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ABSTRACT. Maas AI, Harrison-Felix CL, Menon D,
delson PD, Balkin T, Bullock R, Engel DC, Gordon W,
anglois Orman J, Lew HL, Robertson C, Temkin N, Val-
dka A, Verfaellie M, Wainwright M, Wright DW, Schwab
. Common data elements for traumatic brain injury: rec-
mmendations from the Interagency Working Group on De-
ographics and Clinical Assessment. Arch Phys Med Rehabil

010;91:1641-9.

Comparing results across studies in traumatic brain injury
TBI) has been difficult because of the variability in data
oding, definitions, and collection procedures. The global aim
f the Working Group on Demographics and Clinical Assess-
ent was to develop recommendations on the coding of clin-

cal and demographic variables for TBI studies applicable
cross the broad spectrum of TBI, and to classify these as core,
upplemental, or emerging. The process was consensus driven,
ith input from experts over a broad range of disciplines.
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pecial consideration was given to military and pediatric TBI.
ategorizing clinical elements as core versus supplemental
roved difficult, given the great variation in types of studies
nd their interests. The data elements are contained in modules,
hich are grouped together in categories. Three levels of detail

or coding data elements were developed: basic, intermediate,
nd advanced, with the greatest level of detail in the advanced
ersion. In every case, the more detailed coding can be col-
apsed into the basic version. Templates were produced to
ummarize coding formats, motivation of choices, and recom-
endations for procedures. Work is ongoing to include more

nternational participation and to provide an electronic data
ntry format with pull-down menus and automated data checks.
his proposed standardization will facilitate comparison of

esearch findings across studies and encourage high-quality
eta-analysis of individual patient data.
Key Words: Clinical protocols; Clinical studies; Data col-

ection; Forms and records control; Rehabilitation; Standard-
zation; Traumatic brain injury.

© 2010 by the American Congress of Rehabilitation
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ARIABILITY IN DATA collection and coding procedures
in studies on TBI complicates comparisons between stud-

es and makes a meta-analysis of individual patient data a
ormidable undertaking. For example, in the IMPACT studies,
ithin which individual patient data from 8 randomized con-

rolled trials and 3 observational studies were included, it took
ore than 10 person-years of work to merge the data in

reparation of analysis.1,2 These studies, however, confirmed
he potential benefits of analyzing data across studies, espe-
ially in a field in which populations are heterogeneous, un-
ertainty exists regarding many aspects of care, trials can never
e performed in all areas, and moreover, are extremely costly.
fforts to standardize procedures for data collection and to
btain a general consensus on choice and coding of variables

List of Abbreviations

AIS Abbreviated Injury Scale
CDE common data element
GCS Glasgow Coma Scale
ICP intracranial pressure
IMPACT International Mission on Prognosis

and Clinical Trial Design in TBI
ISS Injury Severity Score
LOC loss of consciousness
OMB Office of Management and Budget
PTA posttraumatic amnesia

TBI traumatic brain injury
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A

re not only highly desirable from a scientific point of view, but
ill also reduce costs to funding institutions because the re-
uirement for repeated development of case report forms for
ew studies will be reduced.

AIM
The global aim of the Working Group on Demographics

nd Clinical Assessment of the larger multiagency effort
escribed by Thurmond et al3 was to develop recommenda-
ions on coding of demographics and clinical assessments
or studies across the broad spectrum of TBI. We strived to
ake the elements applicable both to milder and more

evere injuries, to acute and long-term studies, to studies
ncluding patients early after injury, to those enrolling pa-
ients at later periods, and to studies in the civilian, military,
r pediatric settings. We explored the feasibility of catego-
izing elements as core, supplemental, and emerging. Core
lements are intended to encompass the minimal set of
easures to characterize the broad spectrum of subjects on

he domain. A supplemental element is one intended for
reater depth/breadth of exploration, for more specialized
ubpopulations, or both. Emerging elements are those that
ay require further validation, but may fill gaps in currently

alidated measures or substitute for recommended mea-
ures, or both, once validation is complete.

APPROACH
These aims posed a formidable challenge to the working

roup. The wide range of expertise, affiliation to many agen-
ies and organizations, and the tremendous commitment of all
orking group members, however, provided optimal condi-

ions to meet these challenges. Collectively, the working group
ad access to a wide range of data collection forms as exam-
les. These included the codings developed by the IMPACT
tudy group, the data collection forms of the National Institute
n Disability and Rehabilitation Research–funded TBI Model
ystems, the Acute Concussion Evaluation distributed by the
.S. Centers for Disease Control and Prevention, and the
linical Tracking Forms developed by the Defense and Veter-
ns Brain Injury Center.

A decentralized approach was adopted, with focus groups
ddressing specific topics. These included definition of TBI,4

ubject characteristics, socioeconomic status, injury details and
mergency care, assessments and evaluations, and rehabilita-
ion or postacute care. Specific considerations were given to
ediatric and military TBI.
The progress and recommendations of the focus groups

ere discussed during weekly teleconferences, held from
ebruary 3 until late July 2009. In-depth discussions were
onducted during face-to-face meetings in March, June, and
ctober. Preliminary recommendations were presented to

takeholders and other working groups during the inter-
gency workshop on Standardization of Data Collection in
BI and Psychological Health (March 2009, Washington,
C). The feedback obtained led to substantial refinements

nd initiated the development of templates, providing details
n coding formats, procedures, and motivation of choices.
he final recommendations of the focus groups were incor-
orated into a “beta version” of the TBI CDEs, reviewed by
ll working group members and structured to ensure com-
atibility with the National Institute of Neurological Disor-

ers and Stroke– broad CDEs project. f

rch Phys Med Rehabil Vol 91, November 2010
THE PRODUCT: COMMON DATA ELEMENTS FOR
TRAUMATIC BRAIN INJURY DEMOGRAPHICS AND

CLINICAL ASSESSMENTS
We successfully managed to develop general consensus on

he coding of data elements for use across the broad spectrum
f TBI. The data elements are contained in modules, which are
rouped together in categories. For example, the data elements
age, gender, and race” are contained in the module “demo-
raphics,” under the category “subject characteristics.” The
ain categories relevant to this article are as follows:

Participant/Subject Characteristics
Participant/Subject and Family History
Injury/Disease-Related Events
Assessments and Examinations
The main intent was to present the data elements in a

ransparent format. Various elements and modules can be used
s “plug-in” elements and used multiple times in clinical data
ollections. For example, the module on “GCS and pupils” may
e recorded only on admission, or also prehospital, as well as
aily during the acute care phase. We were less successful in
ur attempts to categorize elements as core, supplemental, or
merging as proposed by the planning committee.3 What may
e considered a core element for an acute-phase study may, for
xample, be totally irrelevant for an epidemiologic- or rehabil-
tation-oriented study. The broad range of settings and types of
tudies within TBI therefore precludes a large number of core
linical data elements that would be truly appropriate to all
tudies. Exploratory discussions further showed considerable
ariation among both working group members and interna-
ional experts as to which clinical variables might be catego-
ized as core, supplemental, or emerging. Consensus did exist
hat as a minimum, the most relevant predictors of outcome
hould be collected in studies on severe and moderate TBI in
he acute setting. As such, these predictors should be consid-
red core elements for clinical studies of moderate and severe
BI. Rather than—in the absence of evidence or consensus—
rbitrarily categorizing other elements as core, supplemental,
r emerging, the working group considered it more relevant to
ropose a format for consistent and compatible coding of
ariables across the diversity of settings in TBI.
The working group recognized that the level of detail re-

uired can vary greatly with the design and aim of a specific
tudy. Observational studies or large pragmatic clinical trials
equire less detail than highly focused phase II or phase III
rials. We therefore chose to develop up to 3 versions for each
ata element: basic, intermediate, and advanced, with the great-
st level of detail in the advanced version. The coding of these
ersions is such that in every case the advanced version can be
ollapsed to the intermediate or basic versions, thus facilitating
omparison and meta-analysis of individual patient data be-
ween studies.

A complete overview of the modules and data elements, in-
luding the core data elements, together with the templates, may
e found online (http://www.tbi-impact.org) and will be posted
ubsequently on the National Institute of Neurological Disorders
nd Stroke website (http://www.commondataelements.ninds.
ih.gov). It should be recognized that the intent was to keep the
elevance for the CDEs as broad as necessary for the different
ypes of investigations likely to use them (ie, epidemiologic/
bservational studies, acute/rehabilitation clinical trials). Dif-
erent formats for data collection may, however, be appropriate
n different circumstances. As an example, we propose differ-
nt data elements for early details of injury, and referral details

or patients presenting early versus those presenting late. For

http://www.tbi-impact.org
http://www.commondataelements.ninds.nih.gov
http://www.commondataelements.ninds.nih.gov
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1643CDEs: TRAUMATIC BRAIN INJURY, Maas
atients who present early, referral policy and time of arrival,
s well as mode of transport and emergency services provision,
re relevant. For patients presenting late, the main reason for
resentation and more general information on delivery of initial
are and the specifics of such care are more appropriate.
apturing information on the reason for presentation is impor-

ant also for later characterization of the population captured.
ecause mild TBI may be overreported by subjects with pos-

ible financial gain, but underreported by subjects highly mo-
ivated to return to team play, to work, or to support military
perations. Studies of mild TBI may want to capture variables
uch as insurance coverage and motivation for return to work
r duty.
The selection of elements to be used in a particular study will

trongly depend on the type and aim of that study. To this
urpose, it is recommended that investigators select and mix
asic, intermediate, and advanced versions of different data
lements, always including core elements, according to the
equirements of their study.

As an example, figures 1 and 2 present formats for combin-
ng elements for an acute-phase study in severe TBI (see fig 1)
nd for a late presentation study of mild TBI (see fig 2)
ncluding therapy, adverse effects, and other clinical study-
elated items.

We emphasize that the current recommendations of the
orking group represent a beta version; we are still in the

ig 1. Example elements for an acute-phase study in severe TBI.

omography; ER, emergency department; GOS(E), Extended Glasgow O
maging.
rocess of incorporating feedback from a more international
orum with the intent to make this a global initiative.5 The
ecommendations should be subjected to field testing before
eneral acceptance. This field testing may also serve to provide
vidence for categorizing elements as core, supplemental, or
merging. Below we highlight some of the main recommen-
ations and motivation thereof, differentiated per category.

SUBJECT CHARACTERISTICS

emographics
Age. Recording age in TBI studies is of great importance.

auses of injury differ per age group and lead to different types
f injury. Age is one of the strongest predictors of outcome in
BI, with older patients faring more poorly than younger
atients.6,7

The choice for recording age or date of birth was discussed
xtensively. Although date of birth is commonly recorded in
BI studies and provides the most detailed and source-verifi-
ble information, it was thought that date of birth might be
onsidered a patient identifier and thus subject to institutional
oard oversight and necessitating appropriate adherence to
ealth Insurance Portability and Accountability Act regula-

ions in the United States. Nevertheless, recording date of birth
s recommended for the intermediate and advanced versions. In
ther studies, however, simply recording age may be prefer-

eviations: ABC, airway, breathing, and circulation; CT, computed
Abbr

utcome Scale; ICU, intensive care unit; MRI, magnetic resonance

Arch Phys Med Rehabil Vol 91, November 2010
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A

ble. When reporting the relationship between age and out-
ome, a continuous analysis is preferred over the use of thresh-
ld values.
Race and ethnicity. Race and ethnicity are separate and

verlapping concepts. International standards do not exist for
he classification of race or ethnicity, resulting in uncertainty,
mbiguity, and inconsistency in recording these variables be-
ween and even within different nations.8,9 There is little agree-

ent among journals regarding the appropriateness of provid-
ng race and ethnicity data in publications, or where such data
eporting is recommended, or the way in which it should be
ollected.10 Indeed, there is little uniformity in reporting such
ata between articles within the most prestigious of medical
ournals.11

Notwithstanding this, several countries have adopted one or
ore systems of classification that are based on race, ethnicity,

r both, and used these in clinical research. For example,
etailed recommendations for reporting race were mandated by
he OMB of the U.S. Government in October 1997 (http://
ww.whitehouse.gov/omb/fedreg/ombdir15.html). The OMB
ocument mandates a minimum of 5 categories for data on
ace: American Indian or Alaska Native, Asian, Black or Af-

ig 2. Example elements for TBI studies focused on late presentati
lteration of consciousness; BSI-18, Brief Symptom Inventory 18; C
orm; CT, computed tomography; GOSE, Extended Glasgow Outcom

maging; PCL-C, Posttraumatic Stress Disorder Checklist–Civilian Ve
earning Test; RPQ, Rivermead Post-Concussion Symptoms Ques
urvey; SWLS, Satisfaction With Life Scale; TMT, Trail-Making Tes
ican American, Native Hawaiian or Other Pacific Islander, and d

rch Phys Med Rehabil Vol 91, November 2010
hite. Two categories for data on ethnicity are required:
Hispanic or Latino” and “Not Hispanic or Latino.” However,
here is substantial variation in these definitions between
ources and over time. For instance, subjects from the Indian
ubcontinent are now categorized as Asian, although until
ecently they were considered “white” in the U.S. Census.12

he United Kingdom has, on the other hand, no officially
andated system of classification. However, 2 systems are

ommonly used in research studies.10 One is based on the
lassification used by the national census, while the other is
hat used by the United Kingdom National Health Service. As
ith the United States, both schemes depend on self-reported

thnicity. Self-identification is also the basis for the Brazilian
ensus (http://www.ibge.gov.br/home/estatistica/populacao/
enso2000/), which defines 6 categories.

Classification of race is not always anthropologically or
cientifically based and is heavily influenced by geographic
atterns and ethnic identity. There is an increasing recognition
hat race is a social and cultural construct, and that using race
s a shorthand for genetic variation is likely to be incorrect,
ecause only approximately 10% of genetic variation occurs
etween races.13 Consequently, genetic association studies of

mild TBI. Abbreviations: ACE, Acute Concussion Evaluation; AOC,
T-SF, Craig Handicap Assessment and Reporting Technique Short
ale; HRQOL, health-related quality of life; MRI, magnetic resonance
; PTSD, posttraumatic stress disorder; RAVLT, Rey Auditory Verbal
aire; SF36, Medical Outcomes Study 36-Item Short Form Health
IS-III, Wechsler Adult Intelligence Scale–Third Edition.
on of
HAR
e Sc

rsion
isease increasingly use DNA-based estimates of “ancestry” as

http://www.whitehouse.gov/omb/fedreg/ombdir15.html
http://www.whitehouse.gov/omb/fedreg/ombdir15.html
http://www.ibge.gov.br/home/estatistica/populacao/censo2000/
http://www.ibge.gov.br/home/estatistica/populacao/censo2000/
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1645CDEs: TRAUMATIC BRAIN INJURY, Maas
basis for stratification of background genetic differences.14 At
more detailed level, there is at least the hope that full genetic

haracterization of subjects will result in the holy grail of
personalized medicine.”15

Despite the existing ambiguities and lack of scientific basis
or classification, it is important to record race and ethnicity,16

nd specifically in TBI trials, for the following reasons:

An association between race and outcome has been demon-
strated in TBI, which cannot be explained by differences in
cause of injury or in injury severity.7

Differences may reflect disparities in preinjury health, access
to health care, or both, in the acute phase and during reha-
bilitation after TBI. These data can therefore inform policy
aimed to ensure equitable access to health care.
Comparison of populations can help researchers interpret
changes in disease trends and assess whether the health of
minority groups deviates from expectations.
Racial variations in drug pharmacokinetics or pharmacody-
namics may exist. Although racial and ethnic descriptors
provide an inexact approximation of pharmacogenomic ef-
fects, it has to be conceded that, at least for the present, this
may be the only means of providing some traction in such
analyses of large studies.
The adoption of uniform reporting measures may allow
researchers to check whether their study populations are
representative of the wider community.
Despite these listed applications of race and ethnicity data,

he geographic variations in reporting such data mean that
omparisons between countries may not be viable. Even with-
n-country comparisons need to be carefully assessed to deter-
ine whether descriptors for classifications are consistent.
ven with consistent definitions, self-reporting makes it possi-
le for subjects with similar (or even identical) ethnicities to
hoose to classify themselves completely differently. There are
oth opportunities and pitfalls of undertaking pharmacog-
nomic analyses in admixed populations.17 However, although
uthoritative expert groups provide detailed analyses of the
roblems in this area,14 they provide little practical guidance to
he individual researcher searching for robust definitions on
hich classification can be based.
Although in general, self-reporting may be considered pref-

rable, this is not possible in the more severe cases of TBI, and
his may confound comparisons with reports on patients with
ilder injuries in whom self-reporting of race and ethnicity
as followed.
Given these considerations, the working group took a

ragmatic approach to recording race and ethnicity and
hose to further subdivide the broad categories prescribed
y the OMB at several levels. The more detailed categories
ere designed to map backwards, so that they can be ag-
regated into broader groupings. Given the regulatory man-
ate in the United States to collect ethnicity data in a specific
ay, and the difficulty in reconciling ethnic and racial

lassifications, we chose to separate them, but realize that
ecording ethnicity as Hispanic or Latino versus Not His-
anic or Latino will make little sense in such places as Latin
merica or Spain. Regardless of the classification scheme

dopted, we believe that as a minimum, any study must
nclude clear definitions of terminology used for describing
ace and ethnicity, thus facilitating (as much as possible)
ost hoc reconciliation of different studies. The template on
ace as contained in our recommendations (www.tbi-

mpact.org) provides some guidance here. i
ocial Status
Educational level. For adults, educational level is a basic

escriptor and an important component of socioeconomic sta-
us. Educational attainment is a strong correlate of income level
nd, presumably, cognitive ability. An association exists be-
ween educational level and outcome after TBI.7 Documenting
t least some basic information on education is therefore con-
idered relevant to TBI studies. Various approaches exist to-
ard documenting educational level. Achievement of years or

evel of education is probably more relevant than partial years
f attendance as a descriptor or predictor of outcome. We
ecommend that both the number of years of education com-
leted and the highest level of education are recorded.
Productive activity. Employment is considered a basic

opulation descriptor, and return to work a relevant outcome
arameter for patients in the paid workforce before injury.
mployment, as relevant to TBI studies, differentiates “paid
ompetitive employment (earning at least minimum wage)”
rom “special employment (sheltered workshop, supportive
mployment, job coach, less than minimum wage).” Other
ocial role activities, such as student, homemaker, or volunteer
ork, are equally relevant, and it is therefore recommended to

ollect data on these role activities separately.
Marital status and living situation. TBI can cause rela-

ional stress and family disruption. The speed and degree of
ecovery may be influenced by factors related to marital status
nd living situation. Although studies commonly report the
primary person the patient with TBI is living with,” we
hought that it would be more appropriate to allow entries in
ultiple categories and to document the number of persons the

atient is living with, because this would capture a better
icture of the support and care that a patient might expect when
eturning to the home situation.

SUBJECT AND FAMILY HISTORY
Details on medical history and use of medication are col-

ected in nearly every TBI clinical study. However, medical
istory data are typically the least reliable data collected and
re almost universally collected in a free text format, thus
rohibiting any meaningful analysis. Nevertheless, preexisting
onditions may influence the disease course and chances of
ecovery, and information on medical history is essential for
nterpretation of adverse events occurring during clinical trials.
t is therefore highly relevant to accurately record medical
istory and medication. To facilitate better use of such data, we
ecommend prespecified categories.

INJURY- OR DISEASE-RELATED EVENTS

ype and Cause of Injury
Recording details on the type, place, nature, and mechanism

f injury is highly relevant, both from an epidemiologic per-
pective (with implications for prevention programs) and be-
ause different pathophysiologic mechanisms occur in different
ypes of injury. After much debate, we recommend a broad
lassification of type of injury into 4 categories: closed, pene-
rating, blast, and crush. Blast injuries are defined by any form
f TBI occurring in association with a blast explosion. World-
ide, armed conflicts and terrorist activities are causing more
rain injuries from improvised explosive devices, and blast
njuries are now recognized as a specific entity.18,19 Crush
njuries are defined as any form of TBI resulting from a slow
echanical force applied to the skull. Generally, such a type of

njury causes substantial damage to the skull, while the brain

njury may be limited. We recommend that coding of injury

Arch Phys Med Rehabil Vol 91, November 2010
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A

ype permit multiple codes for injury type (eg, blast and closed)
here relevant. In many previous studies, variables capturing

njury details mix elements of cause, setting, and mechanism.
e recommend a clearer separation: the place of injury is

ntended to capture information on the location (eg, street,
ome/domestic, work/school, or sports/recreation); the element
ause of injury is more directed toward the causative factor (eg,
oad or traffic incident or fall). Indirectly, these imply a certain
lement of mechanism, but more detailed information on the
echanism of injury can be recorded separately.

lassification
Traditionally, TBI has been classified by mechanism (closed

s penetrating), by clinical severity (GCS, length of LOC,
nd/or length of PTA), or by assessment of structural damage
neuroimaging). A substantial limitation of all these ap-
roaches is that they categorize patients artificially. For exam-
le, in classifying patients by clinical severity, patients are
omewhat arbitrarily grouped into 3 distinct categories: severe
GCS, 3–8), moderate (GCS, 9–12), or mild (GCS, 13–15).
his approach insufficiently recognizes that the severity of TBI

ies along a continuum, and that the GCS may fluctuate. Fur-
hermore, classification of TBI by clinical severity is increas-
ngly limited in the acute setting by confounders, such as
edical sedation, neuromuscular blockade, or intoxication.
he advances in modern neuroimaging techniques and the
merging technology of biomarkers offer new opportunities
oward development of a multidimensional classification for
BI. We see a great need for further research in this field.
Classifying extracranial injuries. In the past, relatively

ittle attention has been paid in TBI to assessment of the
ccurrence and severity of extracranial injuries. Nevertheless,
xtracranial injuries occur frequently in combination with TBI
nd may affect short- and long-term outcome. Practicality
ictates that any scoring system used to quantify systemic
njury must be widely disseminated and easily understood. For
hese reasons, the AIS is the most logical candidate. The AIS
s defined as an anatomically based, consensus-driven, global
everity scoring system that classifies each injury by body
egion according to its relative importance on a 6-point ordinal
cale.20

For expressing the overall severity of injuries, the ISS can be
alculated from the AIS.21 The spine is not considered sepa-
ately in the original ISS classification, but given the associa-
ion between TBI and in particular cervical spine injuries, we
onsider it important to record spinal injuries separately.

Prognostic classification. A relatively novel approach for
xpressing severity is to calculate the baseline prognostic risk
or early mortality or functional outcome. Recently, well-
alidated models developed on large patient samples have
ecome available to facilitate this approach.22,23 These models
an further facilitate comparisons of outcome between different
atient series and enable the setting of baselines for clinical
udits. Furthermore, from the perspective of clinical trial de-
ign, these models offer opportunities for stratification at en-
ollment, or for covariate adjustment in the analysis phase.
stablishing the baseline prognostic risk is recommended for
ll TBI studies. The core predictors are summarized in table 1.

econd Insults
Second insults—often inappropriately termed “secondary

nsults”—may be systemic (extracranial) or intracranial. Sec-
nd insults may aggravate processes of secondary damage in a
rain already rendered vulnerable by the primary injury. The

ain systemic insults are hypoxia, hypotension, hypothermia, s
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nd hyperthermia. The adverse effect of the occurrence of such
nsults both prehospital and in hospital is well established.24-26

econd insults are commonly defined by threshold values.
lthough this may be appropriate for recording second events

n the prehospital setting, we do not consider the use of these
hreshold values appropriate for the clinical setting, where
lood pressure and oxygen saturation are generally monitored
ontinuously, certainly in the intensive care setting. It would be
etter to capture more detail on depth and duration of lower
alues, for example, by presenting the percentage of time over
hich predefined ranges of values occur during a given 24-
our period. This approach has been implemented as a research
ool in various intensive care units, but unfortunately software
or this purpose is not routinely available. We see a great need
or further development and implementation of dedicated soft-
are for this purpose in existing monitoring systems. Multiple
BIs may also affect outcome, We recommend recording of
revious TBIs.

ASSESSMENTS AND EVALUATIONS

ital Signs
Documentation of blood pressure, heart rate, temperature,

nd oxygen saturation is recommended for all patients with
BI who are admitted to the hospital directly after injury. This

s important for 2 reasons. First, therapeutic interventions in a
rial may increase the incidence of abnormal physiology, and
uch adverse effects need to be recorded on safety grounds.
econd, regardless of whether or not physiologic insults are
ue to trial interventions, systemic hypotension, low cerebral
erfusion pressure, hypoxemia, or hyperthermia may aggravate
schemic damage to the injured brain. Conversely, a high blood
ressure may lead to a protracted course of increased ICP and,
here therapeutically induced, carries an increased risk of

ardiopulmonary complications. As a minimum, vital signs
hould be recorded on admission and further, on a daily basis
uring the acute phase of clinical studies. For the basic version,
e recommend recording the average and lowest blood pres-

ure over a given period. In the intensive care unit environ-
ent, recording blood pressure on an hourly basis is recom-
ended when ICP is monitored, to permit determination of

erebral perfusion pressure, calculated as mean arterial blood
ressure minus ICP.

ntracranial Pressure
Monitoring of the ICP is recommended in all patients with

Table 1: Core Predictors for Early Mortality and Functional
Outcome in Moderate and Severe TBI

Category Variable

Demographics Age
Clinical severity GCS motor score

Pupil reactivity
Major extracranial injury

Second insults Hypoxia and hypotension
Structural abnormalities CT classification

Traumatic subarachnoid
hemorrhage

Epidural hematoma
Laboratory tests Glucose

Hemoglobin

bbreviation: CT, computed tomography.
evere TBI, with documentation of a summary measure and the
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ighest value on at least a daily basis. Periods of artifactually
igh ICP (eg, during calibration of the monitor) or short-
uration ICP increases caused by coughing, straining, or both,
hould be excluded when determining the highest ICP. For the
ntermediate and advanced versions, recording hourly values is
ecommended. In the analysis phase, we recommend that all
ourly data are referenced to the date and time of injury,
ecause this represents the only fixed time event that is com-
on to all patients. For valid comparisons of results between

atients and across studies, a common approach toward zeroing
he ICP monitor should be agreed on, for which we suggest that
he ICP monitor be zeroed to the level of the foramen of

onro. The format recommended for recording ICP can also
e applied for other monitoring modalities, such as brain tissue
xygen tension or jugular venous oxygen saturation. The
hoice to document the highest or lowest daily value is depen-
ent on the monitoring modality.
The module on ICP monitoring includes capturing informa-

ion on procedures and problems encountered. Recording the
uration of ICP monitoring is essential. Documentation of the
eason for stopping monitoring (eg, clinically no longer re-
uired, device failure, or for reasons of futility) is relevant
hen interpreting measured values and their relation to therapy

ntensity. Identification of possible device malfunction (eg,
artial blockage of a ventricular catheter) and revisions of the
onitoring device is highly relevant for an accurate interpre-

ation of values. We should further realize that the current
pproaches to analysis of hourly values is often rather crude.

e strongly advocate further development of software aimed
t capturing the frequency distribution of measured values
uring continuous monitoring, and further research into the
enefits of such an approach relative to calculation of mean
alues, or the percentage of time measured hourly values are
bove or below a certain threshold (eg, for ICP above or below
0 or 25mmHg).

eurologic Assessment
Assessments of the level of consciousness should be per-

ormed by the GCS. The GCS has evolved into a universal
lassification system for the severity of TBI. It consists of the
um score (range, 3–15) of the 3 components (eye, motor, and
erbal scales). For assessment of severity in individual patients,
he 3 components should be reported separately. A standard-
zed approach is advocated. If painful stimuli are required to
licit response, nailbed pressure and supraorbital pressure (to
est for localizing) are recommended.

We further recommend documentation of the occurrence and
uration of LOC and of PTA, as well as the duration of periods
f other alterations of consciousness (including confusion).
redefined categories of symptom duration are preferred be-
ause accurate assessment in minutes is often impossible and,
f performed, unreliable. In addition, the source of verification
f such data should be documented. These parameters are
articularly relevant for milder injuries, in surveys or epidemi-
logic studies outside clinical centers, and for patients who
resent late. The length of LOC, PTA, or other alteration of
onsciousness is a key measure in establishing the diagnosis of
ild TBI and its differentiation from more severe TBI. Self-

eport is acceptable (Centers for Disease Control and Preven-
ion report to Congress), but verification establishes higher
evels of evidence. In patients presenting late, information will
enerally be obtained by history.

ostacute Assessments
Several major issues must be considered when developing
DEs for use in the postacute setting. First, there can be r
ultiple pathways of care during the postacute period. Second,
isparities in access to postacute care may influence the recov-
ry process and confound outcome assessment. Third, the
ighly variable periods at which treatments may occur and
ssessments are recorded, confound comparability of studies
nd interpretation of their results. Thus it is the recommenda-
ion of this working group to capture details on duration and
ntensity of all postacute treatment received, and further cap-
ure postacute assessments at predetermined, fixed periods.

No single measure exists to capture the progress of a patient
uring recovery. We advocate further research in development
f a valid, global clinical assessment tool for use in TBI
ehabilitation. Relevant tools for the assessment of aspects of
rogress during rehabilitation are the resolution of symptoms,
he FIM, and assessments of neuropsychological function.
onsiderable overlap between the relevant tools for the assess-
ent of progress during the postacute period, while recovery

nd treatment may still be ongoing, and those that measure
utcome exists. Assessments performed on initiation of reha-
ilitation care may be endpoints for acute care trials, and
ssessments that measure progress during rehabilitation may
oincide with assessments of outcome. Thus we recommend
se of the same measures, including the neurocognitive test
attery, as proposed by the outcomes group.27

SPECIFIC SUBPOPULATIONS

ilitary TBI
A critical question is how, and the extent to which, the nature

nd severity of TBI sustained by military personnel may differ
rom TBI sustained by civilians in nonmilitary environments.
njuries in military personnel including TBI are common in
eacetime, as well as during combat, because they routinely
ngage in risky activities.28 Clearly though, soldiers in the
ombat environment are more likely to sustain such injuries
hrough exposure to blast overpressure or to sustain penetrating
njuries (eg, bullet or shrapnel wounds) than are civilians in a
oncombat environment. About 10% to 20% of returning
roops from Operation Enduring Freedom and Operation Iraqi
reedom screen positive for probable TBI in recent stud-

es.29-31 These incidence rates are much higher than civilian
ncidence figures for similar periods. It has been estimated that
ild TBI is complicated in 40% of cases in this population by

osttraumatic stress disorder.29 Civilian TBI studies have
arely included measures of posttraumatic stress disorder, and
onsequently the incidence of a combined diagnosis is not
nown in civilian populations.
Military personnel may be distinctly sensitive to the impact

f TBI (eg, as a result of sleep deprivation) or distinctly
esilient to TBI. Evidence suggests that the frontal cortex is not
ully developed until 22 years of age, so young soldiers may
ave a relatively greater capacity for neural growth and plas-
icity and consequently recovery. Critical to identifying the
echanisms for such differences will be the construction and

doption of survey instruments that capture all the relevant
actors (epidemiologic and situational or environmental) that
ight reasonably be hypothesized to mediate sensitivity and re-

ilience to TBI events in military personnel. It was considered
articularly relevant to capture information on military occupa-
ional specialty and deployment history. The risk of injury and
ype or cause of injury are likely to vary by military occupational
pecialty, with the greatest risks incurred by those involved in
ombat. The severity of psychological problems has been shown
o correlate with the number and length of combat deployments,
he time between deployments, and the severity of combat expe-

iences.
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A

ediatric TBI
The response to injury, diagnostic approaches, and therapeu-

ic modalities may differ between pediatric and adult TBI
opulations. In pediatric patients with more severe injuries,
arly swelling is common. It may be difficult to detect deficits
n arousal, attention, or memory in newborns, infants, and
reverbal children. It was further realized that with respect to
euroimaging studies and outcome assessment, specific recom-
endations were required. In a later phase of the project, a

roposal was accepted to institute a dedicated working group
ith the goal to provide integral recommendations specific to
ediatric TBI. This work is still in progress. Here, we summa-
ize recommendations pertinent to the working group on De-
ographics and Clinical Assessments.
With respect to age, if the child was born before term (38

eeks) and is younger than 1 year, the age should be adjusted
o account for prematurity. If age is recorded rather than date of
irth, this should be measured in months for children younger
han 2 years and in weeks for those younger than 2 months. The
mployment status and educational level of each parent should
e recorded separately. Consent by the parent or legal guardian
s typically required. In cases of intentional trauma where one
arent is identified as the perpetrator, consent would be ob-
ained from the other parent.

Regarding the medical history and clinical assessment, the
orking group recommended the following. The medical his-

ory should include pediatric disorders that are likely to im-
inge on functional neurologic outcome after TBI in the de-
eloping brain. These include epilepsy, psychiatric disorders,
nd developmental problems. Other variables relevant to TBI
nclude congenital heart disease and sickle cell disease. In the
ase of nonaccidental trauma, the working group agreed that
dditional details will be needed and remain to be determined.
o record the neurologic examination, the working group rec-
mmended the pediatric GCS. To record in-hospital treatment
f pediatric TBI, the working group recommended the use of
he Pediatric Intensity Level of Therapy Scale.32

A number of gaps in knowledge are specific to pediatric TBI
nd may serve to focus future research in this age group. In
ewborns and infants, the definition of mild TBI by alteration
n consciousness is not reliable. This is related to the lack of
onsensus as yet on the measures to assess and classify the
nitial level of neurologic injury in infants and children. There
re limited data on normal values for, and age dependence of,
ey physiologic parameters including ICP and cerebral perfu-
ion pressure.33 Consent must be obtained from parents or the
egal guardian. Long-term outcome studies are needed to assess
he impact of the sequelae of TBI on school performance,
elf-esteem, the ability to enter the workforce, and the impact
f this injury on the child’s family. These studies are limited by
he duration required, and the need for a consensus on the
easures needed to assess long-term functional outcome.

NEXT STEPS
We consider the initiative toward standardization of data

ollection across TBI studies of great importance. It should be
ealized, however, that this is an ongoing process. Despite the
road and expert input with representation from different dis-
iplines and stakeholder organizations, the current proposals
epresent only a beta version, which will require further refine-
ent and validation in clinical practice. Furthermore, we con-

ider it essential to obtain broad support and acceptance of the
nal recommendations among the TBI community. We would
ike to see this initiative evolve as an international effort that
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as the potential to set global standards for data collection in
BI. To accomplish this goal, the following steps are proposed:

Refinement of recommendations in collaboration with inter-
national partners, and ratification by stakeholders and inter-
national scientific bodies
Translation of the modules into a web-based data entry
format with pull-down menus and automated data checks
Validation of the data elements in observational studies
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