Cerebral
Oxygen Utilization
Three Class III studies provide the evidence base for
this topic (Evidence Table II).10,19,25 Results associating
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hyperventilation with SjO2 and PbrO2 values in a total of
102 patients are equivocal. One study showed no consistent positive or negative change in SjO2 or PbrO2 values.10 A second study associated hyperventilation with a
reduction of PaCO2 and subsequent decrease in SjO2
from 73% to 67%, but the SjO2 values never dropped below 55%.19 The third reported hyperventilation to be the
second most common identifiable cause of jugular venous oxygen desaturation in a sample of 33 patients.25
Studies on regional CBF show significant variation in
reduction in CBF following TBI. Two studies indicated
lowest flows in brain tissue surrounding contusions or
underlying subdural hematomas, and in patients with severe diffuse injuries.12,23 Similarly, a third found that
CO2 vasoresponsivity was most abnormal in contusions
and subdural hematomas.14 Considering that CO2 vasoresponsivity could range from almost absent to three
times normal in these patients, there could be a dangerous reduction in CBF to brain tissue surrounding contusions or underlying subdural clots following hyperventilation. (Note only one of these three studies12 had
adequate design and sample to be included as evidence.)
Two studies, not included in the evidence base for this
topic, associated hyperventilation-induced reduction in
CBF with a significant increase in oxygen extraction fraction (OEF), but they did not find a significant relationship between hyperventilation and change in the cerebral
metabolic rate of oxygen (CMRO2).4,9

Effect of Hyperventilation on Outcome
One Class II randomized controlled trial (RCT) of 113
patients (Evidence Table III) used a stratified, randomized design to compare outcomes of severe TBI patients
provided normal ventilation (PaCO2 35  2 mm Hg; n 
41; control group), hyperventilation (PaCO2 25  2 mm
Hg; n  36), or hyperventilation with tromethamine
(THAM; n  36).17 One benefit of hyperventilation is
considered to be minimization of cerebrospinal fluid
(CSF) acidosis. However, the effect on CSF pH may not
be sustained due to a loss of HCO3 buffer. THAM treatment was introduced to test the hypothesis that it would
reverse the effects of the loss of buffer.
Patients were stratified based on the motor component
of the Glasgow Coma Scale (GCS) score (1–3 and 4–5).
The Glasgow Outcome Scale (GOS) score was used to

assess patient outcomes at 3, 6, and 12 months. For patients with a motor GCS of 4–5, the 3- and 6-month GOS
scores were significantly lower in the hyperventilated patients than in the control or THAM groups. However, the
effect was not sustained at 12 months. Also, the effect
was not observed in patients with the lower motor GCS,
minimizing the sample size for the control, hyperventilation, and THAM groups to 21, 17, and 21, respectively.
The absence of a power analysis renders uncertainty
about the adequacy of the sample size. For these reasons,
the recommendation that hyperventilation be avoided is
Level II.

V. SUMMARY
In the absence of trials that evaluate the direct effect
of hyperventilation on patient outcomes, we have constructed a causal pathway to link hyperventilation with
intermediate endpoints known to be associated with outcome. Independent of hyperventilation, CBF can drop
dangerously low in the first hours following severe TBI.
The introduction of hyperventilation could further decrease CBF, contributing to the likelihood of ischemia.
The relationship between hyperventilation and metabolism, as well as cerebral oxygen extraction, is less clear.
The one study that evaluated patient outcomes strongly
suggests that hyperventilation be avoided for certain patient subgroups.

VI. KEY ISSUES FOR FUTURE
INVESTIGATION
The causal link between hyperventilation and intermediate endpoints, and the subsequent relationship between those endpoints and patient outcomes, needs to be
clearly specified. Further RCTs need to be conducted in
the following areas:
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• How does short-term hyperventilation affect outcome?
• The effect of moderate hyperventilation in specific
subgroups of patients.
• Critical levels of PaCO2/CBF and outcome.

VII. EVIDENCE TABLES
EVIDENCE TABLE I. CBF EARLY
Reference

AFTER

SEVERE TBI

Data
class

Study description

Bouma et al.,
19922

Measurement of CBF with
xenon-CT/CBF method during
first 5 days after severe TBI in
35 adults.

III

Marion et al.,
199112

Measurement of CBF with
xenon-CT/CBF method during
first 5 days after severe TBI in
32 adults.

III

Sioutos et al.,
199526

Measurement of CBF with
thermodiffusion blood flow
probe during first 5 days after
severe TBI in 37 adults.

III

EVIDENCE TABLE II. EFFECT
Reference
Sheinberg et
al., 199225

OF

HYPERVENTILATION

ON

Conclusion
CBF measurements
obtained during the first
24 h after injury were
less than 18 mL/100 g/min
in 31.4% of patients.
The mean CBF during the
first few hours after injury
was 27 mL/100 g/min; CBF
always lowest during the
first 12–24 h after injury.
33% of patients had a
CBF less than 28
mL/100 g/min during the
first 24–48 h after injury.

CEREBRAL OXYGEN EXTRACTION
Data
class

Study description

Conclusion

Results of SjO2 monitoring of
33 adults with severe TBI
during first 5 days after injury

III

Hyperventilation was the
second most common
identifiable cause for
jugular venous oxygen
desaturations.

Imberti et al.,
200210

Study of the effect of
hyperventilation of SjO2 and
PbrO2 values in 36 adults with
severe TBI.

III

Oertel et al.,
200219

Study of the effect of
hyperventilation of SjO2
values in 33 adults with severe
TBI.

III

Hyperventilation (paCO2
from 36 to 29 mm Hg) for
20 min did not result
in consistent positive or
negative changes in the
SjO2 or PbrO2 values.
A reduction of the paCO2
from 35 to 27 mm Hg led
to a decrease in the SjO2
from 73% to 67%; in no
case did it result in an
SjO2 of less than 55%.

New Studies

EVIDENCE TABLE III. EFFECT
Reference
Muizelaar et
al., 199117

OF

Study description
Sub-analysis of an RCT of
THAM in which 77 adults and
children with severe TBI were
enrolled.

HYPERVENTILATION
Data
class
II

ON

OUTCOME
Conclusion
Patients with an initial
GCS motor score of 4–5
that were hyperventilated
to a paCO2 of 25 mm Hg
during the first 5 days
after injury had
significantly worse
outcomes 6 months after
injury than did those kept
at a paCO2 of 35 mm Hg.
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aggressive treatment in severe head injuries. I. The significance of intracranial pressure monitoring. J Neurosurg
1979;50:20–25.
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XV. Steroids

I. RECOMMENDATIONS
A. Level I
The use of steroids is not recommended for improving
outcome or reducing intracranial pressure (ICP). In patients with moderate or severe traumatic brain injury
(TBI), high-dose methylprednisolone is associated with
increased mortality and is contraindicated.

II. OVERVIEW
Steroids were introduced in the early 1960s as a treatment for brain edema. Experimental evidence accumulated that steroids were useful in the restoration of altered
vascular permeability in brain edema,20 reduction of
cerebrospinal fluid production,26 attenuation of free radical production, and other beneficial effects in experimental models.3,4,15,17,20,21 The administration of glucocorticoids to patients with brain tumors often resulted in
marked clinical improvement and glucocorticoids were
found to be beneficial when administered in the perioperative period to patients undergoing brain tumor surgery.
French and Galicich reported a strong clinical benefit of
glucocorticoids in cases of brain edema and found glucocorticoids especially beneficial in patients with brain
tumors.9 Renauldin et al. in 1973 reported a beneficial
effect of high-dose glucocorticoids in patients with brain
tumors who were refractory to conventional doses.22
Glucocorticoids became commonly administered to
patients undergoing a variety of neurosurgical procedures
and became commonplace in the treatment of severe TBI.
In 1976 Gobiet et al. compared low- and high-dose
Decadron to a previous control group of severe TBI patients and reported it to be of benefit in the high-dose
group.12 Also in 1976, Faupel et al. performed a double
blind trial and reported a favorable dose-related effect on
mortality in TBI patients using glucocorticoid treatment.8
Subsequently, six major studies of glucocorticoid in
severe TBI were conducted that evaluated clinical outcome, ICP, or both. None of these studies showed a substantial benefit of glucocorticoid therapy in these pa-

tients.2,5,6,11,14,24 Trials in TBI patients have been completed using the synthetic glucocorticoid, triamcinolone,13 the 21-aminosteroid tirilazad,7,19 a trial using
ultra-high-dose dexamethasone,10 and a trial using highdose methylprednisolone.23 None of these trials has indicated an overall beneficial effect of steroids on outcome, and one trial was halted before completion when
an interim analysis showed increased mortality with
steroid administration. Moreover, a meta-analysis of trials of steroids in TBI revealed no overall beneficial effect on outcome.1

III. PROCESS
For this update, Medline was searched from 1996
through April of 2006 (see Appendix B for search strategy), and results were supplemented with literature recommended by peers or identified from reference lists. Of
14 potentially relevant studies, 2 were added to the existing table and used as evidence for this question (Evidence Table I).

IV. SCIENTIFIC FOUNDATION
In 1979, Cooper et al. reported a prospective, doubleblind study of dexamethasone in patients with severe
TBI.5 Ninety-seven patients were stratified for severity
and treated with placebo, low-dose dexamethasone 60
mg/day, or high-dose dexamethasone 96 mg/day. Seventy-six patients were available for clinical follow-up,
and ICP was measured in 51. The results showed no difference in outcome, ICP, or serial neurologic examinations among the groups.
Saul et al. reported a randomized clinical trial in 100
patients.24 One group received methylprednisolone 5
mg/kg/day versus a control group that received no drug.
There was no statistically significant difference in outcome between the treated and non-treated groups at 6
months. A subgroup analysis indicated that, in patients
who improved during the first 3 days after TBI, the
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steroid-treated group had better outcomes than the
placebo group.
Gianotta et al. reported a double blind clinical trial of
88 patients comparing placebo; low-dose methylprednisolone 1.5 mg/kg loading, followed by a tapering dose;
and high-dose methylprednisolone 30 mg/kg loading, followed by a tapering dose.11 The data did not show a beneficial effect of either low-dose or high-dose methylprednisolone compared with placebo. Subgroup analysis
revealed an increased survival and improved speech function in patients under age 40 when the high dose was
compared with the low dose and placebo groups combined.
Gaab et al. reported the results of a randomized double-blind multicenter trial of the efficacy and safety of
ultra-high-dose dexamethasone in patients with moderate and severe TBI.10 The trial enrolled 300 patients, randomized to placebo or dexamethasone: 500 mg within 3
h of injury, followed by 200 mg after 3 h, then 200 mg
every 6 h for eight doses for a total dexamethasone dose
of 2.3 g, given within 51 h. Glasgow Outcome Scale
(GOS) score at 10–14 months following injury, and also
time from injury until Glasgow Coma Scale (GCS) score
reached 8 or greater were used as primary endpoints. The
results of the trial revealed no differences between
placebo and drug-treated patients in either primary endpoints. This trial has the advantage of having a large number of patients who were treated early following injury
and with very high doses of medication.
Marshall et al.199819 reported the results of a large
randomized controlled trial (RCT) of the synthetic 21amino steroid, tirilazad mesylate, on outcome for patients
with severe TBI19 There is experimental evidence that
this compound may be more effective than glucocorticoids against specific mechanisms that occur in brain injury, and higher doses can be used without glucocorticoid side effects.15,16 The trial enrolled 1,170 patients;
no overall benefit on outcome in TBI patients was detected. The same outcome was demonstrated in a similar
trial conducted in Europe and Australia that included nontrauma patients.18
More recently, Watson et al., using an existing
prospective database, conducted a retrospective comparison of occurrence of first late seizures between TBI patients (GCS  10) who received glucocorticoids (n 
125) and those who did not (n  279).25 The treatment
group was further divided into those who received the
treatment within 24 h of injury (n  105) and those who
received it between days 2 and 7 post-injury. Patients
were followed for 2 years. Authors used multivariate
analysis to control for seizure risk and injury severity.
They found a 74% increase in risk of developing first late

seizures for patients who received glucocorticoids within
24 h of injury over those who did not (p  0.04; hazard
ratio  1.74; CI 1.01–2.98). There was no significant difference between groups in the development of second late
seizures, or in mortality. However, the evidence is Level
III due to lack of information about GCS, hypotension,
and hypoxia in the different groups, as well as to the possibility of bias in the selection of patients who received
the treatment.
Alderson et al. in 1997 reported the results of a systematic review of RCTs of corticosteroids in acute traumatic brain injury.1 Many of the trials mentioned above,
as well as additional unpublished data, were included in
this analysis. The data presented indicates no evidence
for a beneficial effect of steroids to improve outcome in
TBI patients. Analysis of the trials with the best blinding of groups revealed the summary odds ratio for death
was 1.04 (0.83–1.30), and for death and disability was
0.97 (0.77–1.23). The authors stated that a lack of benefit from steroids remained uncertain, and recommended
that a larger trial of greater than 20,000 patients be conducted to detect a possible beneficial effect of steroids.
The CRASH (Corticosteroid Randomization After Significant Head Injury) trial collaborators in 2004 reported
the results of an international RCT of methylprednisolone
in patients with TBI.23 10,008 patients from 239 hospitals in 49 countries were randomized to receive either 2
g IV methylprednisolone followed by 0.4 mg/h for 48 h,
or placebo. Inclusion criteria were age 16 years or greater,
GCS 14 or less, and admission to hospital within 8 h of
injury. Exclusion criteria included any patient with clear
indications or contraindications for corticosteroids as interpreted by the referring or admitting physicians. The
study was halted by the data monitoring committee, after approximately 5 years and 2 months of enrollment,
when interim analysis showed a deleterious effect of
methylprednisolone. Specifically, 2-week mortality in the
steroid group was 21% versus 18% in controls, with a
1.18 relative risk of death in the steroid group (95% CI
1.09–1.27, p  0.0001). This increase in risk was no different when patients were adjusted for the presence of
extracranial injuries. The authors stated that the cause of
the increase in mortality was unclear, but was not due to
infections or gastrointestinal bleeding.

V. SUMMARY
The majority of available evidence indicates that
steroids do not improve outcome or lower ICP in severe
TBI. There is strong evidence that steroids are deleterious; thus their use is not recommended for TBI.
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VI. KEY ISSUES FOR FUTURE
INVESTIGATION

of patients with TBI. If new compounds with different
mechanisms of actions are discovered, further study may
be justified.

Currently, there is little enthusiasm for re-examining
the use of existing formulations of steroids for treatment

VII. EVIDENCE TABLE
EVIDENCE TABLE I. STEROIDS
Reference
Cooper et
al., 19795

Faupel et
al., 19768

Gaab et
al., 199410

Giannotta
et al.,
198411

Marshall
et al.,
198419
Saul et
al., 198124

Data
class

Study description

Conclusion

Prospective, double-blind
study of 97 patients with
severe TBI, stratified for
severity, and treated with
placebo 60 mg/day or 96
mg/day of dexamethasone; 76
patients available for follow-up
at 6 months.
Prospective, double-blind trial
of dexamethasone vs placebo
in 95 patients with severe TBI.

III

No significant difference was
seen in 6-month outcome, serial
neurological exams,
or ICP.

III

Randomized, double-blind,
multicenter trial of ultrahighdose dexamethasone in
300 patients with moderate and
severe TBI, randomized to
placebo or dexamethasone:
500 mg within 3 h of
injury, followed by 200 mg
after 3 h then 200 mg
every 6 h for 8 doses for a
total dexamethasone dose of
2.3 g, given within 51 h.
Prospective, double-blind
study of 88 patients with
severe TBI. Patients
randomized to placebo, lowdose methylprednisolone (30
mg/kg/day) or high-dose
methylprednisolone (100
mg/kg/day).

III

Significant improvement in
mortality in steroid-treated
group; however, overall
outcome was not improved. Of
the active treatment groups,
25.4% were vegetative and
11.9% were severely disabled vs.
3.6% and 7.1% in the control
group, respectively.
No significant difference in 12month outcome or in time to
improvement to GCS
score 8 in treatment group
compared with placebo.

RCT of the effect of synthetic
21-amino steroid, tirilizad
mesylate for severe TBI.
Prospective, double-blind
study of 100 patients with
severe TBI, randomized to

II

III

II

No significant difference in 6month outcome in treatment
groups compared with
placebo. Subgroup analysis
showed improved survival and
speech function in patients under
age 40 when high-dose group
was compared to low-dose and
placebo groups combined.
No overall benefit on outcome
was detected.
No significant difference in
outcome at 6 months. In a
subgroup analysis, in patients
(continued)
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EVIDENCE TABLE I. STEROIDS (CONT’D)
Reference

Data
class

Study description
placebo or methylprednisolone
5 mg/kg/day.

Conclusion
who improved during the first 3
days after TBI, the steroidtreated group had better
outcomes than the placebo
group.

New studies
Roberts
et al.,
200423

Multicenter RCT of IV
methylprednisolone (2 g IV
load  0.4 g/h  48 h) vs.
placebo in 10,008 patients with
GCS  14 within 8 h of
injury, on mortality at 14 days

Watson et
al., 200425

Prospective cohort of 404
patients. Baseline differences
between groups (more dural
penetration by surgery and
more nonreactive pupils in
treatment group).

I

III

6. Dearden NM, Gibson JS, McDowall DG, et al. Effect of
high-dose dexamethasone on outcome from severe head injury. J Neurosurg 1986;64:81–88.
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Appendix A
Changes in Quality Ratings
from the 2nd Edition to the 3rd Edition
Topic and reference

2nd ed.
2000

3rd ed.
2000

Blood pressure
and oxygenation
Chesnut 93
Fearnside 93
Marmarou 91
Miller 78
Miller 82
Seelig 86

II
II
II
II
II
II

III
III
III
III
III
III

Descriptive
Descriptive
Descriptive
Descriptive
Case series
Descriptive

ICP thresholds
Marmarou 91

II

III

Descriptive

Cerebral perfusion
thresholds
Cruz 98

II

III

Robertson 99

I

II

Rosner 90

II

III

Patient selection procedures not reported. No power
calculation reported. Can’t rule out that the results were
confounded by baseline characteristics because no analysis
to control for confounding factors was reported. Outcome
assessment not blinded.
Randomization and allocation concealment methods were
inadequate and failure was evidenced by baseline
differences. However, they adjusted for demographic
characteristics, and the disadvantage for ICP in the primary
outcome remained. The concern is that there may be
additional unknown differences at baseline that were not
adjusted for.
Descriptive

Mannitol
Schwartz 84

I

III

Allocation concealment was inadequate (sealed envelopes
can be manipulated). Differential loss to follow-up and
maintenance of comparable groups not reported. Inadequate
follow-up rate. Blinding not reported. Results of power
calculation not reported. It was unclear if groups were
similar at baseline. No intent-to-treat analysis (excluded
15.7% of patients who departed from the study protocol).

Barbiturates
Eisenberg 88

I

II

Adequate allocation concealment. Adequate follow-up and
maintenance of comparable groups. Method of

Reason for change
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Topic and reference

2nd ed.
2000

3rd ed.
2000

Schwartz 84

I

III

Ward 85

I

II

Steroids
Cooper 79

I

III

Faupel 76

I

III

Gaab 94

I

III

Giannotta 84

I

III

Marshall 98

I

II

Saul 81

I

II

Anti-seizure
prophylaxis
Manaka 92

I

III

Temkin 90

I

II

Temkin 99

I

II

Young 83

I

III

Reason for change
randomization not reported; blinding not reported; baseline
differences between groups; post-randomization exclusions
that were unequally distributed; lack of an intent-to-treat
analysis; inadequately powered.
Allocation concealment was inadequate (sealed envelopes
can be manipulated). Differential loss to follow-up and
maintenance of comparable groups not reported. Inadequate
follow-up rate. Blinding not reported. Results of power
calculation not reported. It was unclear if groups were
similar at baseline. No intent-to-treat analysis (excluded
15.7% of patients who departed from the study protocol).
Methods of randomization and allocation concealment were
not reported. It was unclear if the outcome assessors were
blinded.
Randomization method not reported, groups at baseline not
reported, 78% of patients included in the analysis. No
intent-to-treat analysis. Data analysis not specified.
Blinding not reported, randomization method not reported,
groups at baseline not reported, inadequate analysis.
Inadequate sample size; no power analysis. No intent-totreat analysis.
Randomization method not reported, baseline differences
not reported. Allocation concealment not specified.
Potential selection bias. High attrition; no intent-to-treat
analysis.
Randomization method not reported, baseline difference in
age, no power analysis. Inadequate data analysis.
Study was blinded. Sample size adequate. No differential
loss to follow-up. Randomization method not reported,
allocation concealment not reported. Baseline differences
between groups. Lack of intent-to-treat analysis. High loss
to follow-up.
Randomization method not reported, allocation concealment
not reported, no power analysis. Blinding not specified.
However, no attrition or loss to follow-up.

Blinding not reported, randomization method not reported,
inadequate allocation concealment, no power analysis, No
intent to treat analysis
Can’t rule out that results were biased by high loss to
follow-up.
Can’t rule out that results were biased by high loss to
follow-up.
No power analysis, eligibility criteria not reported, no
intent-to-treat analysis, inadequate analysis method, high
attrition.
(continued)
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2nd ed.
2000

3rd ed.
2000

Nutrition
Borzotta 94

I

III

Clifton 86
Grahm 89
Hadley 86

II
I
I

III
III
III

Kirby 91
Lam 91
Ott 99
Rapp 83

II
II
II
I

III
III
III
II

Young 89
Young 87a

II
I

III
III

Young 87b

I

III

Indications for ICP monitoring
Eisenberg 88
I

II

Topic and reference

Eisenberg 90
Lobato 86
Marmarou 91
Marshall 79
Miller 81
Narayan 82
Narayan 81
Saul 82

I
II
II
II
II
II
II
II

III
III
III
III
III
III
III
III

Hyperventilation
Bouma 92
Marion 91
Sioutos 95
Sheinberg 92

II
II
II
II

III
III
III
III

Reason for change
Method of allocation concealment not reported. Outcome
assessors not blinded. No power analysis reported. No
intent-to-treat analysis. Inadequate analysis methods.
Prospective observational
Descriptive
Allocation concealment not reported. Blinding not reported,
randomization method not adequate, no power calculation,
inadequate analysis method. No intent-to-treat analysis.
Observational
Retrospective descriptive
Retrospective descriptive
Randomization method not reported. No power calculation.
Baseline differences in mean peak temp between groups.
However, adequate analysis methods.
Observational
Randomization method not reported. Allocation
concealment not reported. Blinding not reported. No power
analysis. High loss to follow-up. No intent-to-treat analysis.
No power analysis, randomization method not reported,
allocation concealment not reported, no intent-to-treat
analysis.
Adequate allocation concealment. Adequate follow-up and
maintenance of comparable groups. Method of
randomization not reported; blinding not reported; baseline
differences between groups; post-randomization exclusions
that were unequally distributed; lack of an intent-to-treat
analysis; inadequately powered.
Descriptive
Case series
Descriptive
Case series
Case series
Case series
Descriptive
Analysis methods not reported. Hypotension confounded
outcomes.
Descriptive
Descriptive
Descriptive
Descriptive
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Appendix B
Electronic Literature Search Strategies
(Database: Ovid MEDLINE)
Blood pressure and oxygenation
1 exp Craniocerebral Trauma/
2 hypoxia.mp.
3 hypotension.mp.
4 2 or 3
5 1 and 2
6 limit 5 to human
7 (field or pre-hospital).mp. [mptitle, original title, abstract, name of substance, mesh subject heading]
8 (treatment or management or resuscitation).mp. [mptitle, original title, abstract, name of substance, mesh
subject heading]
9 1 and 7 and 8
10 6 or 9
11 limit 10 to yr1998–2004
Hyperosmolar therapy
1 exp Brain Injuries/
2 ((brain$ or cerebr$) adj3 (trauma$ or injur$)).mp. [mptitle, original title, abstract, name of substance, mesh
subject heading]
3 1 or 2
4 hyperosmol$.mp. [mptitle, original title, abstract, name of substance, mesh subject heading]
5 “Osmolar Concentration”/
6 saline.mp. or exp Sodium Chloride/
7 (hyperton$ adj3 saline).mp. [mptitle, original title, abstract, name of substance, mesh subject heading]
8 5 and 6
9 4 or 7 or 8
10 3 and 9
11 3 and (4 or 5)
Prophylactic hypothermia
1 exp Brain Injuries/
2 hypertherm$.mp.
3 hypotherm$.mp.
4 ((brain or cerebr$) adj3 temperature$).mp. [mptitle, original title, abstract, name of substance, mesh subject
heading]
5 2 or 3 or 4
6 1 and (2 or 3)
7 1 and 6
8 limit 7 to human
9 limit 8 to english language
10 8 not 9
11 limit 10 to abstracts
12 9 or 11
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13
14
15
16

exp “OUTCOME AND PROCESS ASSESSMENT (HEALTH CARE)”/
12 and 13
limit 12 to clinical trial
14 or 15

Infection prophylaxis
1 exp Craniocerebral Trauma/
2 exp Central Nervous System Infections/
3 exp Craniocerebral Trauma/co
4 exp Central Nervous System Infections/pc
5 2 and 3
6 1 and 4
7 5 or 6
8 1 and 2
9 exp Anti-Infective Agents/
10 exp Antibiotic Prophylaxis/
11 9 or 10
12 8 and 11
13 exp Catheterization/
14 exp Catheters, Indwelling/
15 exp VENTRICULOSTOMY/ or exp Cerebrospinal Fluid Shunts/
16 exp Monitoring, Physiologic/ and exp Intracranial Pressure/
17 13 or 14 or 15 or 16
18 8 and 17
19 2 and 11 and 17
20 7 or 12 or 18 or 19
21 limit 20 to human
22 limit 21 to english language
23 21 not 22
24 limit 23 to abstracts
25 22 or 24
Deep vein thrombosis prophylaxis
1 Venous Thrombosis/pc [Prevention & Control]
2 exp ANTICOAGULANTS/
3 Venous Thrombosis/
4 2 and 3
5 1 or 4
6 exp Craniocerebral Trauma/
7 5 and 6
8 Neurosurgery/
9 exp Neurosurgical Procedures/
10 exp Brain/su [Surgery]
11 8 or 9 or 10
12 5 and 11
13 7 or 12
14 exp brain/
15 5 and 14
16 13 or 15
17 Thrombophlebitis/ or Venous Thrombosis/ or Thrombosis/
18 pc.fs.
19 17 and 18
20 12 and 19
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21
22
23
24
25
26
27
28

19
17
22
22
22
11
20
16

and 14
and 2
and 6
and 14
and 11
and 19
or 21 or 23 or 24 or 25 or 26
or 27

Indications for ICP monitoring
1 exp Craniocerebral Trauma/
2 exp Intracranial Pressure/
3 exp Intracranial Hypertension/
4 1 and 2
5 1 and 3
6 exp Intracranial Pressure/ and exp Monitoring, Physiologic/
7 1 and 6
8 limit 7 to yr1998–2004
ICP monitoring technology
1 intracranial pressure$.mp.
2 monitor.mp.
3 1 and 2
4 limit 3 to yr1998–2004
ICP thresholds
1 (intracranial hypertension or icp or intracranial pressure).mp. [mptitle, original title, abstract, name of substance, mesh subject heading]
2 head injur$.mp. [mptitle, original title, abstract, name of substance, mesh subject heading]
3 (treatment or management or resuscitation).mp. [mptitle, original title, abstract, name of substance, mesh
subject heading]
4 (threshold or level).mp. [mptitle, original title, abstract, name of substance, mesh subject heading]
5 1 and 2 and 3 and 4
6 limit 5 to human
Cerebral perfusion thresholds
1 exp Brain Injuries/
2 cerebral perfusion pressure.mp. [mptitle, original title, abstract, name of substance, mesh subject heading]
3 1 and 2
4 from 3 keep 1-233
Brain oxygen monitoring thresholds
1 exp Craniocerebral Trauma/
2 exp Craniocerebral Trauma/bl, mi, cf, pa, pp, ra, en, ri, us, ur, me [Blood, Microbiology, Cerebrospinal Fluid,
Pathology, Physiopathology, Radiography, Enzymology, Radionuclide Imaging, Ultrasonography, Urine, Metabolism]
3 exp Monitoring, Physiologic/
4 1 and 3
5 OXYGEN/
6 1 and 5
7 limit 6 to human
8 3 and 7
9 2 and 5
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

9 not 8
limit 10 to human
Microdialysis/
1 and 12
monitor$.mp.
1 and 5 and 14
4 or 13 or 15
limit 16 to human
17 or 7
exp Oxygen Consumption/
1 and 19
limit 20 to human
18 or 21
limit 22 to “all adult (19 plus years)”
limit 23 to (case reports or letter)
23 not 24

Anesthetics
1 exp Craniocerebral Trauma/
2 exp Intracranial Pressure/
3 exp Intracranial Hypertension/
4 exp Intracranial Hypotension/
5 2 or 3 or 4
6 exp ANESTHETICS/
7 exp BARBITURATES/
8 exp PROPOFOL/
9 exp ETOMIDATE/
10 thiopentol.mp.
11 exp PENTOBARBITAL/
12 6 or 7 or 8 or 9 or 10 or 11
13 exp ANESTHESIA/
14 12 or 13
15 1 and 5 and 14
16 propofol infusion syndrome.mp.
17 15 or 16
18 limit 17 to human
19 limit 18 to english language
20 limit 18 to abstracts
Analgesics
1 exp ANALGESICS/
2 exp “Hypnotics and Sedatives”/
3 propofol.mp. [mptitle, original title, abstract, name of substance, mesh subject heading]
4 exp phenothiazines/
5 exp central nervous system depressants/
6 1 or 2 or 3 or 4 or 5
7 exp Craniocerebral Trauma/
8 exp “SEVERITY OF ILLNESS INDEX”/ or exp INJURY SEVERITY SCORE/ or exp TRAUMA SEVERITY INDICES/
9 (severe or severity).mp. [mptitle, original title, abstract, name of substance, mesh subject heading]
10 exp Intensive Care Units/ or exp Critical Care/
11 8 or 9 or 10
12 6 and 7 and 11
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13 limit 12 to (human and english language)
Barbiturates
1 exp Craniocerebral Trauma/
2 exp BARBITURATES/
3 etomidate.mp.
4 pentobarbital.mp.
5 thiopental.mp.
6 2 or 3 or 4 or 5
7 1 and 6
8 exp Intracranial Hypertension/dt [Drug Therapy]
9 6 and 8
10 7 or 9
11 limit 10 to yr1998–2004
Nutrition
1 exp Craniocerebral Trauma/
2 exp nutrition/
3 1 and 2
4 exp Nutrition Therapy/
5 1 and 4
6 exp Energy Metabolism/
7 1 and 6
8 nutritional requirements/
9 1 and 8
10 exp nutrition assessment/
11 1 and 10
12 exp Craniocerebral Trauma/dh [Diet Therapy]
13 exp Dietary Supplements/
14 1 and 13
15 exp Craniocerebral Trauma/me [Metabolism]
16 (diet$ or nutrit$).mp. [mptitle, original title, abstract, name of substance, mesh subject heading]
17 15 and 16
18 7 and 16
19 exp feeding methods/
20 1 and 19
21 exp vitamins/
22 1 and 21
23 3 or 5 or 9 or 11 or 12 or 14 or 17 or 18 or 20 or 22
24 limit 23 to human
25 limit 24 to english language
26 24 not 25
27 limit 26 to abstracts
28 25 or 27
Filters (second search for deep vein thrombosis prophylaxis)
1 venous thrombosis.mp. or exp Venous Thrombosis/
2 Vena Cava Filters/ or vena caval filters.mp.
3 greenfield filter$.mp.
4 (vena cava$ adj filter$).mp. [mptitle, original title, abstract, name of substance word, subject heading word]
5 2 or 3 or 4
6 prevent$.mp.
7 prophyla$.mp.
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8
9
10
11
12
13

pc.fs.
6 or 7 or 8
exp Blood Coagulation/ or exp Blood Coagulation Disorders/
hypocoag$.mp. [mptitle, original title, abstract, name of substance word, subject heading word]
10 or 11
1 and 5 and 9 and 12

Antiseizure prophylaxis
1 seizure$.mp.
2 head injur$.mp. [mptitle, original title, abstract, name of substance, mesh subject heading]
3 1 and 2
4 limit 3 to yr1998–2004
Hyperventilation
1 exp Craniocerebral Trauma/
2 exp ISCHEMIA/
3 exp Jugular Veins/
4 exp Regional Blood Flow/
5 exp PERFUSION/
6 exp HYPERVENTILATION/
7 2 or 3 or 4 or 5 or 6
8 1 and 7
9 limit 8 to yr1998–2004
Steroids
1 exp Craniocerebral Trauma/
2 exp STEROIDS/
3 1 and 2)
4 limit 3 to yr1998–2004
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Appendix C
Criteria for Including a Study in which
the Sample Includes TBI Patients and Patients
with Other Pathologies or Pediatric Patients
If:
• the sample for a study includes patients with TBI as well as patients with other pathologies, or pediatric patients,
• and the data are not reported separately,
• and there is an effect of the study,
then it cannot be known if the effect existed for the adult TBI group, or if it was large in the non-TBI or pediatric group, and non-existent in the adult TBI group. Therefore, there is limited confidence that the intervention
had an effect for the adult TBI group.
Therefore, the following is required to include a study as evidence for a guideline topic:
Sample size  25 patients.
85% or more of the patients are TBI, or adults.
Such a study could never be used to support a Level I recommendation.
Such a study can only support up to a Level II recommendation, and cannot be used to support a Level II
recommendation if it is the only Class II study available.
5. If the study does not report the percent of patients with TBI or the percent of pediatric patients, it cannot
be used as evidence at any level.
1.
2.
3.
4.

S-105

JOURNAL OF NEUROTRAUMA
Volume 24, Supplement 1, 2007
© Brain Trauma Foundation
P. S-106
DOI: 10.1089/neu.2007.9977

Appendix D
Electronic Literature Search Yield
Topic
Blood Pressure and oxygenation
Hyperosmolar therapy
Prophylactic hypothermia
Infection prophylaxis
Deep vein thrombosis prophylaxis
Indications for ICP monitoring
ICP monitoring technology
ICP treatment threshold
Cerebral perfusion pressure
Brain oxygen monitoring and treatment
Anesthetics, analgesics, and sedatives
Nutrition
Anti-seizure prophylaxis
Hyperventilation
Steroids
aNew

Search
results

Abstracts
read

Publicaions
read

366
364
88
957
155
241
187
107
297
807
773
179
186
772
281

171
205
71
216
64
182
113
70
209
607
397
87
53
302
62

17
42
29
54
37
36
39
10
48
217
92
33
10
23
14

2nd edition
studies
included
18
9
a
a
a

6
21
6
5
a

3
11
4
5
6

New studies
included
3
2
6
7
5
10
7
3
6
12
1
4
1
2
2

topic in 3rd edition.

JOURNAL OF NEUROTRAUMA
Volume 24, Supplement 1, 2007
© Brain Trauma Foundation
P. S-106
DOI: 10.1089/neu.2007.9976

Appendix E
Evidence Table Template
Study
Setting/
Confounding Length of
Level of
Source design population Sample Intervention Co-interventions
variables
follow-up Measures Analysis Results Caveats evidence
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