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Objectives: To conduct a systematic review of behavioral
assessment scales for disorders of consciousness (DOC); pro-
vide evidence-based recommendations for clinical use based on
their content validity, reliability, diagnostic validity, and ability
to predict functional outcomes; and provide research recom-
mendations on DOC scale development and validation.

Data Sources: Articles published through March 31, 2009,
using MEDLINE, CINAHL, Psychology and Behavioral Sci-
ences Collection, Cochrane Database of Systematic Reviews,
Database of Abstracts of Reviews of Effects, Cochrane Central
Register of Controlled Trials, Biomedical Reference Collec-
tion, and PsycINFO. Thirteen primary terms that defined DOC
were paired with 30 secondary terms that defined aspects of
measurement. Scale names, abbreviations, and authors were
also used as search terms. Task force members identified
additional articles by using personal knowledge and examina-
tion of references in reviewed articles.

Study Selection: Primary criteria included the following: (1)
provided reliability, diagnostic validity, and/or prognostic va-
lidity data; (2) examined a cohort, case control, or case series
sample of persons with DOC who were age older than or equal
to 18 years; and (3) assessed in an acute care or rehabilitation
setting. Articles were excluded if peer review was not con-
ducted, original data were not reported, or an English language
article was not available. The initial search yielded 580 articles.
After paired rater review of study abstracts, guideline devel-
opment was based on 37 articles representing 13 DOC scales.

Data Extraction: Rater pairs classified studies addressing
diagnostic and prognostic validity by using the American
Academy of Neurology 4-tier level of evidence scheme, and
reliability by using a task force—developed 3-tier evidence
scheme. An independent quality review of ratings was con-
ducted, and corrections were made.

Data Synthesis: The Coma Recovery Scale-Revised (CRS-
R), Sensory Stimulation Assessment Measure (SSAM), Wes-
sex Head Injury Matrix (WHIM), Western Neuro Sensory
Stimulation Profile (WNSSP), Sensory Modality Assessment
Technique (SMART), Disorders of Consciousness Scale (DOCS),
and Coma/Near-Coma Scale (CNC) have acceptable standardized
administration and scoring procedures. The CRS-R has excellent
content validity and is the only scale to address all Aspen Work-
group criteria. The SMART, SSAM, WHIM, and WNSSP dem-
onstrate good content validity, containing items that could distin-
guish persons who are in a vegetative state, are in a minimally
conscious state (MCS), or have emerged from MCS. The Full
Outline of UnResponsiveness Score (FOUR), WNSSP, CRS-R,
Comprehensive Levels of Consciousness Scale (CLOCS), and
Innsbruck Coma Scale (INNS) showed substantial evidence of
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internal consistency. The FOUR and the CRS-R showed substan-
tial evidence of good interrater reliability. Evidence of diagnostic
validity and prognostic validity in brain injury survivor samples
had very high levels of potential bias because of methodologic
issues such as lack of rater masking.

Conclusions: The CRS-R may be used to assess DOC with
minor reservations, and the SMART, WNSSP, SSAM, WHIM,
and DOCS may be used to assess DOC with moderate reserva-
tions. The CNC may be used to assess DOC with major reserva-
tions. The FOUR, INNS, Glasgow-Liege Coma Scale, Swedish
Reaction Level Scale-1985, Loewenstein Communication Scale,
and CLOCS are not recommended at this time for bedside behav-
ioral assessment of DOC because of a lack of content validity, lack
of standardization, and/or unproven reliability.

Key Words: Coma; Consciousness Disorders; Brain inju-
ries; Diagnosis; Outcome assessment; Persistent vegetative
state; Practice guidelines as topic; Prognosis; Rehabilitation;
Review.

© 2010 by the American Congress of Rehabilitation
Medicine

ONSCIOUSNESS CANNOT be directly observed. There-

fore, clinical assessment of persons with DOC relies on
observing behavior and drawing inferences about the underly-
ing state of consciousness.' Detection of behavioral signs of
consciousness is subject to interrater variability and is often
confounded by unpredictable fluctuations in arousal, underly-
ing sensorimotor impairment, unrecognized cognitive and lan-
guage deficits, and sedating medications. Even when there is

List of Abbreviations

AAN American Academy of Neurology
ACRM American Congress of Rehabilitation Medicine

BI-ISIG Brain Injury-Interdisciplinary Special Interest
Group

Cl confidence interval

CLOCS Comprehensive Levels of Consciousness Scale

CNC Coma/Near-Coma Scale

CPC Clinical Practice Committee

CRS-R Coma Recovery Scale-Revised

DOC disorders of consciousness

DOCS Disorders of Consciousness Scale

DRS Disability Rating Scale

FOUR Full Outline of UnResponsiveness Score

GCS Glasgow Coma Scale

GLS Glasgow-Liege Coma Scale

IC internal consistency

ICC intraclass correlation coefficient

INNS Innsbruck Coma Scale

IRR interrater reliability

LOEW Loewenstein Communication Scale

MCS minimally conscious state

MSKTC Model Systems Knowledge Translation Center

NIDRR National Institute on Disability and

Rehabilitation Research
PVS persistent vegetative state

RLS85 Swedish Reaction Level Scale-1985
SMART Sensory Modality Assessment Technique
SSAM Sensory Stimulation Assessment Measure
TRR test-retest reliability

VS vegetative state

WHIM Wessex Head Injury Matrix

WNSSP Western Neuro Sensory Stimulation Profile
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agreement about the behavior observed, there may be assessor
variability when inferring consciousness. Diagnostic errors in
classifying persons in an MCS as being in a VS have been
reported to range from 30% to 40% and can have adverse
consequences for clinical treatment.* Failure to detect behav-
ioral signs of consciousness may lead to premature termination
of treatment and missed clinical opportunities to establish
communication, promote cognitive and functional progress,
and identify and manage pain. Conversely, misinterpreting
nonpurposeful or reflexive behavior as conscious behavior may
lead to falsely optimistic prognoses, excessively prolonged or
aggressive treatment, and delays in adequately planning for
long-term disability. In the most severe circumstances, misdi-
agnosis can cause inappropriate family and legal decisions
regarding withdrawal of life-sustaining treatment. Although
neuroimaging and electrophysiologic procedures are evolving
as potential components of the DOC clinical assessment, they
do not have sufficient evidentiary support to be included in
formal diagnostic criteria or routine clinical care.®!!

To provide a common frame of reference for the diagnosis
and treatment of persons with DOC, consensus-based diagnos-
tic guidelines have been developed to define 3 ascending levels
of disordered consciousness: coma,'? the VS,'? and the MCS.'#
Coma represents a state of unarousable unresponsiveness in
which there is no evidence of self-awareness or environmental
awareness.'? The eyes remain continuously closed, purposeful
responses to environmental stimuli cannot be elicited, and there
is no evidence of discrete localizing responses or language
comprehension and expression. The defining characteristic of
coma is the absence of spontaneous eye opening or sleep/wake
cycles. Behavior is limited to reflexive activity, indicating
failure of both the reticular activating system and integrated
cortical activity.'?

In persons with persistent unconsciousness, spontaneous or
stimulus-induced eye opening often reemerges. The recovery
of eye opening with continued absence of observable signs of
cognitively mediated behavior signals a transition to VS. The
AAN Multi-Society Task Force on PVS outlines 3 diagnostic
criteria that must all be met to establish the diagnosis of VS:

1. No evidence of sustained, reproducible, purposeful or

voluntary behavioral responses to visual auditory, tac-
tile, or noxious stimuli.

2. No evidence of language comprehension or expression.

3. Intermittent wakefulness manifested by the presence of

sleep/wake cycles (ie, periodic eye opening).'®

In persons with VS, autonomic functions are usually suffi-
ciently preserved to support cardiorespiratory functions and
permit survival. There is usually gradual resumption of spon-
taneous or elicited movement; however, this is always nonpur-
poseful or reflexive. Vocalizations or facial expressions such as
smiling and crying may occur in VS but not in the context of
meaningful environmental interaction.'®'8

Unlike those in coma and VS, persons in MCS demonstrate
minimal but definitive behavioral evidence of self-awareness or
environmental awareness. Conscious behaviors are often sub-
tle, occur inconsistently, and must be carefully differentiated
from reflexive or random behavior. The Aspen Workgroup first
proposed and subsequently refined MCS diagnostic criteria
with a case definition published in 2002.'*'? To establish the
diagnosis of MCS, there must be clear and reproducible evi-
dence of 1 or more of the following behaviors:

1. Simple command following.

2. Gestural or verbal yes/no responses (regardless of accu-
racy).

3. Intelligible verbalization.
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4. Movements or affective behaviors that occur in contingent
relation to relevant environmental stimuli and are not attrib-
utable to reflexive activity. Exemplars include the follow-
ing:

A. Episodes of crying, smiling, or laughter in response to
the linguistic or visual content of emotional but not
neutral topics or stimuli.

Vocalizations or gestures that occur in direct response to

the linguistic content of comments or questions.

Reaching for objects that demonstrates a clear relation-

ship between object location and direction of reach.

Touching or holding objects in a manner that accommo-

dates the size and shape of the object.

Visual pursuit or sustained fixation that occurs in direct

response to moving or salient stimuli.

Aspen Workgroup criteria for emergence from MCS require
reliable demonstration of either interactive communication or
functional object use.'* Reliable interactive communication
requires accurate yes/no responses to at least 6 situational
orientation questions (eg, “Are you sitting in a chair?”) and
may occur through verbalization, gesture, or assistive technol-
ogy. To demonstrate reliable functional object use, appropriate
use of at least 2 different items must be observed on at least 2
different occasions (eg, comb brought to the head and tooth-
brush to the mouth).

Although consensus-based diagnostic guidelines for
coma, VS, and MCS have been widely accepted in the
United States and internationally, there are no correspond-
ing guidelines to inform the DOC assessment approach.
Behavioral assessment scales for DOC are frequently used
for diagnosis, prognosis, and treatment planning. To address
the content and prognostic limitations of the ground-break-
ing GCS,%°** second-generation DOC scales have prolifer-
ated since the early 1990s. However, these second-generation
DOC scales demonstrate marked procedural variability,
ranging from brief unstructured bedside scales to standard-
ized assessment strategies with explicit rating criteria. Re-
cent evidence suggests that standardized scales may be more
accurate than unstructured approaches in detecting con-
sciousness when the assessment protocol is yoked to consensus-
based diagnostic criteria and relies on operationally defined
administration and scoring procedures.” To date, there has
been no systematic evaluation of the standardization, con-
tent, psychometric properties, and clinical utility of second-
generation DOC behavioral assessment scales.

To address this critical need, the ACRM BI-ISIG DOC Task
Force conducted a systematic, evidence-based literature review
to evaluate the extent that each DOC scale (1) has content that
differentiates VS, MCS, and emergence from MCS; (2) pro-
duces reliable ratings between examiners and over time; (3)
generates valid diagnostic findings; and (4) predicts functional
outcomes. Recommendations are made to guide clinical prac-
tice and research on the development and validation of DOC
scales.

m Y n w

METHODS

DOC Task Force Expert Panel

The task force is made up of 14 members from the ACRM
BI-ISIG who have expertise in brain injury and DOC. Eight
members have significant expertise in scale development
and validation. Six are past or current members of the
ACRM CPC, which performs quality standards reviews for
ACRM-generated evidence-based guidelines.

1797

Oversight and Funding

The project plan was developed in accordance with the AAN
Process Manual for the Development of Evidence-Based
Guidelines** and was preapproved by the ACRM CPC and the
Archives of Physical Medicine and Rehabilitation editorial
staff. The ACRM CPC and the NIDRR MSKTC provided
financial and technical support.

Literature Search

The literature search identified articles published through
March 31, 2009, by using EBSCO and selecting the following
databases: MEDLINE, CINAHL, Psychology and Behavioral
Sciences Collection, Cochrane Database of Systematic Re-
views, Database of Abstracts of Reviews of Effects, Cochrane
Central Register of Controlled Trials, and Biomedical Refer-
ence Collection. In addition, PsycINFO was searched. Thirteen
primary search terms were used to define DOC: akinetic mut-
ism, apallic syndrome, coma AND vegetative state, coma AND
post-head injury, coma AND post-trauma, coma AND post-
traumatic, coma AND traumatic, minimally conscious, mini-
mally responsive, persistent vegetative state, post-head injury
coma, prolonged post-traumatic unawareness, and unawareness
state. Each of the 13 primary terms was paired with 30 sec-
ondary terms that defined aspects of measurement: assessment,
classification, course, diagnosis, diagnostic, evaluation, injury
severity score, instrument, measure, natural history, neurologic
examination, observer variation, outcome, predictive, progno-
sis, prognostic, progression, psychometric, questionnaire, re-
covery, reliability, reproducibility of results, scale, sensitivity,
specificity, test, tool, trauma severity indices, validation, and
validity. Filter terms (eg, plant, animal, religion, ethics) were
used to eliminate irrelevant articles. An additional search was
conducted by using scale names, abbreviations, and author
names as search terms. Finally, task force members used per-
sonal knowledge of DOC scale articles and examined refer-
ences in reviewed articles to identify additional relevant arti-
cles.

Selection of Articles and Scales

Selected articles met the following criteria: (1) provided
reliability, diagnostic validity (including criterion validity),
and/or prognostic validity data on a second-generation DOC
behavioral assessment scale; (2) examined a cohort, case con-
trol, or case series sample made up of persons with DOC
resulting from traumatic brain injury, stroke, and/or other non-
traumatic brain injury etiology with most age greater than or
equal to 18 years; and (3) assessed the sample in either an acute
care or a rehabilitation setting. Articles were excluded if peer
review was not conducted, original data were not reported, or
an English language article was not available. Prognostic va-
lidity studies were excluded if the only outcome predicted was
survival versus death. To assure that selected DOC scales are in
active use, scale inclusion in the systematic review required at
least 1 peer-reviewed article published between 1996 and 2009
and at least 1 peer-reviewed article that reported either diag-
nostic or prognostic validity data. If a revised DOC scale had
articles that met selection criteria, then the earlier version was
excluded.

Overall, the literature search yielded 580 articles of interest
for which the lead author and research coordinator prescreened
abstracts to exclude articles that did not possess data. Of these
580 articles, 494 were excluded. The remaining 86 abstracts,
representing 22 scales, were formally screened for inclusion by
task force member pairs. Forty-four were excluded during the
abstract screen,?>®® and an additional 4 were excluded during

Arch Phys Med Rehabil Vol 91, December 2010
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Table 1: Description of Disorders of Consciousness Scales

No. of Scales

Score Range and

Estimated Time

Scale Behavioral Content (No. of Items)* Item Response Set' Interpretative Guidelines* Required (min)
CNC Visual, auditory, command 8(11) “Occurs 2-3 times,” “occurs Average item score: 10
following, threat response, 1-2 times,” or “does not 0.00-0.89=no coma;
olfactory, tactile, pain, occur” 0.90-2.00=near coma;
vocalization 2.01-2.89=moderate

coma; 2.90-3.49=
marked coma; 3.50-
4.00=extreme coma
CRS-R Auditory, visual, motor, oral, 6 (23) “Absent” or “present” Total score=0-23 25
communication, arousal
CLOCS Eye responses, motor, posture, 7 (7)% Varies per item, 5-9 Total score=0-42 5
communication, general anchored responses
responsiveness
DOCS Auditory, visual, tactile, sensory, 1(23) “None,” “generalized,” or Logit transformed total 45
swallowing, olfactory “localized” score=0-100
FOUR Eye response, motor response, 4 (4) 5 Anchored responses Total score=0-16 10
respiration, brainstem reflexes
GLS Eye, verbal, motor, brainstem 4(4) Varies per item, 4-6 Total score=3-20 5
reflexes anchored responses
INNS Eye responses, auditory, pain, 1(8) Varies per item, 3-4 Total score=0-23 10
posture, oral anchored responses
LOEW Mobility, respiration, visual, 5 (25) 5 Anchored responses Total score=0-100 25
auditory, communication
RLS85 Responsiveness 1(1) 8 Levels of “reaction” 1-3=responsive; 15
4-8=not responsive
SMART Auditory, vision, tactile, olfactory, 8(8) 5 Anchored responses Each scale score=1-5 60+
gustatory, wakefulness, motor, MCS or higher if rated a 5
communication on a sensory modality
on 5 consecutive
administrations
SSAM Auditory, vision, tactile, olfactory, 5(15) 6 Anchored responses Total score=15-90 30
gustatory, eye opening, motor,
vocalization
WHIM Basic behaviors, social/ 4 (58) “Absent” or “present” Total score=0-58 30-120
communication, attention/
cognitive, orientation/memory
WNSSP Visual, tactile, olfactory, arousal/ 5(32) Varies per item, 3-6 Total score=0-110 45

attention, auditory, expressive
communication

anchored responses

*No. of items refers to scored items; multiple stimuli may be presented before a single item is rated.
"Most scales use anchored (specifically defined) response sets (rating choices) that are individualized to each item and range from lack of

behavior to specific volitional behavior.

*Higher total scores indicate higher levels of consciousness for all scales except CNC and RLS85, in which higher scores indicate lower levels

of consciousness.

SCLOCS originally contained 8 single-item scales, but authors recommend deleting scale 2.
lUp to 58 items ordered hierarchically from easier to harder may be administered. Iltem administration is discontinued after 10 consecutive
incorrect responses, which can lead to large variations in administration times.

the full article review.?>%”"! Thus, guideline development was
based on 37 articles™'**"21% with the following 13 DOC
scales meeting inclusion criteria: CRS-R, CNC, CLOCS,
DOCS, FOUR, GLS, INNS, LOEW, RLS85, SMART, SSAM,
WHIM, and WNSSP. See table 1 for a brief description of each
scale. Authors of 12 scales used classical test theory method-
ologies to provide evidence of reliability and validity. The
authors of the DOCS used the Rasch model to provide evidence
of reliability and validity.

Rating the Evidence

Several evidence rating schemes were used. Scale standard-
ization was rated as acceptable or unacceptable based on DOC
task force expert consensus between paired reviewers that

Arch Phys Med Rehabil Vol 91, December 2010

procedures were sufficiently defined to facilitate consistent
administration and scoring of items. DOC task force paired
reviewers also provided consensus ratings on content validity
as excellent, good, acceptable, or unacceptable based on the
extent that each scale’s items covered the Aspen Workgroup’s
4 criteria for transitioning from VS to MCS and 2 criteria for
emerging from MCS.

Three aspects of reliability were examined: IC, IRR, and
TRR. No validated scheme was identified for rating medical
assessment scales’ reliability. A subcommittee of DOC task
force members in consultation with a biostatistician synthe-
sized recommendations and findings from the reliability
research literature and created a 3-tier reliability classification
system.'m’125 Reliability evidence was abstracted, and each
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Table 2: DOC Scales: Standardization of Procedures, Interpretive Guidelines, and Evaluation of Iltem Content Based on Aspen
Workgroup Criteria

Public Std Dx Aspen WC Aspen WC Aspen WC
Scale Author (y) Domain Admin/Scoring Guide Diff Dx VS—MCS MCS—Emerg
CRS-R Giacino (2004) Y Y Y Y 4 2
SSAM Rader (1994) Y Y N N 4 1
WNSSP Ansell (1989) Y Y N N 4 1
SMART Gill-Thwaites (1999) N Y Y N 4 1
WHIM Shiel (2000) N Y N N 4 1
DOCS Pape (2005) Y Y N N 3 0
CNC Rappaport (1992) Y Y Y N 3 0
CLOCS Stanczak (1984) Y N N N 3 0
LOEW Borer-Alafi (2002) Y N N N 3 0
RLS85 Stalhammar (1988) Y N Y N 3 0
FOUR Wijdicks (2005) Y N N N 2 0
GLS Born (1985) Y N N N 2 0
INNS Benzer (1991) Y N N N 1 0

Abbreviations: Aspen WC Diff Dx, whether the scale provides guidelines for using items or scale scores to make differential diagnoses among
VS, MCS, and emerged based on Aspen Workgroup criteria; Aspen WC MCS—Emerg, the number of Aspen Workgroup Criteria (of 2 possible)
for differential diagnosis of MCS from emerged that is addressed by each scale’s item content; Aspen WC VS—MCS, the number of Aspen
Workgroup criteria (of 4 possible) for differential diagnosis of VS from MCS that is addressed by each scale’s item content; Dx Guide,
diagnostic guidelines provided to interpret scale scores beyond higher or lower total scores, indicating higher or lower levels of conscious-
ness; N, no; Public Domain, whether scale can be accessed for free or is available by purchase only; Std Admin/Scoring, whether adequate
procedures are provided for standardized administration and scoring; Y, yes.

study was rated class I (low risk of bias), II/IIl (moderate to
high risk of bias), or IV (very high risk of bias) based on
methodologic features (appendices 1-3). IC, IRR, and TRR
coefficients were rated excellent, good, acceptable, or unaccept-
able (appendices 1b and 1c). Reliability conclusions were based
on a synthesis of the evidence, with the strength of each conclu-
sion rated as established as reliable, probably reliable, or possibly
reliable based on AAN guideline development nomenclature.

Criterion, diagnostic, and prognostic validity evidence was
abstracted from studies and rated class I (low risk of bias), II
(moderate risk of bias), III (high risk of bias), or IV (very high
risk of bias) by using the AAN classification of evidence
scheme (appendix 4). * Two non-task force members (see
Acknowledgements) served as expert reviewers for 1 article
that used the Rasch model to validate the DOCS and rated
the evidence class I, II, III, or IV. Criterion validity correlation
coefficients were rated weak (.30-.49), moderate (.50—.74) or
strong (=.75). For diagnostic and prognostic validity studies, if
sensitivity, specificity, and 95% Cls were not reported in an
article but sufficient raw data were available, then reviewers
calculated these statistics. Validity conclusions were based on
a synthesis of the evidence with the strength of each conclusion
rated established as valid, probably has validity, or possibly has
validity based on AAN guideline development nomenclature.

By using structured forms, reviewer pairs independently
rated articles, discussed disagreements, and reached consensus.
In a few cases, disagreements were referred to a third reviewer
who served as a tiebreaker. The NIDRR-funded MSKTC re-
viewed the accuracy of the task force ratings on the 16 articles
that generated the most evidence. Discrepancies between
MSKTC and task force ratings were researched, and correc-
tions were made. Ratings and data from the finalized article
reviews were then entered into evidence tables, which were
used for synthesizing the evidence, forming conclusions, and
generating recommendations.

Recommendations for clinical use of DOC scales were based
on evidence of standardization, content validity, reliability, and
criterion/construct validity by using a modified AAN strength
of recommendation scheme as follows: may be used with
minor reservations, may be used with moderate reservations,

may be used with major reservations, not recommended at this
time, or not recommended. The ACRM governing board ap-
proved the final version of the article.

RESULTS

Question 1: Which DOC Scales Are Accessible, Provide
Standardized Administration and Scoring Procedures,
and Provide Interpretive Guidelines?

Evidence. Eleven of the 13 scales can be accessed for free,
whereas the WHIM and SMART must be purchased (table 2).
Prerequisite to purchasing the SMART is submission of a work-
based portfolio and completion of a 5-day training course held in
the United Kingdom. Nine of the 13 scales can be administered in
30 minutes or less. The DOCS and the WNSSP take approxi-
mately 45 minutes, whereas the WHIM and SMART can take 1
hour or more to complete, depending on severity of impairment
and the number of items or stimuli administered.

Experts’ consensus-based evaluations concluded that the
CRS-R, SSAM, WHIM, WNSSP, SMART, DOCS, and CNC
have well-defined administration and scoring procedures that
facilitate consistent use. The administration and scoring proce-
dures of the CLOCS, LOEW, RLS85, FOUR, INNS, and GLS
were considered insufficiently standardized to be consistently ap-
plied. Only the CRS-R, SMART, CNC, and RLS85 provided
interpretive guidelines for scores. The CRS-R provided diagnostic
guidelines based on the Aspen Workgroup criteria for VS, MCS,
and emerged from MCS. The SMART defines scoring criteria that
differentiate MCS or higher from VS; individual ratings on each
scale are translated into Rancho scale levels. The CNC translates
an average item score into diagnostic categories (no coma, near
coma, moderate coma, marked coma, or extreme coma) that are
not consistent with Aspen Workgroup consensus-based diagnostic
classifications. Similarly, the RLS85 provides interpretive guide-
lines (alert, drowsy, unconscious) that do not fit Aspen Work-
group diagnostic classifications.

Conclusions. The CRS-R, CNC, CLOCS, RLS85, SSAM,
WHIM, WNSSP, DOCS, FOUR, GLS, INNS, and LOEW are
accessible and can be administered in a reasonable time. The
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SMART may in practice be inaccessible for non—United Kingdom
practitioners because of prerequisite training requirements
and costs. The CRS-R, SSAM, WHIM, WNSSP, SMART,
DOCS, and CNC have acceptable standardized administration
and scoring procedures. The CLOCS, LOEW, RLS85, FOUR,
INNS, and GLS have unacceptable standardization of admin-
istration and scoring procedures. Only the CRS-R met all
criteria for accessibility, standardization, and interpretive
guidelines that fit Aspen Workgroup consensus-based diagnos-
tic classifications.

Question 2: To What Extent Does Each Scale’s Item
Content Address Key Distinguishing Features of DOC as
Defined by the Aspen Workgroup?

Evidence. Content validity provides essential evidence that
a DOC scale’s items cover a representative sample of DOC-
relevant behavior. The Aspen Workgroup criteria for transi-
tioning from VS to MCS and for emerging from MCS were
used as the operational definition of the DOC construct. Ex-
perts’ consensus-based evaluations concluded that the item
content of the CRS-R, SSAM, WHIM, WNSSP, and SMART
assesses all 4 VS versus MCS criteria (see table 2). The DOCS,
CNC, CLOCS, LOEW, and RLS85 have items that cover 3 of
the 4 MCS diagnostic criteria. The FOUR, GLS, and INNS
cover only 1 or 2 of the 4 MCS diagnostic criteria.

As for assessing emergence from MCS, the CRS-R contains
items that cover the 2 Aspen Workgroup emergence criteria.
The SMART, SSAM, WHIM, and WNSSP have items that
cover 1 of the 2 emergence criteria. The CLOCS, CNC, DOCS,
FOUR, GLS, INNS, LOEW, and RLS85 did not contain items
that address emergence from MCS criteria.

Conclusions. The CRS-R has excellent content validity
and is the only scale to address all Aspen Workgroup criteria.
The SMART, SSAM, WHIM, and WNSSP demonstrate good
content validity, containing items that could differentiate per-
sons who are VS, MCS, or emerged from MCS. The DOCS,
CNC, CLOCS, LOEW, and RLS85 have acceptable content
validity but only for differentiating persons in MCS from those
in VS based on Aspen Workgroup criteria. The FOUR, GLS,
and INNS have unacceptable content validity because their
items do not sufficiently cover a representative sample of DOC
behavior.

DISORDERS OF CONSCIOUSNESS ASSESSMENT SCALES, Seel

Question 3: Which DOC Scales Reliably Measure
Behavior?

Evidence—IC. 1IC measures the extent that scale items are
interrelated and produce similar ratings. IC does not provide
evidence that DOC scale items represent a unidimensional
construct. The Cronbach alpha is typically used to establish IC,
and coefficients greater than or equal to .80 are typically
indicative of good IC. The Cronbach alpha is somewhat de-
pendent on the number of scale items such that, if a 4-item
scale with a Cronbach alpha of .75 were increased to 8 items
while maintaining the exact level of item interrelatedness, the
Cronbach alpha would increase to .90 purely because of the
increase in items.'%”:'%%:116:122 The Cronbach alpha is not mean-
ingful for scales with fewer than 4 items.'?*'*>

Six class I and 2 class II/III studies provided IC evidence on
7 DOC scales (table 3). Two class I studies (N=80 and 120) of
the 4-item FOUR found Cronbach alphas of .95 and .86,
respectively.*®' One class I study (N=57) of the 32-item
WNSSP showed a Cronbach alpha of .95.>' One class I study
(N=101) of the 7-item CLOCS found a Cronbach alpha of .88,
whereas 1 class I study (N=80) of the 23-item CRS-R showed
the Cronbach alpha to be .83.7%7° One class I study (N=84) of
the 8-item INNS found the Cronbach alpha to be .78.%% One
class II/IIT study of the 23-item DOCS showed a Cronbach
alpha of .85 in persons (N=68) with DOC resulting from
closed head injury.”” One class II/IIT study of the CNC with
limited representativeness (N=20) indicated Cronbach alphas
less than or equal to .65 when administered at 1, 8, and 16
weeks postinjury.”® No IC studies were found for the GLS,
LOEW, SSAM and WHIM. IC is not an appropriate gauge of
reliability for the SMART and RLS85 because these scales
generate single-item scores for clinical decision making.

Conclusions—IC. The FOUR has established excellent IC
(multiple class I). The WNSSP probably has excellent IC (class
I). The CRS-R and CLOCS probably have good IC (class I).
The INNS probably has acceptable IC (class I). The DOCS
possibly has good IC (class II/IIT). The IC of the CNC is
possibly unacceptable (class II/III). IC is unproven for the
GLS, LOEW, SSAM, and WHIM (not studied).

Evidence—IRR. IRR refers to the degree of agreement
between 2 or more raters when using a DOC scale. Several
research designs can be used to produce quality IRR evidence,

Table 3: Design Characteristics and Outcomes in Studies With IC Analyses for DOC Scales

Scale Author (y) Evidence Class IC Rating N Size N Rep No. of Items Statistic Calculated* Results
FOUR Wolf (2007) | Excellent’ 80 Y 4 CA .95
FOUR Wijdicks (2005) | Excellent’ 120 Y 4 CA .86
WNSSP Ansell (1989) | Excellent 57 Y 32 CA .95
CLOCS Stanczak (1984) | Good 101 Y 7 CA .88
CRS-R Giacino (2004) | Good 80 Y 24 CA .83
INNS Diringer (1997) | Acceptable 84 Y 8 CA .78
DOCS Pape (2005) 171 Good 68 (CHI) Y 23 CA .85

27 (OBI) Y 23 CA 77
CNC Rappaport (1992) 1l Unacceptable 20 N 11 CA .43 (wk 1)
CA .65 (wk 8)
CA .65 (wk 16)

Abbreviations: CA, Cronbach «; CHI, closed head injury sample; Evidence Class, Task Force classification system for rating risk of bias in the
internal consistency methodology: I=low risk of bias, Il/lll=moderate to high risk of bias, and IV=very high risk of bias; IC rating, strength of
IC « coefficient: unacceptable <.70, acceptable=.70-.79, good=.80-.89, excellent=.90; N, no; N Rep, whether the sample was representative
enough to determine internal consistency; N Size, sample size; OBI, other brain injury sample; Y, yes.

*All CAs were calculated by using all items on each scale.

TFor scales with 4 to 6 items, CA coefficients of =.80 are considered excellent.
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Table 4: Design Characteristics and Outcomes in Studies With IRR Analyses for DOC Scales

Evidence N N No. of Time Btw No. of
Scale Author (y) Class Reliability Rating Size Suff Admin Admin Raters*  Stats Calc Results
FOUR Wolf (2007) | Good 80 Y 2 1h 2 ICC .96
Ky .85
FOUR Wijdicks (2005) | Good 120 Y 2 1h 2 Kyy .82
FOUR Stead (2009) lnant Excellent 69 Y 2 10min 2 ICC .98
Ky .89
CRS-R Giacino (2004) 1l Good 20 N 2 Same day 2 Sr .84
Wilcoxon P=.10
CRS-R Schnakers (2008) 1711 Good 24 N 1 0 2 K .80
SMART Gill-Thwaites (2004) 1/ Excellent 60 Y 1 0 2 ICC .96
LOEW Borer-Alafi (2002) 1l Excellent 22 N 1 0 2 K .90
RLS85 Stalhammar (1988) 1l Unacceptable 81 N 2 <25min 2 K .69
RLS85 Tesseris (1991) 1711 Acceptable 74 N 2 <20min 2 K 73
GLS Born (1987) 1/ Unacceptable 30 N 1 0 2 K .69 Reflexes
.65 Motor
WHIM Shiel (2000) \Y, Good 25 N 0 2 Krmean .86
WHIM Majerus (2000) \Y, Good 5 N 1 0 2 Krmean .84
CNC Rappaport (1992) \% Excellent (Sys error 20 N 1 0 2 Sr .98 (wk 1)
not eval) .98 (wk 8)
.97 (wk 16)
CLOCS  Stanczak (1984) \Y, Excellent (Sys error 20 N 1 0 3 Pr .96 (median score)
not eval)
WNSSP  Ansell (1989) \Y Excellent (Sys error 23 N 1 0 3 Pr .94-.99
not eval)
SSAM Rader (1989; 1994) v Excellent (Sys error 19 N 1 0 2 Pr .89
not eval)

Abbreviations: Evidence Class, Task Force classification system for rating risk of bias in IRR methodology: I=low risk of bias, Il/lll=moderate
to high risk of bias, IV=very high risk of bias; k..., mean of «'s; k,,, weighted k; N, no; No. of Admin, whether single (1) or separate (2)
administrations of the test were conducted; No. of Raters, the number of raters compared; N Size, sample size; N Suff, whether sample size
was sufficient to produce a Cl with a width of .20 for the calculated reliability coefficient; Pr, Pearson correlation; Reliability Rating, strength
of the calculated IRR coefficient: unacceptable<.70, acceptable=.70-.79, good=.80-.89, excellent=.90; Sr, Spearman correlation; Sys error not
eval, systematic error not evaluated; Time Btw Admin, the time between scale administrations; Y, yes.

*All raters were reported to be blinded except Shiel (2000), who provided conflicting information on rater blinding.

TSamples were narrow or skewed.

including a single administration of scale items, with at least 2
observers providing independent ratings of each patient’s re-
sponses or 2 independent administrations and ratings of scale
items within a very short time frame (eg, minutes, at most
hours). Interpreting IRR coefficients is not straightforward, and
low coefficients may not be purely attributable to insufficient
standardization of the scale’s administration and scoring proce-
dures. Potential nonscale factors such as raters’ duration of DOC
clinical experience and level of training and experience when
using the scale, true patient variability when 2 independent ad-
ministrations and ratings of scale items occur, and the sample’s
range on the factor can all be implicated in low IRR coefficients.

Two class I, 8 class II/III, and 7 class IV studies provided
IRR evidence for 12 scales (table 4). Two class I studies of the
FOUR in which separate independent administrations and rat-
ings of items were conducted within 1 hour found average
weighted kappa coefficients of .82 and .85%%81 and an average
ICC of .96.%' One class II/II study of the FOUR with a sample
that contained many persons who were fully conscious pro-
duced higher levels of agreement than the class I studies
(ICC=.98; weighted k=.89).%> Two small sample class II/ITT
studies of the CRS-R by using different methodologies and
statistical approaches provided consistent evidence of IRR
(Spearman r=.84, no systematic error, eg, no differences in
magnitude of ratings between pairs; k=.80).”>">

One class II/IIT study of the SMART in a predominantly VS
sample that used a single administration of scale items with 2
independent raters produced an ICC of .96.'°° One small sam-

ple class II/IIT study of the LOEW by using a single adminis-
tration of scale items with 2 independent raters reported a k of
.90.°° Two class II/ITT studies of the RLS85 by using the same
methodology reported IRRs just above and below the cutoff
score for acceptability (k=.69 and .73).°*°> One small sample
class II/III study of the GLS by using a single administration of
scale items with 2 independent raters found low levels of agree-
ment on reflex ratings (k=.69) and motor ratings (k=.65).®

Small sample class IV studies of the CNC, CLOCS,
WNSSP, and SSAM all reported excellent correlation values
(range, .89-.99), indicating little random error in rat-
ings.21-2 75100102 However, these class IV studies did not
evaluate systematic error, introducing an unacceptably high
risk of bias. Class IV studies generated inconclusive findings
for the WHIM and DOCS because of failure to either imple-
ment or report appropriate IRR methodology.””'°*1* No IRR
study was found for the INNS.

Conclusions—IRR. The FOUR has established good IRR
(multiple class I). The CRS-R probably has good IRR (multiple
class II/IIT). The SMART and the LOEW possibly have excel-
lent IRR (class II/IIT). The GLS possibly has unacceptable IRR
(class II/IIT). The IRR of the RLS85 is unproven (inconsistent
class II/IIT). IRR is unproven for the WHIM, CNC, CLOCS,
WNSSP, SSAM, and DOCS (class IV) and INNS (not studied).

Evidence—TRR. TRR assumes that the construct mea-
sured does not change over time and calculates the level of
within-subject agreement on repeated scale administrations.
Selecting a time interval in which repeated DOC scale admin-
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Table 5: Design Characteristics and Outcomes in Studies With Criterion Validity Analyses for DOC Scales

Sample
Evidence  Criterion Size Ref Std  Raters Stat
Scale* Author (y) Class Rating (Spec) Ind Masked Calc Ref Std1 Coeff1 (95% Cl) Ref Std2 Coeff2 (95% Cl)
CLOCS Stanczak (1984) 1] Strong 101 (W) N | Pr Nursing .75 (.65 to .82) — -
Scale®
CLOCS Johnston (1996) IV Moderate to 43 (W) Y NS Pr GCS .90 (.87 to .93) Neuro dx scale* —.49(—.61to —.39)
strong
RLS85 Il Strong 74(W) N M Sr GCS-R1 —.88 (—.92to —.82) E2CS-R1 .92 (.88 t0 .95)
RLS85 Tesseris (1991) Strong Sr GCS-R2 —.76 (—.84 to —.64) E2CS-R2 .90 (.85 to .94)
RLS85 Starmark (1988) IV Strong 47 (W) N N Sr GCS-R1 —.94 (—.97 to —.89) GCS-R2 —.96 (—.98 to —.93)
RLS85 Matousek (1996) IV Moderate 34(NS) Y | r EEG?® .57 (.29 to .76) EEG® (CV: age) .59 (.31 to0 .77)
EEG® (CV: meds) .50 (.19t0.72)
CRS-R  Giacino (2004) IV Strong 80(W) N(CRS) N Sr CRS .97 (.95 to .98) DRS —.90 (—.93 to —.85)
Y (DRS)
CRS-R  Schnakers (2008) IV Moderate to 77 (W) Y N Sr WHIM .76 (.65 to .84) FOUR .63 (.47 to .75)
strong
CNC Rappaport (1992) IV Moderate 20 (W) Y N Sr DRS .69 (.36 to .87) MEPA .52 (.12 to .85)
CNC Talbot (1994) IV Strong 7 (Nar) Y N Sr DRS .94 (.66 to .99) — —
SSAM Rader (1989; 1994) IV Moderate 20 (Nar) Y NS Pr GCS .70 (.37 to .87) DRS —.61(—.83to —.23)
SMART Gill-Thwaites IV Weak to 60 (Nar) Y N Pr WNSSP .70 (.54 to .81) RLAS .47 (.25 to .65)
(2004) moderate
WHIM  Majerus (2000) IV Strong 23 (Nar) Y NS Sr GCS (BL) .83 (.64 t0 .93) GCS (Final) .95 (.88 t0 .98)
WNSSP Ansell (1989) IV Moderate 57 (W) Y N Kr RLAS .73 (.58 t0 .83) — —
Abbreviations: —, no other analyses; (BL), baseline assessment; Coeff (95% Cl), coefficient reported in study with the 95% Cl generated from

reviewers’ statistical calculation denoted in parentheses; Criterion Rating, magnitude of the correlation coefficients: weak=.30-.49, moder-
ate=.50-.74, strong=.75; Evidence Class, AAN classification of the risk of bias in study results: I=low risk of bias, I=moderate risk of bias,
Ill=moderate to high risk of bias, IV=very high risk of bias; E2CS, Edinburgh-2 Coma Scale; Ind, Independent; meds, administered sedating
medications 0.5 to 6.0 hours prior to EEG; MEPA, Multisensory Evoked Potential Abnormalities; Kr, Kendall rank correlation; N, no; Neuro dx
Scale, Neuroradiologic Ordinal Brain Damage Rating; NS, not stated/could not be determined; N Size, sample size; Pr, Pearson correlation;
Raters Masked, whether the researcher administering the reference standard was blind to the investigational scale score: M=masked,
I=independent raters but either not masked or masking could not be determined, N=not masked; r, partial correlation; R1, rater 1; R2, rater
2; Ref Std, reference standard used as the comparison DOC measure; (Spec), the spectrum of persons with DOC represented in the sample
based on the reference standard scores: wide (W)=broad representation of DOC, narrow (N)=limited range of DOC, Sr, Spearman rank

correlation; Stat Calc, statistic calculated; Y, yes.

*All criterion validity analyses compared total scores on the scale being evaluated with the reference standard score.
"Internal standardized 7-point scale of nurses’ ratings of patient consciousness.

*Author rating of blind neuroradiologic and/or encephalographic severity on a 9-point scale.

*EEG frequency converted to a 12-point scale; CV, defined covariate in the analysis.

istrations would be expected to produce equivalent scale
scores is critical. For example, when persons in VS or MSC
are early in their recovery course and receiving treatment,
improvement is likely, and the interval between scale ad-
ministrations would need to be no more than a few days.

Two class II/IIT and 3 class IV studies provided TRR evi-
dence for 5 scales. One class II/III study of the CRS-R by using
a small but representative sample 22 to 169 days postinjury
found high levels of agreement (Spearman r=.94) and no
systematic error in ratings (Wilcoxon test, P=.10) when inde-
pendent scale administrations were performed 36 hours apart.”?
One class II/III study of the SMART by using a predominantly
VS sample 27 to 3120 days postinjury in which scale admin-
istrations were repeated 1 day apart produced an ICC of .97.'%
Single class IV studies of the CLOCS and SSAM reported
good to excellent correlation values but did not evaluate the
potential for systematic error.”>'®" One class IV study of the
WHIM generated acceptable k levels, but ambiguities with
regard to independence of ratings and how much time elapsed
between scale administrations introduced a high risk of bias.'%?
No TRR studies were found for the CNC, DOCS, FOUR, GLS,
INNS, LOEW, RLS85, or WNSSP.

Conclusions—TRR. The CRS-R and the SMART possibly
have excellent TRR (class II/IIT). TRR is unproven for the
WHIM, CLOCS, and SSAM (class IV) and the CNC, DOCS,
FOUR, GLS, INNS, LOEW, RLS85, and WNSSP (not
studied).
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Question 4: To What Extent Do DOC Scales
Demonstrate Criterion Validity?

Evidence. Criterion validity refers to the degree that be-
havior on an investigational DOC scale corresponds to behav-
ior on an established DOC measure, which is called a
reference standard. Two class III studies and 11 class IV
studies provided criterion validity evidence for 8 scales
(table 5). All 13 studies measured behavior on the investi-
gational DOC scale and a reference standard concurrently.
One class IIT study of the CLOCS in which independent
raters used a standardized 7-point scale as a reference stan-
dard found a Pearson correlation of .75 (95% CI, .65-.82).7
One class III study of the RLS85 by using a masked rating
procedure with the GCS as a reference standard found high
Spearman correlations between 2 rater pairs (absolute 95%
CI ranging between .82—.92 and .64—.84).°

Nine of the 11 class IV studies reported very high correla-
tions (absolute coefficient value =.69) between the investiga-
tional scale and a reference standard. Research designs that
lacked independent or masked raters introduced a very high
risk of bias, which may have contributed to the high correla-
tions reported in these studies. For example, in 7 class IV
studies involving the CRS-R,*”® CNC,?’* WNSSP,*!
RLS85,%* and SMART,'® the same rater completed the inves-
tigational scale and a reference standard. In 3 class IV studies
involving the CLOCS,”® SSAM,'°"192 and WHIM,'** masking
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status was not stated. Other research design issues in class IV
studies included small samples,?"*'°-1% samples with narrow
DOC representation,”*'% and use of reference standards with
item content that highly overlapped (>70%) the investigational
scales.”>7>?* No criterion validity studies were found for the
DOCS, FOUR, GLS, INNS, and LOEW.

Conclusions. The CLOCS and the RLS85 possibly have
strong criterion validity (class III). Criterion validity is un-
proven for the CRS-R, CNC, SSAM, SMART, WHIM, and
WNSSP (class IV) and for the DOCS, FOUR, GLS, INNS, and
LOEW (not studied).

Question 5: What Scales Demonstrate Construct Validity
Based on the Rasch Model?

Evidence. DOCS and WHIM items are ordered in a diffi-
culty hierarchy representing a single dimension, presumably of
consciousness. Persons who successfully complete more diffi-
cult items are assumed to have higher levels of consciousness.
The Rasch model analyzes the extent to which items conform
to a unidimensional difficulty hierarchy. Factor analytic tech-
niques establish evidence of unidimensionality, and fit statistics
calibrate and evaluate how well item difficulty and person
ability conform to those of a linear interval scale measure. The
Rasch model sets a higher standard for achieving construct
validity compared with classical test theory’s preferred meth-
ods for establishing criterion validity.

One class III study’’ of the DOCS found some evidence of
a unidimensional difficulty hierarchy when using the Rasch
model. The rating scale model was adequate. The results of the
principal components analysis indicated that unexplained vari-
ance in the item residuals was negligible. After 11 of 34 items
were removed, outfit statistics for the closed head injury sam-
ple indicated good item fit on 21 of 23 items. Person separation
of 2.38 for the closed head injury sample suggested that 3
reliable strata existed. There was also evidence that the DOCS
did not fit the Rasch model. Lack of item invariance was an
issue, with 11 of 34 items removed from the scale because of
differential item functioning over time. Further evidence of
lack of item invariance was the reordering of items based on
injury type (“closed” vs “other” head injury). Outfit statistics
for the “other” head injury sample indicated overfit in 14 of 23
items.

A number of methodologic decisions limited the DOCS
study’s ability to provide evidence of unidimensionality and
model fit. Infit statistics are considered most indicative of
model fit; however, none were reported. Infit statistics are also
typically used to decide which items require removal because
of lack of model fit; however, differential item functioning
results were used to remove items that were unstable over time.
Last, separate scales were formed for “closed” versus “other”
brain injury because the 2 subsamples had mean scores on
different ends of the brain injury severity dimension; when
using the Rasch model, severity is not a theoretic basis for
forming separate scales.

No studies were identified that used the Rasch model to
examine the unidimensional hierarchic structure of the WHIM.

Conclusions. The DOCS possibly has unidimensional hi-
erarchic interval characteristics when used with persons with
closed head injury (class III). The unidimensional hierarchic
structure of the DOCS in other acquired brain injury subgroups
has not been adequately established (class IV). The unidimen-
sional hierarchic structure of the WHIM is unproven (not
studied).
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Question 6: How Well Do DOC Scales Differentiate
Diagnostic Levels of Persons With DOC?

Evidence. Diagnostic validity refers to a DOC scale’s abil-
ity to establish an accurate diagnosis compared with the true
diagnosis, which is measured by a reference standard. For
example, an investigational DOC scale is used to identify
persons who are in a VS versus an MCS, and these diagnostic
results are compared with the true diagnoses, which could be
established through use of another DOC scale or consensus
agreement between 2 or more clinicians relying on bedside
observations. Sensitivity and specificity values are typically
calculated to provide better controlled indices of diagnostic
accuracy than the percentage of correct diagnoses made, which
can be affected by base rates that may be idiosyncratic to a
given sample.

Three class IV studies provided diagnostic validity evi-
dence for 2 scales. For all 3 studies, task force reviewers had
to calculate sensitivity and specificity coefficients by using
raw data provided in the study. One class IV study®' of the
RLS85 in which the same rater used a reference standard
(GCS) with item content that highly overlapped the RLS85
had high levels of sensitivity and specificity (=.90). Two
class TV studies of the CRS-R>"? both used unmasked
raters and had high levels of sensitivity (=.97) but less than
optimal specificity (.66—.76) when using the DRS and the
WHIM as reference standards to compare VS and MCS
diagnoses. No diagnostic validity studies were found for the
CNC, CLOCS, SSAM, SMART, WHIM, WNSSP, DOCS,
FOUR, GLS, INNS, and LOEW.

The lack of a criterion standard measure for DOC compli-
cates the interpretation of diagnostic validity findings (see
Discussion). Additional data collection and analyses are rec-
ommended to determine the validity of investigational DOC
scale versus reference standard diagnoses (see Recommenda-
tions for Research #10).

Conclusions. Diagnostic validity is unproven for the
CRS-R and RLS85 (class IV) and the CNC, CLOCS, RLSS5,
SSAM, SMART, WHIM, WNSSP, DOCS, FOUR, GLS,
INNS, and LOEW (not studied).

Question 7: How Well Do DOC Scales Predict
Outcomes?

Evidence. Prognostic validity establishes the degree that
DOC scale scores or diagnoses demonstrate utility (eg, explain
significant variance) in predicting survivors’ recovery of con-
sciousness or function. To establish a prognostic model of
survivor outcomes, ideally, multiple variables, including the
DOC scale, would be studied to identify a parsimonious set of
predictors that maximally explain variance.

DOC prognostic studies varied widely with regard to the
timing of predictor scale assessment relative to the onset of
brain injury, the outcome measures used, and the timing of the
outcome assessment (table 6). For example, the timing of the
predictor DOC scale assessment varied from the day of acute
admission in 7 studies,3! 8284 8587.8891 ¢4 the acute care period
in 4 studies,”’%%%%3 o subacute and chronic periods up to 5
years postinjury in 4 studies.”””*°° With regard to outcome
measures, 6 studies used the Glasgow  Outcome
Scale,”>76-84858791 4 qtydies dichotomized Rankin Scale
scores,®#% and other studies used dichotomized recovery of
consciousness’’ and rehabilitation readiness® or discharge set-
tings.®® The timing of outcome measurement greatly varied
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across studies from time of acute care discharge to 4 years
after onset. Thus, evidence of a DOC scale’s prognostic
validity must be interpreted within the parameters of the
predictor and outcome assessment time frames and the target
outcome.

Two class I, 2 class III, and 13 class IV studies provided
prognostic validity evidence for 9 scales. Most studies pre-
dicted disability levels with death included as an outcome. Few
studies examined the prognosis of survivors on functional
outcomes of primary interest (eg, emerged from DOC or reha-
bilitation ready at 3 or 6 months postinjury; functional inde-
pendence or supervision/care needs at 6 or 12 months postin-
jury). One class I study of the FOUR®' administered within 24
hours of injury found that the total score differentiated persons
with good recovery from persons who were disabled or died at
30 days postinjury (odds ratio .58 [95% CI, .41-.82]). One
class III study of the FOUR®? administered within 24 hours of
injury to a sample made up of many persons who were con-
scious also found that the total score differentiated persons with
good recovery from persons who were disabled or died at acute
care discharge (odds ratio .43; [95% CI, .26—.71]). One class I
study of the INNS®® administered within 24 hours of injury
found that the total score demonstrated modest accuracy for
predicting death versus independent home placement but no
ability to classify accurately persons discharged home with
assistance or to a nursing home at 3 months postacute care
discharge. Two class III studies of the GLS*>**” reported mixed
evidence with predictive utility dependent upon inclusion of
death as an outcome. For example, the GLS administered
within 24 hours of injury demonstrated strong positive predic-
tive (.80 [95% CI, .67-.89]) and negative predictive values (.92
[95% CI, .79-.97]) when differentiating between persons with
good recovery or moderate disability and persons who were
severely disabled, in a vegetative state, or deceased.’” How-
ever, when persons who died were removed from the analysis,
the positive predictive value was .00 when differentiating per-
sons with good recovery or moderate disability from persons
who were either severely disabled or in a VS.%’

Commonly encountered research design issues in the 13
class IV studies included lack of masking between predictor
and outcome ratings in 12 studies,’>"80:83:84.9091.96.105 gpeqter
than 20% loss to follow-up in 6 studies,””7%°° and a narrow
sample composition in 3 studies.”’*%> Two class IV studies of
the SMART and WNSSP (not included in table 6 because of
space restrictions) used concurrent scores from the investiga-
tional scale as the predictor and outcome measures.’®'*> No
prognostic validity studies were found for the CRS-R, CNC,
CLOCS, SSAM, and WHIM.

Conclusions. The FOUR administered 24 hours or sooner
postinjury is probably predictive of good recovery versus dis-
ability or death at 30 days postinjury (class I). The INNS
administered 24 hours or sooner postinjury is probably not
predictive of independent living versus disability at 3 months
after acute care discharge (class I). The GLS administered 24
hours or sooner postinjury is possibly not predictive of good
recovery or moderate disability versus severe disability or PVS
at 6 months postinjury (class III). The GLS administered 24
hours or less postinjury is possibly predictive of good recovery
or moderate disability versus severe disability or PVS or death
at 6 months postinjury (class III). Prognostic validity is un-
proven for the RLS85, SMART, WNSSP, DOCS, and LOEW
(class IV) and the CRS-R, CNC, CLOCS, SSAM, and WHIM
(not studied).
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Recommendations for Clinical Practice

Table 7 summarizes the evidence and strength of conclu-
sions for the standardization, content validity, reliability,
criterion/construct validity, diagnostic validity, and prognostic
validity of DOC behavioral assessment scales. Only class IV
evidence exists to support DOC scales’ abilities to make dis-
crete diagnoses or to predict restoration of consciousness or
functional outcome in brain injury survivors. Thus, recommen-
dations for or against the clinical use of each DOC scale to
make diagnostic classifications or provide postacute prognoses
for brain injury survivors must be deferred until class I to III
evidence becomes available. The following recommendations
for clinical use of DOC scales reflect a synthesis of best
evidence, with a focus on standardization, content validity,
reliability, and criterion/construct validity.

1. The CRS-R may be used to assess DOC with minor
reservations. This recommendation is supported by expert
consensus that the CRS-R has excellent content validity
and acceptable standardized administration and scoring
procedures. Studies provide evidence that the CRS-R prob-
ably has good IRR and good IC and possibly has excellent
TRR. Criterion validity for the CRS-R is unproven.

2. The SMART, WNSSP, SSAM, WHIM, and DOCS may
be used to assess DOC with moderate reservations. This
recommendation is supported by expert consensus that
the SMART, WNSSP, SSAM, WHIM, and DOCS have
either good or acceptable content validity and acceptable
standardized administration and scoring procedures.
Each scale has limited evidence with regard to reliability
or criterion validity. One study provides evidence that
the SMART possibly has excellent interrater and TRR.
However, criterion validity for SMART subscale scores
is unproven, and significant purchase and training costs
may be prohibitive for clinicians outside the United
Kingdom. One study provides evidence that the WNSPP
probably has excellent IC, but IRR, TRR, and criterion
validity are unproven. The WHIM and the SSAM lack
evidence of IRR, IC, TRR, and criterion validity. The
unidimensional hierarchic item structure and scoring
system of the WHIM have not been studied, and the
scale must be purchased. One study provides evidence
that the DOCS for persons with closed head injury
possibly has good IC and possibly has construct validity
based on the Rasch model; however, interrater and TRR
are unproven.

3. The CNC may be used to assess DOC with major res-
ervations. This recommendation is supported by expert
consensus that the CNC has acceptable content validity
and acceptable administration and scoring procedures.
However, 1 study provides evidence that the IC of the
CNC is possibly unacceptable; IRR, TRR, and criterion
validity are unproven.

4. The RLS85, LOEW, and CLOCS are not recommended
at this time for serial bedside behavioral assessment of
DOC. Although expert consensus indicates that these
scales have acceptable content validity, administration
and scoring procedures are not sufficiently standardized
and probable evidence does not exist for their reliability
or criterion validity.

5. The FOUR, INNS, and GLS are not recommended for
serial bedside behavioral assessment of DOC. Expert
consensus indicates that these scales’ items do not suf-
ficiently cover a representative sample of DOC behavior
and have unacceptably low levels of standardization in
their administration and scoring procedures.
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DISCUSSION

Practical Recommendations When Assessing With
DOC Scales

In addition to each scale’s psychometric properties, other
factors can influence the accuracy of DOC scale use. Inconsis-
tent purposeful behavior is a core feature of MCS; thus, ex-
tended or repeated assessment with a DOC scale is likely to
improve diagnostic accuracy. Clinicians should have training
and experience with the DOC population to facilitate diagnos-
tic accuracy when using a DOC scale. For example, sensory
and physical deficits can confound the diagnosis of conscious-
ness. Although scale administration procedures may attempt to
address confounds to varying degrees, an experienced assessor
familiar with the clinical variations exhibited in the DOC
population may be more likely to identify and navigate con-
founding influences than a novice armed only with scale ad-
ministration instructions. Receiving formal training on a DOC
scale’s administration and scoring procedures before clinical
use would seem to be a prerequisite for facilitating diagnostic
accuracy. Almost all DOC scale developers recommend train-
ing before clinical use. When formal training is offered, it
varies widely, from watching videotapes to attending a week-
long training course. No studies have systematically assessed
whether prior DOC scale training or expertise promotes im-
proved assessment accuracy or whether the amount of training
needed to use a DOC scale differs based on experience or
discipline.

Lack of a Criterion Standard Measure to Establish
Diagnostic Validity

There is no validated objective or subjective criterion stan-
dard DOC measure on which to establish a true diagnosis,
which complicates the interpretation of diagnostic validity
findings. Consider a CRS-R study’? in which the DRS was the
reference standard used to establish the true diagnosis. CRS-R—
generated MCS diagnoses had a high level of sensitivity but
less than optimal specificity compared with the DRS diagnoses.
Does this low level of specificity indicate that the CRS-R
generates a high number of false-positive MCS diagnoses, or
does the DRS fail to identify higher levels of conscious func-
tioning because of less specific DOC content and a shorter
scale administration window? The finding that any DOC scale
identifies more cases of MCS than VS compared with another
assessment method by itself does not provide sufficient evi-
dence of better diagnostic sensitivity.

Use of consensus-based expert diagnoses of patients as in
either a VS or an MCS might not resolve the criterion standard
issue given that clinicians using unstructured observations con-
sistently diagnose 30% to 40% of MCS patients as vegetative.
Because the performance of persons with DOC can vary within
a single day, behavioral evidence of their consciousness level
will depend, in part, on how frequently, how long, and how
carefully the clinician observes as well as the care taken to rule
out or accommodate confounding sensory or motor deficits.
Trained, experienced clinicians using structured DOC behav-
ioral assessment scales likely outperform expert diagnosticians,
but the evidence will have to come from convergent, indepen-
dent sources (see Recommendations for Research #10).

Baseline and Outcome Measurement in Prognostic
Validity Research

Ideally, DOC scales as primary predictor variables should be
measured across patients at a similar time point. Yet homoge-
neous timing of the DOC scale predictor assessment can be
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logistically challenging because persons early in their recovery
may be residing in a variety of settings, including acute care, a
specialty DOC rehabilitation program, a skilled nursing facil-
ity, or at home. Random variation in the performance of per-
sons with DOC is typical; therefore, using a single DOC scale
assessment as the predictor may prove less accurate than using
multiple assessments to optimize prognostic value. DOC scale
total scores relative to time postinjury, rates of change in total
scores, threshold score values, and discrete diagnoses all war-
rant study for optimal prognostic value. DOC scale scores or
diagnoses would not be expected solely to predict recovery but
should demonstrate utility (eg, explain significant variance) in
predicting recovery. Ideally, multiple potential predictors (eg,
DOC scale scores, age, an anoxic component, injury location)
would be studied to identify a parsimonious set that maximally
explains outcome variance.

Minimizing measurement error in outcomes can be challeng-
ing in the DOC population, particularly when the outcome
measured is status of consciousness. Telephone assessment of
DOC is difficult, and there is no validated interview that
differentiates VS from MCS. Further, it is difficult to expect
families to observe and report reliably and validly their loved
one’s status of consciousness when clinicians have a 30% to
40% error rate. Conducting an assessment at the house of the
person with DOC or bringing the person into the clinic for an
assessment is often logistically or economically infeasible. The
duration of follow-up for a DOC prognostic study must be
sufficient to detect differences. Yet, as the duration between
baseline and follow-up measurement increases, study costs and
loss to follow-up may also increase.

Providing accurate and meaningful prognostic information
about persons with DOC to families and clinicians early in the
recovery course is a critical concern. Prognostic research re-
quires a DOC sample of sufficient size to study adequately a
large number of predictor variables and have generalizability.
Extramural funding for multicenter research designs is almost
a necessity for DOC prognostic research. Functional outcome
measurement requires balancing the risk of floor and ceiling
effects for a population that can have widely disparate long-
term outcomes. Self-care, mobility, communication, and par-
ticipation outcomes are meaningful to all persons surviving
severe brain injury and can be targeted in addition to global
indices of disability.'?%"'?!

Study Limitations

A few limitations should be noted. We did not use the search
engine EMBASE to identify articles or include articles that had
no English language translation. Our review did not examine
the ability of DOC scales to detect meaningful change. The
review is current with studies published through March 31
2009. As new evidence emerges and conceptualizations of
DOC change, revisions to this systematic review and practice
guideline will be required.

Recommendations for Research

Based on our systematic review, the following recommen-
dations address critical issues that would improve DOC scale
development and validation research. Implementation of some
recommendations would benefit from extramural funding and
multicenter research designs.

1. Our literature review indicated that few studies articulated
a specific operational definition or theoretic framework for
the construct disordered consciousness that served as the
basis for creating DOC scale item content. Scales and
items should reflect testable a priori definitions of a DOC
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construct and cover the full range of behaviors that differ-
entiate current consensus-based understanding of DOC
levels. Finally, scales and items should undergo periodic
revisions to keep up to date with evidence.

. Studies should use patient samples whose consciousness lev-
els are diverse enough to cover the range of behaviors that
DOC scales are intended to measure. Samples also should be
of sufficient size to generate findings with narrow Cls.

. Because of proximity and/or medical condition, many per-
sons cannot travel without great expense (eg, thousands of
dollars) for prognostic follow-up evaluations. Research is
needed to examine the relative cost and accuracy of several
remote assessment options, including examination by local
health professionals with expert technical support, family
assessment with telephone training and support, or remote
patient assessment with a video link.

. Authors should provide a detailed description of the scale
administration methods used and include raters’ levels of
clinical DOC experience as well as DOC scale-specific
training received and level of experience.

. Use of masked raters on the investigational scale and refer-
ence standard assessment is critical to manage the risk of
inflated agreement in scores, discrete diagnoses, and prog-
noses. In criterion and diagnostic validity studies, randomiz-
ing the administration order of 2 scales while using the same
rater does not resolve the masking issue. Ideally, trained
raters other than the scale developers or principal investiga-
tors should be used to establish external validity.

. When using expert consensus on a clinical diagnosis as the
reference standard, the methods should detail the number
and duration of experts’ assessments, the extent that their
examinations covered Aspen Workgroup and/or other cri-
teria, and the steps taken to control for potential sensory or
motor confounds. The method should also detail how
disagreements in independent assessments were resolved.

. When DOC scale items are ordered on an assumed con-

tinuous dimension, the Rasch model should be used to
provide evidence that the scale is unidimensional, items
conform to an interval hierarchy, and changes in scores are
equivalent along the continuum (eg, a 5-point change on
the low and high ends of the scale constitute the same
amount of change).

DISORDERS OF CONSCIOUSNESS ASSESSMENT SCALES, Seel

8. Statistical analyses for IRR and TRR studies should take into
account the item rating scheme used, sample normality as-
sumptions, and assess for both random and systematic error.

9. To test the validity of diagnoses or prognoses, 2-by-2
contingency tables are created in which sensitivity, spec-
ificity, positive and negative predictive values, and likeli-
hood ratios can be calculated. The percentage of correct
diagnoses or prognoses is subject to sample bias, and
reporting only this percentage does not provide sufficient
evidence to establish validity.

10. To interpret false-positive (low specificity) and false-
negative (low sensitivity) results in diagnostic validity
analyses, the discrepant cases should be further compared
with an independent, indirect standard outcome such as
1-month postbaseline functional level, 1-month postbase-
line rate of cognitive improvement, or concurrent physio-
logic studies. If the discrepant cases diagnosed as a false-
positive MCS when using the investigational DOC scale
have outcomes that converge with the outcomes of the
congruently diagnosed MCS cases, then diagnostic valid-
ity would be established.

11. DOC scale scores are sometimes used to detect meaningful
change along a continuum or to establish discrete diagnos-
tic classifications indicative of meaningful transitions. Our
review did not specifically examine the ability of DOC
scales to detect meaningful change. Each use has a differ-
ent validation approach. To detect change along a contin-
uum, analyses must define meaningful change in relation
to the standard error of measurement, clinical meaningful-
ness, and prognosis. To examine diagnoses made based on
scale cutoff scores, criterion reference reliability analyses
should be conducted.
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APPENDIX 1: DOC TASK FORCE EVIDENCE CLASSIFICATION AND RATING SCHEME OF RELIABILITY

Class

IC Methodologic Features Associated With Each Evidence Class

/i

Low risk of bias. A study design in which the DOC sample is representative, internal consistency analyses are conducted on the
scale or subscales used to make clinical decisions and the appropriate statistic (typically Cronbach «) is calculated.

consistency statistic is used.

Moderate or high risk of bias. A study design in which the DOC sample is narrow (eg, 90% are VS) OR a less stringent internal

Very high risk of bias. Any design in which the DOC sample is made up of subjects within a single consciousness level (eg, all
are VS) OR the sample is skewed with nonrepresentative subjects (eg, 75% emerged from MCS) OR IC statistics are
calculated for the total score when subscale scores are used to make clinical decisions.

Class

IRR and TRR Methodologic Features Associated With Each Evidence Class

Low risk of bias. A study design with a representative DOC sample of sufficient size to produce results within a 0.2 Cl band. An
appropriate scale administration method is used. For IRR: 1 scale administration and =2 independent observations OR video
of scale administration and =2 independent observations OR 2 independent administrations and 2 independent observations
within the same day. For TRR, an appropriate methodology to answer the test-retest question, notably an appropriate time
between ratings. Appropriate statistics are used: (a) for nominal/dichotomous data, Cohen «; (b) for normally distributed,
interval data, ICCs; and (c) for skewed/nonnormally distributed data, Spearman rank correlation plus analysis of systematic
differences between raters (eg, Bland-Altman plot, Wilcoxon signed rank test).
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APPENDIX 1: DOC TASK FORCE EVIDENCE CLASSIFICATION AND RATING SCHEME OF RELIABILITY (Cont’d)

IRR and TRR Methodologic Features Associated With Each Evidence Class

Class

1/

Moderate or high risk of bias. A study design in which a narrow sample of the DOC population is used OR the sample size is
not sufficient to produce results within a 0.2 Cl band. Method used to administer and score tests introduces a moderate to
high degree of bias. Statistical approach introduces a moderate to high degree of bias.

[\ Very high risk of bias. Any design in which the sample is made up of a single consciousness level (eg, all vegetative state) OR the

sample is highly skewed with nonrepresentative subjects (eg, 75% emerged from MCS). Method used to administer and score

tests introduces a very high degree of bias such as a lack of independence in observation ratings. Statistical approach introduces a

very high degree of bias (eg, using correlation statistics without analyzing systematic differences between raters).

APPENDIX 2: DOC TASK FORCE RATING SCHEME FOR IC COEFFICIENTS

IC Rating Cronbach « (4-6 Item Scale) Cronbach « (7+ Item Scale)
Unacceptable <.60 <.70
Acceptable .60-.69 .70-.79
Good .70-.79 .80-.89
Excellent .80+ .90+

APPENDIX 3: DOC TASK FORCE RATING SCHEME FOR IRR AND TRR COEFFICIENTS

IRR and TRR Ratings*

Coefficient"

Unacceptable <.70

Acceptable .70-.79
Good .80-.89
Excellent .90+

*If only a correlation coefficient is reported, then the qualifier “(systematic error not evaluated)” is noted after rating.
"Includes Cohen k, ICC, and Pearson/Spearman correlation coefficients.

APPENDIX 4: AAN EVIDENCE CLASSIFICATION SCHEME FOR RATING DOC DIAGNOSTIC AND
PROGNOSTIC METHODOLOGIES

Class Diagnostic Study Methodologic Features

Prognostic Study Methodologic Features

| Low risk of bias. A prospective study of a broad sample suspected
of having DOC using a reference standard (eg, consensus-based
diagnosis or use of a standardized scale) for case definition of
true diagnosis or scale score. The reference standard has less
than 70% item content overlap with the experimental scale. The
reference standard and experimental scale are administered
using a blind evaluation of the entire sample.

I Moderate risk of bias. A prospective study of a narrow sample

suspected of having DOC OR a retrospective study of a broad
DOC sample using a reference standard (eg, consensus based
diagnosis or use of a standardized assessment scale) for case
definition of true diagnosis or scale score. The content of the
reference standard has less than 70% item content overlap with
the experimental scale. The experimental scale and reference
standard are administered using a blind evaluation of the entire
sample.

1] Moderate to high risk of bias. A retrospective study of a narrow
sample OR the content of the reference standard has =70% item
content overlap with the experimental scale OR independent but
unblind raters administer the experimental scale and reference
standard OR subsets of persons are systematically removed from
study (eg, only high and low scorers are analyzed).

Low risk of bias. A prospective study of a broad DOC sample
that uses a DOC scale as a baseline predictor. A reference
standard measures future risk (eg, PVS, very severe
disability) or positive outcome (eg, emergence from MCS,
functional capacity). The outcome measure has less than
70% content overlap with the DOC scale and is
administered blind to the DOC scale (predictor) results. At
least 80% of the initial sample completes the outcome
measure.

Moderate risk of bias. A prospective study of a narrow DOC
sample OR a retrospective study of a broad DOC sample
that uses a DOC scale as a baseline predictor. A reference
standard measures future risk (eg, PVS, very severe
disability) or positive outcome (eg, emergence from MCS,
functional capacity). The outcome measure has less than
70% content overlap with the DOC scale and is
administered blind to the DOC scale (predictor) results. At
least 80% of the initial sample completes the outcome
measure.

Moderate to high risk of bias. A retrospective study of a narrow
DOC sample OR the content of the outcome measure has
=70% content overlap with the DOC scale OR independent
but unblind raters administer the outcome scale OR subsets
of persons are systematically removed from study (eg, only
high and low scorers are analyzed) OR =80% of the initial
sample completes the outcome measure.
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APPENDIX 4: AAN EVIDENCE CLASSIFICATION SCHEME FOR RATING DOC DIAGNOSTIC AND
PROGNOSTIC METHODOLOGIES (Cont’d)

Class

Diagnostic Study Methodologic Features

Prognostic Study Methodologic Features

IV Very high risk of bias. Any design in which the entire sample has
the same diagnosis (eg, all VS) OR no reference standard is

administered OR the same rater administers both the
experimental scale and the reference standard.

Very high risk of bias. Any design in which the entire sample
has the same diagnosis (eg, all VS) or outcome (eg, all
emerged from MCS) OR no reference standard (outcome
measure) is administered OR the same rater administers
both the predictor scale and the outcome measure.
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