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1. Neurobehavioural disability (NBD) and its
assessment

A serious consequence of acquired brain injury (ABI) is NBD
which underpins severe chronic social handicap. NBD com-
prises elements of executive and attentional dysfunction,
poor insight, problems of awareness, and social judgement,
labile mood, altered emotional expression, poor impulse
control, and a range of personality changes. This complex
pattern of disability is the product of interactions between
damaged neural systems and neurocognitive impairment,
further modified by premorbid personality traits and post-
injury learning. NBD imposes serious constraints on psycho-
social recovery; behavior disorders are enduring, create
severe difficulties for families and are associated with poor
engagement in rehabilitation. Furthermore, challenging
behavior symptomatic of NBD is a greater impediment to
community reintegration than chronic physical disabil-
ity [1,2].

Given the potentially catastrophic impact of NBD, it is
essential appropriate tools are available to enable assess-
ment of people with ABI to ensure timely delivery of ser-
vices. A challenge to assessment is the diverse range of
symptoms people present with: consequently, a combina-
tion of different appraisal methods to capture the complete
range is recommended. These include interviewing, direct
observation, questionnaires, and rating scales. While an
assortment of focal assessments enabling detailed examina-
tion of specific symptoms is available, such as for aggres-
sion [3], use of ‘global’ assessment tools, which usually
consist of rating scales that provide the necessary overview
of the rich diversity of potential symptoms has proved
problematic. These instruments can fulfill a number of
important functions. In order for specialized rehabilitation
to successfully reduce NBD in individual patients, reliable
and valid methods of identifying symptoms, using reliable
and valid means of assessment are two essential require-
ments. Additionally, instruments need to be repeatable to
track recovery. Results of assessment should be meaningful
and capable of informing rehabilitation. Finally, assessment

data should be able to be collated to provide collective
information to inform audit, create benchmarks of service
efficacy, and for research.

2. Threats to assessment of NBD

The complexity of NBD creates a number of potential
threats capable of undermining validity and reliability of
assessment instruments. For example, neurocognitive
impairment, especially memory, and attention, has been
noted to impact adversely on the reliability of self-report
measures, resulting in unrealistic self-appraisal, and a ten-
dency for ABI survivors to under-report difficulties [4].
Relying on proxy measures is also not unproblematic.
Assessment based on observations of other people is poten-
tially subject to a number of biases, including how well they
know the person being assessed and their relationship with
them. For example, relatives can underestimate loved ones
difficulties, while a single carer or clinician may have only
had limited contact with the person during the assessment
period. The stage of recovery the person is at and the
context in which assessment takes place is also noteworthy.
For example, in the early stages of recovery, the person may
be well-supported if they are in a residential rehabilitation
service, which will mask symptoms of NBD; these symptoms
are more likely to be evident after the person has been
discharged and exposed to situations that make demands
on their ability to function autonomously.

Comprehensive reviews have described in detail attri-
butes of instruments concerned with global measurement
of NBD using questionnaires and rating scales [5,6]. A range
of issues limiting their usefulness was found, especially
regarding: (1) methodological problems of definition, con-
ceptualization, and measurement of NBD; (2) missing/weak
psychometric properties undermining validity, reliability,
and responsiveness; (3) lack of appropriate normative data
limiting interpretation of assessments; and (4) scores lacked
clinical and social meaningfulness and were difficult to
apply to rehabilitation.
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3. St Andrews–Swansea Neurobehavioural Outcome
Scale (SASNOS): reliable, valid assessment of NbR

The SASNOS was subsequently developed to address these
shortcomings, providing a ‘fit-for-purpose’ assessment tool cap-
able of measuring the unique characteristics of NBD [7].
SASNOS comprises 49 items that capture five major domains
of NBD (interpersonal behavior, cognition, aggression, inhibi-
tion, and communication), each of which has two to three sub-
domains. Each item consists of a statement regarding a symp-
tom of NBD whose prevalence is rated using a 7-point scale
(‘never’ to ‘always’). Both proxy and self-completion versions are
available. Using the proxy version, ratings are made through
observation of the person during the preceding 2-week period
by a family member, carer, or clinician. When the person has
been admitted into a residential neurorehabilitation pro-
gramme, it is recommended that representatives of the clinical
team complete assessment using SASNOS in the context of a
case review. This can help reduce possible bias and increase
reliability as multiple raters are more likely than a single asses-
sor to capture the complete range of possible NBD symptoms
evident during the assessment period. Where possible, it is
instructive to get the person being assessed to rate themselves.
Comparison of the proxy and self-completion ratings enables
identification of jointly agreed treatment goals, and also pro-
vides a measure of self-awareness of the person with ABI.

The sum of ratings for the total score, 5 domains, and 13
subdomains are converted into standardized scores, using the
T-distribution, with a mean of 50 and standard deviation of 10,
derived from ratings of neurologically healthy controls. This
group comprised 100 individuals rated by Swansea University
staff and students; proxy ratings regarding this group were
not influenced by age or gender with the exception of the
‘Aggression’ domain, where younger males were rated as pre-
senting with more symptoms than younger females [7].
Having a normative reference group has many advantages.
Transformations are constructive, so higher scores reflect
greater autonomy. As standardized scores are anchored
using ratings of neurological healthy people, results are readily
interpretable, being both clinically and socially meaningful.
Scores provide a profile of strengths and weaknesses, identifi-
cation of potential rehabilitation goals is easily achieved
through consideration of which domain and sub-domain
scores fall more than one standard deviation below the
mean (less than 40).

SASNOS has robust psychometric properties, having uti-
lized methods from classical test theory and item response
theory (including Rasch analysis) in its construction. The
authors of SASNOS described multiple indices of validity
including content, face, convergent/divergent, discriminant/
diagnostic validity, and internal consistency. Construct validity
was good with Cronbach’s alpha exceeding .90 for 3 of the 5
SASNOS domains. Regarding diagnostic validity, discriminant
function analysis demonstrated the total SASNOS score cor-
rectly classified nearly 90% of cases correctly (ABI vs. neurolo-
gically healthy controls). Both inter-rater reliability and test-
retest reliability were excellent with intraclass coefficient cor-
relations achieved for the total score of .81 and .94,
respectively.

A website supports SASNOS and encourages the develop-
ment of a user community -https://projects.swan.ac.uk/sas
nos/- from where the measure is freely obtained. Website
analytics confirm international interest in SASNOS and its
employment in clinical work and research. An annual confer-
ence has been held in Swansea since 2016 to further raise
awareness about NBD, its impact, assessment, and
management.

4. Tracking response to rehabilitation through
repeated assessment

Since publication in 2011, further work has been undertaken
to improve the measure. Repeating assessment using global
measures is routinely undertaken to track the effectiveness of
rehabilitation. In order to interpret any differences in scores, it
is essential that psychometric properties concerning respon-
siveness, the ability of a measure to detect change, is known.
To reflect improvement due to rehabilitation, a difference in
scores collected at two different assessments needs to exceed
two thresholds: first, the smallest difference between scores
that falls outside the measurement error of an instrument
(minimally detectable change); and second, the smallest dif-
ference in scores that is clinically significant or indicative of
meaningful change (minimally important change). However,
responsiveness indices are elusive for the majority of NBD
measures [5] which greatly limits their use. Alderman,
Williams, Knight, and Wood [8] confirmed responsiveness as
a psychometric property of SASNOS and reported five reliable
change indices to assist interpretation of differences in scores
from repeated assessments for both the group and individual
contexts. Two were especially recommended. For measuring
change between assessments in groups of rehabilitation par-
ticipants, the authors endorsed use of the standardized
response mean, a version of Cohen’s effect size. ‘Medium’ or
better effect size is associated with clinically meaningful
change. Regarding change in scores at the individual level,
the authors sanctioned the standard error of measurement
(SEM) is utilized. Differences in scores that exceeded two
SEM are indicative of change beyond error associated with
the measure and consistent with the achievement of mean-
ingful change. Thresholds are given for the overall SASNOS
score and each of the five domains, and the authors provide a
worked example to illustrate their application in clinical
practice.

5. Importance of context

Another issue is the results of assessment inevitably reflect the
context in which they are made, which can ironically adversely
impact on recovery. SASNOS ratings falling in the expected
range for neurologically healthy controls (scores of 40 and
higher) can be the product of the amount of support people
receive, especially when assessed in a rehabilitation service.
This can sometimes hasten discharge when apparently ‘nor-
mal’ ratings are thought to reflect true autonomy, which can
prove problematic if scores are instead the result of ongoing
rehabilitation. In these cases, discharge without support can
prove disastrous. Alderman, Williams, and Wood [9] published
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a solution to this dilemma, proposing a supplementary scoring
system where a rating of 1–3 is assigned to each item reflect-
ing the degree of support given. These dependency ratings
are used to recalibrate standardized SASNOS scores to reflect
what the profile would look like in the absence of support.
Using this scheme, patients who require continued support to
maintain lack of NBD symptoms can readily be identified.

Free availability of SASNOS gives clinicians, service man-
agers, commissioners, and researchers an instrument that for
the first time enables valid, reliable assessment of NBD, that
can be employed across a range of contexts, for both clinical
and research purposes. Unlike most other measures SASNOS
was specifically developed to measure NBD, has comprehen-
sive psychometric properties, normative data, and generates
meaningful scores that inform rehabilitation.

6. Embedding outcome measures into services

However, having suitable instruments does not provide the
total solution for solving the puzzle of measuring NBD.
Measures need to be fully integrated within the clinical fabric
of rehabilitation services if assessments are to truly reflect
needs and play a central role in enabling patients on the
road to greater independence. Managers, in particular, need
to require measures are used, and services need to ensure
policies and procedures are in place establishing when and
how measures are employed, from pre-admission to discharge
and beyond. Goal planning, assessment, formulation, and
determining outcomes all benefit from use of standardized
measures. If services use an electronic patient record then
dashboards can greatly facilitate completion of assessments
and produce outputs to inform individual care, audits, bench-
marking, and marketing activities.

7. Providing a level playing field when
benchmarking service

The importance of services concerned with reduction of NBD
in using measures designed to capture symptoms and beha-
vior arising from this is further highlighted when external
agencies impose requirements to utilize assessment tools
that lack relevance.

An accepted position is that ABI populations are diverse
and complex, a basket of outcome measures is required to
capture the full range of difficulties and needs. In the UK there
is an expectation that services contribute data centrally using
a defined basket of measures to the UK Rehabilitation
Outcomes Collaborative (UKROC) in order to meet a range of
ambitions [10]. A variety of measures populate the UKROC
basket, including tools that measure patient outcomes, patient
complexity, and clinical inputs required to meet these. One
goal is for UKROC to utilize these tools to categorize the
complexity of cases a service can manage and establish a
financial tariff for daily bed rates based on patient depen-
dency (high, medium, and low). A criticism of this scheme is
the choice of measures is heavily biased towards acute med-
ical rehabilitation services. However, diversity of neurorehabil-
itation services means the choice of measures in the UKROC
basket is not a ‘one-size-fits-all’ solution. This was especially

felt to be the case for neurobehavioural rehabilitation (NbR)
services which comprise the principal means by which NBD is
managed, that are organized and implemented quite differ-
ently to medically focused programmes [11]. A particular con-
cern is that classification of services and performance
benchmarking using measures that lack sensitivity in reflecting
the success of NbR programmes will have a direct impact on
funding. This issue was addressed by the Independent
Neurorehabilitation Providers Alliance (INPA) who facilitated
research which confirmed there were shortcomings in apply-
ing many of the UKROC tools to NbR services. Furthermore,
this research clearly demonstrated the benefits of using
SASNOS and other measures relevant to this population [12].

8. Concluding remarks

In conclusion, SASNOS continues to make a valid contribution
to the assessment of NBD and in determining rehabilitation
outcomes. All rehabilitation services need to employ global
measures of outcome to fulfill a range of needs, including
clinical work, service evaluation, benchmarking, marketing,
and research. It is only relatively recently that SASNOS, a
measure of NBD that is valid, reliable and capable of reflecting
meaningful change, has become available. By doing so, clin-
icians and service managers have an opportunity to finally
utilize an instrument in their basket of outcome measures
capable of capturing a range of symptoms and behaviors
that potentially have a catastrophic impact on long-term out-
come, and to properly demonstrate to external agencies and
regulators the important work achieved in reducing the debil-
itating impact of NBD.
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