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Executive summary

Objectives

1. To identify generic and disease specific
measures of impairment, functional status
and health-related quality of life that have
been used in adult critical care (intensive
and high-dependency care) survivors.

2. To review the validity, reliability and
responsiveness of the measures in adult
critical care survivors.

3. To consider the implications for future policy
and to make recommendations for further
methodological research.

4. To review what is currently known of the
outcome of adult critical care.

Methods

Data sources

® Searches of electronic databases (MEDLINE,
EMBASE, CINAHL, PsycLIT, The Cochrane
Library and SIGLE) from 1970 to August 1998.

® Manual searches of five journals (1985-98) not
indexed in electronic databases and relevant
conference proceedings (1993-98).

* Reference lists of six existing reviews, plus
snowballing from reference lists of all relevant
articles identified.

Study selection

e Randomised trials, non-randomised trials
(cohort studies) and case series that included
data on outcomes after discharge from adult
(16 years and over) critical care.

Data extraction and synthesis
If reported, the following data were extracted
from each paper:

* patient characteristics (age, gender, severity of
illness, diagnostic category)

¢ number of patients eligible for study, follow-up
period, number of deaths before follow-up,
number and proportion of survivors included
in follow-up

¢ method of presentation of outcome data —
proportion normal as defined by reference
values, or aggregate value (e.g. mean or
median), or aggregate values plus an

indication of variance (e.g. standard deviation
or inter-quartile range).

Evidence for three measurement properties
was sought for each outcome measure that had
been used in at least two studies — their validity,
reliability and responsiveness in adult critical
care. If the authors did not report these aspects
explicitly, an attempt was made to use the data
provided to provide these measurement prop-
erties. For measures that were used in at least
ten studies, information on actual reported
outcomes were also extracted.

Results

Measures used in critical care

® Measures of impairment were largely confined
to the respiratory system so are almost certainly
not appropriate for many critical care survivors.
They can be categorised as respiratory volumes
(e.g. vital capacity), gas flow within the respir-
atory system (e.g. forced expiratory volume
in 1 second (FEV,)), pulmonary diffusing
capacity (e.g. carbon monoxide diffusing
capacity) and visualisation of the upper
airway (e.g. bronchoscopy). Multiple tests
are often performed.

¢ Eight measures of physical functional status
were used, five generic and three disease-
specific. The most frequently used generic
measures were multi-item scales. Two single-
item global measures attempted to capture
a person’s overall activity level or
functional status.

¢ Five multi-item measures of mental functional
status were used, four generic and one specific
to trauma patients. The generic measures
were either confined to assessing depressive
symptoms or also encompassed a measure
of anxiety.

® Measures of neuropsychological functioning
relate to a person’s cognition, attention,
ability to process information and memory.
Apart from one single-item measure, which
focused on communication level, six multi-item
measures were used with critical care survivors.
Such measures are particularly appropriate
for use with survivors of head injury or other
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neurological insult and, in that sense, they are
disease-specific rather than generic measures.

¢ Single item measures of recovery were

frequently used but researchers often invented
their own, so there was little consistency in the
wording. These measures had five principal
foci — return to work, return to own home,
degree of recovery, productivity and chronic
health status. One multi-item scale was

also used.

¢ Nine measures of health-related quality of life

were used — although some of these multi-item
generic measures encompass functional status
also. The three used most extensively were the
Sickness Impact Profile/Functional Limitations
Profile (SIP/FLP), Perceived Quality of Life
(PQOL) scale and Nottingham Health Profile
(NHP). In addition, in recent years the Short
Form 36 (SF-36) health survey questionnaire
was increasingly used.

Assessment of outcome measures
® Overall, few attempts were made to determine

the properties of any of the measures when
used with critical care survivors and, in many
instances, there was little scientific evidence of
their properties outside critical care in other
patient groups or in the general population.
Lack of evidence does not mean these measures
necessarily lack validity, reliability or responsive-
ness but does mean they should be used with
caution and with an awareness of their

possible inadequacies.

¢ There was little evidence as to the properties

of impairment measures in critical care but
considerable evidence in other categories of
patients. Impairment measures are based on
objective assessments using some equipment,
the validity and reliability of which should be
reported. There was some evidence for the
criterion validity of the most commonly used
measure of respiratory impairment (FEV,),
in that it correlates with measures of
health-related quality of life.

* There was some evidence for the validity and

responsiveness of two generic measures of
physical functional status, Katz’s Activities of
Daily Living index (ADL) and the Karnofsky
Index, but their reliability is unknown. Even
less is known about disease-specific measures,
although there was some evidence for the
construct validity of the American Thoracic
Society (ATS) respiratory disease questionnaire
and the responsiveness of the New York Heart
Association (NYHA) functional classification.

¢ Similarly, there was only limited information

about the properties of the mental functional

status measures. There was some evidence for
the criterion validity of all generic instruments
and the responsiveness of the Centre for
Epidemiology Studies Depression Scale.

¢ The only support for the neuropsychological
functional status measures was some weak
evidence for the criterion validity of the
Trailmaking Tests and the Wisconsin Card
Sorting Test (WCST).

¢ Assessment of the properties of measures of
recovery was restricted to validity. Both the
Glasgow Outcome Score and ‘return to work’
apparently had some construct and criterion
validity. There were no published reports of
reliability or responsiveness.

¢ Similarly, there was some evidence for the
validity of health-related quality-of-life measures
but nothing on their reliability or responsiveness
in critical care survivors. This mirrors the state
of affairs relating to assessment of measurement
properties outside critical care. The validity of
the SIP, PQOL scale and NHP in critical care
appear to be reasonable but information on
the SF-36, Spitzer’s Quality of Life Index and
other, less well-known generic measures
was inadequate.

Health of critical care survivors
¢ Given the concerns expressed above on
the limitations of the scientific worthiness
of outcome measures used in critical care
research, it was impossible to reach a valid
and reliable overview of the health of survivors.
There were huge differences in outcome
between studies. This is not surprising given
the variety of patients included, the failure to
follow-up all survivors, differences in time of
follow-up, lack of independent assessors and,
often, poor presentation of data. Such criticism
should not be seen as unique to this area
of healthcare research.
¢ Comments (albeit tentative ones) are, therefore,
limited to a few broad observations:
— physical functional status appeared
diminished during the first few months
but may return to pre-admission levels by
6—-12 months. Some degree of dependency
in activities of daily living persisted in about
half the survivors
— more than 70% of survivors of working age
returned to work, although their work
activity may have altered
— most survivors returned to their own homes
within a few months
— the most frequently diminished areas of
health-related quality of life were those
relating to work, recreation and sleep.
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Conclusions

¢ The poor current state of knowledge of
appropriate outcome measures for adult
critical care survivors means that it is impossible
to make clear recommendations as to which
particular measures should be used. This partly
reflects the large number of measures used in
critical care research in the past. The evidence
indicates that if the research community could
agree on a limited list of measures from which
to select for any given project, this would at
least enable a considerable body of experience
and knowledge to be built up around a few
measures. In addition, it would allow investi-
gators to make comparisons between studies
and facilitate overviews based on secondary
research of published results. To aid this, future
researchers could confine their selection to
the measures below until such time as clearer
scientific evidence can distinguish between
their relative merits.

® Measures of impairment appear to have
limited value except, perhaps, in patients with
respiratory disease. Their use in general adult
critical care survivors is not recommended.

¢ Two generic measures of physical functional
status appear the most relevant — Katz’s ADL
and the Karnofsky Index. Two disease-specific
measures might also be considered in relevant
subgroups: the NYHA functional class in cardiac
patients and the ATS respiratory disease
questionnaire in respiratory patients.

¢ Mental functional status is probably best
assessed using Profile of Moods States or
the Hospital Anxiety and Depression scales,
as these cover anxiety in addition to depressive

symptoms. In patients who are recovering
from trauma, the Impact of Events Scale
might also be considered.

¢ Neuropsychological function needs to be
considered in post head-injury patients. There
are no clear contenders but, on balance, the
Trailmaking Tests and the WCST might be
investigated initially.

® Measures of recovery offer few options. The
Glasgow Outcome Score is the only multi-item
scale available. In addition, standardisation of
two single-item measures — return to work and
residency or return to own home — would help
to establish their usefulness.

* Health-related quality of life offers a wider
range of possibilities. The three principal
contenders (i.e. those most frequently used
in critical care research) are the SIP/FLP,
PQOL and NHP. It is suggested that the
SF-36 is added to these, as it is being used
increasingly often and widely in healthcare
research and its measurement properties in
other areas have been demonstrated.

Recommendations for

further research

There is an urgent need for rigorous assessment
of the measurement properties of all measures
being used in critical care research. This work
should be focussed initially on the leading
measures outlined above. All studies that seek
to assess the outcome of critical care by means of
one of these measures should seek to explore at
least one methodological aspect, for example,
intra-rater reliability or construct validity. This
approach would be more cost-effective than
funding purely methodological studies.
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Chapter |

Background and methods

Introduction

The primary aims of healthcare are the reduction
of mortality and morbidity, and the maintenance
or improvement of functional capacity and
quality of life. Traditionally the assessment of
critical care has focused largely on mortality,
although this is now changing. Assessment of

the health of survivors has largely been confined
to physiological, radiological and biochemical
measurements of impairment. Recently there

has been a move away from these objective
measures towards subjective measures of func-
tional status and health-related quality of life,
with data collected directly from patients.'
Interest in patients’ perspectives in the evaluation
of healthcare has led to the development of
numerous subjective measures of functional
status and health-related quality of life.

For the purposes of this review, adult critical
care was confined to care provided in intensive
care and high-dependency units. Units that
fulfilled a specialised function, such as coronary
care, burns and post-anaesthesia care, were
excluded but intensive care units (ICUs)
restricted to certain groups, such as surgical
patients, were included.

The ideal outcome of healthcare is for the
patient to return to their pre-existing state or

to that expected for a person of the same age
and medical condition.>” Whether objective or
subjective measures are used, they must provide
information that is valid, reliable and responsive
(see Box 1).

Outcome measures are divided here into
impairment, functional status and health-related
quality of life or well-being. The relationship
between these can be seen in Figure I. Impairment
refers to objective measures of anatomical,
physiological or biochemical aspects such as
haemoglobin concentration or respiratory rate.
These are the underlying features of ill-health that
can be assessed or measured by another person,
rather than the symptoms or problems that
patients report. An impairment may or may not
affect a person’s health or functional status by
giving rise to symptoms or limitations in their

BOX 1 Validity, reliability and responsiveness”

Validity

A valid assessment is one that measures what it claims to
measure. The evaluation of the validity of a measure usually
involves comparison with some standardised criterion or
criteria. This is not easy in the social sciences, as there are
rarely ‘gold standards’ against which measures can be com-
pared. However, a number of standard criteria for validity
are usually assessed for any properly constructed
questionnaire.

® Face validity relates to whether the items on a question-
naire appear to be appropriate to the phenomenon
being measured and to make sense, as well as being
easily understood.

Content validity relates to the choice of, and relative
importance given to, items on a questionnaire. It is import-
ant that items appropriate to the phenomenon under
investigation are chosen and, if they are weighted in some
way, that the weights reflect the perceived level of difficulty
or health problem.

Construct validity is an important aspect of validity,
especially when the variable being measured cannot be
observed directly. It refers to when hypotheses are gen-
erated and a questionnaire is tested to determine if it
actually reflects these prior hypotheses. For example, the
construct validity of the SF-36 has been checked to ensure
that certain groups (e.g. older, lower social classes, those
with illnesses) would gain lower (i.e. worse) scores than
other groups (e.g. younger, higher social classes, those
without illnesses).

Criterion validity relates to the ability of an instrument to
correspond with other measures held up as gold standards.
In practice, few studies can truly claim to have evaluated
criterion validity, as gold standards are hard to find in this
area of research.

Reliability

As with validity, there are a number of methods of assessing

reliability.

® The most commonly used method is referred to as internal
reliability or internal consistency and is measured using
Cronbach’s a statistic (for items with more than two
response categories, such as ‘never’, ‘sometimes’, ‘always’).

¢ In test-retest reliability, the questionnaire is administered
on two occasions separated by a few days. Ideally, respon-
dents should not have changed in any way between the two
administrations of the questionnaire and, consequently,
the results should be almost identical.

Responsiveness

It is essential that evaluative instruments are able to detect
change and the level of this change is interpretable in some
way. The sensitivity to change or ‘responsiveness’ of an
instrument is a very important criterion to consider when
selecting measures.

The effect size statistic is the most commonly cited inter-
pretation of change scores. It is usually calculated by sub-
tracting the mean before treatment from that gained after
treatment, and dividing the result by the baseline SD.

"Based on_Jenkinson & McGee, 1998 *
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Impairment

Functional status

Health-related
quality of life

Disease-specific X-ray changes

Generic

Pain in hip
Poor mobility

Unable to garden

ADL index

PQOL scale

FIGURE | Measures of outcome, taking osteoarthritis of the hip as an example

ability to function. For example, low haemoglobin
may be associated with breathlessness and an
inability to walk to the shops. However, people
may not report diminished functional status if
it is not affecting their quality of life. Thus, an
inability to walk to the shops may not diminish
quality of life if the person has access to a car
or someone else to shop for them. As illustrated
in Figure 1, measures of each of these three
dimensions may either be generic or specific

to a particular condition.

As those patients who are admitted to critical
care are a heterogeneous group, there is a need
for generic outcome measures that can be used
across a wide range of medical and surgical
patients, as well as condition-specific ones. Some
degree of overlap may exist, especially between
functional status and health-related quality of
life. For example, one of the most widely used
generic measures (the Short Form 36 Health
Survey Questionnaire (SF-36)) includes questions
both on the functional status and the quality

of life of respondents.

Most of the measures that are available and

have been used in critical care are multi-item
scales, that is, they are made up of several (or
many) questions/items. Some multi-item scales
not only provide a total score indicating the
overall aspect being measured, for example,
physical functional status, but also generate
subscales that provide information on particular
aspects, for example, mobility. However, not all
measures are multi-item. Some single-item
measures exist which generally consist of a global
question that attempts to encompass the person’s
overall state of health. Both multi- and single-item
measures are included in this review.

Aims and objectives of the review

The primary aim was to undertake a systematic
review of the literature on the measurement
properties of outcome measures which have been
used with adults following discharge from critical
care (intensive care and high-dependency units),
in order to advise on the selection of appropriate
measures for research and audit. A secondary aim
was to report on the actual outcome of patients
for those measures for which sufficient data

were available.

The objectives were:

¢ to identify generic and disease-specific
measures of impairment, functional status
and health-related quality of life that
have been used in adult critical care
survivors

¢ to review the validity, reliability and
responsiveness of the measures in critical
care survivors

¢ to consider the implications for future
policy and to make recommendations for
further methodological research

¢ to review what is currently known about the
outcomes of critical care survivors.

Management of the review

The review was designed and managed by a
team comprising clinicians (Duncan Young,
Kathy Daly, Saxon Ridley) and methodologists
(Nick Black, Crispin Jenkinson, Kathy Rowan).
Julie Hayes, a research fellow, undertook the
literature searching, selection and initial
reviewing of papers, and wrote the first draft
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of the report. Nick Black, Duncan Young and
Crispin Jenkinson undertook the redrafting.
The team met on four occasions. At the first
meeting, key decisions were made on refining
the objectives, agreeing on search strategies

and establishing eligibility criteria. At the second
meeting, the initial results of the searches were
reviewed. For practical reasons, it was decided to
confine the review to the 36 measures that had
been used on at least two occasions — it would be
difficult to ‘synthesise’ the results from a single
study! At the third meeting, it was decided that
when addressing the fourth objective (see above),
the review would be confined to measures that
had been used on at least ten occasions in

order to enhance the external validity of

the conclusions.

Search strategy

The objective was to undertake a systematic and
comprehensive search for all relevant studies in
order to avoid bias by exclusion of any studies.
This was undertaken using the five approaches
detailed below.

The result of the search strategy was the
identification of 764 potentially relevant
articles and 93 potentially relevant
conference abstracts.

1. Searching of electronic databases

Five electronic databases were searched
systematically from 1970 (or from the start date
of the database) to August 1998. Literature from
before 1970 was ignored for two reasons: (i) it
was considered that critical care had changed
over the past few decades to such an extent that
treatments used and outcomes achieved before
1970 would have little relevance today; (ii) there
was little concern for, or study of, the functional
status and health-related quality of life of
survivors before the 1970s.

The following bibliographic databases
were searched:

e MEDLINE (National Library of Medicine,
USA; the electronic version of Index Medicus)
using the search software Ovid, CD Plus

e EMBASE (Elsevier Science Publishers BV,
The Netherlands; the electronic version of
Excerpta Medica) using the search software
Ovid, CD Plus

¢ CINAHL (CINAHL Information Systems,
USA; Citation Index of the Nursing and

Allied Health Literature) using the search
software Ovid, CD Plus

* PsycLIT® (American Psychological Association;
a subset of PsyCINFO®, the electronic version
of Psychological Abstracts) using the search
software SilverPlatter

¢ The Cochrane Library (Cochrane
Collaboration, UK: 1998 Issue 1,
CD-ROM version)

¢ SIGLE (European Association for Grey
Literature Exploitation, The Netherlands;
System for Information on Grey Literature
in Europe) using the search software
SilverPlatter.

There was no limitation on the type of study
design to be identified in the search. The search
strategies developed were designed for maximal
retrieval, using indexing terms and free text
searching. The authors devised the following
search terms, based on their knowledge

and experience:

* intensive care, intensive therapy, high
dependency, critical care, intermediate
care, step-up care; step-down care

* outcome measure, follow-up, health
status, functional status, clinical outcome,
organ failure

¢ organ dysfunction; sequelae, quality of life,
impairment, morbidity.

The identified studies were then restricted to
‘human’ and ‘age group’ > 16 or > 18 years
when these options were available. No piloting
of the search was performed. To test the repeat-
ability of the search strategy, one database
(MEDLINE) was searched twice, first in June
1998 and again in August 1998. During the
second search, only newly published papers
were identified.

2. Manual searching of journals

The on-line searches were supplemented by
manual searching of the following journals

that were not covered by the five electronic
databases.

e Critical Care Nursing Quarterly (1990-95)

® Intensive Care Nursing (1985-91)

o Intensive Care World (1993-98)

* Inlernational Journal of Intensive Care
(1995-96)

e New Horizons (1993-98)

In addition, the following conference proceedings
were also searched manually for relevant abstracts.
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¢ World Congress of Intensive and Critical Care
Medicine (1985-97)

¢ European Congress on Intensive Care Medicine
(1995-96)

¢ UK Intensive Care Society Meetings (1994-98)

¢ Society for Critical Care Medicine Educational
and Scientific Symposium (1990-97)

¢ Australia and New Zealand Intensive Care
Society Annual Scientific Meeting (1990-97)

¢ International Symposium on Intensive Care
and Emergency Medicine (1993-98)

¢ Annual Congress of the European Society of
Intensive Care Medicine (1997)

¢ Annual Meeting of the International Society
for Quality of Life Research (1995)

Manual searching was undertaken from the
present time working backwards until no further
relevant articles or abstracts had been identified
for two consecutive years.

3. Reference lists of selected reviews

The reference lists of six existing reviews were
checked for additional references (Brooks, et al.,
1995;° Chelluri, et al., 1995;° Brooks, 1996;”
Heyland, et al., 1998;® Schuster, 1998;°

Thomas & Manara, 1998'%).

4. Snowballing from references

When selected papers that met the inclusion
criteria (see below) had been retrieved, their
references were checked for additional references,
which were then also retrieved.

5. Experts

A total of 20 researchers known to members

of the review group were contacted by mail or
email and asked if they were aware of any current
research in the field of interest (12 responded).
Information was also sought from members of
international critical care electronic mailing lists
(resulting in responses from eight people) and
from seven national and international critical
care societies (medical and nursing), of which
three responded.

Selection of relevant references

Abstracts of all potentially relevant articles were
obtained and considered for inclusion in the
review if they met the following criteria:

¢ the study was based on adult (16 years and
over) admissions to critical care, regardless
of whether or not some younger cases
were included

® data on outcomes after discharge from critical
care were included

¢ study design was a case series, cohort study
(non-randomised trial) or randomised trial

¢ outcome data for at least 20 patients
were included.

Of the 764 potential journal articles, 144 met the
inclusion criteria. Of these, 121 were identified
through MEDLINE and 132 through EMBASE,
of which 115 were duplicates. The remaining
six papers were identified by snowballing. The
20 papers not in English were translated and
included. Three papers were unobtainable.' ™"
The 144 papers provided data on 161 different
outcome measures, although for 125 there was
only one reported use. The latter are listed in
appendix 1. The remaining 36 measures were
used on at least two occasions and these formed
the basis of the review.

In addition, 92 conference abstracts covering
69 outcome measures were identified, of which
13 were non-standard quality-of-life measures.
The conference abstracts provided insufficient
information to include them in the synthesis
of the evidence.

Data extraction

If reported, the following data were extracted
from each paper:

¢ characteristics of patients (age, gender, severity
of illness, diagnostic group)

¢ number of patients eligible for the study, time
of follow-up, number of deaths before follow-up,
number and proportion of survivors included
in follow-up

¢ method of presentation of outcome data —
proportion normal as defined by reference
values (A) or aggregate value (for example,
mean or median) (B) or aggregate values
plus an indication of variance (for example,
standard deviation (SD) or inter-quartile
range) (C).

Evidence for three measurement properties
was sought for each outcome measure that
had been used in at least two studies — their
validity, reliability and responsiveness in adult
critical care (see Box I). If the authors of

a paper had not reported on these aspects
explicitly, an attempt was made to use the
data they had provided to obtain these
measurement properties.



Health Technology Assessment 2000; Vol. 4: No. 24

Authors frequently reported on associations
between functional status and patient character-
istics, such as age and severity of illness. However,
they rarely provided an explicit hypothesis as to
whether or not they expected to see any associ-
ation, so it was impossible to use such evidence

to throw light on the construct validity of the
measure in question. We have, therefore, simply
reported on the existence, or not, of any such
associations but have been unable to judge the
measure’s construct validity. Similarly, authors
reported serial values for some measures over
time, for example, follow-up at 3, 6 and 12 months.
Again, it was impossible to judge whether stability
or change over time indicated responsiveness of
the measure or not.

For those measures that had been used in at least
ten studies, information on the actual outcomes
that had been reported were also extracted for
the review.

Structure of the review

Measures of impairment are reported in
chapter 2, functional status in chapters 3-6,

and health-related quality of life in chapter 7.

If a measure included both functional status and
health-related quality of life, it has been included
under the latter in chapter 7. The characteristics
of each measure were considered in the same way:

® a brief description of the measure and its origins

¢ the measurement properties of the measure
when used outside critical care (based on
textbooks or review articles)

¢ the characteristics of the patients (age, gender,
severity score and diagnostic group) included
in its application in critical care and its mode
of administration

¢ the measurement properties of the measure
when used in critical care

¢ the actual outcomes that have been reported for
critical care survivors (for those measures that
were used in at least ten studies).

An overview is provided at the end of each chapter.
In the final chapter the current state of knowledge
on outcome measures in adult critical care is
reviewed and suggestions made for their use in
clinical practice and recommendations for their
use in research and in audit, and for future
methodological research.
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Chapter 2

Measures of impairment

easures of impairment have largely

been confined to respiratory function
and can conveniently be divided into four
groups: respiratory volumes, gas flow within the
respiratory system, pulmonary diffusing capacity
and visualisation of the upper airway. Although
the studies have been grouped this way for con-
venience, in practice multiple tests are usually
performed. Often one test gives multiple results;
for example, measurement of total lung capacity
(TLC) requires the measurement of residual
volume (RV) or functional residual capacity
(FRC). Thus many studies are included in
more than one group.

With the exception of visualisation of the

upper airway, pulmonary function tests have
been extensively validated outside intensive

care. The association between lung disease and
heavy industry, and the requirement to detect
and grade respiratory impairment for both moni-
toring and compensation purposes, has led to a
well-developed literature on the subject. Docu-
ments laying down standards for normal ranges
and sources of variability are published regularly
by professional organisations. In Europe, the
European Respiratory Society documents are
most widely used; the most recent was published
in the European Respiratory Jowrnal in 1993'* and
it is from this document that details of regression

equations and reliability were taken for this report.

In North America, the American Thoracic Society
(ATS) has published a similar document.

Respiratory volumes

Vital capacity and forced vital capacity
The vital capacity (VC) is the volume change
measured at the mouth between the positions of
full inspiration and complete expiration. Forced
vital capacity (FVC) is the volume of gas exhaled
during a forced expiration starting from a position
of full inspiration and ending at complete expir-
ation. VC and FVC are measured using a spir-
ometer or an integrating pneumotachograph.

VC and FVC are dependent on age, gender, race
and body height. Both are reduced in conditions
in which lung or chest wall compliance are

impeded, such as pulmonary fibrosis or kypho-
scoliosis, and are increased in athletes. Values
for FVC and VC are either expressed as volumes
or as percentages of predicted normal values for
the patients’ age, gender, race and stature. Alter-
natively, values may be expressed as a standardised
residual (observed minus predicted divided by
the residual SD of the regression equation used
to generate the normal values), which can be
converted to a probability of the observed

value being part of a normal population.

Measurement properties outside critical care
Normal values are derived from regression
equations specific for the individual’s race

and gender, containing the variables age and
height. The residual SD gives a measure of the
variability of the measurement not explained
by race, gender, age and height. For Caucasians
this is 0.6 I for men and 0.43 1 for women. The
average within-subject variation for a reference
population is 148 ml (expressed as a coefficient
of variation, the range is 0.3-11.4%). The absolute
accuracy of the machines used to make the
measurement should be + 3.5% or + 70 ml,
whichever is greater.

Application in critical care

Nine papers"™ reported on FVC and three

on VC.****® The mean age of the participants
ranged from 25 to 45 years (7Table 1), and the
proportion of males from 31% to 76%. Only

two papers reported the severity of illness of

the patients. Six studies followed-up patients

with acute respiratory distress syndrome (ARDS).
Mortality before follow-up ranged from 0% to
72% (Table 2). Further attrition was due to loss

to follow-up and refusal to participate. As a result,
the proportion of available subjects who were
followed-up ranged from 24% to 100% (the latter
was achieved in only one study). Planned or mean
follow-up times ranged from 1 month to 5 years,
with only two papers reporting on more than

one follow-up.

The mean and either the SD or the standard
error of the mean (SEM) of VC and FVC were
reported in only two papers.'”* The remainder
only reported the proportion of patients with
‘normal’ results.
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Measurement properties in critical care
Validity Elliott and colleagues'” and Peters and
colleagues® both assessed the construct validity
using the variable of age, although this was not
explicit in the papers. Both studies found no
statistically significant association with age

but no conclusions can be drawn in view of
the inadequate power of both studies.

Reliability Peters and colleagues® reported
on re-using the same equipment and protocol
but gave no details of the reliability of

the instruments.

Responsiveness Ghio and colleagues' reported

that impaired FVC was found in 76.5% of patients

in their study after 1 month and 50% at 1 year.

TLC

This is the volume of gas in the lungs at the
end of full inspiration. TLC is almost always
calculated by measuring RV by helium dilution
or FRC by body plethysmography, and adding
VC or inspiratory capacity, respectively. It can
also be measured directly radiologically or by
body plethysmography. TLC is dependent on
race, gender and body height, and is influenced
by the same disease processes that alter VC,

as well as by obesity.

Measurement properties outside critical care
The variability in TLC measurements depends
on the variability of FRC and RV measurements.
Within-subject variability averages 110 ml in

normal individuals and 376 ml in patients

with chronic obstructive airways disease. The
measurement device (helium dilution) should
have an accuracy of + 50 ml or 5%. The body
plethysmographic method has a coefficient of
variation of 5% for within-subject measurements.
The absolute accuracy cannot be determined,

as FRC measurements require muscular effort
and so cannot be simulated. The residual SD

for the regression equation for TLC in normal
individuals is 0.701 for men and 0.601 for women.

Application in critical care
Details of six papers that reported using this
measure are presented in Tables 1 and 2.'"'%20-2%

No data on TLC were presented in one paper.*
In another paper, data were clearly presented,
with mean values and SEMs, and in four papers
data were presented as the percentages of

the predicted values (7able 2). Elliott and
colleagues'”'® expressed their data as a percentage
of predicted reference values, based on studies
of healthy non-smoking adults performed using
identical methods in the same laboratory.**’

In the study by McHugh and colleagues,*
predicted values for TLC were calculated

using the standards of Miller and colleagues.™

Measurement properties in critical care
Validity Construct validity using the variable

of age was reported in three papers.'”** While
in two studies no association was found with age,
Elliott and colleagues'” reported a significant

TABLE | Characteristics of populations in studies using respiratory capacity

Study Mean age * SD
[median] (range)
(years)

Friman, et al., 1976'%2 N/A

Halevy, et al., 1984%*° 39.2 (18-68)

Lund, et al, 1985'¢? 44 (18-87)

Elliott, et al., 1987 '7* 25 (13-42)

Elliott, et al., 1988 '8 * 28 (13-62)

Ghio, et al., 1989'"* 285 + 12.5 (7-61)

Peters, et al., 1989%° * 45.1 + 15 (18-81)
McHugh, et al., 19942 * 41 (19-73)
Grotz, et al., 1997 % > 33.6 £ 2.1

Jones, et al., 1997 222> [54] (17-90)

Law, et al.,, 19972 [51] (18-86)

9 Studies reporting FVC
> Studies reporting VC
¢ Studies reporting TLC
4 Studies reporting RV

Male (%) Severity score, Type of patient
mean £ SD [median]
(range)

60 N/A General

67 N/A ARDS

76 N/A Burns

31 N/A ARDS

N/A N/A ARDS

51 N/A ARDS

67 N/A ARDS

62 N/A ARDS

70 ISS 368 + 1.6 MOF; trauma

N/A APACHE Il [15] (3-34) General

68 N/A General
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TABLE 2 Numbers of participants in studies using respiratory capacity

Study Number  Number of Number Number (%) Follow-up time Method
eligible for deaths before available for followed-up {mean}, (range) of data
study (%) follow-up follow-up (months) presentation
Friman, et al., 1976' 320 183 (57) 137 10 (7) N/A N/A
Halevy, et al., 1984%* 50 31 (62) 19 18 (95) (3-30) A
Lund, et al., 1985'¢ 4 24 (59) 17 17 (100) {2.6} (0.7-4.9) A
Elliott, et al., 1987"7 38 0 (0) 38 16 (42) 48 A+C
Elliott, et al., 1988'® 42 0 (0) v} 30 (71) 6 A
Ghio, et al., 1989"° 4 N/A N/A 27 (N/A) > 12 A
Peters, et al., 1988 166 119 (72) 47 39 (83) (1-36) A
McHugh, et al., 1994”' 216 134 (62) 82 20 (24) 3,6,12 A
Grotz, et al., 1997 173 104 (60) 69 50 (72) {58.8} C
Law, et al., 19977 109 39 (36) 70 20 (29) > 6 A
Jones, et al., 1997 146 N/A N/A 120 (N/A) 6 N/A

effect (r* = 0.42; p< 0.01) using linear
regression analysis.

Reliability Peters and colleagues® reported
using the same equipment and protocol but
did not give details of the reliability of

the instruments.

Responsiveness over time None of the papers
reported on responsiveness.

RV and FRC

The RV is the volume of gas remaining in the
lung at the end of a full expiration. The FRC

is the volume of gas present in the lungs at the
average end expiratory level. Measurement
techniques were described above. Both RV and
FRC are dependent on age, race, gender and
height, and both are reduced by diseases which
reduce lung or chest wall compliance. They are
also reduced in unconscious patients.

Measurement properties outside critical care
The major sources of variability and their
magnitude were discussed above. For a normal
Caucasian population, the residual SDs for the
regression equations for men are 0.4 1 (RV)
and 0.6 1 (FRC), and for women 0.351 (RV)
and 0.5 1 (FRC).

Application in critical care

The characteristics of the patient population
studied in the three papers that reported using
RV and or FRC are reported in Tables 1 and 2.2*%*
In only one paper” were data on RV and FRC
presented as mean values with SEMs. Both Grotz
and colleagues® and Peters and colleagues®

reported comparative reference values for
their data.

Measurement properties in critical care
None of the papers provided data on the
measurement properties of RV or FRC.

Respiratory flow

Forced expiratory and inspiratory
volumes in | second

The timed forced expiratory volume is the volume
of gas exhaled in a specified time from the start

of an FVC manoeuvre. By convention, 1 second

is used and the measurement is symbolised as
FEV,. It can be measured using a spirometer or

an integrating pneumotachograph. It is dependent
on age, gender, race and height. It is an extensively
used index of airflow limitation and is used to
diagnose and monitor diseases such as asthma

and chronic obstructive airways disease. FEV is
usually presented as a fraction of the FVC
(FEV,/FVC) (see below).

The timed forced inspiratory volume is the
volume of air inhaled in a specified time following
the beginning of a forced inspiratory manoeuvre.
Again, by convention, 1 second is used and the
measurement is symbolised as FIV,. It is a measure
of airflow limitation in the same way as FEV, but
FIV, is claimed to be less sensitive to mechanical
airway closure (as opposed to bronchospasm).

Measurement properties outside critical care
FEV, is an extensively used index with good
reproducibility. The SD of repeated measurements
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TABLE 3 Characteristics of populations in studies using FEV,

Study Mean age * SD Male Severity score, Type of
[median] (range) (years) (%) mean £ SD [median] (range) patient
Friman, et al, 1976'*" N/A 60 N/A General
Landercasper, et al, 52 (7-87) 74 N/A Trauma
1984
Elliott, et al., 1987"7 25 (13-42) 31 N/A ARDS
Elliott, et al., 1988'® 28 (13-62) N/A N/A ARDS
Peters, et al.,, 1989%°  45.1 + |5 (18-81) 67 N/A ARDS
Ghio, et al.,, 1989'° 285 + 12.5 (7-61) 51 N/A ARDS
McHugh, et al.,, 1994*' 41 (19-73) 62 N/A ARDS
Grotz, et al, 1997 33.6 + 2.1 70 ISS 36.8 = 1.6 MOF; trauma
Law, et al., 1997% [51] (18-86) 68 N/A General
Jones, et al., 1997**"  [54] (17-90) N/A APACHE Il [15] (3-34) General
Gammie, et al,, 1998 Single lung Single lung N/A Lung transplant
transplant 36 transplant 61
Double lung Double lung
transplant 38 (14-61) transplant 33

“These papers also reported on FIV,

on the same patients ranges from 60-270 ml.

The long-term variability is, on average, 183 ml.
The measurement device should be accurate to

+ 3% or + 50 ml, whichever is the greater. For a
normal Caucasian population, the residual SD

of the regression equation is 0.5 1 for men and
0.38 1 for women. No correlation was found
between health status (measured using part 1

of the Nottingham Health Profile (NHP)) and
FEV, in adults with cystic fibrosis,” although a
substantial correlation was found in patients with
chronic obstructive pulmonary disease.” Significant
correlations between overall SF-36 scores, or scores
from some of the nine subscales, and FEV, have
been reported both for cross-sectional studies and
for randomised studies of therapeutic manoeuvres
in individuals with asthma and patients with
chronic obstructive pulmonary disease.”"® As
well as the SF-36, van der Molen and colleagues™
reported on the correlation between FEV, and

two asthma-specific quality-of-life measures (the
Asthma Quality of Life Questionnaire and the
Living with Asthma Quality of Life Questionnaire),
and the Psychological and General Well-being
index (PGWB). The correlations between FEV,
and the quality-of-life measures were all very

poor. No data are available on the variability

of FIV, measurements or their correlation

with quality-of-life measures.

Application in critical care

FEV1 was reported as an outcome measure
in 11 papers (Table 3).'>'"#%37% FIV, was also

reported in two of the papers. Mean ages ranged
from 25 years to 52 years and the percentages of
men ranged from 31% to 74%. Acute severity was
reported in only two studies. General critical care
patients were the participants in three studies
and patients with ARDS in five.

The numbers of individuals eligible to participate
ranged from 38 to 320 (7able 4). Mortality

before follow-up ranged from 0% to 72%; further
attrition was due to loss to follow-up, refusal to
participate or inability to return to the hospital.
The proportions of available individuals who were
followed-up ranged from 7% to 83%. Time points
selected for follow-up varied from 1 month to

5 years. Four papers presented data on more
than one follow-up.

In six studies the data were presented as the per-
centages of patients with normal results (7able 4).
In two papers,'”'® the authors cited Morris and
colleagues™ for reference values; Ghio and
colleagues'’ and McHugh and colleagues® cited
Crapo and colleagues,” and Ghio and colleagues
also cited Gardner and colleagues.”” Only two
papers (Gammie, et al., 1998;*® Grotz, et al., 1997%)
presented the mean and SEM for FEV|, and one"
presented the mean and SD for FIV,.

Measurement properties in critical care

Validity Peters and colleagues™ reported no corre-
lation between age and FEV,. There was no assess-
ment of validity reported in any of the other papers.
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TABLE 4 Numbers of participants in studies using FEV,

Study Number Number of Number Number (%) Follow-up time Method
eligible for deaths (%) available for followed-up {mean}, (range) of data
study before follow-up (months) presentation
follow-up
Friman, et al., 1976'% 320 183 (57) 137 10 (7) N/A Cc
Landercasper, et al., 1984*" 62 13 (21) 49 21 (43) {60} (6—144) A
Elliott, et al., 1987"7 38 0 (0) 38 16 (42) 48 A
Elliott, et al., 1988'® 38 0 (0) 38 16 (42) 48 A
Peters, et al., 1989%° 166 119 (72) 47 39 (83) (1-36) A
Ghio, et al., 1989"° 41 N/A N/A 27 (N/A) > 12 A
McHugh, et al., 1994*' 216 134 (62) 82 20 (24) 3,6,12 A
Grotz, et al., 19977 173 104 (60) 69 50 (72) {58.8} C
Law, et al., 1997 109 39 (36) 70 20 (29) >6 A
Jones, et al., 19972 146 N/A N/A 120 (N/A) 2,6 N/A
Gammie, et al., 1998% 58 25 (43) 33 16 (48) 48 C

Reliability Peters and colleagues® reported using
the same equipment and protocol repeatedly but
gave no details of the reliability of the measure-
ments. None of the other papers reported on the
reliability of FEV, or FIV,.

Responsiveness Although serial tests were
conducted by several authors, no-one reported
on the responsiveness of the measure except
Ghio and colleagues," who provided values for
FEV, at 1 month and 1 year. There were no
reports of the responsiveness of FIV;.

Outcome of critical care survivors

Three papers included data from overlapping
groups of surviving patients collected between
1975 and 1986.""" At 1 year following discharge,
a group of 21 patients who had suffered from
ARDS had a mean FEV,/FVC ratio of 81%
(range 0.64-0.93, 72-107% of predicted value).

Three values were less than 80% of that predicted.

There was no relationship between the severity
of the ARDS and subsequent FEV,/FVC ratio."”
In a series of 30 ARDS survivors,'® symptomatic
patients had FEV,/FVC ratios of 67-87%
(51-90% predicted); no data were presented
for asymptomatic patients. In a series of

41 survivors of ARDS who were followed-up
for 1 year or more, 61% had an FEV, that was
abnormally low and 33% had an FEV,/FVC
ratio that was abnormally low. The authors
used the ATS cut-off of 80% or more of the
predicted value to define normality."

Two other series followed survivors of ARDS.
In a series of 20 patients only one had an

abnormal value for FEV,/FVC ratio, although

18 had an abnormal FVC following extubation.
At 6 months, five patients had an abnormal
FEV,/FVC ratio. In this study,” the changes

in FVC rather than FEV, appear to be the major
determinant of the FEV,/FVC ratio. A study
involving 39 survivors of ARDS variably followed-
up showed that 79% had abnormal values for
FEV, at 6 months or less after discharge, reducing
to 48% on long-term follow-up. The FEV,/FVC
ratio on long-term follow-up of survivors averaged
80% (SD 8.4%).*

Three papers concentrated on patients who

had received tracheostomies. In one study of

27 patients the FEV,/peak expiratory flow (PEF)
ratio, rather than the FEV,/FVC ratio, was used.
In patients with no respiratory history prior to ICU
admission this was normal at follow-up, in patients
with pre-existing chronic obstructive pulmonary
disease it was reduced.” A study of 120 patients
revealed that four had airflow restriction although
no values were given.” A study of ten patients at
various intervals revealed a mean FEV,/FVC ratio
of 76% (SD 4%) compared with a mean predicted
value of 75%."

Two studies followed trauma patients. In

50 patients with multiple injuries followed for
various periods up to b years, the FEV,/FVC
ratio was normal with a mean value of 79%.%
A study of 21 patients with flail chest followed-
up between 6 months and 12 years did not give
values but classified the FEV,/FVC findings
into 43% normal, 24% obstructive, 19%
restrictive and 14% mixed.”
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One study followed 38 patients after single
and double lung transplants.” The FEV,
decreased from a mean value of 88% at

6 months to 69% at 4 years for single lung
transplants. For double lung transplants the
FEV,/FVC ratio was 71% at 6 months but
remained static to 4 years.

It is difficult to interpret these results because
the pre-morbid pulmonary function of the

ICU survivors is unknown and a significant
proportion of the patients might be expected
to have some chronic respiratory history. When
both FEV,/FVC ratio and FVC were reported,
abnormalities of FVC were more common,
implying restrictive rather than obstructive
pulmonary disease.

Ratio of FEV, to FVC

This ratio, usually written as FEV,/FVC, is
used as a guide to assess airway calibre. An
obstructive ventilatory defect can be diagnosed
as a decreased ratio.* When FEV, is examined
in conjunction with FVC, two disease patterns
of restriction and obstruction can be distin-
guished. In restrictive disease, such as pulmonary
fibrosis, both FEV, and FVC are reduced but
the ratio between them remains normal or
increases. In obstructive pulmonary disease,
such as asthma, FEV, is reduced out of pro-
portion to reductions in FVC and, thus the
ratio FEV,/FVC is low. FEV,/FVC has the
advantage over FEV, alone in that the effect
of FVC on FEV, is eliminated. The ratio is

also virtually independent of body size and
stature, but is age dependent.

Measurement properties outside critical care
The within-subject variability of FEV,/FVC
depends on the variability of the individual
components, as described above. FEV,/FVC
ratios are often used to assess the response to
bronchodilator drugs, a significant response

TABLE 5 Characteristics of populations in studies using FEV;/FVC

(i.e. less than a 5% chance of the change in the
variable being due to chance) being given as a
7.7-10.5% change in FEV, and a 5.2-10.7%
change in FVC.

In studies of normal Caucasian populations,
the residual SD of the regression equation
(which only includes age as a variable) is 7.2%
for men and 6.5% for women. The accuracy
of the measurement devices is described
above and on page 9.

Application in critical care

Eight papers were identified which had reported
using FEV,/FVC.">'"#"#**? The mean reported
ages in the seven studies reporting this variable
ranged from 25 years to 45 years (7able 5). The
percentages of male participants in these papers
ranged from 31% to 67% in the seven studies that
reported this variable. Acute severity scores were
not reported in any of the studies. Six studies
reported on patients with ARDS.

The numbers of participants in the studies are
given in 7able 6. The numbers of those eligible
to participate ranged from 38 to 320. Mortality
before follow-up was reported in seven papers
and ranged from 0% to 72%; further attrition
was due to loss to follow-up, and refusal and
inability to attend outpatient appointments.
The proportions of available individuals who
were followed-up ranged from just 7% to 95%.
Follow-up time was reported in seven papers.
Two papers assessed patients at 6 months'®*'
two assessed patients at multiple time points.
Halevy and colleagues™ also reported using
serial testing but did not specify the time frames
of these; instead they presented a range of
months from which patients were assessed.

and
19,21

In three papers the data was presented clearly as
mean values with SDs or SEMs and in three as
percentages of predicted values.

Study Mean age * SD (range) (years) Male (%) Type of patient
Aass, 19754 (1 day-89 years) 59 General

Friman, et al., 1976" N/A 60 General

Halevy, et al., 1984% 39.2 (18-68) 67 ARDS

Elliott, et al,, 1987" 25 (13-42) 31 ARDS

Elliott, et al., 1988'8 28 (13-62) N/A ARDS

Ghio, et al., 1989" 285 + 12.5 (7-61) 51 ARDS

Peters, et al., 989%° 45.1 + 15 (18-81) 67 ARDS

McHugh, et al., 1994*' 41 (19-73) 62 ARDS
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TABLE 6 Number of participants in studies using FEV,/FVC

Study Number Mortality (%) Number Number (%) Follow-up time Method
eligible for before available for followed-up (range) of data
study follow-up follow-up (months) presentation
Aass, 19754 79 36 (46) 43 32 (74) (9-—48) N/A
Friman, et al., 1976' 320 183 (57) 137 10 (7) N/A N/A
Halevy, et al., 1984%* 50 31 (62) 19 18 (95) (3-30) A
Elliott, et al., 1987"7 38 0 (0) 38 16 (42) 48 C
Elliott, et al., 1988'8 Y] 0 (0) 42 30 (71) 6 C
Ghio, et al., 1989"° 4 N/A N/A 27 (N/A) > 12 A
Peters, et al., 1989%° 166 119 (72) 47 39 (83) (1-36) C
McHugh, et al., 1994 216 134 (62) 82 20 (24) 1,3,6 A

Measurement properties in critical care
Validity Some idea of construct validity could
be gleaned from two papers that used linear
regression to examine the association with
age.'” No correlation was found.

Reliability Peters and colleagues® reported using
the same equipment but did not give details of the
reliability of the instruments.

Responsiveness Halevy and colleagues™
reported using serial tests but did not present
any statistical analysis. Ghio and colleagues"
reported changes in impairment between

1 month and 1 year but did not test the
statistical significance of the changes.

Flow volume curves (or loops)

Flow volume loops are an x/y plot of lung
volume against airflow during a maximal
inspiration from RV to TLC and then a maximal
expiration back to RV. The test is commonly
used to diagnose extrathoracic airflow obstruction;
in critical care it is usually used to determine if
cannulation of the upper airway has produced
stenosis. When used to diagnose extrathoracic
airway obstruction, the test produces no
numeric result and interpretation is based

on pattern recognition.

The flow volume loop can also be used to
measure the peak expiratory flow rate (PEFR)
and the maximal mid-expiratory and inspiratory
flow rates (MMEF and MMIF; see below).

Measurement properties outside critical care

As flow volume loops do not produce a numerical

result, normal ranges and variability cannot be
given. A study in which two observers reported
loops on two occasions gave between-observer
kappa scores of 0.58 and 0.68; the agreement

within-observers over time values were 0.5 and

0.46, respectively.”

Application in critical care
The mean ages of the participants ranged from
28 to 58 years (Table 7).'*'"**** The numbers
eligible to participate ranged from 41 to 150

(Table 8). Mortality before follow-up ranged from
0% to 59% in the three papers reporting on this
variable. The proportions of available individuals
who were followed-up ranged from 69% to 100%.
Only one paper reported serial follow-up times.
Reported follow-up times ranged from 1 month
to 96 months.

Stauffer and colleagues™ presented data for
assessment of airway narrowing as the number
and percentage of survivors with stenosis, and

TABLE 7 Characteristics of populations in studies using flow volume curves

Study Mean age £ SD [median] Male Severity score Type of
(range) (years) (%) [median] (range) patient
Stauffer, et al., 1981* 58 (17-88) 73 N/A General
Lund, et al., 1985 44 (18-87) 76 N/A Burns
Elliott, et al., 1988'® 28 (13-62) N/A N/A ARDS
Jones, et al., 1997 [54] (17-90) N/A APACHE II: [I15] (3-34)  General

13
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TABLE 8 Numbers of participants in studies using flow volume curves

Study Number Mortality (%) Number Number (%) Follow-up time Method
eligible for before available for followed-up [median] (range) of data
study follow-up follow-up (months) presentation
Stauffer, et al., 1981* 150 86 (57) 64 44 (69) 1,3,6 A
Lund, et al., 1985' 41 24 (59) 17 17 (100) [2.6] (0.7-4.9) A
Elliott, et al., 1988'8 4 0 (0) Y] 30 (71) [48] (6-96) N/A
Jones, et al., 1997 146 N/A N/A 120 (N/A) 6 N/A

Lund and colleagues'® presented their data as
the numbers of individuals with pathological or
with normal findings. No data were presented
in the remaining papers.

Measurement properties in critical care
There was no evidence for the assessment
of validity, reliability or responsiveness over
time in any of the papers reporting on

this measurement.

MMEF or MMIF rate

The maximal expiratory flow at a specified
lung volume is the expiratory flow achieved at
the designated lung volume during a forced
expiratory manoeuvre starting from TLC. The
volume used is usually 25%, 50% or 75% of FVC.
The average expiratory flow rate between 25%
and 75% of FVC is commonly used and is
reported to be sensitive to small changes in
airflow limitation. This is usually termed the
MMEF. It is normally determined from a flow
volume loop. A similar measurement can be
made on inspiration (MMIF).

Measurement properties outside critical care
Although widely used, within-subject variability
for MMEF and MMIF appears not to have been
reported. In adult Caucasian populations MMEF
is dependent on age, gender and height. The
residual SDs for men and women are 1.04 and
0.88 litres per second, respectively. The MMEF is
inversely correlated with the Sickness Impact
Profile (SIP).*

Application in critical care

Three studies have reported using mid-expiratory
flow rates: Halevy and colleagues* and Peters
and colleagues20 reported on MMEF; Law and
colleagues® reported on MMEF and MMIF.

The mean reported ages of patients ranged

from 39.2 to 45.1 years (see Table 1). The
percentages of men were similar for all three
papers. None of the papers reported on acute
severity scores.

The numbers of individuals eligible to partic-
ipate ranged from 50 to 166 (7able 2). Mortality
before follow-up ranged from 36% to 72%,
with further attrition due to loss to follow-up,
refusal and inability to return for clinical follow-
up appointments. The proportions of those
individuals followed-up from those available
ranged from 29% to 95%. Follow-up times
varied between the studies.

Halevy and colleagues® and Law and colleagues™
presented data as the percentage of predicted
MMEF for each participant. Peters and colleagues™
presented the percentage of survivors with reduced
MMEF relative to the reference values of
Cherniack and Raber.*

Measurement properties in critical care
Validity In only one of the papers was the effect
of age on outcome assessed;” it was reported as
non-significant.

Reliability and responsiveness over time There
was no evidence of any assessment of reliability
or responsiveness.

PEF or PEFR

PEF or PEFR is the maximal flow during a
forced expiratory VC manoeuvre starting from
full inspiration. It can be measured using a
spirometer, a pneumotachograph or a peak-flow
meter. It reflects the calibre of central airways in
healthy individuals and the peripheral airways in
those with obstructive pulmonary disease. It is
effort-dependent and the precise value depends
on the exact definition of the timing of the
measurement. However, because of the ease
with which it can be made, this measurement is
very widely used. It is used to assess both disease
severity and response to treatment. It is gender,
race, height and age dependent.

Measurement properties outside critical care
PEFRs show a diurnal variation in values, with a
mean variation of 6.3%." The within-subject
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diurnal variation is considerably higher in patients
with lung disease (17.2%). The accuracy of the
measurement device should be within 3% of the
reference value. PEFR measurements in Caucasian
adults have a residual SD from the regression
equation of 1.2 and 0.9 A per second for men

and women, respectively.

Iwasaki and colleagues™ and van der Molen

and colleagues™ reported significant correlations
between daily PEF measurements and symptom
scores (r* between 0.26 and 0.45). The daily

PEF variability was found to be useful in the
treatment of asthmatic patients. Van der Molen
and colleagues™ also reported on the correlation
between PEF and two asthma-specific quality-
of-life measures, the Asthma Quality of Life
Questionnaire and the Living with Asthma
Quality of Life Questionnaire, as well as two
generic questionnaires, the SF-36 and the

PGWB index. The correlations between

these quality-of-life measures and PEF

were generally poor.

Application in critical care

Only two studies reported on PEF.*** The
median age of the patients was 51-54 years

(see Table 1). Jones and colleagues® reported
acute severity scores and in both studies general
critical care patients had been recruited. The
numbers eligible for participation were 109

and 146, and the numbers followed-up were

20 and 120 (see Table 2). Jones and colleagues™
followed-up patients at 6 months after discharge
and Law and colleagues® at more than 6 months,
although no mean values or ranges are provided.
Law and colleagues presented data for the
percentage of predicted PEF for each patient
and the ratio of PEF to peak inspiratory flow
(PIF). No data were available from Jones

and colleagues.”

Measurement properties in critical care
There was no evidence of the measurement
properties of the measure in either paper.

Carbon monoxide diffusing
capacity

The measurement of diffusing capacity quantifies
the degree of diffusion limitation between the
alveoli and the pulmonary capillaries. Diffusing
capacity is normally measured using carbon
monoxide (DLCO) but can also be determined
using oxygen or nitric oxide. It is usually
expressed as either:

¢ the transfer function (T}), which is the rate of
gas uptake for a given alveolar pulmonary
capillary gas tension gradient; this is also
referred to as the DLCO

¢ the transfer coefficient, which is the transfer
function per unit alveolar volume.

The diffusing capacity is usually determined

with a single timed breath-hold, measuring the
initial and end-tidal concentrations of the indicator
gas (carbon monoxide). DLCO is significantly
reduced by thickening or oedema of alveolar

walls and significantly but spuriously increased

by alveolar haemorrhage.

Measurement properties outside critical care
The short-term variability in measurements is
between 4.4 and 5.5% in healthy individuals.
Between-subject variability in normal individuals
is affected by smoking, inspired oxygen fraction,
severe anaemia or polycythaemia, age, stature,
body mass index, and race. The regression
equations (for transfer function) have a residual
SD of 1.4 and 1.2 mmol.min™".kPa™ for men
and women, respectively. The DLCO correlates
well with other indicators of reduced oxygen
diffusing capacity such as peak oxygen uptake.”
The measurement devices used should have

an accuracy of = 1% or + 2% (carbon

monoxide analysers).

Statistically significant correlations (r* = —0.24
to —0.36) were reported between a number
of respiratory disease-specific questionnaires
(St George’s Respiratory Questionnaire, the
Breathing Problems Questionnaire and the
Chronic Respiratory Disease Questionnaire)
and the transfer coefficient.”

Application in critical care

The use of DLCO was reported in seven papers
(Table 9)."*"*** The mean reported ages of
participants ranged from 25 years to 45.1 years
and the percentages of men ranged from 31%
to 74%. Acute severity scores were reported in
only one study.* A majority of the papers related
to patients with ARDS. The remainder reported
on trauma patients who had been admitted to
critical care.

The numbers of individuals eligible to participate
ranged from 38 to 216 (7able 10). Mortality
before follow-up ranged from 0% to 72%, further
attrition being due to loss to follow-up, refusal to
participate and inability to return for outpatient
clinic appointments. The proportions of available
individuals who were followed-up ranged from
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TABLE 9 Characteristics of populations in studies using DLCO

Study Mean age * SD (range) Male (%) Severity score, Type of
(years) mean £ SD patient
Landercasper, et al., 1984% 52 (7-87) 74 N/A Trauma
Elliott, et al., 1987"7 25 (13-42) 31 N/A ARDS
Elliott, et al., 1988'® 28 (13-62) N/A N/A ARDS
Ghio, et al, 1989" 285 + 12.5 (7-61) 51 N/A ARDS
Peters, et al., 989%° 45.1 + 15 (18-81) 67 N/A ARDS
McHugh, et al., 1994*' 41 (19-73) 62 N/A ARDS
Grotz, et dl., 19977 33.6 £ 2.1 70 ISS 36.8 + 1.6 MOF; trauma
TABLE 10 Numbers of participants in studies using DLCO
Study Number Mortality Number Number (%) Follow-up time Method
eligible for (%) before available for followed-up  {mean} (range) of data
study follow-up follow-up (months) presentation
Landercasper, et al., 1984* 62 13 21) 20 (41) {60} (6-144) A
Elliott, et al., 1987"7 38 0 (0) 16 (42) 48 C
Elliott, et al., 1988'8 4 0 (0) 30 (71) 6 A
Peters, et al., 1989%° 166 119 (72) 39 (83) (1-36) A
Ghio, et al., 1989"° 41 N/A N/A 13 (N/A) [ A
27 (N/A) > 12
McHugh, et al., 1994*' 216 134 (62) 20 (24) Extubation 3, 6, 12 A
Grotz, et al., 1997 173 104 (60) 50 (72) {58.8} C

24% to 83%. In only one study had baseline
data at endotracheal extubation been obtained
and there was a wide range of follow-up times,
from 1 month to 144 months. Serial follow-up
was reported in only one paper.”!

Mean and SEM values were reported in two
studies.'”® In the remaining five papers the percent-
ages of predicted values were presented. Reference
values were provided by Grotz and colleagues,”

who used the methods described by Quanjer and
colleagues,'* McHugh and colleagues® and Peters
and colleagues,” who reported using the methods
of Gaensler and Wn'ght,51 and Elliott and col-
leagues,'”"® who reported using the methods of
Crapo and colleagues.”’

Measurement properties in critical care
Validity Construct validity was assessed in two
papers,'”* both of which reported no significant
association with age. Criterion validity, using the
SIP, was reported by McHugh and colleagues;*'
no significant correlations were found at 3, 6,
and 12 months follow-up using the Spearman
rank order correlation test.

Reliability Peters and colleagues® and Elliott and
colleagues'”'® reported using the same equipment
and protocol but did not give details of the
reliability of the instruments.

Responsiveness McHugh and colleagues’ paper®
was the only one in which statistical differences
in their serial pulmonary function tests using
repeated measures analysis of variance (ANOVA)
were reported.

Visualisation of the upper airway

Two techniques are used to visualise the upper
airway: X-rays and endoscopy (bronchoscopy

or laryngoscopy). X-rays are generally used to
investigate the trachea, endoscopy can be used

to examine the entire airway from mouth to seg-
mental bronchi. Bronchoscopy can be performed
using either a rigid bronchoscope or a flexible
fibre-optic device to enable visualisation of the
airway. Rigid bronchoscopy normally requires
general anaesthesia, whereas flexible bronchoscopy
can be performed under local anaesthesia.”
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Laryngoscopy and laryngotracheoscopy are

similar forms of endoscopy to visualise specific
parts of the patient’s upper airway. Bronchoscopy
and laryngoscopy cannot be used to quantify
stenoses; X-rays can be used to make qualitative

or quantitative measurements of stenosis. The
main use of upper airway visualisation following
critical care is to determine the site and severity of
tracheal (subglottic) stenosis following prolonged
endotracheal intubation or tracheostomy.

Measurement properties outside critical care
There are no available data on measurement
properties outside critical care for assessing
tracheal stenosis. For post-transplant bronchial
stenoses, axial computed tomography (CT)

or 3-dimensional reconstructions are equally
effective at assessing the diameter and length
of stenosis.”

Application in critical care

Six papers were identified which reported using
X-rays and eight which reported using endoscopic
techniques to assess stenoses and upper airway
obstruction (Table 11).1>1623:245742445458 Briman and
colleagues'” used chest X-rays taken in the supine
position using a radiopaque indicator to highlight
the trachea. Dane and King”* also took X-rays to
highlight the trachea and, in addition, took X-rays
during the bronchoscopic procedure. Lander-
casper and colleagues™ used X-rays to identify
evidence of pleural thickening, rib callus and

TABLE Il Characteristics of populations in studies using visualisation

localised pulmonary fibrosis. Walz and colleagues™
obtained X-rays normal to the frontal and sagittal
planes to identify stenosis.

Mean ages of participants ranged from 39 years
to 58 years, men made up about 60-70% of
patients, and most studies included general
critical care patients. Acute severity scores were
not reported in any of the papers; two studies
predated the development of acute severity
scores. The follow-up proportions ranged from
7% to 100% (Tuable 12). Most studies followed-up
patients several months after admission to critical
care, although some reported outcomes several
years later. Most studies reported the proportion
of survivors with normal findings; no data were
presented in two papers.

Measurement properties in critical care
Validity There was no evidence of an attempt to
assess the validity of the measure.

Reliability Halevy and colleagues™ used two
radiologists to assess chest X-rays independently,
although no details of their level of agreement
are reported.

Responsiveness X-rays were taken at multiple
time points although these were not specified.”
Although serial bronchoscopies were performed
in two studies, there were no evaluations of
changes over time.

Study Mean age £ SD [median] (range) Male Type
(years) (%) of patient

Aass, 1975%2 30 (I day-89) 59 General
Dane & King, 1975 43.5 (4-74) 68 General
Friman, et al., 1976'°° N/A 60 General
Stauffer, et al., 1981*° 58 (17-88) 73 General
Sellery, et al., 1978%* N/A N/A General
Halevy, et al., 1984**° 39.2 (18-68) 67 ARDS

Landercasper, et al., 19847 ® 52 (7-87) 74 Trauma
Lund, et al., 1985'¢° 44 (18-87) 76 Burns

Winkler, et al., 1994°¢ ¢ [62] (30-88) 60.5 General
Lengas, et al., 1996> © 42 (9-83) 74 General
Law, et al., 19973 ¢ [51] (18-86) 68 General

Walz, et al, 1998°%° 45.1 £ 17.9 (11-77)

9 Laryngoscopy

b
X-ray

¢ Bronchoscopy
Laryngotracheoscopy

68 General
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TABLE 12 Numbers of participants in studies using visualisation

Study Number Mortality Number Number (%) Follow-up time Method
eligible for (%) before available for followed-up {mean * SD} of data
study follow-up follow-up [median] (range) presentation
(months)
Aass, 19752 79 36 (46) 43 35 (81)% (9—48) A
22 (51)¢
Dane & King, 1975 40 15 (38) 25 25 (25) 1,3 A
Friman, et al, 1976'>° 320 183 (57) 137 10 (7) N/A N/A
Stauffer, et al., 1981*° 150 86 (57) 64 8 (13) 1,3,6 N/A
Sellery, et al., 1978 * N/A N/A N/A 21 (N/A) Up to 36 A
Halevy, et al., 1984%*® 50 31 (62) 19 18 (95) (3-30) A
Landercasper, et al., 1984*"® 62 13 21) 49 21 (43) [60] (6-144) A
Lund, et al., 1985'¢ € 41 24 (59) 17 17 (100) [2.6] (0.7-4.9) A
Winkler, et al, 1994°¢¢ 71 45 (63) 26 14 (54) 6 A
Lengas, et al., 1996> © 38 0 (0) 38 38 (100) 8 A
Law, et al, 19972 ¢ 109 39 (36) 70 20 (29) >6 A
Walz, et al., 1998°° 326 209 (64) 17 106 (91) (6-33) A
{9.9 5.6}

9 Laryngoscopy

b
X-ray

¢ Bronchoscopy
Laryngotracheoscopy

Hepatic, renal and haematological
measures

Several measures of impairment of liver,

kidney and other organ functions were reported
(Table 13).2°" Such measures were generally
only reported in one study and in none of the
studies were the measurement properties in
critical care investigated.

Summary

¢ The use of measures of impairment to assess
the outcome of critical care has largely been
confined to the respiratory system. Reporting
of impairment of other systems (hepatic, renal)
has been restricted to single studies in which
specific measures were used and from which,
therefore, it is difficult to draw conclusions.

* Few attempts have been made to investigate
the measurement properties of the respiratory
instruments that have been used. Evidence of
construct validity was absent for measures of
respiratory volume (VC, FVC, TLC), in that they
were not associated with age (in four out of five
studies), although this may be due either to the
small sample sizes or to the somewhat restricted
age distributions of the samples. The same is

true of respiratory flow measures (FEV,, FVC,
MMEF), as demonstrated in three studies, and
in two studies for diffusing capacity (DLCO).
The only other evidence of measurement
properties was the absence of criterion validity
of DLCO (no association with the SIP).

Each measure of impairment was organ-specific
and was therefore not deemed appropriate for
the follow-up of general critical care patients.
They may be appropriate for the follow-up of
specific subgroups such as those with ARDS.
When these measures are used, supportive
evidence for validity and reliability of equip-
ment and methods should be provided. The
European Respiratory Society publishes clear
guidelines on the performance of pulmonary
function tests.

The measurement properties of pulmonary
function tests (excluding techniques to visualise
the upper airway) outside critical care are

very well established and the sources of vari-
ability not related to disease severity have been
established and quantified. In addition, for two
disease groups (chronic obstructive pulmonary
disease and asthma) there is a body of evidence
suggesting that a physiological measure of
disease severity (FEV,) is correlated with two
health-related quality-of-life measures, NHP
and SF-36.
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TABLE 13 Measures of hepatic, renal and other metabolic functions

Function

Hepatic function
general

bilirubin

aspartate aminotransferase
serum glutamyltransferase
alkaline phosphatase
C-peptide

Renal function

general

creatinine

urea

Glucose metabolism
blood glucose

glucose tolerance

Haematological
haemoglobin

erythrocyte sedimentation rate

full blood count

glycohaemoglobin Al and AIC

reticulocyte count

leucocyte count

Study

Martinelli, et al., 1995
Grotz, et al., 19977
Nordback & Auvinen, 1985%°
Doepal, et al., 1993’
Nordback & Auvinen, 1985
Nordback & Auvinen, 1985%°

Martinelli, et al., 1995%°
Grotz, et dl., 1997;>° Gammie, et al,, 1998%
Grotz, et al., 1997%°

Doepel, et dl., 1993¢'
Nordback & Auvinen, 1985%°

Doepal, et al., |993;6| Nordback & Auvinen, 1985%°
Nordback & Auvinen, 1985

Grotz, et dl., 19977

Doepal, et al., 1993°'

Grotz, et al., 1997%

Doepal, et al., 1993;*' Nordback & Auvinen, 1985

¢ It is difficult to interpret the results on FEV,
because the pre-morbid pulmonary function
of ICU survivors is unknown and a significant
proportion of these patients might be
expected to have some chronic respiratory

history. When both the FEV,/FVC ratio
and FVC were reported, abnormalities
of FVC were more common, implying
restrictive rather than obstructive
pulmonary disease.
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Chapter 3

Measures of physical functional status

utcome measures assessing functional status

were identified whose use had been reported
on more than one occasion. They were grouped
into four categories:

(i) physical functional status

(ii) mental functional status

(iii) neuropsychological functional status
(iv) extent of recovery.

In this chapter, physical functional status
is considered.

Eight measures have been used to assess the
physical functional status of critical care survivors.
Five are generic measures (Katz’s Activities of
Daily Living (ADL) index, Karnofsky Index,
Barthel Index, activity level, functional state) and
three are disease-specific measures (New York
Heart Association (NYHA) questionnaire, ATS
respiratory questionnaire, walk test). Of the five
generic measures, three are multi-item scales and
two are based on a single global item or question.
The generic measures are discussed first.

Katz’s ADL index

The ADL index was developed by Katz and
colleagues™ in 1963 to describe the functional
status of elderly patients for clinical purposes.
Based on the observation of a large number of
patients with fractured hips, it has subsequently
been used to assess outpatient treatment for
patients with rheumatoid arthritis and stroke.
The index ranks individuals according to their
performance of six functions: bathing, dressing,
toileting, transferring, continence and feeding,
which is then expressed as a grade (from A
(independent) to G (dependent)) in each of
the six functions. The index was developed for
completion by an observer. The developers claim
that the index is a useful tool in the study of
prognosis and the effectiveness of treatment,

a survey instrument and a means of acquiring
additional knowledge about the ageing process.

63,64

Measurement properties outside
critical care

There is little evidence of the measurement
properties of this index. Inter-observer reliability

was established by the developers of the measure®
when they reported discordance between observers
in only 5% of cases. There is little available
evidence reporting the validity of the index.

The ADL index showed weak to moderate
correlations with other scales examining mobility
(r* = 0.25) and house confinement (r* = 0.14).%
The fact that it produces a style index means

that it is of limited value in the information

it provides.

Application in critical care

Eleven papers were identified which had utilised
Katz’s ADL index (7able 14).°*™ Four studies
used a modified version of the index. The mean
reported ages of the participants ranged from
30 years to 89 years, and the percentages of male
participants ranged from 41% to 80%. Acute
severity scores were reported in seven studies.
The majority of studies reported on general
patients but three dealt specifically with
neurological and trauma patients.

The numbers of individuals eligible for
participation in the studies ranged from 63 to
3619 (Table 15). The proportions of available
individuals who were followed-up ranged from
21% to 100%, with complete follow-up achieved
in only one study. Follow-up times ranged from
1 month to a mean of 64 months. Two studies
had more than one follow-up period. Three
studies acquired baseline data on admission for
pre-admission status. Despite Katz’s ADL index
being designed to be observer-completed, in
seven studies methods of administration other
than those suggested by the developers of the
index were selected: five used telephone
interviews,” "™ two used mailed question-
naires,”””® and only one used face-to-face
interviews.” In addition to face-to-face interviews,
Kass and colleagues®™ also reviewed patients’
medical records and interviewed staff at nursing
homes where the patients resided.

A variety of methods were used to present the
data from these studies (7Table 15). Mean values
with SDs were presented in four studies and,

in five, the numbers and percentages of patients
who had gained functional independence

were presented.
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TABLE 14 Characteristics of populations studied using Katz’s ADL index

Study Mean age £ SD Male (%) Severity score, Type of
[median] (range) mean £ SD (range) patient
(years)
Levy, et al., 1985% [61] 6l N/A Neurological
(modified)
Ridley & Wallace, 1990  N/A N/A N/A General
Kass, et al., 1992 89.4 £ 3.5 41 N/A General
(modified) (85-102)
Rockwood, et al., 1993 N/A 63 <65years: APS 15%9 General
(modified) APACHE II, 17 £ 9
> 65 years: APS, 15+ 8
APACHE 1,21 £ 9
Chelluri, et al., 1993 65-74: 44 (65-74 years) 65-74 years: APACHE Il, 18 £ 0.9 SEM General
69 + 0.3 SEM 52 (75+ years) APS, 13 £ 0.9 SEM
75+:81 £ 0.5 SEM TISS, 28 + 1.8 SEM
75+ years:  APACHE 11,20 + 0.8 SEM

APS, 14 £ 0.8 SEM
TISS, 32 + 1.8 SEM

Holbrook, et al., 19947"" 30 + I3.1 (18-69) 74 ISS: 15 + 10.1 (5-43) Trauma
Broslawski, et al., 1995 77.3 £ 6.9 (65-92) 50 APACHE I1: 163 + 6.8 General
W, et al., 19957 62.1 55 N/A General
Dardaine, et al, 1995"* 78 £ 0.7 59 SAPS: I5 + 0.6 General
Cho & Wang, 19977 60.5 (14-87) 80 APACHE II: 13.5 + 5.6 (2-29) Neurological
APACHE 11I: 42.6 + 18 (3—115)
GCS:4.9 £ 2.2 (3-19)
Battistella, et al.,, 19987 85 + 3.9 N/A 1S5:9.4 + 7.7 Trauma
(modified) (77-99)
*Holbrook and colleagues’’ reported the use of the functional disability score
TABLE 15 Numbers of participants in studies using Katz’s ADL index
Study Number Mortality Number Number (%) Follow-up time Method
eligible for (%) before available for followed-up  {mean} (range) of data
study follow-up follow-up (months) presentation
Levy, et al, 1985% 210 121 (58) 89 19 21) 12 A
Ridley & Wallace, 19904 385 129 (34) 256 156 (61) (12-36) N/A
Kass, et al., 1992 105 67 (64) 38 36 (95) 12 C
Rockwood, et al., 1993%° 884 305 (35) 579 430 (74) 12 A
Chelluri, et al., 1993 97 59 (61) 38 32 (84) 1,6,12 A
Holbrook, et al., 1994”' 63 N/A N/A 42 (N/A) 3 N/A
Broslawski, et al, 19957 68 18 (40) 50 27 (54) 6 A
W, et al., 19957 3619 1306 (36) 2313 1746 (75) 2 C
Dardaine, et al., 1995”* ) 74 (67) 36 27 (75) 18 C
Cho & Wang, 19977 200 55 (28) 145 145 (100) {26.4} (12-36) C
Battistella, et al., 19987 279 132 (47) 147 93 (63) {64.8} A
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Measurement properties in critical care
Validity In only one paper, by Wu and colleagues,”
had criterion validity been assessed by using the
Duke Activity status (r* = 0.24; p < 0.0001) and

the SIP (r* = 0.32; p < 0.0001).

Broslawski and colleagues™ assessed construct
validity using age, length of ICU stay and Acute
Physiology and Chronic Health Evaluation
(APACHE) II score on admission, none of which
were reported as being significantly associated
with ADL index score. Wu and colleagues™ also
assessed construct validity using the variables of
age (p<0.01), gender (p< 0.001), and the
Glasgow Coma Scale (GCS) (p < 0.01) using
the chi-squared test in a regression. Rockwood
and colleagues® reported an association with
age using regression, although the variable
accounted for less than 2% of the variance.

Reliability There was no evidence of reliability
assessment in any of the eleven papers.

Responsiveness A significant change between
pre- and post=critical care ADL scores (p < 0.01)
was reported by Wu and colleagues,” who also
examined the predicted versus actual ADL scores.
In their analysis, the area under the Receiver
Operator Characteristics curve was 0.70, pro-
viding some support for discriminatory
characteristics of the measure.

Outcome of critical care survivors

Studies employing the ADL have been under-
taken for elderly survivors,®* 77 for all survivors
from general ICUs,”” for survivors from a neuro-
surgical ICU,” for survivors from a trauma
centre,”" and for survivors with a specific
diagnosis of cerebral hypoxia-ischaemia.®

For elderly ICU survivors, Chelluri and
colleagues™ reported that, for those aged
65-74 years (n = 43), functional ability was
significantly decreased at 1 month compared
with pre-admission but returned to pre-admission
status by 6 months. For survivors aged 75+ years
(n=54), functional ability was unchanged at

1 year follow-up compared with pre-admission
status. Rockwood and Colleagues,69 who com-
pared ICU survivors aged less than 65 years
(n=478) with those over 65 years (n = 406),
reported no evidence of a higher level of
functional impairment in the older group at

1 year, except for more assistance with bathing.
In multiple regression analysis, age — although
strongly associated with ADL — accounted for
less than 2% of the variation. Dardaine and

colleagues,™ in a population of ICU survivors aged
70+ years and ventilated for at least the

first 24 hours in ICU (n = 36), reported
dependency for ADL of 22% at 18 months
compared with 13% pre-admission. Battistella

and colleagues’ reported long-term follow-up
(mean 5.4 years) for ICU survivors aged 70+ years
(n="93) as 35% reporting complete independence
and 57% reporting complete or only moderate
dependence (no difficulties in performing

12 out of 14 ADLs).

Turning to all ICU survivors, Broslawski and
colleagues72 reported, for 27 ICU survivors at
6 months, decreased function in six survivors,
with 21 showing similar or improved function.
The strongest predictors of decreased function
were ICU and total length of stay in hospital.
Neither age nor severity of illness correlated
with decreased functional ability. In the largest
study (n = 1746), Wu and colleagues™ reported
that the proportion of survivors with severe
functional limitations had, at 2 months, nearly
tripled to 34%. The proportion with severe
functional limitations at 2 months increased
directly with the admission’s pre-admission
dependency. Eight variables were independent
predictors of severe functional limitation at

2 months: ADLs pre-admission; reported quality
of life pre-admission; Duke Activity status pre-
admission; disease group; physiology score;
GCS score; age; and days in hospital before
recruitment to the study.

Cho and Wang” reported long-term follow-up
(mean 2.2 years) for 122 neurosurgical ICU
survivors: 48% were independent; 8% were
dependent in one activity; 10% in two; 7% in
three; and 27% in four or more. APACHE III
was a better predictor of functional outcome
than APACHE II and the GCS.

Holbrook and colleagues” reported 3-month
follow-up for 42 trauma patients (aged 18 years
or more, GCS score 12 or more on admission,
length of stay 24 hours or more) using a
modification of the ADL index. The mean
pre-admission score, 29, was higher than the
mean score at 3 months, 17. Most patients
reported improved function at follow-up.
Finally, Levy and colleagues® reported 12-month
follow-up for admissions to ICU with cerebral
hypoxia-ischaemia (7 = 210). At 12 months,
23% had severe disability (dependency in all
ADLs) and 78% were worse with no recovery
(continued coma until death) or persistent
vegetative state.
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Karnofsky Index

The Karnofsky Index was originally developed
as a measure of overall health status in lung
cancer patients.” Scores range from 0 (dead)
to 100 (normal). Although it was not designed
to assess quality of life, it is frequently misused
for this purpose.” The Karnofsky Index emphasises
physical performance and dependency. The
index is therefore weighted heavily towards the
physical rather than psychological dimensions,
with scores being assigned by a clinician rather
than the patient.

Measurement properties outside
critical care

Criterion validity was established by Mor and
colleagues,” using Katz’s ADL index and the
Spitzer Quality of Life Scale. They also reported
that construct validity was adequate. Some studies,
such as the US National Heart Transplantation
Study,®" have demonstrated changes in scores
before and after organ transplantation, whereas
other studies have reported inconsistent results in

the correlation between the Karnofsky Index and
treatment response.”** Wide discrepancies have
been reported between physicians’ ratings using
the Karnofsky Index and patients’ ratings using

the SIP.* Yates and colleagues® claimed that

the index was not appropriately scaled, a view
supported by Schipper and colleagues.” Poor inter-
rater agreement has been reported by Hutchinson
and colleagues™ and Mercier and colleagues.”’

Application in critical care

Five studies have used this index.** The mean
reported ages of patients ranged from 40 years
to 83 years (Table 16). The proportions of men
reported in the three papers detailing this
variable ranged from 42% to 67%. Four of the
five papers reported acute severity scores. The
types of patient varied. The numbers of individuals
eligible for participation in these studies ranged
from 15 to 292 (Table 17). Mortality before
follow-up ranged from 28% to 70%; further
attrition was due to loss to follow-up and refusal
to participate. The proportions of available
patients who were followed-up ranged from

TABLE 16 Characteristics of populations studies using the Karnofsky Index

Study Mean age % SD (range)
(years)
Yinnon, et al., 1989% 54 (15-102)

Kumar, et al., 1995 Group 1:83.2 + 2.2 (80-87)

Group 2: 83 * 2.0 (80-89)
Singh, et al., 1997%° 48 (28-68)
Weinert, et al., 1997°' 40 £ 12

Kocher & de Torrenté, 19982 67

Male (%)

62
Group |: 60

Group 2:42
N/A
67

56

TABLE 17 Numbers of participants in studies using the Karnofsky Index

Severity score,
mean * SD [median]

(range)
16 +8
N/A

APACHE II: 14.5
APS: 7.9

Lung injury score:
2.4 + 0.54 (1.25-3.25)
APACHE II: [9.0] (0-52)

Type of patient

General

Cardiac surgery
Liver transplant
Acute lung injury

General

Study Number Mortality Number Number (%) Follow-up time Method
eligible for (%) before available for followed-up {mean * SD} of data
study follow-up follow-up [median] (range) presentation
(months)
Yinnon, et al., 1989% 126 71 (56) 52 (95) 6 C
Kumar, et al., 1995% Group I: Group I: Group I: Group I: Group I:
15 7 (47) 8 (100) {76.4 + 3.6} C
Group 2: Group 2: Group 2: Group 2: Group 2:
53 15 (28) 38 (100) {18.6 £ 3.0}
Singh, et al,, 1997% 50 9 (30) 41 (100) 6 B
Weinert, et al., 1997% 69 35(51) 24 (71) {19} [I5] (6-41) A
Kocher & de Torrentg, 292 203 (70) 45 (51) (12-74) A

19987
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51% to 100%. Two studies achieved 100% follow-
up and one achieved 95%. In two papers,*”
baseline data were reported that had been
obtained on admission to critical care.

Singh and colleagues” provided no details of
how they administered the Karnofsky Index.
Despite the index being designed for completion
by a clinician, data were collected in this way

in only one study.” Kumar and colleagues®
administered the index by telephone interview,
and Weinert and colleagues™ and Kocher and

de Torrenté” used the postal method.

A variety of methods were used to present the data
in these studies (Table 17). In two papers®™® the
data was presented as the mean and SD, and in one
paper” only the mean index score was reported.

Measurement properties in critical care
Validity Only one paper addressed the issue of
construct validity. Kocher and de Torrenté” pre-
sented positive correlations with age and APACHE
II scores. Weinert and colleagues’ reported high
correlations for criterion validity with the physical
component of the SF-36 (r* = 0.56) and a health
satisfaction scale (r* = 0.62), which ranged from
worst imaginable to best imaginable health.

Reliability Interrater reliability was assessed in
one study by comparing patient responses with
those from relatives or clinicians, but no analyses
were reported.*

Responsiveness Sensitivity over time was

reported by Yinnon and colleagues,* who found
no significant differences between admission and
6-month follow-up data. Kumar and colleagues™
detailed significant changes between the pre-
surgical and the follow-up Karnofsky Index
category. Critical care survivors had a significantly
(p<0.01) lower Karnofsky score (worse health) at
6-month follow-up compared with patients who
had not needed admission to critical care.

Barthel Index

The Barthel Index” is based on observed functions
and was developed to compare physical functional
status before and after an intervention, and to
indicate potential nursing requirements. The devel-
opers designed the index for use with long-term

hospitalised patients, especially those with musculo-
skeletal or neuromuscular disorders.” The index is
completed by a therapist or other observer and is a
rating scale that takes approximately 30 seconds to
complete. It comprises nine dimensions: feeding,
mobility from bed to chair, personal toilet, getting
on/off the toilet, bathing, walking on level surface,
going up/down stairs, dressing and continence. If
the patient does not meet the criterion, they are
given a score of zero. The index is suitable only for
use with institutionalised patients, for whom it was
designed. The scoring system elicits a score of zero
if the patient is totally dependent on all activities
and a score of 100 if they are fully independent.

Measurement properties outside
critical care

Mattison and colleagues” reported correlations of
—0.69 and 0.65 between the Barthel Index and the
PULSES" scale and the Edinburgh Rehabilitation
Status Scale,” respectively. Other studies in which
the index was compared with the PULSES scale
reported correlations ranging from —0.74 to
—0.90.” Factor analysis has confirmed that the
index reflects a single domain, and Wade and
Langton-Hewer” reported that it is sensitive to
detecting a patient’s recovery. Cronbach’s a
coefficients of 0.95 were reported by Sherwood
and colleagues,” supporting its internal con-
sistency. Test—retest reliability was found to be
high in a study of severely disabled patients.”

Application in critical care

Three papers were identified that reported
using the Barthel Index.'"'” Two papers
reported the mean ages of the participants and
the percentages of men participating but only
one reported an acute severity score (Zable 18).
Two studies reported on the outcomes of trauma
patients who had been in critical care and one
reported on general critical care patients.

The numbers of patients eligible for participation
ranged from 118 to 558 (7able 19). Mortality before
follow-up ranged from 0% to 52%. Further attrition
was due to loss to follow-up and refusal to partici-
pate. The proportions of available individuals

who were followed-up ranged from 68% to 100%,
two studies achieving the latter. In one study,'”

the index was administered at two time points, one
of which was a baseline measurement obtained at
discharge from critical care. There was no con-
sistency between studies in the times of follow-up.

* PULSES, Physical condition, Upper limb function, Lower limb function, Sensory component, Excretory function,

mental and Status [profile].
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TABLE 18 Characteristics of populations studied using the Barthel Index

Study Mean age £ SD [median] Male (%) Mean severity Type of patient
(range) (years) score

Day, et al., 1994'® N/A N/A ISS: 25 Trauma

Gobiet, 1995'"' 23 (6-80) 66 N/A Trauma; neurological

Neundarfer, et al., 1996'  56.7 + 18.8 56 N/A General

TABLE 19 Numbers of participants in studies using the Barthel Index

Study Number Mortality Number Number (%) Follow-up

eligible for (%) before  available for followed-up time (range)
study follow-up follow-up (months)

Day, et al., 1994'® 18 36 31) 82 56 (68) 24-51

Gobiet, 1995'"' 558 0 (0) 558 558 (100) 36

Neundérfer, et al., 1996'? 422 219 (52) 203 203 (100) (18-30)

Gobiet'" did not specify how the Barthel Index
was administered. Day and colleagues'” and Neun-
dorfer and colleagues'” administered the index by
post. As the index was designed for administration
by an observer or therapist, the mode selected in
these studies may be inappropriate.

There was considerable variation in data
presentation. Day and colleagues'” presented
categorical data as the number of subjects scoring
< 60, 61-69 and 70-100. Gobiet'™ presented data
as the numbers and percentages of individuals
with Barthel Index scores of < 30, < 35, < 70, < 80,
and 80 and above. Scores in each category were
detailed by Neundorfer and colleagues.'”” None
of the papers presented mean values or SDs.

Measurement properties in critical care
Validity Only one paper'” provided any inform-
ation on construct validity. The authors showed
that once other factors such as pre-existing diseases
and complications were taken into account, the
Barthel Index score was not age-related.

Reliability and responsiveness None of the
papers made any reference to the assessment
of reliability or responsiveness over time in
critical care survivors.

Activity levels

This global measure comprises five levels: normal
activity; limited activity; still ill; in hospital; and
dead. The questionnaire was first reported, in this
form, by Madsen and Eriksen.'”

Measurement properties outside
critical care

Activity levels have been used in several studies
but there is no evidence relating to reliability
and validity outside critical care.

Application in critical care
Four studies have used this measure,
which one did not provide information on the
characteristics of the patients (7able 20). The
remaining three papers all derive from the
same study. The percentages of men in this
sample ranged from 50% to 69%. Acute
severity scores were reported in one paper
only.'” Study populations were either from
general critical care or were a specific group
of patients (alcohol-dependent).

104-107 Of

The numbers of patients eligible for partici-
pation ranged from 26 to 1308 (7able 21).
Mortality before follow-up was 43% to 50%,
further attrition being primarily due to loss to
follow-up and refusal to participate. Complete
follow-up of available individuals was reported
in three papers. Schuster'”” reported on long-
term follow-up (over 12 months), while in the
other papers outcomes were reported at 3,

6, 9 and 12 months.

Schuster'”” did not provide any information
as to how the measure was administered. The
other papers reported that the questionnaire
was administered by post. For all papers, data
were presented as the numbers of patients or
the numbers and percentages of patients in
each category of the measure.
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TABLE 20 Characteristics of populations studied using activity levels

Study

Jensen, et al., 1988'%*

Dragsted & Qvist, 1989'%
Dragsted, 1991'%

Schuster, 1991'%

TABLE 21 Numbers of participants in studies using activity levels

Study

Dragsted & Quvist, 1989'%
Jensen, et dl., 1988'%4
Dragsted, 1991 106
Schuster, 1991'”

Mean age £ SD Male Severity score, Type of patient
[median] (years) (%) mean £ SD (range)
56.2 69 APS: 19.1 (4-36) Alcohol-dependent
TISS: 32 (9-52)
[60] 51 N/A General
Men: [61] 50 N/A General
Women: [58]
N/A N/A N/A General
Number Mortality Number Number (%) Follow-up
eligible for (%) before  available for followed-up time (range)
study follow-up follow-up (months)
1308 558 (43) 750 750 (100) 3,6,9,12
26 13 (50) 13 13 (100) 3,6,9,12
1308 558 (43) 750 750 (100) 3,6,9,12
1308 N/A N/A N/A (12-60)

TABLE 22 Characteristics of populations studies using functional states

Study

Cullen, et dl., 1976'%®
Cullen, et al., 1984'%
Slayter, et al., 1986''°
Nolla-Salas, et al., 1993'"

Mean age = SD
(range) (years)

59
62

43.7 (0.25-82)
76 + 3.7 (70-85)

Measurement properties in

Male Severity score Type of patient
(%) mean £ SD (range)

65 TISS:43 + 1.0 General

56 N/A General

58 TISS: 88 + 129.9 General

N/A APS: 11.2 £ 5.1 (1-23) General

Measurement properties outside

critical care

Validity Both Dragsted and Qvist'” and
Dragsted'” reported a correlation between
age and activity levels. In one paper'” this was
reported as significant (p < 0.001).

Reliability and responsiveness The reliability

of this outcome measure was not assessed in any
paper. Although several time points were used
in three of the papers, the sensitivity of the
measure over time was not reported.

Functional state measures

This is a global measure, in which patients
are assigned to one of four broadly defined
health states: freely ambulatory; limited
activities; bedridden — self-care; bedridden —
no self-care.

critical care

This measure was devised for use in ICU patients,
so no information is available on its properties in
other settings.

Application in critical care

The mean reported ages of the patients in these
studies ranged from 44 years to 76 years and the
percentages of men recruited ranged from 56%
to 65% (Table 22).""* """ Acute severity was reported
in three studies. The numbers of eligible subjects
ranged from 97 to 231 (Table 23). Mortality
before follow-up ranged from 11% to 73%, further
attrition being due to loss to follow-up or refusal
to participate. A high percentage (90-100%) of
patients were alive at the time of follow-up and
were assessed. There were two studies'”™'"” in
which the measure was administered on more
than one occasion. The range of follow-up times
was 1-12 months.
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TABLE 23 Numbers of participants in studies using functional states

Study Number Mortality Number Number (%) Follow-up
eligible for (%) before  available for followed-up time (months)
study follow-up follow-up
Cullen, et al., 1976'% 231 169 (73) 62 62 (100) 1,3,6,12
Cullen, et al., 1984'% 206 138 (69) 68 61 (90) 1,6,12
Slayter, et al., 1986''° 100 1 89 89 (100) [
Nolla-Sallas, et al., 1993'"' 97 51 (53) 46 44 (96) 6

Cullen and colleagues'” invited patients to
outpatient appointments for assessment. If they
could not attend they were contacted by mail

or telephone. Slayter and colleagues'"’ did not
specify how they administered the outcome
measure. In three studies,'®®!!! the outcome
measure was administered by telephone interview.
All four papers presented data as the numbers
and percentages of patients in each category

of the measure.

Measurement properties in critical care
Validity and reliability None of the papers
presented any evidence of validity or reliability
with regards to this outcome measure.

Responsiveness Although Cullen and
colleagues'”™®'"” examined outcome at various
time points, they did not assess the responsiveness
of the measure.

NYHA functional class

The functional class grades of the Criteria
Committee of the NYHA'" are a functional and
therapeutic classification for the prescription of
physical activity for patients with cardiac disease.
It is a disease-specific assessment that is frequently
used in clinical trials of patients with congestive
cardiac disease. The classifications, which are
usually made by clinicians,">"'* range from

I to 1V, as follows:

¢ class I — no limitation on activities, no symptoms
and no difficulties with normal physical activity

¢ class IT — slight limitation on physical activities,
where physical activity may result in fatigue,
breathlessness or anginal pain

¢ class III — marked limitations on physical activity,
less than ordinary physical activity results in
fatigue, breathlessness and/or anginal pain

¢ class IV — any physical activity results in
discomfort and the symptoms of cardiac
insufficiency may be present even at rest.

Measurement properties outside
critical care

The NYHA classification has been found to
correlate poorly with a measure of impairment
(exercise testing), which suggests poor discrim-
inative ability. Agreement with a measure of
impairment (treadmill exercise test) was also poor
(51%). In addition, high inter-observer variability
was reported by Goldman and colleagues''” and
Wiklund and colleagues.''”''® Two physicians
agreed in only 56% of cases.

Application in critical care
This measure was used in five studies.
The mean reported ages of patients ranged from
36 years to 83 years (7able 24). The percentages
of men participating ranged from 42% to 75%.
Data for acute severity scores were presented

in only one paper.""” Four papers reported

on follow-up of patients who had undergone
cardiac surgery; the remaining paper reported
on follow-up of patients who had undergone
lung transplantation.

38,89,117-119

The numbers of patients eligible for participation
ranged from 15 to 116 (7Table 25). Mortality before
follow-up ranged from 23% to 50%. The pro-
portions of available patients followed-up ranged
from 64% to 100%, the latter achieved in one
study only. Follow-up periods varied from study

to study, with a mean ranging from 27 months

to 76 months.

Although the scale was designed for completion by
a doctor, two studies used telephone interviews®1?
and another'"® used postal questionnaires. Lee

and colleagues'” and Gammie and colleagues™
did not specify how they administered

the measure.

The authors of two papers®''® presented mean
values and Kumar and colleagues® also presented
SDs. Data were generally presented as the numbers
or percentages of patients in each NYHA
functional class.
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TABLE 24 Characteristics of populations studied using NYHA scale

Study Mean age £ SD (range) Male (%) Severity score, Type of patient
(years) mean & SD

Lee, et al., 1993'"7 50.8 £ 12.9 (22-72) 71 N/A Cardiac surgery

Kumar, et al., 1995%° Group 1:83.2 + 2.2 (80-87) Group 1:60 N/A Cardiac surgery
Group 2:83.0 £+ 2.0 (80-89) Group 2:42

McHugh, et al.,, 1997''® 774 47 N/A Cardiac surgery

Trouillet, et al., 1996'"°  60.5 + 12.2 62 SAPS:9.7 £ 4 Cardiac surgery

GCS: 13.1 £3

Gammie, et dl., 1998%  (14-61) N/A Lung transplant
Single lung: 36 Single lung: 67
Double lung: 38 Double lung: 75

“SAPS, simplified acute physiology score

TABLE 25 Numbers of participants in studies using NYHA scale

Study Number Mortality Number Number (%) Follow-up time Method
eligible for (%) before available for followed-up {mean * SD} of data
study follow-up follow-up [median] (range) presentation
(months)
Lee, et al., 1993'"7 28 14 (50) 14 9 (64) {27 + 20} (1-53) A
Kumar, et al., 1995% Group [: Group |: Group I: Group [: Group I: C
15 7 (47) 8 8 (100) {76.4 £ 3.6}
Group 2: Group 2: Group 2: Group 2: Group 2:
53 15 (28) 38 38 (100) {18.6 £ 3.0}
McHugh, et al., 1997''8 97 17 (18) 80 75 (94) {34.8} B
Trouillet, et al, 1996'"° 6 27 (23) 89 59 (66) [81] A
Gammie, et al,, 1998 58 25 (43) 33 32 (97) 48 A

Measurement properties in critical care  breathlessness, chest colds and chest illness,

Validity No details of the validity of the NYHA past illness, occupational history, smoking
classification were presented in any of the papers. and family history. It is interviewer- or
self-completed.
Reliability No assessment of reliability was
reported in any of the papers reporting this Measurement properties outside
measure. critical care
The ATS respiratory disease questionnaire has
Responsiveness Kumar and colleagues® reported been subjected to rather few assessments of its
significant changes in NYHA class from pre-surgery =~ measurement properties, given the frequency
to follow-up. None of the other papers assessed with which it has been used. Osterman and
responsiveness. colleagues'' provided some evidence as to its

criterion validity by demonstrating its association
with FEV| measurements and the presence

ATS respiratory disease of respiratory symptoms. Similarly, Hopp and
colleagues'® showed that the ATS questionnaire

questionnaire could predict the presence of increased

This questionnaire comprises ten sections and was bronchial reactivity.

first reported by Ferris.'® The questions require

‘yes” or ‘no’ responses, with an occasional ‘not Application in critical care
applicable’, and cover the following areas: cough, The characteristics of the patient populations

phlegm, episodes of cough and phlegm, wheeze, studied in the four papers that reported using
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TABLE 26 Characteristics of populations studied using the ATS respiratory disease questionnaire

Study Mean age £ SD (range)
(years)

Elliott, et al., 19877 25 (13-42)

Elliott, et al., 1988'8 28 (13-62)

Ghio, et al., 1989"° 28.5 + 12.5 (7-61)

Weinert, et al., 1997°! 4012

Male Severity score, Type of patient
(%) mean £ SD (range)

31 N/A ARDS

N/A N/A ARDS

51 N/A ARDS

67 Lung injury score: Acute lung injury

2.4 + 0.54 (1.25-3.25)

TABLE 27 Numbers of participants in studies using the ATS respiratory disease questionnaire

Study Number Mortality Number Number (%) Follow-up time Method

eligible for (%) before available for followed-up {mean} [median] of data
study follow-up follow-up (range) (months) presentation

Elliott, et al, 1987"7 38 0 (0) 38 16 (42) 48 (12-96) A

Elliott, et al., 1988'8 4 0 (0) Y} 30 (71) 6 A

Ghio, et al, 1989" 41 N/A N/A 25 (N/A) (1.25-32.3) A

Weinert, et al., 1997°' 69 35(51) 34 24 (71) {19} [I5] (6—41) A

the ATS respiratory disease questionnaire are Walk test

presented in Table 26."'**' The mean reported
ages of the participants ranged from 25 years

to 40 years. Three studies reported the percentages

of men participating; these ranged from 31%
to 67%. Lung injury scores were reported in
one study.

The numbers of patients studied ranged from
38 to 69 (Table 27). Mortality before follow-up
ranged from 0% to 51%. The proportions of
available patients who were followed-up ranged
from 42% to 71%. The time points selected for
follow-up ranged from 1 month to 96 months.
Weinert and colleagues’ administered the ATS
questionnaire by post while in the remaining
papers the mode of administration was not
specified. The authors reported the numbers
of individuals with specific problems.

Measurement properties in

critical care

Validity Only Ghio and colleagues'® presented
data for construct validity by correlating the
questionnaire with age at onset of ARDS
(p=0.07) and gender (p = 0.53). Criterion

validity was assessed by comparison with measures

of impairment but no significant association
was found.

Reliability and responsiveness No attempts were
made to assess either of these properties.

There are 1-, 6- and 12-minute walk tests, during
which the patient is asked to cover as much
ground as possible in the allotted time. Following
this, they are asked to assess their level of dyspnoea
on a visual analogue scale which ranges from
‘extremely short of breath’ (0) to ‘no shortness
of breath’ (10)." The test is used principally
with patients suffering chronic obstructive
pulmonary disease.'**'*

Measurement properties outside
critical care

There is little evidence of the measurement
properties of the walk test, despite its common
usage. Eakin and colleagues'* reported moderate
correlations with lung function and Roul and
colleagues'® reported a correlation of r* = 0.42
(p<0.01) between the walk test and rate of
utilisation of oxygen. Weaver and colleagues'
reported concurrent validity between the walk
test and a Pulmonary Functional Status Scale
(r*=0.38; p< 0.001).

7

Application in critical care

Three studies have employed the walk test.
Only Grotz and colleagues™ presented data for
mean age, percentage of participating men and
acute severity score (7Zable 28). Two studies
reported on the follow-up of general critical care
patients and one provided data for patients

25,128,129
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TABLE 28 Characteristics of populations studied using the walk test

Study Mean age £ SD
(years)
Weir & Waldmann, 1994'%® N/A

Waldmann & Gaine, 1996'% N/A

Grotz, et al., 1997% 336+ 2.0

admitted for trauma injuries with multiple
organ failure. Details of the numbers of subjects
participating in the studies are presented in
Table 29. Two studies administered the walk

test on more than one occasion and followed-
up the patients at 2, 6 and 12 months.

In all studies, the walk test was observed. Only
Grotz and colleagues® presented data as mean
values and SEMs. Neither of the other papers
presented any data on this measure.

Measurement properties in

critical care

There was no evidence in any of the three papers
relating to the assessment of validity, reliability or
responsiveness over time.

Summary

¢ Five generic and three disease-specific measures
of physical functional status have been used to
assess the outcome of critical care.

¢ The measurement properties of the two
most commonly used generic measures
(Katz’s ADL and the Karnofsky indexes)
have been subject to some limited investigation
in critical care survivors. In both cases there
is some evidence of their construct and cri-
terion validity and of their responsiveness.
Reliability has not been investigated. The
properties of three other generic measures
(Barthel Index, activity level, functional state)
have received little attention, so it is not

TABLE 29 Numbers of participants in studies using the walk test

Study Number Mortality
eligible for (%) before
study follow-up
Weir & Waldmann, 1994'% N/A N/A
Waldman & Gaine, 1996'% N/A N/A
Grotz, et al., 1997% 173 104 (60.1)

Male Severity score, Type of patient
(%) mean £ SD

N/A N/A General

N/A N/A General

70 ISS 368+ 1.6 MOF; trauma

possible to comment of their usefulness in
critical care.

The three disease-specific measures that have
been used were each developed for particular
patient groups — the NYHA functional class

for cardiac disease, the ATS respiratory disease
questionnaire for respiratory disease, and the
walk test for chronic obstructive airways disease.
Their measurement properties in critical

care survivors are either unknown (criteria
validity, reliability) or of limited scope — there
is some evidence for construct validity for

the ATS respiratory questionnaire and

for the responsiveness of the NYHA

functional status measure.

Given the lack of adequate information on the
properties of all the measures that have been
used, no one measure stands out as superior to
the others. Relative to other generic measures,
the two multi-item scales about which most is
known are Katz’s ADL index and the Karnofsky
Index. It seems prudent to use these in future
critical care research so that their measurement
properties can be fully investigated.
Disease-specific measures may be appropriate
when studying relevant patient groups.
Survivors of intensive care were found to be
limited in their daily activities (Katz’s ADL
index) during the early months of follow-up
but some studies found that this returned

to pre-admission levels by 6-12 months.

Two longer-term studies found some degree

of dependency in 52% of neurosurgical
survivors at 2 years and in 65% of elderly
survivors at about 5 years.

Number Number (%) Follow-up
available for  followed-up time {mean}
follow-up (months)
N/A N/A 2,6,12
N/A N/A 2,6,12

69 50 (72) {58.8}
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Chapter 4

Measures of mental functional status

F our generic measures of mental functional
status (affect or mood) have been used
(Profile of Mood States (POMS), Centre for
Epidemiological Studies — Depression (CES-D)
scale, Beck Depression Inventory (BDI),
Hospital Anxiety and Depression scale (HAD)),
and one disease-specific measure (Impact of
Event Scale (IES)). All of the measures are
multi-item and each is described and

reviewed in turn.

POMS

POMS uses a list of adjectives rather than
symptoms to describe mood'”"* and was originally
developed to assess mood in psychiatric outpatient
clinics. It is a self-administered, 65-item (adjectives)
measure of present mood state. A total score can
be obtained, as can six subscale scores of affect

or mood: tension—anxiety, depression—dejection,
anger—hostility, vigour—activity, fatigue—inertia

and confusion-bewilderment. Respondents rate
the 65 adjectives on a five-point intensity scale
based on how they have felt throughout the
previous week. Scores range from zero for ‘not

at all’ to four for ‘extremely’. The higher the
score, the greater the disturbance experienced,
with the exception of the vigour—activity
subscale.'”® A 72-adjective POMS also exists'”

that assesses bipolar mood states, and there

is also an abbreviated version comprising

30 items with the same six subscales as the

longer version."”!

TABLE 30 Characteristics of populations studied using POMS

Measurement properties outside
critical care

McNair and colleagues'” reported adequate
construct, content and factorial validity of the
measure, and component analysis of the fatigue—
inertia and vigour—activity subscales confirmed their
factor structure.'™ In those studies which have used
the POMS for assessment of patients with cancer,
validity, reliability and sensitivity over time has been
established, as well as population norms for this
patient group.™"*>!*® Test-retest reliability values
reported by the developers of the measure were
0.70 for tension—anxiety, 0.74 for depression—
dejection, 0.71 for anger—hostility, 0.65 for
vigour—activity, 0.66 for fatigue—inertia and 0.68

for confusion-bewilderment. Internal consistency
was reported as ranging between 0.90 and 0.92

for anxiety and 0.90 and 0.95 for depression.'”

Application in critical care

Five papers were identified in which POMS

was used as an outcome measure in critical care
patients ( Table 30).°"*"* The mean age of the
participants was reported in only two papers.

The percentages of men who participated in these
studies ranged from 49% to 84%. Two studies
reported acute severity.

The numbers of patients eligible for participation
ranged from 50 to 228 (7able 31). Mortality before
follow-up ranged from 0% to 30%. Complete
follow-up of available patients was achieved in

three of the four studies that reported this variable.

In four studies, the POMS questionnaire was

Study

Stanton, et al,, 1983 137

Stambrook, et al., 1990'%

Sawdon, et al., 1995'%’
Jones, et al., 1994'4

Singh, et al., 1997

Mean age £ SD
(years)

N/A

Severe: 36 £14.1
Moderate: 43 +18.2
Mild:39.5 £ 17.1

(0.3-94)
N/A
48 (28-68)

Male
(%)
84

80

49
N/A
N/A

Severity score,
mean £ SD

N/A

GCS: severe, 6.2 + 1.97
moderate, 13.3 + 2.0

mild, 13.2 £ 2.6
N/A

N/A

APACHE II: 14.5
APS: 7.9

Type of patient

Cardiac surgery

Head injury

General
General

Liver transplant
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TABLE 31 Numbers of participants in studies using POMS

Study Number Mortality Number Number (%) Follow-up
eligible for (%) before  available for followed-up time (range)

study follow-up follow-up (months)
Stanton, et al., 1983'% 228 0 (0) 228 228 (100) 6
Stambrook, et al., 1990'%® 131 0 (0) 131 131 (100) (4-98)
Sawdon, et al., 1995'%’ 100 20 (20) 80 57 (71) 6
Jones, et al., 1994'% N/A N/A N/A 28 (N/A) 2,6
Singh, et al., 1997°° 50 9 (30) 4] 41 (100) 6

administered at 6 months and in one paper'"’
the questionnaire was administered after
hospital discharge on two occasions.

In two studies the POMS questionnaire was
mailed.”””"” Singh and colleagues® stated that
the questionnaire was self-completed but did
not report on the mode of administration, and
Stambrook and colleagues'” provided no
information on the mode of administration.

In three studies no data from the POMS
questionnaire were presented. Jones and
colleagues'"” presented data as the distribution
of scores across the POMS categories, and Singh
and colleagues” presented the mean values for
total POMS score and for each dimension,
although no SD or SEM was provided.

Measurement properties in critical care
Validity Only two papers assessed the validity of
POMS. Both Stanton and colleagues'” and Jones
and colleagues'"’ reported on criterion validity,
although this was not explicit in the text of either
paper. Stanton and colleagues'” reported a weak
correlation of r* = 0.04 (< 0.01) between POMS
and ‘return to work’. Jones and colleagues'"’
found no correlation between POMS and the
Whiston Hospital questionnaire (a measure of
health-related quality of life — see page 76),
although they did report correlations between
the Perceived Quality of Life (PQOL) question-
naire'"! and the fatigue-inertia dimensions

(r* = 0.46; p=0.01) and hostility-anxiety
dimensions (7% = 0.48; $<0.003) of POMS.

Reliability and responsiveness There has been no
assessment of reliability or responsiveness.

CES-D scale

The CES-D scale was developed by Radloff.'**'*
It is used to assess the frequency and severity with

which symptoms of depression were experienced
over the previous week. CES-D was designed as a
diagnostic tool and is a 20-item, self-report scale
with six main symptom areas: depressed mood,
feelings of guilt/worthlessness, sense of helpless-
ness/hopelessness, psychomotor retardation, loss
of appetite and sleep disturbance. Scores on the
CES-D scale range from zero to 60, higher scores
being indicative of higher symptom frequency and
severity. A score of 16 has been identified as
indicating depressive symptomology.'**'* In
addition, a shortened version comprising eight
items'* and a modified (19-item) children’s
version have also been developed.

Measurement properties outside
critical care

Criterion validity for this measure was established
by comparison with the Hamilton Depression Scale
(r* = 0.19-0.31)."" The CES-D scale is also reported
to correlate well with the BDI (+* = 0.66) and to
demonstrate sensitivity to change over time.'*
Radloff ' reported that the CES-D scale was able
to discriminate well between the general population
and psychiatric inpatients, and moderately well
between levels of severity within patient groups.

During the developmental stages of the CES-D
scale, Radloff'*® reported a wide range of inter-
item (7% = 0.001-0.53), item-scale (2 = 0.08-0.62)
and inter-scale (v? = 0.1-0.55) correlations.
Internal consistency was reported as 0.85 for
the general population and 0.90 for the patient
population, and test-retest reliability ranged
from 0.67 at 4 weeks to 0.32 at 12 months.
Lyness and colleagues'" noted the ability of
the CES-D scale to discriminate between
major and minor depression.

Application in critical care

The mean ages of the participants in the four
studies that have used the CES-D scale ranged
from 30 years to 81 years, and the percentages

of men ranged from 44% to 74% (Table 32).7"7"1
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TABLE 32 Characteristics of populations studied using the CES-D scale

Study Mean age = SD

(range) (years)

Bedell, et al., 1983'%°
Chelluri, et al., 19937

70 (18-101)

Group I: 69 £ 0.3 SEM
Group I1: 81 £ 0.5 SEM

Holbrook, et al., 1994”'
Weinert, et al., | 997°'

30 + 13.1 (18-69)
40 £ 12

Male Severity score, Type of patient
(%) mean £ SD
[median] (range)
54 N/A CPR
Group |: 44 APACHE II: General
Group I1:52 Group I:
I8 + 0.9 SEM [18.8]
Group II:
20 + 0.8 SEM [19.5]
74 ISS: 15 £ 10.1 (543)  Trauma
67 Lung injury score: Acute lung injury

2.4 £ 0.54 (1.25-3.25)

TABLE 33 Numbers of participants in studies using the CES—D scale

Study Number Mortality Number Number (%) Follow-up time Method
eligible for (%) before available for followed-up {mean} [median] of data
study follow-up follow-up (range) (months) presentation
Bedell, et al., 1983'*° 294 205 (70) 89 38 (43) 6 B
Chelluri, et al., 19937 97 59 (61) 38 24 (63) 1,6,12 C
Holbrook, et al., 1994' 63 N/A N/A 42 (N/A) 3 C
Weinert, et al., 1997°' 69 35 (51) 34 24 (71) {19} [15] (6-41) C

Acute severity scores were reported in three papers.
The numbers of individuals eligible for inclusion
ranged from 63 to 294 (7Table 33). Mortality before
follow-up ranged from 51% to 70%, further attri-
tion being primarily due to loss to follow-up or
refusal to participate. The proportions of available
individuals who were followed-up ranged from
43% to 71%. In three studies, baseline data were
obtained either on admission or at discharge from
critical care and the follow-up periods ranged from
1 month to 41 months, with only one study using
more than one follow-up.”

Chelluri and colleagues™ did not specify how

they administered the CES-D scale to their
patients. In the other studies face-to-face interviews
were employed, and Holbrook and colleagues”
also made use of telephone interviews when
patients were unable to attend face-to-face
interviews. Mean scores were reported in all
studies and Chelluri and colleagues,” Holbrook
and colleagues,” and Weinert and colleagues”'

also provided SEMs or SDs for their data.

Measurement properties in critical care
Validity Only Weinert and colleagues’ reported
on criterion validity between the CES-D scale and
a number of other scales: a correlation of r* = 0.70

with a life satisfaction scale, and r* = 0.88 with the
mental component of the SF-36. None of the other
papers presented data to support the testing of the
validity of the CES-D scale.

Reliability None of the papers addressed this issue.

Responsiveness Bedell and colleagues' reported
significant differences between CES-D scores
(p<0.0001) at hospital discharge (clinical depres-
sion) and those 6 months later, which had changed
to within normal ranges for the population.
Although Holbrook and colleagues’ had data
pertaining to pre-discharge and follow-up, they

did not address the issue of responsiveness.

HAD scale

The HAD scale is a self-assessment instrument
developed by Zigmond and Snaith'' to measure
mood disorders of anxiety and depression in
non-psychiatric patients. It is designed for use by
adults, although a children’s version also exists.
The scale comprises 14 items that are divided

into two subscales, for which the patient rates each
item on a four-point scale. One subscale contains
seven items on depression and the other seven
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items on anxiety. Patients are asked to assess their
emotional state over the ‘past week’.

The developers designed the scale to detect
anhedonic depression and high scores on the HAD
scale may therefore indicate that antidepressant
therapy may be required. The HAD scale differs
from other self-assessment scales in that it avoids
the inclusion of items such as loss of appetite and
insomnia which, although symptoms of anxiety and
depression, may also be present in an individual
suffering from physical illness. The focus of the
scale is thus on psychological rather than somatic
representations of mood disorder. The HAD scale
is brief and easy to administer. The developers
note that care has been taken to distinguish
between the concepts of anxiety and depression,
and the HAD scale incorporates clear guidance on
the significance of a subscale score (normal, pre-
morbid, morbid). The scale is not derived from
factor analysis but from clinical experience.

Measurement properties outside
critical care

Zigmond and Snaith'' assessed the validity of the
HAD scale with psychiatric outpatients and hospital
staff. They reported that severity ratings correlated
highly with psychiatric assessments (r* = 0.49 for
depression; r* = 0.55 for anxiety). Aylard and
colleagues'” reported correlations ranging from

TABLE 34 Characteristics of populations studied using the HAD

0.44 to 0.59 between the HAD and other recog-
nised anxiety and depression scales. Lewis and
Wessely'™ noted that the HAD scale was equal to
the General Health Questionnaire in its ability to
detect minor psychiatric disorders. Sensitivity

to change was reported in a study of patients
with neuroses."*

The structure of the scale attempts to overcome
response bias by alternating the order of responses
and by providing four options so that respondents
would not opt for a middle grade. The developers
reported correlations ranging from 0.41 to 0.76
for internal consistency.'

Application in critical care

There were three reports of the HAD scale being
used as an outcome measure in following-up
critical care patients, two published'™'® and one
personal communication (Eddleston & colleagues;
personal communication, 1999) (Table 34). The
mean ages of the patient populations ranged from
49 years to 56 years and the percentages of men
were remarkably consistent, ranging from 57% to
59%. Acute severity scores were reported in two
studies and all of the papers reported on general
critical care patients.

The numbers of individuals eligible for inclusion
ranged from 78 to 7988 (Tuble 35). Mortality before

scale

Study Mean age = SD Male Severity score, Type of patient
(range) (years) (%) mean % SD (range)
Rowan, 1992'%° 554+ 0.7 58 APACHE II: 15.3 + 0.3 General
16-90 (049)
Dixon, et al, 1997'% 56.2 % 21 59 N/A General
Eddleston, et al, 1999 49+ 11.6 57 APACHE 1I: 18.8 + 6.2 General
*
Personal communication
TABLE 35 Numbers of participants in studies using the HAD scale
Study Number Mortality Number Number (%) Follow-up time
eligible for (%) before available for followed-up {mean % SD}
study follow-up follow-up (range)
(months)
Rowan, 1992'% 7988 N/A N/A 2986 (N/A) {67 + 4.4}
(1.1-22)
Dixon, et al., 1997'%¢ 78 27 (36) 51 51 (100) [
Eddleston, et al., 999" 370 144 (39) 226 143 (63) 3

* . .
Personal communication
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follow-up ranged from 36% to 39% in the two
papers in which this variable was reported, further
attrition being primarily due to loss to follow-up
and refusal to participate. The proportions of
individuals who were followed-up ranged from
63% to 100%. There was a lack of consistency in
time of follow-up and none of the papers reported
serial administrations of the measure.

In two studies'”™"”® the questionnaire was adminis-
tered by postal survey and in one (Eddleston and
colleagues; personal communication, 1999.) by
telephone. Data from the HAD scale were pre-
sented in only two papers. Rowan'” presented

the percentages of patients who were depressed
and anxious, and the numbers and percentages
responding to the component questions of the
HAD scale. Eddleston and colleagues presented
data for the numbers of males and females scoring
0-7, 8-10 and 11 or more for the anxiety and
depression dimensions.

Measurement properties in critical care
Validity Only Rowan'” reported on the criterion
validity of the HAD scale using summary health
questions (r* = 0.22; p < 0.0001 for anxiety);
(r*=0.42; p < 0.0001 for depression). She reported
that all dimensions of the NHP were significantly
correlated with anxiety and depression (p < 0.0001).

Reliability and responsiveness Reliability and
responsiveness were not addressed in any of
the papers.

BDI

The BDI is a clinically derived scale developed

by Beck and colleagues.””” It covers a number of
different dimensions: sadness, pessimism, discour-
agement, sense of failure, dissatisfaction, guilt,
expectation of punishment, self-dislike, self-
accusation, suicidal ideation, crying, irritability,
social withdrawal, indecisiveness, body image
distortion, work retardation, insomnia, fatiguability,
anorexia, weight loss, somatic preoccupation, and

TABLE 36 Characteristics of populations studied using the BDI

Study Mean age = SD Male
(range) (years) (%)

Riether, et al., 1992'% 458 % |2.1 67

Singh, et al., 1997%° 48 (28-68) N/A

loss of libido. The full scale comprises 21 items with
four choices in the form of statements, which are
ranked in order of severity. Patients are asked to
respond to the statement that best represents how
they have been feeling over the previous week,
including the day on which they are questioned.
The total scores of the BDI range from zero to 63,
with 63 being the most severe score. The BDI can
be self-administered or can be administered

by interview; it takes about 10-15 minutes

to complete.

Measurement properties outside
critical care

Beck and colleagues'’ reported the level of
agreement between the BDI and ratings by
psychiatrists to be 56%. Beck'™ also reported
correlations of 7* = 0.19 and 0.31 between the
BDI and other scales that measure depression
(including the Hamilton Depression Scale)'”
and between the BDI and clinical ratings of
r* = 0.24 and above.'” The BDI is also sensitive
to type of depression and can distinguish
depressive symptoms from anxiety. Joseph
and Lewis'” reported a correlation with the
depression—-happiness scale of r* = 0.31, and
Suarez-Mendoza and colleagues'” reported a
correlation of r* = 0.69 with the HAD scale.

Beck and colleagues'”’ reported high internal
consistency and a split-half reliability of 0.86.
Test-retest reliability over 2-5 weeks was cited
as 0.90 by Beck and colleagues,”””"*® and as
ranging from 0.73 to 0.90 by Gallagher and
colleagues,'” who also reported an internal
consistency of 0.86. More recent studies have
indicated that the test-retest reliability of the
BDI is rather low.'™

Application in critical care
Two studies reported using the BDI.
The mean ages of patients eligible for partici-
pation in these studies ranged from 46 years

to 48 years (7able 36). Only one study reported
the percentage of men who participated in

the study, and acute severity scores were also

90,165

Mean severity score Type of patient
N/A Liver and heart

transplant
APACHE II: 14.5 Liver transplant
APS:7.9
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only reported in only one study. Both studies
were reporting on outcomes in organ
transplantation patients.

The numbers of patients who were eligible
for participation in these studies ranged from
50 to 61 (7able 37). Mortality before follow-up
was reported, in only one paper, as 30%.
Singh and colleagues” achieved complete
follow-up of available patients. However, these
follow-up data were not given by Riether and
colleagues.'” Follow-up periods ranged from
3 months to 12 months, with only Riether
and colleagues'® following-up survivors

on several occasions.

Riether and colleagues'®” administered the
BDI during a face-to-face interview; Singh
and colleagues” stated that the questionnaire
was self-completed but did not report on

the mode of administration. Riether and
colleagues'” presented data as mean values
and SDs; Singh and colleagues” presented
mean values only.

Measurement properties in critical care
Validity Riether and colleagues'® assessed the
criterion validity of the BDI using data from an
electroencephalogram (EEG), a clinical measure
of impairment which records electrical activity in
the brain. A correlation of r* = 0.18 (p < 0.001)
was reported between the two measures. Singh
and colleagues” did not report any assessment

of validity in their study.

Reliability There was no evidence on the reliability
of the BDI in critical care.

TABLE 37 Numbers of participants in studies using the BDI

Responsiveness Although Riether and
colleagues'® reported administering the BDI
on multiple occasions, they did not address the
issue of responsiveness.

IES

The IES is a 15-item, disease-specific measure
which assesses levels of subjective post-traumatic
psychological distress and which provides specific
measures of event intrusion and event-related
avoidance, the two key elements of post-traumatic
stress disorder.'” Patients specify the frequency
with which they have had intrusion- or avoidance-
related thoughts in the previous 7 days on a Likert
scale ranging from zero (not at all) to 5 (often).
The scores for the intrusion component of the
scale range from zero to 35 and, for the avoidance
component, zero to 40. The higher the score, the
greater the level of distress indicated.

Measurement properties outside
critical care

Internal consistencies with Cronbach’s o ranging
from 0.78 to 0.91 have been reported.'**'"
Criterion validity against the Trauma Symptom
Inventory and the Los Angeles Symptom
Checklist have also been established by Briere
and Elliott,'"® who also presented normative

data in their paper.

Application in critical care

The mean ages of the patients in the two studies
that used this measure'®'” were 36 years and
37 years and the proportions of men were 66%
and 68%, respectively (Table 38). Both papers

Study Number Mortality Number Number Follow-up time
eligible for (%) before  available for followed-up (months)
study follow-up follow-up
Riether, et al., 1992'® 51 heart & N/A N/A  Heart 14,14,7 (N/A)  3,6,12
61 liver transplants Liver: 17,17, 10 (N/A)
Singh, et al., 1997%° 50 9 (30) 41 41 (100) 6

TABLE 38 Characteristics of populations studied using the IES

Study Mean age * SD Male
(range) (years) (%)

Landsman, et al., 1990'° 36 (14-80) 66

Richmond, et al., 1998'7° 374+ 168 68

Severity score,
mean £ SD (range)

Type of patient

ISS: 18.3 (4-50)
ISS: 15.5 + 9.9

Trauma

Trauma
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TABLE 39 Numbers of participants in studies using the IES

Study Number Mortality Number Number (%) Follow-up time
eligible for (%) before available for followed-up [median]
study follow-up follow-up (range) (months)
Landsman, et al., 1990'¢ 137 0 (0) 137 137 (100) [15] 3-39)
Richmond, et al., 1998'7° 228 N/A N/A 109 (N/A) 3

reported acute severity scores and in both the
groups studied were trauma patients.

The numbers of patients who were eligible were
137 and 228 in the two studies using this measure
(Table 39). The actual numbers of patients who
were followed-up were 137 and 109, respectively.
Neither paper administered the outcome measure
on more than one occasion. Landsman and
colleagues'® administered the IES by mail and
Richmond and colleagues'” used telephone
interviews. Both studies provided mean scores
for the IES but only one provided SDs."” This
study also presented the range of scores and data
for the total IES and for the intrusion and
avoidance subscales.

Measurement properties in critical care
Validity Both papers presented data for criterion
validity but in neither was there a significant
association with injury severity and brief symptom
inventory'® or with extremity injury.'” Richmond
and Colleagues170 did, however, find a statistically
significant correlation between the intrusion score
and the SIP.

Reliability Richmond and colleagues'™ reported
on internal consistency with Cronbach’s a. = 0.88,
but neither paper presented any data on inter-rater
or intra-rater reliability.

Responsiveness Neither paper referred to the issue
of responsiveness of the IES.

Summary

* Four generic and one disease-specific measure
of mental functional status were used to assess
the outcome of critical care.

¢ The generic measures all encompass depres-
sive symptoms and two, POMS and the HAD
scale, also cover anxiety. Researchers have
demonstrated the criterion validity of each
of these measures but there is no evidence of
construct validity or reliability and there is
evidence of responsiveness for only one
measure, the CES-D.

¢ Given the similar level of knowledge of the
properties of the four generic measures,
there are no strong reasons to select one in
preference to another on these grounds. The
shorter length of the HAD (14 items) might
make it preferable to the CES-D (20 items),
BDI (21 items) and POMS (65 items).

¢ The only disease-specific measure, the IES,
was designed for use in trauma patients to
measure the level of post-traumatic distress.
Lack of information on its measurement
properties precludes drawing any conclusion
as to its value.
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Chapter 5

Measures of neuropsychological functioning

even measures of neuropsychological

functioning have been used in critical care
survivors. These measures are concerned with
the cognitive functioning and skills of respondents.
Six of the measures are multi-item scales (Trail-
making Tests A & B, Wisconsin Card Sorting
Test (WCST), Wechsler Memory Scale, Bentons’
Visual Retention Test, Mini-Mental State
Examination (MMSE), Paced Auditory Serial
Addition Test (PASAT)) and only one is a
single-item global measure (communication
level). In all cases, unless otherwise stated, the
mode of administration of these tests was by
face-to-face interview and was often part of a
larger battery of tests.

Trailmaking Tests A and B

The Trailmaking Test'”" was developed to assess

attention, perceptual speed, cognitive flexibility
and visual memory. It is a two-part instrument.
Trailmaking Test A is a test of simple visual
motor attention that is scored in seconds.
Trailmaking Test B is a similar visual motor
attention test that requires subjects to shift
attention between two sets of stimuli; the latter
test is also measured in seconds. An impaired
score on the Trailmaking Test B is indicative

of cognitive impairment.

Measurement properties outside
critical care

Jones and colleagues'” reported criterion validity
between the Mental Alternation Test and Trail-
making Test A (»* = 0.28; p < 0.001) and Test B
(r*=0.29; p< 0.001).

Application in critical care

Four papers reported using the Trailmaking Tests
(Table 40).7'1317* The mean reported ages of
participants ranged from 23 years to 46 years and
the percentages of men ranged from 67% to 86%.
Only two papers reported acute severity scores.
Each paper reported on different patient
populations within critical care.

The numbers of individuals eligible for participation
ranged from 46 to 228 (Table 41). Mortality before
follow-up ranged from 6% to 28% in the two papers
reporting this variable, further attrition being due
to refusal to participate and inability to complete
the test. The proportions of available individuals
who were followed-up were 30% and 100% in the
two papers reporting this variable. Three papers
reported administering the Trailmaking Tests at

6 months and two papers at 12 months. Two papers
administered the Trailmaking Tests at multiple time
points. In two papers the data were presented as
amean and SD and in one paper as 2 mean and
range. Stanton and colleagues'”’ presented no

data related to the outcome measurement.

Measurement properties in critical care
Validity Two papers presented evidence of
criterion validity, although this was not explicit

in the text of the paper. Stanton and colleagues'”’
correlated the Trailmaking Tests with return to
work (r* = 0.03; < 0.05), and Riether and
colleagues'® reported correlations of r* = 0.20

(< 0.001) for Trailmaker Test A and »* = 0.12
(p<0.01) for Test B with a measure of impairment
(EEG). Uzzell and colleagues'” and McKee and
colleagues'”* cited no evidence for the assessment
of validity.

TABLE 40 Characteristics of populations studied using Trailmaking Tests

Study Mean age = SD Male Severity score, Type of patient
(years) (%) mean £ SD

Stanton, et al., 1983'¥ N/A 84 N/A Cardiac surgery

Uzzell, et al., 1987'" Mild: 24.5 + 4.9 86 GCS:mild, 13.8 + |.4 Head injury
Severe: 232+ 7.0 severe,5.2 + | 4

Riether, et al., 1992'® 458 + 12.1 67 N/A Liver and heart

transplant
McKee, et al., 1997'7 375 76 ISS: 33.2 Trauma
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TABLE 41 Numbers of participants in studies using the Trailmaking Tests

Study Number Mortality Number Number (%) Follow-up time Method
eligible for (%) before available for followed-up (months) of data
study follow-up follow-up presentation
Stanton, et al., 1983'% 228 14 (6) 214 214 (100) 6 N/A
Uzzell, et al., 1987'7 54 N/A N/A 43 (N/A) 6 C
Riether, et al.,, 1992'® 51 heart & N/A N/A  Heart: 14 3 C
61 liver 14 6
transplants 7 (N/A) 12
Liver: 17 3
17 6
10 (N/A) 12
McKee, et al., 1997'7 46 13 (28) 33 10 (30) 12 C

Reliability and responsiveness There was no
evidence for the assessment of reliability or
responsiveness in any of the four papers reviewed.

WCST

The WCST is a measure of concept formation

and cognitive flexibility.'” It requires formulation
of hypotheses by the subject of the test with regards
to sorting strategies and how to test them. It also
requires the ability to maintain and shift sets
appropriately. Errors are made in the test by sorting
cards into an incorrect category. If an individual
continues to sort the cards into the previously
correct category despite being informed that this

is no longer correct, the errors are referred to as
perseverative. Non-perseverative errors occur when
sorting is made into an incorrect category (not the
previously correct one).

Scoring is in terms of the number of categories
successfully completed (maximum of six), the
number of correct sorts (cards correctly sorted
but not totalling up to a complete category of ten
consecutive correct cards), the total number of
errors, the number of perseverative and non-
perseverative errors, the number of unique errors

TABLE 42 Characteristics of populations studied using the WCST

(cards sorted according to a category generated by
the individual and other than the three types of
errors described above).

Measurement properties outside
critical care

The WCST was reported by Watkins and
colleagues'” to correlate with age for the total
number of errors (r* = 0.15; p = 0.002) and for
perseverative errors (r* = 0.16; p = 0.001). Zihl
and colleagues'”” demonstrated that the WCST
showed discriminant ability between patients
with schizophrenia and patients with affective
disorders for both total errors (F= 45.76;
$<0.001) and perseverative errors (F'=25.63;
$<0.001).

Application in critical care

The mean ages of participants in the three
studies that have used this measure ranged
from 30 years to 46 years (Table 42).'%"%17
The percentages of men participating ranged
from 67% to 92%. Only one paper'” presented
data for acute severity scores. There were two
reports on the follow-up of patients who had
received a head injury, while Riether and
colleagues'” presented data on the follow-up
of liver- and heart-transplant patients.

Study Mean age = SD Male Severity score, Type of patient
(range) (years) (%) mean * SD
Riether, et al., 1992'*° 45.8 £ 12.1 67 N/A Liver and heart
transplant
Anderson, et al., 1994'"® Severe: 30 (15-63) Severe: 86 N/A Head injury
Moderate: 34 (15-68) Moderate: 92
Lannoo, et al., 1998'7° 3315 79 GCS: 6.5 +2.7 Head injury
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TABLE 43 Numbers of participants in studies using the WCST

Study Number Mortality Number Number (%) Follow-up
eligible for (%) before available for  followed-up time (months)
study follow-up follow-up

Riether, et al., 1992'%° 51 heart & N/A N/A Heart: 14 3

61 liver transplants 14 6

7 12

Liver: 17 3

17 6

10 12

Anderson, et al., 1994'7® 88 20 (23) 68 61 (90) 6
Lannoo, et al., 1998'"° 43 0 (0) 43 43 (100) 6, 12,24

The number of individuals eligible for
participation in the studies ranged from

43 to 88 (Table 43). Mortality before follow-up
ranged from 0% to 23% in the two papers
reporting on this variable, further attrition
being due to loss to follow-up and an inability to
complete the task. The proportions of available
individuals who were followed-up ranged from
90% to 100%. Three papers reported follow-up
data for 6 months and two papers for 12 months.
Two papers presented data for three follow-ups.
Follow-up periods ranged from 3 months to

24 months. All papers presented data as mean
values and SDs. In addition, Anderson and
colleagues'” also presented data for error

and perseverative scores.

Measurement properties in critical care
Validity Riether and colleagues'” reported

a non-significant correlation between EEG data

(a measure of neurological impairment) and
WCST. Anderson and colleagues'™ reported a
correlation of r* = 0.14 for errors and r* = 0.16

for perseverative errors and the Glasgow

Outcome Scale (GOS).

Reliability and responsiveness There was no
evidence for the reliability or responsiveness of
the WCST.

Wechsler Memory Scale

The Wechsler Memory Scale was developed

to assess short- and long-term memory deficits
and, according to the developer, should only be
administered by those with specific training.'**'!
It is most frequently used as a diagnostic and
screening tool alongside other neuropsychological
batteries of tests. The original version comprised
seven components, which formed three factors:

orientation, memory/learning and attention/
concentration. The new revised version comprises
12 subtests grouped under five memory scores:
verbal memory, visual memory, general memory,
delayed recall, attention/concentration.

The battery of tests takes approximately

45-60 minutes to administer.

Measurement properties outside
critical care

The Wechsler Memory Scale has been extensively
tested for validity, reliability and sensitivity to
change.'™ A user manual is available. Factor
analysis yielded two main factors, which corres-
ponded with general memory and learning, and
attention/concentration. Test-retest correlation
coefficients range from 0.41 to 0.90, and inter-
rater reliability coefficients were 0.99 for logical
memory and 0.97 for visual reproduction. The
test may not be appropriate for administration
to the elderly.'

Application in critical care

Three papers reported using the Wechsler
Memory Scale (Table 44)."°"'>'® The mean ages
of the patients ranged from 23 years to 70 years.
The percentages of men participating ranged
from 54% to 86%. Only one paper reported
acute severity scores. Two papers' ™' presented
their data clearly with mean scores and SDs.

The numbers of individuals participating in
studies using the Wechsler Memory Scale are
shown in Table 45.

Measurement properties in

critical care

Validity, reliability and responsiveness There
was no attempt to assess the validity, reliability
or responsiveness of the Wechsler Memory Scale
in any of the three papers discussed here.

43



Measures of neuropsychological functioning

TABLE 44 Characteristics of populations studied using the Weschler Memory Scale

Study Mean age £ SD Male Severity score, Type of patient
(range) (years) (%) mean £ SD

Bedell, et al, 1983'%° 70 (18-101) 54 N/A CPR

Uzzell, et al., 1986'% N/A 83 N/A Head injury

Uzzell, et al., 1987'7 Mild: 24.5 4.9 86 GCS:mild, 13.8 £ 1.4 Head injury

Severe:23.2 £ 7.0

severe,5.2 + | 4

TABLE 45 Numbers of participants in studies using the Weschler Memory Scale

Study Number Mortality Number Number (%) Follow-up
eligible for (%) before  available for followed-up time (range)
study follow-up follow-up (months)
Bedell, et al., 1983'*° 294 205 (70) 89 38 (43) 6
Uzzell, et al., 1986'# 103 61 (59) 42 42 (100) (2.7-5.9)
Uzzell, et al., 1987'" 54 N/A N/A 43 (N/A) 6

TABLE 46 Characteristics of populations studied using Benton’s test for visual retention

Study Mean age * SD Male Severity score, Type of patient
(years) (%) mean £ SD
Alexandre, et al., 1983'%® N/A N/A N/A Neurological
Lannoo, et al., 1998'”° 3315 79 GCS: 6.5 2.7 Head injury
TABLE 47 Numbers of participants in studies using Benton’s test for visual retention
Study Number Mortality Number Number (%) Follow-up
eligible for (%) before  available for followed-up time (months)
study follow-up follow-up
Alexandre, et al., 1983'% 178 76 (43) 102 100 (98) 12,24
Lannoo, et al., 1998'7° 43 0 (0) 43 43 (100) 6,12,24

Benton’s test for visual retention

This test of short-term visual memory was first
described by Benton.'™'® Participating individuals
are presented with one of 15 different abstract
designs. After the design is removed, the subject
must identify the original from four alternatives.
Error scores are compared to expected standard
scores for educational background and age. Error
scores of four or more above the expected score
are classified as defective.

Measurement properties outside
critical care

There is limited information available relating to
the measurement properties of the test. Crookes

44

and McDonald'® noted that the test was able

to discriminate between early dementia and
depression. Weiss'” discussed the equivalence of
three different forms of the visual retention test.

Application in critical care

Of the two papers found,'™'® only one

provided any details of mean age, percentage

of male participants and acute severity score

(Table 46). The numbers of individuals eligible

for participation ranged from 43 to 178 (Table 47).
Mortality before follow-up ranged from 0% to 43%.
Almost complete follow-up was achieved. Both
studies followed-up patients at 12 months and

24 months, and both administered the measure

at multiple time points. Neither study provided
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details on the method of administration of the
instrument. Lannoo and colleagues'” presented
data as mean scores and SDs. Alexandre and
colleagues presented no data.'™

Measurement properties in critical care
Neither of these studies attempted to assess

the validity, reliability or responsiveness of
Benton’s test of visual retention for survivors

of critical care.

MMSE

The MMSE is a brief test of cognitive mental
state," which has the ability to distinguish
between organic and functional psychiatric illness.
The MMSE was originally designed for use with
neurogeriatric patients. It takes approximately
5-10 minutes to administer and comprises two
parts (verbal and performance). The maximum
score on the verbal subscale is 21 and, on the
performance subscale, 9. The maximum overall
score is therefore 30 with lower scores representing
cognitive malfunction, the cut-off score being
either 23 or 24. The MMSE encompasses orienta-
tion, registration, attention and calculation, recall
and language. The test is interviewer-administered.

Measurement properties outside
critical care

Folstein and colleagues'’ assessed criterion
validity against the Wechsler Adult Intelligence
Scale and found significant associations between
the two measures. The majority of validation
studies, which were evaluated by Nelson and
colleagues,'” reported associations between the
subscales of the MMSE and clinical descriptions
using both the Diagnostic and Statistical
Manual (DSM) III diagnoses and

radiological investigations.

Folstein and colleagues' reported responsiveness
in a group of elderly people who had affective
disorders with or without cognitive malfunction.
Inter-rater and test-retest (0.83-0.98) reliability
were reported as satisfactory.

TABLE 48 Characteristics of populations studied using the MMSE

Molloy and Standish'' noted that, as the
guidelines for application of the MMSE are
brief, the administration and scoring of the
test can vary considerably between individuals,
thus diminishing the test’s reliability. Some
items have to be altered depending on where
the test is being administered (home, hospital
clinic) and as there are no clear guidelines
on time limits, administrators of the test

may not be sure how long they should

wait for a response.

Application in critical care

The mean ages of patients in the two studies that
used this measure'®'”* were 36 years and 46 years
(Table 48). The percentages of men ranged from
67% to 81%, and only one paper presented acute
severity scores. One study was based on trauma
patients and the other on liver- or heart-
transplant patients.

The numbers of individuals participating in studies
using the MMSE are shown in Table 49.

Frutiger and colleagues'” presented data as
the number and percentage scoring below the
cut-off score of 24, which indicated cognitive
malfunction, while Riether and colleagues165
presented a mean score with SD.

Measurement properties in

critical care

There was no assessment of validity, reliability or
responsiveness in either paper.

PASAT

PASAT assesses speed of information processing.'”
A random series of digits ranging from 1 to 9 are
presented orally to the subject, who is instructed to
add pairs of digits such that each number is added
to the one immediately preceding it. To be correct,
the response must be made before the present-
ation of the next stimulus item. Normalised data
for healthy adults have been reported by Wiens
and colleagues.'”*

Study Mean age £ SD Male Mean severity score  Type of patient
(range) (years) (%)

Frutiger, et al., 1991'" 35.6 + 16.88 (5-84) 8l ISS: 29.3 Trauma

Riether, et al, 1992'® 458 % 12.1 67 N/A Liver and heart

transplant
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TABLE 49 Number of participants in studies using the MMSE

Study Number Mortality Number Number (%) Follow-up
eligible for (%) before  available for followed-up time (range)
study follow-up follow-up (months)
Frutiger, et al., 1991'" 233 56 (24) 177 91 (51) (60-96)

Riether, et al., 1992'% 51 heart & N/A N/A Heart: 14 3
61 liver transplants 14 6
7 (N/A) 12
Liver: 17 3
17 6
10 (N/A) 12

Measurement properties outside
critical care

Litvan and colleagues'” reported criterion validity
between the PASAT and the Rey auditory verbal
learning test (p< 0.01).

Application in critical care

Mean ages of the participants ranged from

30 years to 34 years in the two studies that used
this measure (7able 50)."'™ The percentages of
men participating ranged from 79% to 92%.
Only Lannoo and colleagues'™ presented data
for acute severity scores (using the GCS). Both
papers provided data for patients with head
injuries. The numbers of patients eligible for
participation were 43 and 88 (7able 51).
Mortality before follow-up ranged from 0%

to 23%, further attrition being due to loss to
follow-up and inability to complete the task.
The proportions of available patients who

were followed-up ranged from 90% to 100%.
Both studies administered the PASAT at

6 months and Lanoo and colleagues'”

TABLE 50 Characteristics of populations studied using the PASAT

administered it on three occasions. Both presented
their data as mean scores with SDs.

Measurement properties in critical care
Validity Anderson and colleagues'™ assessed the
criterion validity of the PASAT using a relatives’
questionnaire, although their intention to assess
this was not made explicit in the text of the paper.
No evidence of validity was reported by Lannoo
and colleagues.'”

Reliability and responsiveness There was no
assessment of the reliability or responsiveness
of PASAT.

Communication level

This is a single-item global question, which

has been used by several authors, although its
measurement properties do not appear to have
been established in any prior research. It cate-
gorises patients as: fully alert; communicates well

Study Mean age £ SD Male Severity score, Type of patient
(range) (years) (%) mean £ SD (range)

Anderson, et al., 1994'78 Severe: 30 (15-63) Severe: 86 N/A Head injury
Moderate: 34 (15-68) Moderate: 92

Lannoo, et al,, 1998'"° 33+ 15 79 GCS: 6.5 +2.7 Head injury

TABLE 51 Numbers of participants in studies using the PASAT
Study Number Mortality Number Number (%) Follow-up
eligible for (%) before available for  followed-up time (months)
study follow-up follow-up
Anderson, et al., 1994'"® 88 20 (23) 68 61 (90) 6
Lannoo, et al., 1998'7° 43 0 (0) 43 43 (100) 6, 12,24



Health Technology Assessment 2000; Vol. 4: No. 24

TABLE 52 Characteristics of populations studied using communication level

Study Mean age = SD Male Severity score, Type of patient
(range) (years) (%) mean £ SD (range)
Cullen, et al., 1976'% 59 65 TISS: 43 £ 1.0 General
Cullen, et al,, 1984'” 62 56 N/A General
Slayter, et al., 1986'"° 43.7 (0.25-82) 58 TISS: 88 + 129.9 General
Nolla-Salas, et al., 1993'"" 76 + 3.7 (70-85) N/A APS: 112 %5.1 General
(1-23)
TABLE 53 Numbers of participants in studies using communication level
Study Number Mortality Number Number (%) Follow-up
eligible for (%) before available for  followed-up time (months)
study follow-up follow-up
Cullen, et al., 1976'%® 231 169 (73) 62 62 (100) 1,3,6,12
Cullen, et al., 1984'% 206 138 (69) 68 61 (90) 1,6,12
Slayter, et al., 1986''® 100 1 89 89 (100) [
Nolla-Salas, et al., 1993""" 97 51 (53) 46 44 (96) 6

but not as well as before illness; communicates
inadequately; or comatose. It was developed by
Cullen and colleagues.'”

Application in critical care

The mean ages of the participants in the

four studies ranged from 44 years to 76 years
(Table 52)."" """ The percentages of male
participants ranged from 56% to 65% and
three studies presented data for acute severity
score. All four studies followed-up general
critical care survivors.

The number of patients who were eligible for
participation ranged from 97 to 231 (Tuable 53).
Mortality before follow-up ranged from 11% to
73%, with further attrition being due to loss to
follow-up. The proportions of available patients
who were followed-up ranged from 90% to 100%.
Three studies administered the questionnaire at

1 month and two at 6 and 12 months. Two studies
administered the questionnaire at multiple

time points.

Cullen and colleagues'” invited patients back to
outpatient appointments for assessment. If they
were unable to attend they, or their carers, were
then contacted by mail or telephone. Cullen and
colleagues'” relied on telephone interviews; Slayter
and colleagues'"” and Nolla-Salas and colleagues'"
did not specify how they administered the

measure. All four papers presented data

on the numbers and percentages of patients in
each response category.

Measurement properties in

critical care

Validity and reliability There was no attempt
in any of the four studies to assess the validity
or reliability of the measure.

Responsiveness Although Cullen and
Colleagues,ws’109 examined outcome at
multiple time points, they did not address
the statistical differences in terms of
responsiveness over time.

Summary

¢ Six generic multi-item measures of
neuropsychological functioning have been
used to assess the outcome of critical care,
particularly but not exclusively in patients
who have suffered head injuries.

¢ The measures relate to cognition, attention,
information processing and memory. There
is almost no evidence available on the prop-
erties of the measures when used in critical
care; there is some weak evidence for the
criterion validity of the Trailmaking Tests A
and B and the WCST.

¢ Assessment of neuropsychological functioning
may be of only limited value in general critical
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care patients and should perhaps be used as a
disease-specific measure, confined to patients
who have suffered a head injury or other
central neurological insult.

¢ One single-item global measure (communi-
cation level) was used in four studies but
there is no information available on its
measurement properties.
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Chapter 6

Measures of recovery

ix measures of the extent of recovery have
been used, only one of which, the GOS, is
a multi-item scale. The other five are single-item
global measures, three of which have a standard
question structure or response categories
(Chronic Health Evaluation (CHE), degree
of recovery, productivity) and two do not
(return to work, residence).

GOS

The GOS, a multi-item instrument, was originally
developed as a means of describing overall social
outcome in neurological and head-injured patients
6 months after the ictus.'” It has four outcome
categories. A ‘good recovery’ is one that equates
to resumption of pre-injury activities with no or
minimal neurological deficits or apparent changes
in personality. A ‘moderate disability’ is associated
with the ability to function independently at a
reduced level as a result of personality, intellectual,
or physical differences when compared with pre-
injury status. Jennett'” described this group as
‘independent but disabled’. ‘Severe disability’ is
characterised by an inability to function inde-
pendently and an additional requirement for
substantial care at home or in an institution

as a result of physical or intellectual impairment.
The final category is ‘vegetative state’, which is
when patients show no evidence of meaningful
responsiveness. Death is an additional category
that is sometimes included.

Measurement properties outside
critical care

There is limited evidence to support the
measurement properties of the GOS outside
critical care research. Jennett'” reported
inter-observer reliability of 95% agreement for
150 patients. Maas and colleagues'” presented
data for interrater and intra-rater agreement
in scoring the GOS and found substantial
discrepancies between groups, which does

not support the reliability of the GOS.

Application in critical care
Twenty-nine studies have used the GOS as an

outcome measure in their research following up
.. . 25,66 9 'Q 92,199-2
Crltlcal care patlents.Zw,bb,l()l,102,173,174,178,17),183,1)2,1 217

The characteristics of the patient populations
studied in these papers are shown in Table 54.
In three studies®*""*"* a modified version of
the GOS was used.

The mean ages of the those eligible for
participation ranged from 22 years to 57 years.
The percentages of men participating in the
studies ranged from 41% to 92% in the 24 papers
reporting on this variable. Acute severity-of-illness
scores were presented in 14 studies. A majority
of studies (21) reported data on patients who
had been admitted for head injury or for neuro-
logical reasons, five reported on general trauma
patients and four were based on general critical
care patients.

The numbers of patients eligible for participation
ranged from 37 to 980 (Table 55). Mortality
before follow-up ranged from 0% to 61% in

the 26 papers reporting this variable, with further
attrition being due to loss to follow-up. Follow-up
of available patients ranged from 21% to 100%,
the latter achieved in 18 of the 26 studies
reporting on this variable. In 14 studies the

GOS was administered at 6 months and in

seven studies (24%) data were presented for

12 months. Ten studies reported GOS values

at more than one time.

Eleven studies did not specify the mode of
administration Of the GOS'GG,IOI,200,203,205,206,208,210—212,214
Of those that did, Neundorfer and Colleaguesm2
used mailed questionnaires, Zarén and
Hedstrand®"' and Zarén and Bergstréom® used
telephone interviews, while the rest used face-
to-face interviews.

No data were presented by Neundorfer and
colleagues,102 Fernandez and Colleagues,210 and
Vazquez-Mata and colleagues.”" The most frequent
mode of presentation was the number and/or
percentage of patients in each category of the
GOS. Mean scores were reported by Zarén and
Hedstrand®”"' and means and SDs were reported

by Grotz and colleagues.”

Measurement properties in critical care
Validity Fifteen papers did not report any details
relating to the validity of the GOS. Details of the
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TABLE 54 Characteristics of populations studied using the GOS

Study

Levy, et al., 1981'"

Levy, et al., 1985
Uzzell, et al., 1986'#
Alberico, et al., 987>
Uzzell, et al., 1987'7

Zarén & Hedstrand, 19872

Stocchetti, et al., 1988

Nordstrém, et al., 1989%%
Zarén & Bergstrom, 198
Judson, et al., 1990°%
Marshall, et al., 1991°%
Frutiger, et al., 1991 192

Wirme, et dl., 19912

Fearnside, et al., 19932%

Anderson, et al., 1994'7

Jones, et al., 1994%%°

Gobiet, 1995

Neundérfer, et al., 1996'%2

Fernandez, et al., 1996%'°
Cruz, 1996*"

Vazquez-Mata, et dl., 19962
Heinzelmann, et al., 1996"

McKee, et al, 1997'"*

Pohlmann-Eden, et dl,
19972'*

Enblad & Persson, 1997%'

Resnick, et al., 1997%'¢
Grotz, et al., | 997%

Cruz, 1998"7

Lannoo, et al., 1998 179

* . .
Maodified version

204*
9

Mean age £ SD [median]
(range) (years)

59
[e1]
N/A
386

Mild: 24.5 £ 4.9
Severe: 232 £ 7.0

50 + 19.2 (15-92)

N/A

[217 (7-61)

54

[20] (10-70)

29.5 [25]

35.6 £ 16.9 (5-84)
Group 1:37
Group 2:36

22.4

Severe: 30 (15-63)
Moderate: 34 (15-68)

Severe: 34
Moderate: 37
Minor: 43

23 (6-80)

56.7 + 188
N/A

31 (15-72)
312409

39+ 16

37.5 (16-63)
39.6 + 19.3 (3-75)

53 (female)
49 (male)

311
33.6 £ 2.1

Group 1:30 £ 9
Group 2:29 £ 8

3315

Male
(%)

51
6l
83
79
86

56
6l
N/A
58
73
3:1)
8l
N/A

76

Severe: 86
Moderate: 92

84

66

56
N/A
N/A
78

N/A

76
69

41

8l
70
N/A

79

Severity score,
mean * SD
[median] (range)

N/A
N/A
N/A
GCS: 54

GCS: mild, 13.8 £ 1.4
severe, 52 + |1 4

N/A

N/A

N/A

N/A

ISS: [33] (16-59)
N/A

ISS:29.3

N/A

N/A
N/A

ISS: [25]

N/A

N/A
N/A
GCS:5.7 (3-8)

APACHE II: 13.5 £ 0.4
ISS:23.6 £ 0.6

ISS:29.5+ 7.6
GCS: 10.5 + 4.0

ISS: 33.2 (16-57)
GCS:6.6 + 3.1 [7]

N/A

GCS:5.2
ISS:36.8 £ 1.6

GCS: Group |,5.5 = |
Group 2,5.6 £ 1.2

GCS: 6.5 2.7

Type of patient

Neurological
Neurological
Neurological
Neurological

Head injury

General
Head injury
Neurological
General
Neurological
Neurological
Trauma

Neurological

Neurological

Head injury

Head injury

Trauma;
neurological

General
General
Neurological

Trauma

Neurological

Trauma

Neurological

Neurological

Neurological
MOF; trauma

Neurological

Neurological
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TABLE 55 Numbers of participants in studies using the GOS

Study Number Mortality Number Number (%)  Follow-up
eligible for (%) before  available for followed-up time [median]
study follow-up follow-up (range)
(months)
Levy, et al., 1981'” 500 305 (61) 195 60 (31) 1,3,6,12
Levy, et al., 1985% 210 121 (57) 89 19 (21) 1,3,6,12
Uzzell, et al., 1986'® 103 61 (59) 42 42 (100) (2.7-5.9)
Alberico, et al., 1987*% 230 104 (45) 126 126 (100) (3-96)
Uzzell, et al., 1987'7 54 N/A N/A 43 (N/A) 6
Zarén & Hedstrand, 1987%! 980 259 (26) 721 717 (99) 1,6,12
Stocchetti, et al., 1988 354 145 (41) 209 209 (100) 6
Nordstrém, et al., 1989%% 587 261 (45) 326 326 (100) 6
Zarén & Bergstrom, 1989%** 980 317 (32) 663 663 (100) 1,6,12
Judson, et al., 1990°% 100 36 (36) 64 64 (100) 6
Marshall, et al, 19912% 746 243 (33) 503 503 (100) (0.4-39) [22]
Frutiger, et al., 1991'" 233 56 (24) 167 167 (100) 60-96
Wirme, et al., 1991%% 121 N/A N/A N/A 6
Fearnside, et al., 1993 315 97 (31) 218 218 (100) 6
Anderson, et al., 1994'"® 88 20 (23) 68 61(90) 6
Jones, et al., 1994*” 124 26 (21) 98 98 (100) [12] (11-13)
Gobiet, 1995 558 0 (0) 558 558 (100) 36
Neundbrfer, et al., 1996'® 422 219 (52) 203 203 (100) (18-30)
Fernandez, et al., 1996'° 578 0 (0) 578 578 (100) 6
Cruz, 1996*" 205 36 (17.5) 169 159 (94) 6
Vasquez-Mata, et al., 19962 351 N/A N/A 351 (N/A) 12,24
Heinzelmann, et al., 1996*" 139 13 (9) 126 126 (100) 0
McKee, et al., 1997'"* 46 13 (28) 33 20 (61) 32 (12-59)
Pohlmann—Eden, et al, 1997*" 4 24 (57) 18 18 (100) 3
Enblad & Persson, 1997 61 18 (30) 43 43 (100) 14 [13.8] (2-30)
Resnick, et al., 1997*'¢ 37 6 (16) 31 31 (100) 6,12
Grotz, et al., 1997% 173 104 (60.1) 69 50 (72) 58.8
Cruz, 1998 353 62 (17.6) 291 291 (100) 6
Lannoo, et al., 1998'7° 43 0 (0) 43 43 (100) 6, 12,24
assessment of construct and criterion validity These findings provide some support for the
in the other 14 studies are shown in Table 56. In validity of the GOS in critical care survivors.
nine studies, construct validity was considered by
examining the relationship between GOS and age. Criterion validity was assessed in nine studies,
A statistically significant association was found in although in two'***”® there was no indication of the
five studies, in two no significant association was statistical significance of the finding. There was
found, and in two no indication was provided. evidence of significant association between the
Only one study reported on association with GOS and various measures of impairment (somato-

gender and found no significant relationship. sensory evoked potential, brainstem auditory
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TABLE 56 Assessment of validity of the GOS

Study Construct validity

Levy, et al,, 1985% Age, gender (x% NS)
Alberico, et al., 1987°%

Zarén & Hedstrand, 19872'° Age (x4 p < 0.001)

Nordstrém, et al., 1989%% Age
Zarén & Bergstrom, 19897 Age (p = 0.007)
Judson, et al., 1990% N/A

Marshall, et al., 19917 Age (no value)

Frutiger, et al., 1991'* N/A

Wirme, et al., 19912 Age (p < 0.007)
ANOVA

Fearnside, et al., 1993 N/A

Anderson, et al., 1994'78 N/A

Jones, et al., 1994%%°
Neundérfer, et al., 1996'® Age (p < 0.001)
Pohlmann-Eden, et al, 1997*'*  N/A

*Modified GOS

evoked potential (BAEP), intracranial diagnosis,
GCS) and of neuropsychological functional status
(memory, PASAT, WCST). These findings provide
limited evidence of the criterion validity of GOS.

Reliability Only one study investigated intra-rater
reliability'” but no details were reported.

Responsiveness Fernandez and colleagues®'’

used the GOS as a reference measure to assess the
responsiveness of their own quality-of-life measure
(see page 75) (weighted kappa 0.56; p < 0.001).

Outcome of critical care survivors
Moderate to good recovery ranged from
7% to 61% in the 15 studies reporting this

66,101,173,174,178,179,192,199,200,203,206,209,214-216
outcome.

In one study that retrospectively assessed

Age (p < 0.001, correlation)

Age (logistic regression, NS)

Criterion validity

N/A
N/A
N/A
N/A
TISS (p = 0.08); logistic regression

Sensory evoked potential (x> = 50.7, p < 0.0001)
GCS (x* = 12.1,p < 0.01)

Intracranial diagnosis (p < 0.001)
GCS (p < 0.001)

Working status at 5 years (no value)

ANOVA
GCS motor score (p < 0.003)

Abnormal motor response,
CT scan logistic regression (no value)

Logical memory (immediate): 0.43, p < 0.0l
Logical memory delayed: 0.36,p < 0.01

Rey Osterrieth (copy): 0.34,p < 0.0l

Rey Osterrieth (recall): 0.42,p < 0.01
PASAT (number correct): 0.59,p < 0.001
PASAT (longest string): 0.41,p < 0.01
WCST (errors): 0.38,p < 0.01

WCST (perseverative errors): 0.40, p < 0.01

GCS: intracranial pressure
N/A

Somatosensory evoked potential
(r=-0.70,p = 0.0001)

BAEP # (r = —0.50,p = 0.0001)
GCS (NS)

pre-critical care health status,’™ 88% of survivors
were able to live independently 12 months after
critical care compared with 94% 3 months before
admission. Judson and colleagues™ reported a
favourable outcome in 55% of subjects. Zarén
and Bergstrom®” reported that there had been
an improvement in functional status in 12% of
their patients and a decrease in 22%.

Return to work

Return to work is a proxy measure of functional
status. As such, identification of the measurement
properties outside critical care was not sought.

It is a single-item global measure that has been
used in many studies but does not appear to

have a consistent format.
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Application in critical care

In all, 34 papers reported using return to

work when following-up critical care patients

( ]}lbl@ 57) .25,60,61,88,91,107,137,138,155,173,174,201,218—239

The mean ages of the participants ranged from
23 years to 74 years and the percentages of male
participants ranged from 29% to 86%. Acute
severity scores were reported in 16 studies.
General critical care survivors were followed-up
in 13 papers and trauma survivors in eight. The
remaining papers reported on more disease-
specific populations who had required critical
care treatment.

The numbers of patients eligible for participation
ranged from 40 to 7988 (Tuble 58). Mortality
before follow-up ranged from 0% to 68% in
the 25 papers reporting this variable, with
further attrition being due to loss to follow-up
and refusal to participate. The proportions of
available patients followed-up ranged from 38%
to 100%, with the latter achieved in five of the
26 papers reporting this variable. Six studies
followed-up patients after 6 months and

six papers at 12 months. Multiple follow-ups
were reported in nine of the papers.

Return to work data were collected in a variety
of ways. Ten papers obtained the data by mail,
eight used telephone interviews and nine used
face-to-face interviews. Grotz and colleagues,”
Nordback and Auvinen,® and Kivioja and
colleagues™ invited survivors to attend outpatient
appointments; Alho and Rokkanen® retrieved
data on the basis of outpatient reports and
medical notes; and Pessi*'’ reported using both
case notes and questionnaires. Eight papers
did not report the mode of administration.

All papers presented results as numbers and
percentages of survivors by employment status.

Measurement properties in critical care
Validity Construct validity was assessed in relation
to age in six studies (Zable 59). Three studies
found a statistically significant relationship and
three failed to do so. One study™ also examined
the relationship with gender, marital status and
education. They found a significant association
with education but not with gender or marital
status. Criterion validity was assessed by compari-
son with measures of impairment (GCS), mental
functional status (POMS), neuropsychological
function (Trailmaking Test A), and health-related
quality of life (SIP). Statistically significant
associations were found with each measure
(except for one dimension of POMS in the

study by Stambrook and colleagues'™).

Reliability None of the papers reported
on reliability.

Responsiveness The responsiveness of the measure
was not systematically assessed in any paper.

Outcome of critical care survivors
Hurel and colleagues® noted that employment
status remained unchanged in 80% of subjects.
However, there was a significant change in the level
of work activity from before to after critical care.
There was an increase in the number of retired
survivors and those on sick leave, and a decrease
in the number of survivors in full- or part-time
employment. Kriwanek and colleagues™ reported
that worsened employment status was noted by
25% of respondents in their study.

MacKenzie and colleagues®® reported that, at

1 year, 17% of their patients were unable to work
and Alho and Rokanen® reported that 68% of
their patients who were capable of returning to
work had done so. Broome and colleagues™®
reported that 80% of individuals had been
working before admission to critical care and,

of these, 70% had returned to work 10 months,
on average, after their discharge from hospital.
Rowan'” noted that 35% of survivors reported
working full- or part-time before admission but,
of these, 42% were not working 6 months after
discharge from critical care. According to Kivioja
and colleagues,232 72% of those who had been

in work before admission to critical care had
been able to return to work, the majority of
whom were in full-time employment. Parno

and colleagues®™ presented data indicating that
54% of patients younger than 41 years of age,
39% of patients aged between 41 years and

65 years, and 4% of those older than 65 years
had returned to work 2 years after hospitalisation.
Mundt and colleagues®” reported that whereas
50% of their sample had been employed
beforehand, only 36% were employed at follow-up.
McKee and colleagues'™ reported that 60% of
those followed up were able to return to work.
According to Sage and colleagues,”>**’ only

18% and 11% of respondents, respectively,
reported that their employment status had been
affected by their health. Of those patients who
had been in a post-anoxic unconscious state

for at least 30 days, only 5% returned to full
employment and 78% still required 24-hour
nursing care. Of those below retirement age,
65% were working at least part-time before
admission compared with 56% at 1 year after
admission. In contrast, the employment rate
increased from 38% to 40% between before

53
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TABLE 57 Characteristics of populations studied using return to work

Study

Pessi, 19732'

Alho & Rokkanen, 1973
Birgisser & Ritz, 19822
Stanton, et al., 1983'¥
Bergner, et dl., 1984
Parno, et al., 1984°%
Nordback & Auvinen, 1985
Goldstein, et al., 19867
Sage, et al., 1986™%

Bosatra, et al., 198722

Sage, et al., 19877
Uzzell, et dl., 1987'7

Zarén & Hedstrand, 19872
MacKenzie, et al., 988?22
Ritz, 1988

Yinnon, et al., 1989%
Mundt, et al., 198923
Gaillard, et al., 1990

Stambrook, et al., 1990'%

Kivioja, et al., 1990%
Schuster, 1991'”

Rowan, 1992'%

Morris, et al., 199123
Doepal, et al., 1993°'
Sazbon, et dl., 1993%*
Bell & Turpin, 1994*'8

Broome, et dl., 199623

Brenneman, et al., 19972%
Grotz, et al., 19977
McKee, et al., 1997'7
Hurel, et al., 1997’
Weinert, et al., 1997°'

Schelling, et al., 19987

Kriwanek, et al., 1998%*’

Mean age £ SD
[median] (range) (years)

50 + 21.8 (1-93)
N/A

545 + 17.8 (14-89)
N/A

N/A

55 + 4.6 [58]

48 (33-65)

N/A

58.4

Group 1:48 + 19
Group 2:47 + 19

74.7 + 0.7 (65-96)

Mild: 24.5 £ 4.9
Severe: 232 £ 7.0

50 + 19.2 (15-92)
(18-35)

56 (8-86)

54 (15-102)

59 + 182

[32] (10-55)

Severe: 36 * 4.1
Moderate: 43 + 18.2
Mild: 39.5 £ 17.1

45 (22-80)
N/A
55.4 + 0.7 (16-90)

36
49 (26-90)
38 (2-80)

54 (19-83)

Group 1:50
Group 2:53
Group 3:50

37
336+ 2.1
37.5

51.6 (17.9)
40 £ 12

(18-85)

53 (23-79)

Male
(%)
65
72
66
84
N/A
N/A
N/A
N/A
50

Group [:35.5
Group 2:29

50
86

56
78
63
62
57
60
80

N/A
N/A
58

N/A
68
63
52

73
68.5
55

65
70
76
56
67

51

65

Severity score,
mean £ SD (range)

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
APACHE II: 13.3
N/A

N/A

GCS:mild, 13.8 £ 1.4
severe, 5.2 + |1 4.

N/A
N/A
N/A
APACHE IIl: 16 + 8
N/A
N/A

GCS: severe, 6.2 + 1.97

moderate, 13.3 + 2.0

mild, 13.2 £ 2.6
ISS:38.9 £ 1.2 (17-66)
N/A

APACHE II:

15.3 £ 0.3 (0-49)
ISS: 33

N/A

N/A

APACHE II: 12 (0-29)

APACHE: 9.0
N/A
N/A

ISS: 25

ISS:36.8 + 1.6
ISS: 33.2

SAPS: 1.6 + 4.7

Lung injury score:
2.4 £ 0.54 (1.25-3.25)

Lung injury score
(2.75-3.75)

APACHE II: (6-33)

Type of patient

Surgical

Trauma

General

Cardiac surgery
CPR

General
Pancreatitis
General
General

Medical

General

Head injury

General
Trauma
General
General
General
Suicide attempt

Head injury

Trauma
General

General

Trauma
Pancreatitis
Neurological
General

Pancreatitis

Trauma
MOF; trauma
Trauma
General

Acute lung injury

ARDS

Pancreatic surgery
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TABLE 58 Number of patients in studies reporting return to work

Study Number Mortality Number Number (%) Follow-up
eligible for (%) before available for followed-up time {mean}
study follow-up follow-up [median]

(range) (months)

Pessi, 19732" 1001 334 (33) 667 667 (100) 12
Alho & Rokkanen, 1973*° 258 41 (15.9) 217 202 (93) > 24
Biirgisser & Ritz, 1982 330 98 (27) 232 89 (38) 36
Stanton, et al, 1983'% 228 14 (6) 214 214 (100) 6
Bergner, et al., 1984*2 472 N/A N/A 424 (N/A) 6
Parno, et al., 1984*% 558 182 (33) 376 216 (57) 24
Nordback & Auvinen, 1985 40 15 (38) 25 24 (96) (60-132)
Goldstein, et al., 1986?** 2213 518 (23) 1695 1695 (100)  {8.2}
Sage, et al., 1986°% 341 83 (25) 258 140 (54) (15-20)
Bosatra, et al., 198772 689 N/A N/A 367 (N/A) 2,8
Sage, et al., 19877 134 37 (28) 97 59 (61) 18
Uzzell, et al., 1987'" 54 N/A N/A 43 (N/A)  within 16
Zarén & Hedstrand, 1987%' 980 259 (26) 721 717 (99) 16,12
MacKenzie, et al., 19887 597 N/A N/A 479 (N/A) 6,12
Ritz, 1988 1508 N/A N/A N/A 3,12,36
Yinnon, et al., 1989% 126 71 (56) 55 52 (95) 6
Mundt, et al., 1989%%° 1345 84 (6) 1261 887 (70) 6
Gaillard, et al., 1990%" 160 57 (36) 103 46 (45) [42]
Stambrook, et al., 1990'%® 131 0 (0) 131 131 (100)  (4-98)
Kivioja, et al., 19907 213 91 (43) 122 92 (75) (60-240)
Schuster, 1991'% 1308 N/A N/A N/A (12-60)
Rowan, 1992'%° 7988 N/A N/A 2986 (N/A)  {6.7 + 4.4} (1.1-22)
Morris, et al., 1991%% 114 16 (14) 98 88 (90) (31.2}
Doepal, et al., 1993°' 67 23 (34) 44 37 (84) [74.4] (12-168)
Sazbon, et al., 1993%* 100 68 (68) 32 18 (56) (12-72)
Bell & Turpin, 19948 95 N/A N/A 60 (N/A) 3
Broome, et al., 19962 Group 1:40 8 (20) 32 22 (69) 51
Group 2: 89 N/A N/A N/A 395
Group 3:47 N/A N/A N/A 28.3
Brenneman, et al., 19972 439 2 (4) 437 195 (45) 12
Grotz, et al., 1997% 173 104 (60) 69 50 (72) 58.8
McKee, et al., 1997'7 46 13 (28) 33 18 (55) 12
Hurel, et al., 19977 329 N/A N/A 223 (NJA) 6
Weinert, et dl., 1997°' 69 35 (51) 34 24 (71) {19} [15] (6-41)
Schelling, et al., 1998%® 192 90 (47) 102 80 (78) [48]

Kriwanek, et al., 1998%° 147 55 (37) 92 92 (100) 24
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and after critical care in the study conducted by
Yinnon and colleagues.* Doepel and colleagues®'
reported 84% normal working capacity before
illness and a reduction to 65% at follow-up.

According to Morris and colleagues,”” 61% of
survivors were working at the time of injury and,
of these, only 28% returned to work. In the study
by Brenneman and Colleagues,236 51% of trauma
victims had returned to employment 1 year later,
as had 55% of patients with severe head injuries
studied by Stambrook and colleagues.'” In their
sample of patients with acute pancreatitis, Nord-
back and Auvinen® reported an increasing number
of survivors who had to retire during the follow-up
period on ill-health grounds. Some 40% of patients
surviving cardiopulmonary resuscitation were un-
employed before admission but this had increased
to 51% at the follow-up interview. Goldstein and
colleagues™ noted that 65% of survivors were
employed either full- or part-time at follow-up.
Gaillard and colleagues®' reported that 85% had
returned to work after a median of 7.5 months.
Ritz* reported that 90% had returned to work

by follow-up at 1 year. Of those questioned at

2 months, 18% were unable to return to pro-
fessional activity but this had reduced to 7% after
8 months.” Schuster'”” reported that whereas
65% were employed 3 months pre-injury, this

was reduced to 56% at 12 months post-injury.

Overall, a fairly consistent pattern emerges. In the
16 studies that reported on the change in employ-
ment status, 11 found that over 70% of those in

TABLE 59 Assessment of validity of ‘return to work’

Study Construct validity

Alho & Rokkanen, 1973%° Age (p < 0.001)

Stanton, et dl., 1983'% N/A

Zarén & Hedstrand, 1987%!

MacKenzie, et al., 1988*%

Age (% p < 0.001)

Education (p < 0.01)

Stambrook, et al., 1990'* Age (NS)
Morris, et al, 199175 Age (p < 0.005);
Grotz, et al., 1997 Age (x% NS)

work before their critical care episode had returned
to work. In some studies, the proportion resuming
work was as high as 85-90%. In contrast, in some
studies work resumption proportions were as low

as 45-55%. These were mostly trauma victims.

Residence

Residence is a proxy measure that assumes that
those patients who have not reached a sufficient
level of functional recovery are more likely to be
institutionalised or to live at home with assistance
than those who have made a better recovery. No
attempt was made to identify the measurement
properties of this single-item global measure
outside critical care. Like ‘return to work’,

this measure lacks a standard format.

Application in critical care

There were 18 studies that reported using
place of residence as an outcome measure

( rrable 60) '70,74,76,88,100,109—1 11,118,201,241-248 The mean
ages of the participants ranged from 44 years
to 88 years and the percentages of male partici-
pants ranged from 47% to 75%. Acute severity
scores were reported in 13 papers. A total of
11 papers reported on the outcome of general
patients and four on trauma survivors; the
remainder examined the outcome of more
specific populations within critical care.

The numbers eligible for participation ranged
from 34 to 1832 (7able 61). Mortality before

Criterion validity

N/A

POMS (r =-0.02,p < 0.01)
Trailmaking Test A (r = —-0.16, p < 0.05)

N/A

Age, gender, prior marital status (NS) N/A

GCS (r = 0.23,p < 0.05)

POMS: tension-anxiety (NS);

confusion (r = —0.24, p < 0.05);
depression (r = —0.20, p < 0.005)

SIP: physical subscale (r = -0.38,p < 0.01);
psychosocial subscale (r = -0.30,p < 0.01)
Katz adjustment scale: relative verbal
expansiveness (r = -0.29,p < 0.01)

Functional status (p < 0.001)

N/A
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TABLE 60 Characteristics of populations studied using ‘place of residence’

Study

Campion, et dl., 19812
Cullen, et al., 1984'%
Goldstein, et al., 1984**
Oreskovich, et al, 1984**
McLean, et al., 1985
Slayter, et al., 1986''°

Zarén & Hedstrand, 1987%"'
Yinnon, et al., 1989

Mahul, et al., 1991%*

Goins, et dl., 1991%%

Chelluri, et al., 1992*%

Nolla-Salas, et al., 1993""!
Chelluri, et al., 1993
Day, et al., 1994'®
Dardaine, et al., 1995"*
McHugh, et al, 1997''®
Douglas, et al., 1997%%

Battistella, 19987¢

Mean age £ SD
(range) (years)
N/A

62

N/A

75

N/A

43.7 (0.25-82)
50 + 19.2 (15-92)
54 (15-102)

764 £ 4.55

44.9 = 19.85

88 +3

76 + 3.7 (70-85)
75

N/A

78 £0.7

77.4 + SEM 0.3
614+ 199

85 + 3.9 (77-79)

Male
(%)
N/A
56
N/A
50
N/A
58
56
62
50
75

52

N/A
49
N/A
59
47
53
N/A

TABLE 61 Numbers of participants in studies using ‘place of residence’

Study

Campion, et al., 1981**!

Goldstein, et al., 19847
Cullen, et al., 1984'%
Oreskovich, et al, 1984**
McLean, et al., 1985
Zarén & Hedstrand, 1987
Slayter, et al., 1986''°
Yinnon, et al., 1989%
Mahul, et al., 19912
Goins, et al., 1991
Chelluri, et al., 1992*"
Nolla-Salas, et al., 1993""
Chelluri, et al., 19937
Day, et al., 1994'®
Dardaine, 19957
McHugh, et al., 1997''8
Douglas, et al., 1997*®
Battistella, 19987¢

Number
eligible for

study

1832
1256
206
100
49
980
100
126
295
87
34
N/A
97
118
110
97
58
279

Mortality
(%) before
follow-up

497 (32)
368 (29)
138 (69)
15 (15)
20 (41)
259 (26)
(i
71 (56)
103 (48)
15 (17)
13 (38)
N/A
59 (61)
36 (31)
66 (60)
17 (18)
29 (50)
132 (47)

APACHE II: [18.8]
ISS: 25
SAPS: 15 + 0.6
N/A
APACHE lIl: 66.5 + 25.3
ISS:9.4 £ 7.7
Number Number (%)
available for followed-up
follow-up
1335 1283 (96)
888 888 (100)
68 61 (90)
85 85 (100)
29 14 (48)
721 717 (99)
89 89 (100)
55 52 (95)
192 106 (55)
72 72 (100)
21 21(100)
N/A 44 (N/A)
38 38 (100)
82 56 (68)
44 36 (82)
80 78 (98)
29 27 (93)
147 93 (63)

Severity score,
mean £ SD (range)
N/A

N/A

N/A

APACHE: 19 (4-61)
APS: 16.1 £7.8
TISS: 88 + 129.9
N/A

APACHE: 16 + 8
SAPS: 14.5 + 5.3

ISS:34 + 15.9
GCS: 1193

APACHE II: 18 + 5
APS: 10 £5
TISS:28 £ 10

APS: 1.2 £ 5.1 (1-23)

Type of patient

General
General
Medical
Trauma
Respiratory
General
General
General
General

Trauma

General

General
General
Trauma
General
Cardiac surgery
General

Trauma

Follow-up
time {mean % SD}
(range) (months)

(6-18)
{8.1}

1,6, 12

12+

(12-24)

1,6, 12

|

6

1,6, 12

3,12

{18 + 10} (1-32)
N/A

12

(24-51)
6,12,18

{34.8}

6

{648 + 13.2}
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Measures of recovery

follow-up ranged from 11% to 69%. The
proportions of available participants who were
followed-up ranged from 48% to 100%, the latter
being achieved in six studies. Six studies reported
on follow-up at 6 months and six at 12 months.
Ten papers reported measuring this outcome

at several time points.

Six papers identified place of residence by

mailed enquiry,>'**!##1#22 ope used face-to-
face interviews,®® and the mode of administration
was not specified in six papers.’!0111213:216.218 The
nine remaining studies used telephone interviews.
All papers presented data as the percentages of
patients in each residential category, such as
‘home’, ‘nursing home’ or ‘hospital’.

Measurement properties in critical care
Validity Two papers made reference to the
assessment of construct validity''**"' using the

ages of patients, although neither paper explicitly
tested for this type of validity. There were no
attempts to assess criterion validity.

Reliability There was no evidence for the
assessment of reliability.

Responsiveness Although Zarén and
Hedstrand,”" Battistella and colleagues,”® and
Day and colleagues'” had data for before and
after critical care episodes, none used the
data to assess responsiveness.

Outcome of critical care survivors
According to Goins and colleagues,*® 57%

of survivors went to a rehabilitation centre

and 26% returned to their own homes. Slayter
and colleagues'"’ reported 65% of patients had
returned home by follow-up at 1 month. Zarén
and Hedstrand®' noted that most subjects had
been living at home before admission to critical
care (90%) and were again doing so 1 year after
discharge (86%). Yinnon and colleagues™
observed that the residence of 92% was un-
changed following critical illness. According

to McLean and colleagues,244 71% of those who
left critical care were able to live at home by
follow-up. Only 18% of patients in the study

by Douglas and colleagues™® were living inde-
pendently at home after 6 months. Battistella
and colleagues” reported that 94% of survivors
had been living at home before admission to
critical care; this had decreased to 69% at
discharge and risen again to 83% at follow-up.
Similarly, in the study by Mahul and colleagues,**
56% of survivors had returned home by 1 month
follow-up and 88% by 1 year. Oreskovich and

colleagues* noted that whereas beforehand
96% of patients had been living at home
independently, by follow-up this had been
drastically reduced to 8%, and 72% still required
full nursing care at 1 year. In contrast, by 2 or
more years later, only 14% required nursing or
hospital care, with 85% discharged to their own
homes from hospital and 93% at home.

Opverall, the vast majority of critical care survivors
have returned home within a few months. Three
studies found much lower proportions™*****
for reasons which are unclear.

CHE

Knaus and colleagues first reported CHE used as
a single-item global measure of functional status.*’
It was used as a means to determine pre-admission
health status and as a component of the APACHE
IT score. CHE ranges from A-D (A, no functional
limitations; B, mild-to-moderate limitation of activ-
ity; G, serious but not incapacitating restriction

of activity; D, severe restriction, including persons
who are bedridden or institutionalised due to
illness). CHE is rarely used outside critical care,

as it is part of the APACHE II score. As it was
designed for use within critical care, its

properties outside this area are not available.

Application in critical care

The mean ages of the participants in the five
studies that have used this measure’'!1%242
ranged from 50 years to 78 years (Tuble 62) and
the percentage of male participants ranged from
50% to 69%. Four papers reported acute severity.
Three papers reported following-up general critical
care survivors, one alcohol-dependent individuals
and one patients following cardiac surgery.

The numbers eligible for participation ranged
from 26 to 295 (7Table 63). Mortality before follow-
up ranged from 23% to 67%. The proportions of
available participants who were followed-up ranged
from 54% to 100%. Four studies administered the
CHE at several time points.

Data were primarily collected from telephone
interviews in four of the five studies.”"'%#%%°

Le Gall and colleagues®™ and Mahul and
colleagues®” also used postal and face-to-face
interviews, respectively, to maximise the response
rate while Jensen and colleagues'” only used
mailed questionnaires. The primary method

of data presentation was to report the numbers
and percentages of individuals in each group.
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TABLE 62 Characteristics of populations studied using CHE

Study Mean age £ SD Male Severity score, Type of patient
(range) (years) (%) mean £ SD (range)
Le Gall, et al., 1982%° 50 (15-82) 58 N/A General
Jensen, et al., 1988'* 56.2 69 APS: 19.1 (4-36) Alcohol-dependent
TISS: 32 (9-52)
Mahul, et al., 1991%% 76.4 + 4.55 50 SAPS: 14.5 £ 5.3 General
Dardaine, 1995" 78 £ 0.7 59 SAPS: 15 + 0.6 General
Trouillet, et al., 1996'" 60.5 £ 12.2 62 SAPS:9.7 4 Cardiac surgery
GCS: 13.1 +3
TABLE 63 Numbers of participants in studies reporting on CHE
Study Number Mortality Number  Number (%) Follow-up
eligible for (%) before available for followed-up time [median]
study follow-up follow-up (months)
Le Gall, et al., 1982%° 228 116 (51) 12 112 (100) 3,6,9,12
Jensen, et al, 1988'** 26 13 (50) 13 13 (100) 3,6,9,12
Mahul, et al., 1991%* 295 103 (48) 192 103 (54) 1,6, 12
Dardaine, 19957 110 74 (67) 36 36 (100) 6,12,18
Trouillet, et al., 1996'"” I16 27 (23) 89 59 (66) [81]

Measurement properties in critical care
Validity and reliability There was no evidence for
the assessment of validity or reliability. Knaus and
colleagues®" reported that inter-observer reliability
had been assessed although there is no statistical
report in this paper.

Responsiveness Mahul and colleagues™

assessed the difference between the CHE
obtained on admission and 1 year later to provide
improved, same or worsened functional status
but no statistical analysis is provided for the
assessment of responsiveness. Le Gall and
colleagues® reported a statistically significant
change from before admission to follow-up

(* = 23.15; p< 0.001).

Degree of recovery

This is a measure that has been used in several
studies, although its psychometric properties
do not appear to have been established in any
prior research. It comprises four response
categories: full recovery, progressing to full
recovery, partial recovery at best, no improve-
ment. It appears to have first been used by
Cullen and colleagues.'”

Application in critical care

Four papers were identified which reported
using degree of recovery.'”""" The mean ages

of participants ranged from 44 years to 76 years
(Table 64) and the percentage of male participants
ranged from 56% to 65%. Three papers reported
acute severity scores. The numbers eligible for
participation ranged from 100 to 231 (7able 65).
Mortality before follow-up ranged from 11% to
73%. In two studies,'®®!? the measure was
administered on several occasions.

Cullen and colleagues'” invited patients back
to outpatient clinics for assessment. If they
could not attend they were contacted by mail
or telephone. Slayter and colleagues'"’ and
Nolla-Salas and colleagues''' did not specify
how they measured degree of recovery. Cullen
and colleagues'™'” and Slayter and colleagues'"’
reported on the numbers and percentages of
patients in each category. Nolla-Salas and
colleagues'"' reported only the numbers

of patients in each category.

Measurement properties in
critical care

Validity and reliability None of the papers
reported evidence of its validity or reliability.
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Measures of recovery

TABLE 64 Characteristics of populations studied using degree of recovery and productivity

Study Mean age = SD Male Severity score, Type of patient
(range) (years) (%) mean £ SD (range)
Cullen, et al., 1976'® 59 65 TISS: 43 £ 1.0 General
Cullen, et dl., 1984'% 62 56 N/A General
Slayter, et al., 1986'"° 43.7 (0.25-82) 58 TISS: 88 + 129.9 General
Nolla-Salas, et al., 1993'" 76 + 3.7 (70-85) N/A APS: 11.2 £ 5.1 (1-23) General
TABLE 65 Numbers of participants in studies using degree of recovery and productivity
Study Number Mortality Number  Number (%) Follow-up
eligible for (%) before available for followed-up time (months)
study follow-up follow-up
Cullen, et al., 1976'% 231 169 (73) 62 62 (100) 1,3,6,12
Cullen, et al., 1984'% 206 138 (69) 68 61 (90) 1,6,12
Slayter, et al., 1986'"° 100 (1) 89 89 (100) |
Nolla-Salas, et al., 1993'"' N/A N/A N/A 44 (N/A) 6

Responsiveness Although Cullen and
colleagues'™®'"” examined outcome at multiple
time points, they did not address the statistical
differences in terms of responsiveness over time.

Productivity

Productivity refers to the extent to which an
individual can engage in ‘activities’. It comprises
six response categories: as productive as before
illness, limited, active with assistance, independent
self-care, no self-care, hospitalised or nursing
home.'” This measure has been used in several
studies although its measurement properties

do not appear to have been established by

any prior research.

Application in critical care
The characteristics of the patients in the four
studies that used this measure'**"!" have already

been described above and appear in Tables 64
and 65.

Measurement properties in critical care
Validity and reliability There was no attempt

in any of the four papers to assess validity

or reliability.

Responsiveness Although Cullen and
colleagues'”®'" examined outcome at multiple
time points, they did not address the statistical
differences in terms of responsiveness over time.

Summary

¢ Six measures of recovery have been used,
only one of which is a multi-item scale (GOS).
The others are all global measures based on a
single item or question, two of which lack both
a standard, uniform structure and response
categories (return to work, residence).

¢ There is some limited evidence of the construct
and criterion validity of the GOS and the use
of return to work in critical care survivors. The
validity of the other four measures has not
been investigated.

¢ There is no information available on the
reliability and responsiveness of any of these
measures in critical care.

¢ The outcome of critical care survivors varied
considerably between studies, partly dependent
on the nature and severity of the reasons for the
patients’ admission. The majority of survivors
(over 70%) were able to return to work and
return to their own homes.
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Chapter 7

Measures of health-related quality of life

ine health-related quality-of-life measures
have been used to assess the outcome of
critical care survivors.

SIP

The SIP was developed in the USA by Bergner
and colleagues™"** as a measure of perceived
health status across a large number of health
problems and diseases in different demographic
and cultural groups. The SIP focuses on the
resultant impact that sickness has on functional
status and quality of life.

The SIP was developed on the basis of a literature
review and the perceptions of both ill and healthy
lay people as well as health professionals.” During
its development, the SIP was administered to a
wide range of in- and outpatients, home-care
patients with chronic disease, critical care patients,
and hip replacement and arthritis patients. The
SIP can be self- or interviewer-administered and
takes 20-30 minutes to complete. The question-
naire comprises 136 questions which are either
affirmed or not by respondents. It assesses: work,
recreation, emotion, affect, home life, sleep, rest,
eating, ambulation, mobility, communication and
social functioning. Scores can be obtained for the
12 dimensions as well as physical and psychosocial
summary scores and a global aggregated score

(all measured in the range 0-100) with a lower
score representing good health. In the UK,
modifications to the SIP have resulted in the
Functional Limitations Profile (FLP).**

Measurement properties outside
critical care

Good results for test-retest reliability (0.88-0.92)
and internal consistency (0.81-0.97) were reported
by Bergner and colleagues.” Deyo and colleagues
reported test—retest reliability (0.91),*° as did de
Bruin and colleagues (0.75-0.85);*" the latter also
assessed internal consistency (0.91-0.95) and
inter-rater reliability (0.87-0.92).

Criterion validity has been established by
Bergner and colleagues,” using the ADL index”
with a correlation of r? = 0.41, and Hall and
colleagues,”” using the RAND Mental Health

Index (r* = 0.10-0.29). Bergner and colleagues
also established construct (discriminant) validity.
Bowling™ reported the results of several studies
which suggested that the SIP was not particularly
responsive to changes in health status, and

de Bruin and colleagues™® have queried the
construct validity of SIP measures because

the results of factor analysis have varied
considerably between studies.

Applications in critical care

Twenty papers have used the SIP or the anglicised
Version, the FLR?I,73,107,138—141,165,170,172,222,225,227,230,248,258—262
The mean ages of the participants ranged from

36 years to 75 years (Tuble 66). The percentages

of male participants ranged from 50% to 80%.
Acute severity scores were reported in almost

half the papers. Eleven studies were based on
general critical care patients.

The numbers of participants eligible for follow-up
ranged from 58 to 6424 (Table 67). Mortality
before follow-up ranged from 0% to 66%. The
proportions of available participants who were
followed-up ranged from 7% to 100%. In ten
studies the SIP was administered at 6 months
after critical care and in four at 12 months.

Four studies used several time points.

In nine studies the SIP was administered by
maﬂ’107,140,172,225,227,230,260—262 in SiX during face-to-
face interviews, ' #1H165258.5%9 and in four by tele-
phone interview.”*'7***¥" Four studies®'*%*2*2%
provided no clear details of how the SIP was
administered, although Bergner and colleagues™
and Stambrook and colleagues' did note

that the SIP was administered during

an interview.

2

A variety of methods were used to present the
data from these studies. No SIP data were pre-
sented in four papers. Patrick and colleagues'"'
represented all the categories of the SIP
graphically and both Sage and colleagues®’
and Miranda®” tabulated all categories. In

ten papers a mean SIP score was presented with
SD or 95% confidence interval (CI). In eight
papers data were presented consistently with
mean total SIP scores and physical and
psychosocial dimension scores.
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TABLE 66 Characteristics of populations studied using the SIP/FLP

Study Mean age = SD Male Severity score, Type of patient
(range) (years) (%) mean £ SD [median]
(range)
Bergner, et al., 9847 N/A N/A N/A CPR
Sage, et al., 198672 58.4 50 APACHE II: 13.3 General
TISS: 104
Sage, et al,, 1987%% 74.5 50 N/A General
Danis, et al., 19882 68.9 + 8.4 52 APACHE II: 13.0 £ 7 Medical; respiratory
Patrick, et al., 1988'*! 69 + 8.0 52 APACHE II: 130 + 6  Medical; respiratory
Mundt, et al., 1989%° 59 + 182 57 N/A General
Stambrook, et al., 1990 Severe: 36 + 14.1 80 GCS: severe, 6.2 + 1.97 Head injury
Moderate: 43 + 18.2 moderate, 13.3 + 2.0
Mild: 39.5 + 17.1 mild, 13.2 + 2.6
Schuster, 1991'” N/A N/A N/A General
Hulsebos, et al., 19917 47 +23.5 (1-92) 63 N/A General
Riether, et al., 1992'® 458 % 12.1 67 N/A Liver and heart
transplant
Jones, et al., 1993'7 N/A 58 APACHE II: [12] (2-21) General
Jones, et al., 1994'* N/A N/A N/A General
Miranda, 1994'*° 64+ 19 64 APACHE:20.1 +86  CPR
TISS:29.3 + 11.9
McHugh, et al., 199*' 41 (19-73) 62 N/A ARDS
Tian & Miranda, 1995%' 60.1 £ 15 N/A APACHE I:9.7+ 52  General
Sawdon, et al., 1995'%’ (0.3-94) 50 N/A General
Wu, et al., 19957 62.1 55 N/A General
Douglas, et al., 1997*% 614+ 199 53 APACHE II: 66.5 + 25.3 General
Grady, et al., 19987 53 + 9 (24-71) 80 N/A Heart transplant
Richmond, et al, 1998'7° 374+ 168 68 ISS: 15.5 £ 9.9 (I-51)  Trauma

Measurement properties in critical care  and proxy measures of severity (Therapeutic
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was conducted by Tian and Miranda,

Validity Some form of validity was reported on in
11 papers although in none of them was this an

explicitly stated purpose of the research (7able 68).
Jones and colleagues
between the physical and psychosocial dimensions

' reported a correlation
of the SIP (v* = 0.64; p < 0.0001). Factor analysis
261 WhO
reported that the structure of the SIP, as applied
to survivors of critical care, was similar to the
structure as described by the developers of

the instrument.

Construct validity was assessed using the variable
of age in four studies. Weak associations were
found between age and several dimensions of
SIP,***** and with total SIP score.” One study
did not find even a weak association.*” Direct

Intervention Scoring System (TISS), APACHE II,
Injury Severity Score (ISS), length of stay) were
either weakly or not associated with SIP scores.
One study'” considered pre-admission employ-
ment status, income and educational level and
demonstrated only weak associations. Overall,
these findings supported the construct validity
of SIP in critical care survivors.

Criterion validity was assessed using a variety
of measures. SIP scores were significantly
associated with one measure of impairment
(EEG) but not another (DLCO). There was
also no association with the level of social
networks that an individual had but there
was an association with employment status.
There was also evidence of the criterion
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TABLE 67 Numbers participants in studies using the SIP/FLP

Study Number Mortality Number  Number (%) Follow-up
eligible for (%) before available for followed-up time {mean}
study follow-up follow-up [median] (range)
(months)
Bergner, et al., 98472 472 N/A N/A 424 (N/A) 6
Sage, et al., 198672 337 83 (25) 254 140 (55) (15-20)
Sage, et al., 1987* 156 37 (28) 19 59 (50) {18} (16-20)
Danis, et al., 19882 193 83 (43) 10 69 (63) N/A
Patrick, et al., 1988'*! 160 70 (44) 90 69 (77) [19]
Mundt, et al., 19892 1345 84 (6) 1261 887 (70) 6
Stambrook, et al., 1990'%® 131 0 (0) 131 131 (100) (4-98)
Schuster, 1991'% 1308 N/A N/A N/A (12-60)
Hulsebos, et al., 1991%*° 330 74 (22) 256 157 (61) N/A
Riether, et al., 1992'® 112 N/A N/A 17 (N/A) 3,6,12
ones, et al.,
I, 19937 216 69 (32 147 49 (33 6

Jones, et al., 1994'% N/A N/A N/A 60 (N/A) 6

44 (N/A) 12
Miranda, 19947 477 313 (66) 164 69 (42) 6

12 (7) 24
McHugh, et al., 1994*' 216 134 (62) 82 20 (24) 3,6,12
Tian & Miranda, 1995%' 6424 N/A N/A 3655 (N/A) 12
Sawdon, et al., 1995'* 100 29 (29) 71 57 (80) 6
Wu, et al., 19957 3619 1306 (36) 2313 1746 (75) 2
Douglas, et al., 1997*® 58 29 (50) 29 6 (21) 6
Grady, et dl., 19987 269 N/A N/A 219 (N/A) 6
Richmond, et al., 1998'"° 228 N/A N/A 109 (N/A) 3

validity of the SIP in the observed associations

with the IES, PQOL and a non-standard

quality-of-life measure.

172

Outcome in critical care survivors
From the nine papers that reported each
dimension of the SIP in detail, consistent
findings were that the five dimensions which

Reliability Jones and colleagues'” reported an
inter-rater reliability of 0.85 (< 0.0001) between
patients’ and relatives’ responses to the SIP.
Cronbach’s a, as a measure of internal consistency,
was cited as 0.94 by Richmond and colleagues'”
and it is assumed that this figure related to the
overall SIP score, although this was not made
explicit. None of the other papers reported
assessments of reliability.

Responsiveness Miranda®” reported no

significant differences in SIP scores administered
at two different time points. Significant differences
were found between pre-admission and follow-up
using %* analyses for housework, leisure activity,
and social contact (p < 0.01).

had the highest scores (poorest quality of life)
at follow-up were work, home life, recreation,
sleep, and rest.

PQOL

The PQOL"" is a cognitive measure of quality

of life and satisfaction. It comprises 11 items

with scores ranging from zero to 100, with higher
scores indicating higher satisfaction. The items
in the questionnaire encompass health, thinking,
happiness, family, help, community, leisure,
income, respect, meaning and work. The average
of the question scores provides a summated
rating score. This was designed as a measure
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TABLE 68 Assessment of validity of the SIP/FLP

Study Construct validity

Bergner, et al., 198472

Criterion validity

Age: household management (r = 0.19), N/A

mobility (r = 0.17), ambulation (r = 0.23),

physical dimension (r = 0.17)
Age: physical dimension (r = 0.41); N/A

Sage, et al., 1987°%

linear regression

Patrick, et al., 1988"*' N/A

Stambrook, et al., 1990'% N/A

Hulsebos, et dl., 19912’

Riether, et al., 1992'¢® N/A

Length of stay (NS)

Jones, et al., 1993'7 N/A

Miranda, 1994
factor analysis

McHugh, et al., 1994 N/A

Tian & Miranda, 1995
factor analysis

Richmond, et al., 1998'7°

injury type (x2 NS)

for medical patients in critical care so no attempt
has been made to review its measurement
properties in other fields.

Application in critical care

A total of 11 studies have used the PQOL

(]bble 69) .67,70,118,139—141,172,237,258,263,264 The mean
ages of participants ranged from 23 years to

77 years and the percentages of male participants
from 47% to 58%. Seven papers reported an
acute severity score.

The numbers eligible for participation ranged
from 83 to 385 (Table 70). Mortality before follow-
up was reported in nine papers, ranging from
18% to 61%. The proportions of available patients
who were followed-up ranged from 39% to 77%.
Six studies administered the PQOL at 6 months
after discharge from critical care and three after
12 months. Only Jones and colleagues'"’ and
Chelluri and colleagues™ reported administering
the PQOL at multiple time points, and the

studies by Thiagarajan and colleagues® and

Age; TISS; APACHE Il (NS);

Age; TISS; APACHE Il (< 0.23);

ISS; employment; income; years of
education: (> 0.2); regression analysis;

Total SIP with PQOL (r = —0.49, p = 0.0001);
psychosocial dimension with PQOL (r = —0.48,
p = 0.0001); physical dimension with PQOL

(r =-0.33,p = 0.004)

Physical dimension with employment status
(r =-0.38,p < 0.01); psychosocial dimension
with employment status (r = —0.30, p < 0.05).

N/A

Total SIP with EEG (r = -0.39,p < 0.001);
physical dimension with EEG (r = —0.35,

p < 0.01); psychosocial dimension with EEG
(r =-0.31,p < 0.01); Pearson correlation

FLP and own scale (r = 0.7,p < 0.0001)
N/A

SIP with DLCO (NS)
N/A

SIP with social network (NS); with IES (> 0.2);
linear regression

Chelluri and colleagues™ were the only ones in
which patients were asked to recall their quality of
life before their illness.

The PQOL was administered by mail in nine
studies, one study used telephone interviews,'”’
three employed face-to-face interview tech-
niques'*"*%** and only one™ did not report
the method of administration.

Seven studies reported their data using means
and SDs, SEMs or 95% Cls,”!!* 1127258203261 fo
did not report any details of the PQOL, and

one'” illustrated the data in a scatter plot.

Measurement properties in

critical care

Validity There was no evidence for the construct
validity of the PQOL in critical care. Criterion
validity has been assessed in four studies. Patrick
and colleagues'"' demonstrated correlations
between the PQOL and the SIP (r* = 0.24;
$=0.0001) and the PGWB index (r* =0.29;
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TABLE 69 Characteristics of populations studied using the PQOL scale

Study Mean age = SD

Male

[median] (range) (years) (%)

Danis, et al., 19882 68.9 + 8.4
Patrick, et al., 1988'*! 69 £ 8.0
Thiagarajan, et al., 1994*  22.5 (20-29)
Ridley & Wallace, 1990¢7 N/A
Jones, et al., 1993'7 N/A
Chelluri, et al, 1993 75
Ridley, et al., 19947 53

(95% Cl, 47 to 59)
Jones, et al,, 1994'% N/A
Sawdon, et al., 1995'* (0.3-94)
McHugh, et al., 1997'"® 77.4 [0.3]
Hurel, et al., 1997% 51.6+17.9

52
52
N/A
N/A
58
49
N/A

N/A
49
47
56

TABLE 70 Numbers of participants in studies using the PQOL scale

Study Number Mortality
eligible for (%) before
study follow-up
Danis, et al., 1988258 193 83 (43)
Patrick, et al., 1988'*! 160 70 (44)
Ridley & Wallace, 19904 385 129 (34)
Jones, et al., 1993'7 85 12 (14)
Chelluri, et al., 19937 97 59 (61)
Thiagarajan, et al., 19942 83 16 (19)
Ridley, et al., 1994%%* 90 33 37)
Jones, et al., 1994'% N/A N/A
Sawdon, et al., 1995'%° 100 20 (20)
McHugh, et al., 1997''® 97 17 (18)
Hurel, et al., 19977 329 N/A
£ =0.001); Jones and colleagues'*"'”* obtained

a value of r* = 0.46 with the Whiston Hospital
questionnaire (p < 0.00001) and the POMS
(p=0.01); and Hurel and colleagues®™’ com-
pared the PQOL and the NHP and obtained
a zscore of 9.853 (p=0.0001).

Reliability Patrick and colleagues'"' reported
internal consistency for the PQOL (Cronbach’s
o = 0.88). Apart from that, no evidence was
presented for the reliability of the PQOL.

Severity score,
mean * SD
[median] (range)

APACHE II: 13.0 + 7
APACHE II: 13.0 + 6
APACHE: 6 (4-8)
N/A

APACHE II: [12] (2-21)

APACHE I1: [18.8]

APACHE II: 11.8
(95% Cl,9.4 to 14.2)

N/A

N/A
N/A
SAPS: 1.6 + 4.7
Number  Number (%)
available for followed-up
follow-up
110 69 (63)
90 69 (77)
256 156 (61)
73 49 (67)
38 24 (63)
67 42 (63)
57 41 (72)
N/A 13 (N/A)
80 57 (71)
80 31 (39)
N/A 223 (N/A)

Type of patient

Medical; respiratory
Medical; respiratory
Multiple trauma
General

General

General

General

General
General
Cardiac

General

Follow-up

time {mean}
[median] (range)
(months)

N/A
[19]

(12-36)

6

1,6,12

{10.4} (9.6-13.3)
12

2,6, 12

6

(34.8}

6

Responsiveness Although Chelluri and
colleagues™ assessed PQOL at more than one
time point, they did not address responsiveness

over time. Ridley and colleagues

** reported no

significant changes in PQOL scores between those
obtained on admission to ICU and follow-up.

Outcome in critical care survivors
Hurel and colleagues®” noted that a high
health-related quality of life was perceived by
24% of patients. Patients were highly satisfied
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with the help they received from family and
relatives, whereas satisfaction with happiness,
recreation, income and professional activity was
low. Thiagarajan and colleagues™ noted that
patients reported significant decreases from their
pre-critical care levels in their overall health,
happiness, ability to think and to pursue leisure
activities, income and employment. There was a
decrease of 14% in mean PQOL score from pre-
to post-trauma (although the pre-trauma value
was obtained retrospectively).

NHP

The NHP was developed in the UK*” and is based
on lay perceptions of functional status and quality
of life. It is intended to indicate perceptions of
physical, social and emotional health problems.

It was developed as a result of interviewing large
numbers of lay people about the effects of illness
on behaviour. The NHP was designed to measure
the experience of ill health. It is concise (taking
under 10 minutes to complete) and can be easily
administered. It focuses on negative rather than
positive experiences. Both population and
individual group norms exist*” for comparative
purposes. A book outlining the development of
the measure is available,?® as is a user manual.?”’

The NHP is in two parts.

¢ Part I measures perceived or subjective
functional status by requiring a yes or no answer
to 38 statements associated with six dimensions:
physical mobility, pain, sleep, energy, emotional
reactions and social isolation. Each dimension
has a potential score in the range 0-100 where
zero indicates good health and 100 indicates
poor health. More recent work has suggested
that by eliminating a number of the questions
and reducing the questionnaire to 24 items, it is
possible to calculate a global score which could
be used in quality-adjusted life-years cost-benefit
analysis,” although usage in this form is rare.

¢ Part II focuses on quality of life and asks
the individual about the effects of his/her
functional health status on seven areas of daily
life: work, looking after the home, social life,
home life, sex life, interests, hobbies and
holidays. Bowling™ noted that Part II is no
longer recommended by the developers,
because of difficulties associated with its
measurement properties.

As the developers of the NHP decided to focus
only on the severe extremes of ill-health, the result

is that data obtained from the NHP may be highly
skewed, with a majority of respondents scoring
zero or very low scores in most, if not all, of the
dimensions.”” Minor illnesses are not easily
detected by the NHP and, as a result, minor
improvements in health are less likely to be
detected over time.

Measurement properties outside
critical care

The following examples provide illustrations

of the extensive testing for validity, reliability

and responsiveness over time that has been
conducted on the NHP. Hunt and colleagues®*
established face, content and criterion validity

in physical, social and emotional dimensions
during the development of the profile. Criterion
validity was also established by Doll and
colleagues,”"*"" using patientreported health
measures. Responsiveness has also been reported
by several authors.”***”* Jenkinson and
colleagues®™ reported a correlation of 0.61
(p<0.0001) between the General Health
Questionnaire and the emotional reactions scale
of the NHP for rheumatoid arthritis and migraine
sufferers. Fitzpatrick and colleagues®* also identi-
fied significant correlation coefficients between
the NHP and the Arthritis Impact Measurement
Scale for the dimensions of pain (0.55; p < 0.001),
physical mobility (0.79; p < 0.001) and emotion
(0.58; p< 0.001), and between the emotional
scale of the NHP and the BDI (0.54; p < 0.001).

Hunt and colleagues®”’ reported test—retest
reliability coefficients ranging from 0.77 to 0.85
for Part I of the NHP, and 0.44—0.86 for Part II

for osteo-arthritis patients, and 0.75-0.88 and
0.55-0.89, respectively, for patients with peripheral
vascular disease. Results for Part II were not as
acceptable, which explains the withdrawal of

this part of the questionnaire.

Application in critical care

Eleven studies have reported on the NHP as an
outcome measure in following-up critical care
patients (]hble 71 ).l19,139,155,156,218,237,263,277—280 One
study used a simplified version of the NHP. The
mean ages of the participants ranged from

23 years to 64 years and the percentages of male
participants ranged from 49% to 68%. Acute
severity scores were reported in nine papers.
Seven papers presented data from general
critical care patients, with the remainder
referring to specific patient groups.

The numbers eligible for participation in
these studies ranged from 78 to 7988 (Tuble 72).
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TABLE 71 Characteristics of populations studied using the NHP

Study Mean age £ SD Male
(range) (years) (%)
Shiell, et al., 1990%7 51 N/A
Rowan, 1992'° 55.4 + 0.7 (16-90) 58
Bell & Turpin, 19948 54 (19-83) 52
Thiagarajan, et al., 1994 22.5 (20-29) N/A
Sawdon, et al., 1995'* (0.3-94) 49
Munn, et al,, 1995%7 56 N/A
Trouillet, et al., 1996'"” 60.5 £ 12.2 62
Dixon, et al., 1997'* 56.2 +21.0 59
Gopal, et al, 19977’ 56.9 (13.4-81) 67
Hurel, et al., 1997% 516+ 179 56
Nielsen, et al., 1997°%° 64.4 (33-83) 68
TABLE 72 Numbers of participants in studies using the NHP
Study Number Mortality
eligible for (%) before
study follow-up
Shiell, et al., 199077 200 69 (35)
Rowan, 1992'%° 7988 N/A
Bell & Turpin, 1994*'8 95 32 (34)
Thiagarajan, et al., 1994%3 83 16 (19)
Munn, et al., 199528 1947 612 (31)
Sawdon, et al., 1995'% 100 20 (20)
Trouillet, et al., 1996'"” 6 27 (23)
Dixon, et al., 1997'% 78 27 (36)
Gopal, et al., 19977° 250 165 (66)
Hurel, et al., 19977 329 N/A
Nielsen, et al., 1997%% 9% 46 (48)

Severity score,
mean t SD (range)

APACHE: 8.0

APACHE 1I: 15.3 £ 0.3 (049)

APACHE I: 12 (0-29)
APACHE: 6 (4-8)
N/A

APACHE II: [11.8]

SAPS:9.7 + 4
GCS: 13.1 £3

APACHE: 18 (0-35)
APACHE 11: 25 (15-41)

SAPS: 11.6 + 4.7
N/A
Number  Number (%)
available for followed-up
follow-up
131 82 (63)
N/A 2986 (N/A)
63 60 (95)
67 42 (63)
1335 768 (58)
80 57 (71)
89 54 (61)
51 23 (45)
85 35 (41)
N/A 223 (N/A)
50 47 (94)

Type of patient

General
General
General
Multiple trauma
General
General

Cardiac surgery

General
MOF,; renal failure
General

Cardiac surgery;
MOF

Follow-up

time {mean * SD}
[median] (range)
(months)

6
(6.7 + 4.4} (1.1-22)
3

{10.4} (9.6-13.3)

6

6

811

[

[33.6] (2-63.6)

6

> 12

Mortality before follow-up ranged from 19% to
66%. The proportions of available participants
who were followed-up ranged from 41% to 95%.
Four papers reported following-up participants

at 6 months and one paper reported on follow-up
at several time points. The mode of administration
and parts of the NHP administered (Part I

and/or Part II) varied (Table 73).

A variety of methods were used to present the data
from these studies. Seven studies presented mean

values and two presented mean values along
with SDs or 95% Cls. Sawdon and colleagues'”’
and Dixon and colleagues' did not present any
details relating to the findings of the NHP.

Measurement properties in critical care
Validity Three papers assessed construct validity.
Two considered patient age and found no
statistically significant association."”*”® Rowan'*®
and Hurel and colleagues®” also found no
association with patient gender.
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TABLE 73 Mode of administration of the NHP and presentation of results

Study Postal Telephone Face-to-face Method of data
interview interview presentation

Shiell, et al., 1990%"7 Parts | and Il - - B

Rowan, 1992'* Parts | and Il - - C

Bell & Turpin, 1994>'® Part | - - B

Thiagaran, et al., 1994%%3 - - Part | and Il C

Sawdon, et al., 1995'% - - Not specified which part used N/A

Munn, et al, 1995%7 Part I - - B

Trouillet, et al., 1996'"’ - Part | - B

Dixon, et al., 1997'* - - Part | and II N/A

Gopal, et al., 1997*" Part | and Il - - B

Hurel, et al., 1997% Part | - - B

Nielson, et al, 1997%° Part | and Il - - B

Criterion validity was explored in four studies.
Rowan'” used a global quality-of-life question
and the HAD scale, Thiagarajan and colleagues®”
and Hurel and colleagues™ used the PQOL,

and Dixon and colleagues' used a

satisfaction scale.

Reliability and responsiveness None of the papers
assessed reliability or the responsiveness of the
NHP for follow-up of critical care patients.

Outcome in critical care survivors
Hurel and colleagues®’ reported high aggregate
scores which were indicative of a high quality of
life in 39% of respondents. A normal social life
was reported by 55% of participants; pain and
limitations to physical functioning were infre-
quently reported. Energy, sleep and emotional
reactions showed the most severe alterations.

Rowan'” reported that survivors scored highest
on the energy dimension followed by sleep. Pain
and social isolation had the lowest scores. The
status of survivors of ICU as measured by the
NHP was found to be similar to that of two
other patient groups, patients with stroke

and patients with multiple sclerosis, the only
difference being in the physical dimension

for the stroke patients.

Munn and colleagues® reported that 32% of
participants felt their employment was affected
by ill health and 48% felt their capacity to do
housework was affected; social and home life
were affected in 46% and 22%, respectively.
Other problems were reported in sex life (36%),

hobbies (48%) and holidays (41%). Shiell and
colleagues”” noted that the main areas of difficulty
for patients at follow-up were holidays (46%),
social life (45%), and hobbies/interests (44%).
Other problems were reported in home and sex
life, both of which had 34% of patients reporting
problems, and employment, for which 31%
reported difficulties. Significant differences were
reported between critical care survivors and a
control group in the dimensions of emotional
reactions (p < 0.05), energy (p < 0.05) and
physical mobility (p < 0.05) in Part I of the NHP,
and in housework (p < 0.05), sex life (< 0.01)
and hobbies (p < 0.01) in Part I1.** Thiagarajan
and colleagues®™ noted that Part I of the NHP
suggested problems with energy (31%) and
emotional reactions (21.3%), whereas physical
mobility (14.9%) and social isolation (13.2%)
were not so important; Part I highlighted
problems with hobbies (69%) and employment
(62%). The highest scores reported by Trouillet
and colleagues'” were mobility, social isolation
and emotional reaction, the lowest were for sleep,
energy and bodily pain. Gopal and colleagues®”
reported that the greatest difficulties were
associated with mobility, limited energy,

bodily pain and interrupted sleep.

SF-36

The SF-36 is a generic measure that is the
product of two large-scale studies conducted in
the USA: the Health Insurance Experiment and
the Medical Outcomes Study. The SF-36 is a self-
administered questionnaire which comprises
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eight dimensions: physical functioning (ten items);
social functioning (two items); role limitations due
to physical problems (four items); role limitations
due to emotional problems (three items); general
mental health (five items); energy/vitality (four
items); bodily pain (two items); general health
perceptions (five items). The questionnaire takes
the respondent approximately 5-10 minutes to
complete. Item scores for each dimension are
summated and transformed using a scoring
algorithm into a scale ranging from 0% (poor
health) to 100% (good health). There is an
anglicised version and population norms for

UK studies are also available.

Measurement properties outside
critical care

Construct validity has been established by Brazier
and colleagues.”' The Medical Outcome Study
researchers reported the criterion validity of each
dimension of the SF-36. In the UK, criterion
validity has been established by Wright and
colleagues,”” Jenkinson and colleagues,” and
Brazier and colleagues.” Ware and colleagues®
also reported correlations between the physical
functioning subscale and the equivalent subs-
cales of the SIP and the NHP (+* = 0.27-0.72).
There is some discrepancy in the reporting of
discrimination between different disease groups,
as summarised by Bowling.” Good internal con-
sistency and test-retest reliability were reported
by Brazier and colleagues,”' with internal

TABLE 74 Characteristics of populations studied using the SF-36

consistency values ranging from 0.60 to 0.81.
Jenkinson and colleagues®* reported Cronbach’s
o coefficients ranging from 0.76 to 0.90. Ware
and colleagues® reported test-retest reliability
coefficients ranging from 0.43 to 0.90.

One criticism of the SF-36 is that it may be
prone to ceiling effects, whereby respondents
maximally affirm all items in a given scale and
consequently gain the maximum scale score.”'
Consequently, if a respondent’s health deteri-
orates further, this would not be detected by
the instrument. Ceiling effects have been found
to be most common on the role emotional

and role physical dimensions. A modified version
of the instrument (SF-36, version II) has been
developed which appears to overcome this
problem,” but the SF-36 version II has not
been widely used to date.

Application in critical care

Nine studies, one of which was a personal
communication from Eddleston and colleagues
(1999), were identified in which the SF-36 had
been used as an outcome measure in critical care
patients (Table 74) .71 *520282392586288 [ should be
noted that the study conducted by Chrispin

and colleagues™ has been included for its

value in assessing the measurement properties
of the SF-36 within critical care, even though

it was administered prior to discharge and

thus is not a follow-up measure.

Study Mean age = SD Male
(range) (years) (%)
Broome, et al., 199623 Group 1:50 73
Group 2:53 69
Group 3:50 55
Chrispin, et al., 1997°% 61.9 (59-64.2) 68
Brenneman, et al., 19972%¢ 37 65
Weinert, et al., 1997 40+ 12 67
Ridley, et al., 1997%% N/A N/A
Kriwanek, et al., 19985 53 (23-79) 65
Schelling, et al, 1998%% (18-85) 51
Eddleston, et al., 1999 49116 57
Davidson, et al., 1999”% [40.6] (15-81) N/A

Severity score,
mean * SD (range)

APACHE: 9.0
N/A
N/A

APACHE II: 10 (8-11)
ISS: 25

Lung injury score:
2.4 £ (1.25-3.25)

N/A
APACHE II: (6-33)

Lung injury score: (2.75-3.75)

APACHE 1I: 18.8 £ 6.2

APACHE lII: [66] (27—109)
ISS: 24 (4-43)

“Kriwanek and colleagues only administered questions 1—19,21-22, 25, 28 and 35

TPersonaI communication

Type of patient

Pancreatitis

General
Trauma

Acute lung injury

General

Pancreatic surgery
ARDS

General

ARDS
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The mean ages of the participants ranged

from 37 years to 62 years and the percentages
of participating males ranged from 55% to

73%. Acute severity scores were reported in
eight papers. Eddleston and colleagues (personal
communication, 1999), Ridley and colleagues,*”
and Chrispin and colleagues® presented data
from the follow-up of general critical care
patients; the remaining papers referred to

more specific groups of patients within the
critical care population.

The numbers eligible for participation in the
studies ranged from 40 to 439 (Table 75). Mortality
before follow-up ranged from 0% to 51%. The
proportions of available participants who were
followed-up ranged from 45% to 100%.

In four published studies*”******® and in the
study by Eddleston and colleagues (personal
communication, 1999), the SF-36 was administered
by telephone interview; the remaining four studies
used either mailed questionnaires’*" or face-to-
face interviews.””** Five studies presented data

as mean values, four of which also presented

SDs or 95% Cls.

Measurement properties in critical care
Validity Ridley and colleagues™’ reported on

the construct validity of the SF-36 when used in
critical care using the variable of pre-morbid
employment status (p < 0.001). Davidson and
colleagues®™ used a linear regression model

TABLE 75 Numbers of participants in studies using the SF-36

reporting no significant effects of age, acute
severity or co-morbid disease. Weinert and
colleagues” reported a significant correlation
between age and the physical component of
the SF-36 (r* = 0.14). Chrispin and colleagues™
used a general linear model to identify a
significant difference in score distribution

due to age (F'=6.3; p<0.001) and gender
(F'=9.2; p<0.001).

Criterion validity was explored by Weinert and
colleagues,” who reported significant correlations
between the Karnofsky Index and the physical
component (r* = 0.56) and the mental component
(r* = 0.37) of the SF-36.

Reliability Three papers assessed the reliability
of the SF-36 in the context of critical care.
Chrispin and colleagues™ reported Cronbach’s
o values of 0.87 for social function, 0.77 for
mental health and 0.93 for physical functioning.
Schelling and colleagues®™ reported values of
Cronbach’s a of 0.70 for vitality to 0.98 for
emotional and role function. Most multi-item
scales had Cronbach’s a values ranging between
0.93 and 0.98, indicating good reliability. Internal
reliability (Cronbach’s o) ranging from 0.85 to
0.93 was reported by Weinert and colleagues”
for the subscales of the SF-36.

Responsiveness Ridley and colleagues™ obtained
data at two time points and reported differences in
specific dimensions of the SF-36. They presented

Study Number Mortality Number Number (%) Follow-up time Method
eligible for (%) before available for followed-up {mean} [median] of data
study follow-up follow-up (range) (months) presentation
Broome, et al, 19962° Group 1:40 8 (20) 32 22 (69) {51} B
Group 2: 89 N/A N/A N/A {39.5}
Group 3:47 N/A N/A N/A {28.3}
Chrispin, et al., 19972 336 170 (50) 166 166 (100)  Prior to discharge C
from critical care
Brenneman, 1997%¢ 439 2 (4) 437 195 (45) 12 C
Ridley, et al., 1997% 166 29 (18) 137 95 (69) 6 C
Weinert, et al., 1997 69 35 (51) 34 24 (71) {19} [15] (6-41) C
Schelling, et al., 19982® 192 90 (47) 102 80 (78) [48] C
Kriwanek, et al., 19987 147 55 (37) 92 92 (100) 24 A
Eddleston, et al., 1999 370 144 (39) 226 143 (63) 3 C
Davidson, et al., 1999*% 102 0 (0) 102 77 (75) [23] C

* . .
Personal communication
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data for the mean change over time from ICU
discharge to 6-month follow-up with 95% Cls.
Significant increases were reported in mental
health, vitality, social functioning and reduction

in bodily pain scores, although no values

were provided.

Rosser’s disability and
distress categories

Rosser’s disability and distress categories

measure the degree of disability and also the
distress experienced. It is composed of four

dimensions: general mobility, usual activity,

self-care, social and personal relationships.

With the exception of the general mobility

dimension, which requires a statement to be
selected, all the other items require a yes/no
response. General mobility and usual activity
are coded 1-6 and 1-4, respectively. For the

289

remainder of the dimensions, a positive response

is allocated a score of 1 (the range of scores is
therefore 0—4 for each category). The maxi-
mum score is 18. An allocation method then
enables the scores to be categorised between

I and VII, where I is the least and VII the

most disabled.

Measurement properties outside
critical care

Gater and colleagues®” have reported a correlation
of 0.55 between Rosser’s disability categories and
the total NHP score. Kind and Gudex*' reported
similar findings.

Application in critical care

The mean ages of patients ranged from 23 years
to 53 years (Tuble 76).°"*%*+*772% Only Shiell and
colleagues®” presented data on the percentages of
male participants. Three papers presented acute
severity scores. The populations were general
critical care patients in all but one paper.

The numbers of subjects eligible for participation
ranged from 83 to 385 (Table 77). Mortality before
follow-up ranged from 19% to 40%. The pro-
portions of available participants followed-up
ranged from 61% to 88%. The time of follow-up
varied between studies.

Postal methods of administration were used

in all studies. In addition, Thiagarajan and
colleagues™” administered the questionnaire
during face-to-face interviews, if necessary, and
Kerridge and colleagues™ administered the
measure by telephone interview if required.

TABLE 76 Characteristics of populations studied using Rosser’s disability categories

Study

Shiell, et al., 199077
Ridley & Wallace, 1990%
Thiagarajan, et al., 1994263
Ridley, et al., 19947

Kerridge, et al., 1995%

Mean age
(range) (years)

51
N/A
22.5 (20-29)

53
(95% Cl, 47 to 59)

N/A

Male
(%)
60
N/A
N/A
N/A

N/A

Severity score, Type of patient
mean [median] (range)

APACHE: [8.0] General

N/A General
APACHE: 6 (4-8) Multiple trauma
APACHE II: 11.8 General

(95% Cl,9.4 to 14.2)

N/A General

TABLE 77 Number of participants in studies using Rosser’s disability categories

Study Number Mortality Number Number (%) Follow-up time Method
eligible for (%) before available for followed-up {mean} (range) of data
study follow-up follow-up (months) presentation
Shiell, et al., 1990%7 200 69 (35) 131 82 (63) 6 A
Ridley & Wallace, 199047 385 129 (34) 256 156 (61) (12-36) A
Thiagarajan, et al, 19943 83 16 (19) 67 42 (63) {104} (9.6-13.3) A
Ridley, et al., 19947 90 33 (37) 57 41 (72) 12 A
Kerridge, et al., 1995% 248 98 (40) 150  Distress: 122 (81) 36 B

Disability: 132 (88)
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Some authors presented the data as percentages
of patients, others as the numbers of patients

in each category. Others referred to those who
had shown an improvement or deterioration

in scores. Only Kerridge and colleagues™”®
reported mean scores for Rosser’s disability

and distress categories.

Measurement properties in critical care
Validity and reliability None of the papers
attempted to assess the validity or reliability of
Rosser’s disability categories in the follow-up of
critical care survivors.

Responsiveness Ridley and colleagues™ found
no change in responses in 61% of participants
in their study between critical care admission
and follow-up.

Spitzer’s quality-of-life index
and uniscale

This index was developed by Spitzer and
colleagues®* for use by clinicians in relation

to chronically ill patients and those suffering
from cancer. The components of quality of life
were derived from a series of three panels of
43 individuals comprising cancer patients and
their relatives, patients with chronic diseases
and their relatives, healthy individuals aged
20-59 years and 60+ years, physicians, nurses,
social workers, other health professionals and
members of the clergy. Those factors rated as
highly important were then compiled into the
first draft of the quality of life index, which
was then tested on outpatients. The final
version of the quality of life index comprised
the following dimensions: activity, performance
of activities of daily living, perception of
health, support from family and friends,

and outlook on life.

Respondents select items in terms of the
applicability of the statements to them. The
index also includes a visual analogue scale, on
which the respondent and the interviewer are
asked to mark an ‘X’ on a line that rates quality
of life from ‘lowest ... to highest quality of life’.
There is a maximum score of ten. The scale can
be summed to give an overall single score or
each item can be presented separately; it is then
referred to as the uniscale. The test is very brief,
taking on average 1 minute to complete. Spitzer
and colleagues™* caution against using the index
as a means of assessing quality of life in a
‘healthy’ population.

Measurement properties outside
critical care

Spitzer and colleagues™* established content
validity through a literature review and by asking
lay people and physicians to assess the scope

of the instrument. Mor and colleagues® reported
a correlation between Spitzer’s quality-of-life
index and the Karnofsky Index (r* = 0.39).

The item correlations with the Karnofsky

Index ranged from r* = 0.02-0.32. Gough and
colleagues®” reported a correlation between the
overall single score and the Karnofsky Index of
r* = 0.36. The developers of the index claim

that it can distinguish between healthy individuals
and those with varying degrees of illness, thus
justifying their claim of discriminant validity. In
contrast, Slevin and (:olleagues296 stated that the
index was not sensitive enough to discriminate
between different stages of treatment in

women with breast cancer.

In terms of reliability of the measure, Spitzer
and colleagues™ reported a coefficient of

0.77 for internal consistency and an inter-rater
reliability coefficient of 0.81. Another study*” did
not report such a high degree of reproducibility.
Ratings between patients and physicians were
positively correlated (r* = 0.37), as were ratings
between social workers and patients (t = 0.72)
according to Spitzer and colleagues,”* and
Gough and colleagues.” Test-retest reliability
of 0.81 (p < 0.001) has been reported by
Churchill and colleagues.*”

Application in critical care

Four papers have reported using Spitzer’s quality-
ofife index''"******* and a further four papers
have reported using the uniscale’®*"?*#¥" (see
Table 78). Six papers reported that the mean ages
of participants ranged from 44 years to 75 years.
The percentages of male participants ranged from
50% to 80% in the seven studies in which it was
reported. Four papers reported acute severity
scores. Six papers reported on general critical
care populations, the other two being based

on surgical or cardiac transplant populations.

The numbers eligible for participation in these
studies ranged from 100 to 1308 (7Zable 79).
Mortality before follow-up ranged from 11% to
70%. The proportion of individuals available
for follow-up ranged from 51% to 100%. In

two papers,''"*” data were obtained for baseline
quality of life either on admission to, or at
discharge from critical care. Two papers
reported outcome at 6 months**>*” and two

at 12 months.”**” Five papers clearly reported
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TABLE 78 Characteristics of populations studied using Spitzer’s quality-of-life index or uniscale

Study Mean age £ SD Male
[median] (range) (%)
(years)
Sage, et al., 1986°%" 58.4 50
Slayter, et al,, 1986''° 437 (0.25-82) 58
Sage, et al., 198722 74.7 + 0.7 (65-96) 50
Frede & Lanter, 1990* N/A 52
Schuster, 1991'7”" N/A N/A
Konopad, et al., 19952 55 + 20 [58] 54
Grady, et al., 1998 53£9 80
(modified)
Kocher & de 67 56

Torrenté, | 998°%"

“Spitzer’s uniscale only

Severity score,
mean t SD [median]

Type of patient

(range)

APACHE 1I: 13.3 General

TISS: 88 + 129.9 General

N/A General

N/A Surgical

N/A General

APS: 12 + 6 General
APACHE II: 16 £ 7

N/A Heart transplant

APACHE 1I: [9.0] (0-52) General

TABLE 79 Numbers of participants in studies using Spitzer’s quality-of-life index and uniscale

Study Number Mortality Number Number (%) Follow-up time Method
eligible for (%) before available for followed-up (range) (months) of data
study follow-up follow-up presentation
Sage, et al., 1986”% 34| 83 (25) 258 140 (54) (15-20) C
Slayter, et al., 1986''° 100 1 89 89 (100) [
Sage, et al., 1987*7 134 37 (28) 97 59 (61) 18 C
Frede & Lanter, 1990 164 80 (49) 84 74 (88) 12,24 A
Schuster, 1991'% 1308 N/A N/A N/A (12-60) C
Konopad, et al., 1995 504 126 (25) 378 293 (78) 6,12 A
Grady, et dl., 19987 269 N/A N/A 219 (N/A) 6 A
Kocher & de Torrenté, 292 203 (70) 89 45 (51) (12-74) A

1998

that the mode of administration was by

mail 072520229 Konopad and colleagues™’
administered the questionnaire using face-
to-face or telephone interviews, as appropriate.
Sage and colleagues®>**’ administered question-
naires by telephone interviews. Slayter and
colleagues'" provided no information as to

the mode of administration. A variety of methods
were used to present the data in these studies.
Three papers reported data as mean values

with SDs.

Measurement properties in critical care
Validity Konopad and colleagues™ examined
construct validity through the variable of age,
although this was not explicitly examined in the

text of the paper. None of the remaining papers
that reported using Spitzer’s quality-of-life index
attempted to assess the validity of the measure.

Reliability None of the papers reported
assessing reliability.

Responsiveness Konopad and colleagues®”
reported a significant decrease in levels of
activity between baseline and follow-up at

12 months (p < 0.001), and yet perceived health
was reported to have improved at follow-up

(p < 0.05). None of the remaining three papers
made reference to assessment of responsiveness.
Slayter and colleagues''’ assessed pre-admission
quality of life with respect to 1 month before
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admission (retrospectively obtained at follow-up)
and also reviewed quality of life 1 month after
discharge (x2 =101.62; p < 0.0005). There was no
evidence for the assessment of the responsiveness
of the uniscale in critical care patients.

PGWB

The PGWB schedule™”™" was designed to
measure feelings of well-being and distress
rather than a broader concept of quality of life.
It is often, however, used as a proxy measure of
quality of life.” It consists of 18 or 22 questions
and utilises a 6-point response scale for intensity
or frequency (for 14 items) and a 0-10 rating
scale defined by adjectives at each end (for

four items). Total scores of 0-60 reflect severe
psychological distress, 61-72 represent moderate
psychological distress, and 73-110 represent
positive psychological well-being. The domains
that are examined include: anxiety, depression,
positive well-being, self-control, general health
and vitality. Respondents are asked to reflect

on their feelings over the last month. The
questionnaire is self-administered and takes
approximately 10-12 minutes to complete.

Measurement properties outside
critical care

Moderate to strong correlations (r* = 0.22-0.81)
have been reported with interviewers’ ratings of
depression.”” Factor analysis has identified three
factors that account for 51% of the variation.

Dupuy™ reported these as: anxiety, tension

and depression; health and energy; and positive
well-being or life satisfaction. Becker and
colleagues™ reported criterion validity between
the PGWB and the SF-36 and HAD scale. They
reported correlations for depression, anxiety,
mental health and vitality with the subscales

of the SF-36 and HAD, which ranged from

0.69 to 0.79 (p < 0.0001). Test-retest reliability
coefficients have ranged between 0.50 and
0.86."" An internal reliability coefficient

of 0.93 was also reported by Monk.** Becker
and colleagues™ also reported on test-retest
reliability, which they reported as r* = 0.27-0.44.

Application in critical care

The mean ages of participants ranged from

61 years to 69 years (7able §0) and the per-
centage of male participants was about 52%.
Acute severity scores were presented in all

three papers.'*"**** Douglas and colleagues™®
reported on the outcome of general critical

care patients, the two remaining papers followed-
up medical or respiratory patients. The numbers
eligible for participation ranged from 58 to

193 (Table 81). Mortality before follow-up
ranged from 43% to 50%. The proportions of
available participants followed-up ranged from
21% to 77%, although the former included

only six patients.

Both Danis and colleagues®® and Patrick and
colleagues'"' administered the PGWB using
face-to-face interviews. Douglas and colleagues**®
did not specify the mode of administration.
Mean PGWB scores were presented in all

TABLE 80 Characteristics of populations studied using the PGWB index

Study Mean age £ SD Male Severity score, Type of patient
(years) (%) mean = SD
Danis, et al., 1988>® 68.9 £ 8.4 52 APACHE II: 13.0 £ 7 Medical; respiratory
Patrick, et al., 1988'*' 69 £ 8.0 52 APACHE II: 13.0 £ 6 Medical; respiratory
Douglas, et al., 1997*% 614199 53 APACHE III: 66.5 + 25.3 General
TABLE 81 Numbers of participants in studies using the PGWB index
Study Number Mortality Number  Number (%) Follow-up
eligible for (%) before available for followed-up time [median]
study follow-up follow-up (months)
Danis, et al., 1988%% 193 83 (43) 10 69 (63) N/A
Patrick, et al., 1988'*' 160 70 (44) 90 69 (77) [19]
74 Douglas, et al., 1997** 58 29 (50) 29 6 (21) 6
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three papers. In addition, SDs were presented
by Danis and colleagues®™® and Patrick
and colleagues.'"!

Measurement properties in critical care
Validity There was no testing of construct validity
but Patrick and colleagues'"' examined criterion
validity; they reported a modest correlation
(r*=0.29; p=0.001) between the PGWB and

the PQOL.

Reliability and responsiveness Assessment of the
reliability and responsiveness of the PGWB was not
undertaken in any of the three studies.

Fernandez’s questionnaire

Fernandez and colleagues®” developed a
questionnaire which comprised 15 items grouped
into three subscales evaluating physiological
activities, normal daily activities and emotional
state. The authors acknowledged that the ADL
index® was an inspiration for the development
of some of the items in their own scale. Scores
ranged from zero to 29 with a score of zero
signifying normality and increasing scores
signifying decreased quality of life. The question-
naire only took 5-10 minutes to complete and
could be completed by a close family member

if a patient was too ill to respond. Face validity
was established by Fernandez and colleagues™’
via a committee of experts who had used a

previous version of the questionnaire. They
selected aspects they wished to explore and the
facets of quality of life that would best explore
those aspects.

Measurement properties outside
critical care

This questionnaire does not appear to have been
used outside of critical care settings.

Application in critical care

Three papers reported on the use of this
questionnaire (7able 82).*'"*'** Only one study
reported the age and gender of the patients.””
Two studies were based on general patients,

the third on trauma patients. All three studies
were large (351-716 patients) with high rates

of follow-up at 6 or 12 months after discharge
(Table 83). Mean values with SDs were presented
in all three papers.

Measurement properties in

critical care

Validity Two studies reported on construct
validity. Both found a moderate correlation

with age, APACHE II scores and, in one of the
studies, with the ISS. There is some evidence of
criterion validity from Fernandez and colleagues,*"
who reported a significant correlation with

the GOS.

212,306

Quality of life as measured by this scale and
the GOS decreased 6 months after discharge

TABLE 82 Characteristics of populations studied using the Fernandez or the Whiston Hospital questionnaires

Study Mean age = SD

(range) (years)

Vazquez-Mata, et dl., 19922'7  N/A

Fernandez, et al., 1996'" N/A
Vazquez-Mata, et al, 1996’ 31.2 + 0.86
Jones, et al, 1993'72t N/A

Jones, et al., 1994'*t N/A

Weir & Waldmann, 1994'28t N/A
Sawdon, et al., 1995'3f (0.3-94)

Griffiths, et al., 199737

* ) A .
Fernandez’s questionnaire
Whiston Hospital questionnaire

Study group: 59 (22-89)
Control group: 64.5 (22-75)

Male Severity score, Type of patient
(%) mean £ SD [median]
(range)
N/A APACHE II: 14.65 + 0.25 General
N/A N/A General
78 APACHE II: 13.5 + 0.4 Trauma
ISS:23.6 + 0.6
58 APACHE II: [12] (2-21)  General
N/A N/A General
N/A N/A General
49 N/A General
4 children
N/A APACHE II: General

study group, 17 (11-34)
control group, 13 (11-31)
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TABLE 83 Numbers of participants in studies using the Fernandez or the Whiston Hospital questionnaires

Study Number Mortality Number  Number (%) Follow-up

eligible for (%) before available for followed-up time (months)
study follow-up follow-up

Vazquez-Mata, et al., 1992*'% 716 213 (30) 503 422 (84) 12

Fernandez, et al., 1996>'" 578 0 (0) 578 578 (100) 6

Vazquez-Mata, et al., 996> 351 0 (0) 351 351 (100) 12,24

Jones, et al., 19937 85 12 (14) 73 49 (67) 6

Jones, et al., 19944t N/A N/A N/A N/A 2,6, 12

Weir & Waldmann, 1994'26 N/A N/A N/A N/A 2,6, 12

Sawdon, et al., 1995"**f 100 20 (20) 80 57 (71) 6

Griffiths, et al., 1997°% 84 46 (55) 38 38 (100) 6

Fernandez’s questionnaire
Twhiston Hospital questionnaire

from the ICU. The authors®"’ compared the
magnitude of the differences between the two
scales reporting a weighted kappa index of 0.56
(p<0.001).

Reliability Fernandez and colleagues®"’
reported internal consistency for the global
quality-of-life scale (Cronbach’s o = 0.85) and
for the physiological activities (Cronbach’s a. =
0.66), physical capacities (Cronbach’s o = 0.81)
and emotion (Cronbach’s a = 0.82) subscales.
The o coefficient ranged between 0.824 and
0.852 when each item in turn was removed
from the scale. Vazquez Mata and colleagues®"*
reported the internal consistency as o = 0.67.
They also reported on inter-observer reliability
(> 0.9 for global scale and physical capacities
subscale, emotional subscale 0.77, basic
physiological activities subscale 0.61) and
intra-observer reliability (> 0.9 for global

scale and physical capacities subscale, emotion
subscale 0.84, basic physiological activities
subscale 0.93).

Fernandez and colleagues®" also examined the
reliability between the responses of patients and

those of close relatives; they reported correlation

coefficients of > 0.9 for global scale and physical
capacities subscale, and 0.82 and 0.76 for the
emotion and basic physiological activities sub-
scales, respectively. Correlation coefficients of

> 0.95 for global scale and physical capacities
subscale, and 0.81 and 0.86 for the emotion and

basic physiological activities subscales, respectively,

were reported for the reproducibility between
direct and telephone interviews. Inter-observer
reliability was also reported as being 92% by

Vazquez Mata and colleagues,”'* patient-relative
reliability was reported as 85%, and doctor—
patient reliability as 80%.

Responsiveness Vasquez Mata and colleagues™”
reported significant correlations between the
quality-ofife scores at 1 and 2 years (r* = 0.908;

$<0.0001). There was a weak correlation between

baseline and 1 year (r*=0.167; $<0.0001), and
admission and 2 years (r* = 0.198; p < 0.0001).
Vasquez Mata and colleagues®'* reported a
deterioration in quality of life between the

first and second administration of the
questionnaire (< 0.01).

Whiston Hospital questionnaire

The Whiston Hospital questionnaire has been
used in several studies and appears to have first
been reported by Jones and colleagues.'” It
comprises a pre-morbid health questionnaire
and a reworded follow-up questionnaire, which
is loosely based on the FLP. The information
collected includes previous/current health,
mobility, work, leisure, and contact with friends
or relatives. The questionnaire is scored on a
scale of zero for good health and 1, 2, or 3 for
increasingly poor health, with a maximum
possible total score of 25.

Measurement properties outside
critical care

The Whiston Hospital questionnaire was
designed to follow-up critical care patients and
thus there is no evidence of its measurement
properties outside this area.
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Application in critical care

Five papers reported on the use of this
questionnaire (Table §2).'*"*1017237 Only two
papers reported on patients’ ages and two on
gender mix. All five studies included general
critical care patients. Three studies were relatively
small in size (with 84, 85 and 100 patients eligible
for study); the sizes of the other two studies are
unknown (7able §3).

Griffiths and colleagues™” presented data for mean
values with SDs for both the control and experi-
mental group in their study. Jones and colleagues'”
presented data as a scatter plot and Weir and
Waldmann'*® presented only qualitative data.

Measurement properties in critical care

Validity Two studies'*"'”* provided some

information on construct and criterion validity
(Table 84). There was no significant correlation
between the score and the APACHE II score on
admission. Reasonably high correlations with the
FLP and PQOL suggest criterion validity exists
(although the former association is not surprising,
given the origins of the questionnaire) and
another study found no significant association
with POMS.

Reliability and responsiveness There was no
assessment of responsiveness in those papers
which reported using the Whiston

Hospital questionnaire.

Summary

¢ For the nine quality-of-life measures, data
presentation in terms of mean values and

SDs was good overall, with 39 papers presenting
mean values and 31 presenting SDs. Data that
supported evidence for validity was available

in 19 papers. However, evidence to support
reliability and responsiveness over time is much
more restricted, being reported in only five
papers (this is mirrored in the data available
for the measurement properties of the quality-
of-life measures outside critical care, where
validity is well documented but evidence

for reliability is poor).

The SIP has been widely tested for reliability
and validity in a variety of populations, including
critical care patients. Although not explicit

in their intentions, some papers did provide
evidence of internal consistency, inter-rater
reliability, construct and concurrent validity

in the critical care populations examined. In
addition, there does appear to be consistency
in the results from various reports on different
population groups within intensive care. How-
ever, the questionnaire is long and can take
20-30 minutes to complete. Consequently,

this means that shorter measures may be

more practicable in many studies.

Criterion validity of the PQOL appears to have
been substantiated in a number of studies using
the NHP and the SIP. Reliability was reported
only once and was high. The PQOL is a simple
and easy-to-administer questionnaire, which
may have some role to play in assessing the
quality of life of critical care survivors. Further
work is required to substantiate the reliability
of the measure. The PQOL appears to be an
appropriate measure for use with ICU patients.
The NHP can be completed in a short time.
The instrument was designed to assess the severe
end of ill-health and, consequently, it manifests

TABLE 84 Assessment of validity of the Fernandez and the Whiston Hospital questionnaires

Study Construct validity

Vazquez-Mata, et al., 19922'  Age: (r = 0.39)
APACHE II: (r = 0.12)

Fernandez, et al., 1996%'" N/A

Vazquez-Mata, et dl., 1996°%" Age: (r2 = 0.289)
ISS: (r* = 0.388)
APACHE II: (r* = 0.327)

Jones, et al., 199372

140+

Jones, et al., 1994 N/A

Fernandez’s questionnaire
TWhiston Hospital questionnaire

APACHE II: (r = =0.19; p = 0.174)

Criterion validity

Quality of life (good, normal, bad)

GOS: p < 0.0001 for global scale and all
subscales of questionnaire

GOS: no value given

FLP: (r = 0.7;p < 0.0001)
PQOL (r = -0.678; p < 0.00001)

POMS questionnaire (NS)
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floor effects in some patient groups, which may
mean that small changes over time cannot be
detected. The validity, reliability and responsive-
ness of the NHP have been established in

a number of different patient populations.
Criterion validity has been established in
critical care patients, although no evidence

of reliability or responsiveness is reported

in any of the papers assessed.

The measurement properties of the SF-36

are well established outside critical care. The
evidence available suggests that the instrument
may be appropriate for critical care patients.

It appears to be acceptable to patients and to
have good reliability and validity, although its
responsiveness is unclear.

There has been a lack of evaluation of the
measurement properties of Spitzer’s quality-
oflife index as an outcome measure in critical
care. More extensive research is required in order
for this measure to be recommended for use in
following-up critical care patients. The uniscale
is a simple and easy-to-administer measure of
quality of life. However, there is a lack of evidence
about its measurement properties in critical care.
The Spanish quality-of-life questionnaire

reported by Vazquez Mata and colleagues™**"

and Fernandez and colleagues®” has undergone
extensive testing for reliability and validity. As
yet it has not been tested in populations in the
UK and may warrant further investigation.
The Whiston Hospital questionnaire is

largely adapted from the FLP and has been
reworded to allow for pre-admission quality

of life to be assessed. As there is more evidence
available for the psychometric properties of
the SIP and FLP, it is suggested that they

are used in preference to the Whiston
Hospital questionnaire.

Far more research into the measurement
properties of health status instruments used

in this patient group is needed. To date,
selection of measures has been ad hoc and
unsupported by evidence. This can lead
potentially to inappropriate measures being
used and inaccurate and misleading data
being collected.

It is difficult to summarise the health-related
quality of life of critical care survivors. The
results that have been reported vary consider-
ably, depending on case mix and the length
of follow-up. In addition, relating the findings
with one measure to those with another

is problematic.
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Chapter 8

Conclusions and recommendations
for research

his review had four objectives, each of which
is considered in turn;

¢ to identify generic and disease-specific
measures of impairment, functional status
and health-related quality of life that have
been used in adult critical care survivors

* to review the validity, reliability and
responsiveness of the measures in critical
care survivors

* to consider the implications for future policy
and to make recommendations for further
methodological research

¢ to review what is currently known about the
outcome of critical care survivors.

Measures used in critical care

® Measures of impairment have largely been
confined to the respiratory system so are
almost certainly not appropriate for many
critical care survivors. These measures can be
categorised as respiratory volumes (e.g. vital
capacity), gas flow within the respiratory system
(e.g. FEV,), pulmonary diffusing capacity
(e.g. DLCO) and visualisation of the upper
airway (e.g. bronchoscopy). Often, multiple
tests are performed.

¢ FEight measures of physical functional status
have been used, five of them generic and three
disease-specific (NYHA functional class, ATS
respiratory questionnaire, walk test). The
generic measures most frequently used have
been multi-item scales (Katz’s ADL scale,
Karnofsky Index, Barthel Index). Two single-
item global measures have attempted to
capture a person’s overall activity level or
functional status.

¢ Five multi-item measures of mental functional
status have been employed, four of them
generic and one specifically for trauma patients

(IES). The generic measures are either confined

to assessing depressive symptoms (CES-D,
BDI) or also encompass a measure of anxiety
(POMS, HAD).

® Measures of neuropsychological functioning are
concerned with a person’s cognition, attention,

ability to process information and memory.
Apart from one single-item measure that focuses
on communication level, there have been six
multi-item measures used with critical care
survivors (Trailmaking Tests, WCST, Wechsler
Memory Scale, Benton’s Test for Visual
Retention, PASAT, MMSE). These measures
are particularly appropriate for use in survivors
of head injury or other neurological insult.

In that sense, they are disease-specific rather
than generic measures.

Single item measures of recovery have
frequently been used but researchers have often
invented their own so there is little consistency
in the wording. These measures have had five
principal foci — return to work, return to own
home, degree of recovery, productivity and
chronic health status (CHE). One multi-item
scale, the GOS, has also been used.

Nine measures of health-related quality of

life have been used — although some of these
multi-item generic measures encompass
functional status also. The three most
extensively employed have been the SIP/FLP,
PQOL and NHP. In addition, in recent years,
the SF-36 has increasingly been used. Other
less commonly used measures are Rosser’s
disability and distress categories, Spitzer’s
quality-of-life index and uniscale, the PGWB
index, Fernandez’s questionnaire and the
Whiston Hospital questionnaire.

Measurement properties

¢ Overall, few attempts have been made to

determine the properties of any of the measures
when used with the survivors of critical care. In
addition, in many instances, there is little
scientific evidence of their properties outside
critical care in other patient groups or in the
general population. Lack of evidence does not
mean these measures necessarily lack validity,
reliability or responsiveness but does mean they
should be used with caution and with an
awareness of their possible inadequacies.

There is little evidence as to the properties of
the impairment measures in critical care but
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considerable evidence in other categories of
patients. Impairment measures are based on
objective assessments using some equipment,
the validity and reliability of which should be
reported. There is some evidence as to the
criterion validity of the most commonly used
measure of respiratory impairment, FEV;, in
that it correlated with measures of health-
related quality of life.

There is some evidence as to the validity and
responsiveness of two generic measures of
physical functional status, Katz’s ADL and the
Karnofsky Index. However, the reliability of
these measures is unknown. Even less is known
about the disease-specific measures, though
there is some evidence as to the construct
validity of the ATS respiratory disease question-
naire and the responsiveness of the NYHA
functional classification.

Similarly, there is only limited information about
the properties of the mental functional status
measures. There is some evidence as to the
criterion validity of all the generic instruments
and the responsiveness of the CES-D.

The only support for the neuropsychological
functional status measures is some weak
evidence as to the criterion validity of the
Trailmaking Tests and the WCST.

Assessment of the properties of measures of
recovery has been restricted to validity. Both
the GOS and return to work appear to have
some construct and criterion validity. No
reports of reliability or responsiveness

have been published.

There is evidence as to the validity of health-
related quality-of-life measures but rather little
as to their reliability or responsiveness in critical
care survivors. This mirrors the state of affairs as
regards assessment of measurement properties
outside critical care. The validity of the SIP,
PQOL and NHP in critical care appears to be
reasonable but there is inadequate information
on the SF-36, Spitzer’s quality-of-life index and
the other, less well-known, generic measures.

Implications for policy and
recommendations for research

¢ The poor current state of knowledge of

appropriate outcome measures for adult
critical care survivors means that it is impossible
to make clear recommendations as to which
particular measures should be used. This state
of affairs partly reflects the large number of
measures that have been used in critical care
research in the past. The first recommendation,

therefore, is that the research community
should agree on a limited list of measures
from which to select for any given project.
This would, at least, enable a considerable
body of experience and knowledge to be

built up around a few measures. In addition, it
would allow investigators to make comparisons
between studies and facilitate overviews based
on secondary research of published results. To
aid these proposals, it is suggested that future
researchers confine their selection to the
following measures, until such time as clearer
scientific evidence can distinguish between their
relative merits. A crude summary of their
measurement properties is provided in Table 85.
Measures of impairment appear to have been
of limited value except, perhaps, in those
patients with respiratory disease. Their use in
studies of general adult critical care survivors
is not recommended.

Two generic measures of physical functional
status appear the most relevant — Katz’s ADL
and the Karnofsky Index. Two disease-specific
measures might also be considered in relevant
sub-groups (NYHA functional class in cardiac
patients and the ATS respiratory disease
questionnaire in respiratory patients).

Mental functional status is probably best assessed
using the POMS or HAD scale, as these cover
anxiety in addition to depressive symptoms. In
patients who are recovering from trauma, the
IES might also be considered.
Neuropsychological function needs to be
considered in post head-injury patients. There
are no clear contenders but, on balance, the
Trailmaking Tests and the WCST might be
investigated initially.

Measures of recovery offer few options. The
GOS is the only multi-item scale available. In
addition, standardisation of two single item
measures — one on return to work and one on
residency or return to own home — would help
to establish their usefulness.

Health-related quality of life offers a greater
range of possibilities than most of the other
categories of outcome. The three principal
contenders, in that they have been used most
frequently in critical care research, are the
SIP/FLP, PQOL and NHP. To these, it is
suggested, the SF-36 should be added as

this measure is being used increasingly often
and widely in healthcare research, and its
measurement properties in other areas

have been demonstrated.

* As has already been stated, there is an urgent

need for rigorous assessment of the measure-
ment properties of all instruments being used



Health Technology Assessment 2000; Vol. 4: No. 24

TABLE 85 Extent of knowledge as to the measurement properties of prioritised outcome measures

Reliability
Physical functional status
Katz’s ADL NK
Karnofsky’s index NK
NYHA functional class NK
ATS respiratory disease questionnaire NK
Mental functional status
POMS NK
HAD scale NK
IES scale NK
Neurophysiological function
Trailmaking tests NK
WCST NK
Measures of recovery
GOS NK
Return to work NK
Residency/return home NK
Health-related quality of life
SIP/FLP +
PQOL scale +
NHP NK
SF-36 +

+, some evidence; %, inconsistent evidence; NK, not known

in critical care research. This work should be
focussed initially on the leading measures out-
lined above. All studies that assess the outcome
of critical care by means of one of these meas-
ures should also seek to explore at least one
methodological characteristic of the measure
used (e.g. intra-rater reliability, construct
validity). This approach would be more
cost-effective than funding studies that are
purely methodological in intent. Researchers
should consider comparing two or more
equivalent measures in head-to-

head comparisons.

Health of critical care survivors

¢ Given all the concerns expressed above
about limitations to the scientific worthiness
of the outcome measures that have been used
in critical care research, it is impossible to
arrive at a valid and reliable overview as to the
health of survivors. As will be apparent from the
literature, huge differences in outcome exist
between studies. This is not surprising given
the variety of patients included, the failure to
follow-up all survivors, differences in the time
of follow-up, the lack of independent assessors,

Construct validity

+ W

+

NK
NK
NK

NK
NK

NK

NK
NK

Criterion validity Responsiveness

+ +
+ +
NK +
+ NK
+ NK
+ NK
+ NK
+ NK
+ NK
+ NK
+ NK
NK NK
+ +
+ NK
NK NK
+ NK

and the often poor presentation of the data.

Such criticisms should not be seen as unique

to this area of healthcare research.

Thus our comments are confined (albeit that

they are tentative) to a few broad observations:

— physical functional status appears to be
diminished during the first few months
but may return to pre-admission levels by
6—12 months. Some degree of dependency
in activities of daily living persist in about
half the survivors

— over 70% of survivors of working age return
to work, although their work activity may
have altered

— the majority return to their own homes
within a few months

— the areas of quality of life that are most
frequently diminished are those relating to
work, recreation and sleep.

In conclusion, this review highlights the

limitations of research on the outcomes of

critical care. In order for evaluations of health-

care interventions to have any value, it is

essential that outcome measures produce

accurate and meaningful data. The evidence

provided here suggests that limited consider-

ation has been given to the choice of outcome

measures and interpretation of subsequent
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results. Further investigations are required to
provide a greater understanding of outcome
measurement in this area. Without a greater
knowledge of the operating characteristics of

measures used in this field, results will remain
ambiguous and difficult to interpret, and
consequently of limited value to policy-makers,
clinicians and patients.
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Appendix |

Outcome measures with only one
reported use

he papers listed below provided data on

125 different outcome measures for which
there was only one reported use. The review was
confined to measures that had been used at least
twice since results from a single study could not

be synthesised.

Measures of impairment

Respiratory
Anterior-posterior
linear air tomograms

Chest expansion
Expired ventilation
Full blood count
Lung resistance

Maximum vital
capacity at
40 breaths/minute

Maximal voluntary
ventilation

Physical/respiratory
capacity

Pulmonary function
tests (non-specific)

Radiographs

Xeroradiograms

Cardiac
Chest X-ray
Coronary artery
disease

ECG

Doppler ECG

Hypertension

Stauffer, ¢t al., 1981*
Landercasper, et al., 1984
Landercasper, et al., 1984%7
Grotz, et al., 19977

Grotz, et al., 1997%

Friman, et al., 1976%

Landercasper, et al., 1984%
Friman, et al., 1976"

Waldmann & Gaine,
1996'%

Weir & Waldmann, 1994'%
Ciaglia & Graniero, 1992
Friman, et al., 1976%
Lund, et al., 1985'°

Santini, et al., 1997%

Martinelli, et al., 1995

Santini, et al., 1997%”
Santini, el al., 1997%

Martinelli, et al., 1995

Left ventricular
ejection fraction

Right and left heart
haemodynamics

Haematological
Erythrocyte
sedimentation rate

Glycohaemoglobin
Al and AIC
Haemoglobin

Leucocyte levels

Thrombocyte levels

Grady, et al., 199822

Martinelli, et al., 1995%

Nordback & Auvinen, 1985%

Doepel, et al., 19935

Doepel, et al., 1993°%

Nordback & Auvinen, 1985%

Doepel, et al., 1993°!

Nordback & Auvinen, 1985%

Grotz, et al., 1997%

Measures of functional status

Generic
Ability to use stairs

Category test

Degree of recovery

Degree of disability

Dependence

Exercise tolerance

Functional
independence
measure

Functional
limitation scale

Activity level

Bergner, et al., 1984
McKee, ¢t al., 1997'™

Potgieter, et al., 1985*"
Kaukinen, 19823!!
Spicher & White, 1987""*

Alho & Rokkanen, 1973%%°
Searle, 1985%3

Kivioja, et al., 1990%%*
Gobiet, 1995

Hill, et al., 1998°"
Ritz, 1988*

Hill, et al., 1998
Grotz, el al., 1997%

Le Gall, et al., 1982%°

Kriwanek, et al., 1998
MacKenzie, et al., 1988%%
Morris, et al., 1991%%
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Activities of
daily living

Functional capacity

Degree of limitations

Health state
Health status

Instrumental
activities of daily
living (modified)

Philadelphia
Geriatric Center
activities of

daily living

Job description
inventory

Katz’s adjustment
scale — relatives’ form

Locomotion score
Mental activity

Overall performance
categories

Quality of well-
being scale

RAND — physical

limitations scale
Range of motion
Response to exercise

Return of joint
function

Self-reported global
health assessment

Sexual activity
Sleep index

State trait anxiety
inventory

Strength
Subjective fitness
Symptoms

Tegner activity score

Mahul, et al., 1991%*%
Parno et al., 1984%*%
Munn, et al., 1995%"

Hill, et al., 1998
Bell & Turpin, 1994218
Schuster, 1991
McLean, et al., 1985%*

Rowan, 19921%°
Bosatra, et al., 1987%°
Thoner, 1987°1°

Weinert, et al., 1997%!
Bams & Miranda, 1985%°

Battistella, et al., 19987

Bedell, et al., 1983'°

Stanton, et al., 1983
Stambrook, et al., 1990'*

Grotz, et al., 1997%
Burgisser & Ritz, 1982
Lges, et al., 1987%"7

Holbrook, et al., 1994™
Chassin, 1982%8

Bingham, et al., 1995319
Ciaglia & Graniero, 1992308
Martens & Ho, 1995%°

Brenneman, ¢t al., 1997%°

Yinnon, et al., 1989
Yinnon, et al., 1989%

Riether, et al., 1992'%

Bingham, et al., 1995™"
Kivioja, et al., 1990**
Gaillard, ef al., 199022
Grotz, et al., 1997%

WHO performance
score

McLauchlan, et al., 1995%*

Neuropsychological tests

Psychometric tests
(not stated)

Auditory verbal
learning

Binary choice

California verbal
learning test (list A)

Complex figure

Controlled oral
word association

Corsi’s test for
spatial memory

Dot cancellation

Frenchay aphasia
screen test

Kimuras test for
spatial memory

Logical memory
subtest of Wechlser
memory scale

National adult
reading test

Reitan—Indiana
aphasia screening
test

Rey Osterrieth
complex figure

Rey’s test for
verbal learning

Russell’s revised
Wechsler memory
scale

Stroop interference

Temporal
orientation test

Token test
Visual reaction time
WAIS

WAIS digit forward
and backwards

Jones G, et al., 1994'"
Lannoo, et al., 1998'7

Lannoo, et al., 1998'7°

Riether, et al., 1992'%

Lannoo, et al., 1998'7°

Lannoo, et al., 1998'7
Alexandre, et al., 1983'%

Lannoo, et al., 19987

Anderson, ¢t al., 1994'7®
Alexandre, et al., 1983'%

Anderson, et al., 1994'7®

Anderson, et al., 19947

Uzzell, et al., 1986'

Anderson, ¢t al., 1994'7
Alexandre, et al., 1983'%
Uzzell, et al., 1986'%
Lannoo, et al., 1998'7°
Anderson, et al., 19947

Alexandre, et al., 1983'%
Lannoo, et al., 1998'7
Uzzell, et al., 1986'%

Lannoo, et al., 1998'7°
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Wechsler Bellevue
form 1

Wechsler memory
form

Respiratory
Symptoms

British medical
research gradation
of dyspnoea

Chronic respiratory
questionnaire

Dyspnoea

Questionnaire
for asthma

Pain, dyspnoea,
satisfaction with
scar, voice changes,
difficulty swallowing

Symptoms from
nose, ears, larynx,
trachea

Voice, breathing

Neurological
American Spinal
Injury Association
impairment Scale

of spinal cord injuries

Disability grading in
Guillan—Barre
syndrome

Cardiac
Cardiovascular
symptoms

Congestive cardiac
functional class

Heart transplant
symptom checklist

Other
Abdominal/
other symptoms

Bowel function

Alexandre, et al., 19838

Alexandre, et al., 1983'%

Sellery, et al., 1978%
Jones, et al., 1997%

Landercasper, et al., 1984
Weinert, et al., 1997
Halevy, et al., 1984
Peters, el al., 1989%°

Marquette, et al., 199232

Law, et al., 1997%
Ciaglia & Graniero, 19923%
Walz, et al., 1998%
Hill, et al., 1998%'*

Holdgaard, et al., 1993%%

Winkler, et al., 1994°°

Vale, et al., 1997%

Ng, et al., 1995%%

Kumar, et al., 1995%
Kumar, et al., 1995%

Grady, et al., 1998%%2

Doepel, et al., 1993

Nordback & Auvinen, 1985%

Measures of quality of life

Attitude to ICU
(necessity)

Brief symptom
inventory

Coping scale
Emotional sequelae

Family environment
scale

Impression of
ICU stay

ICU quality-of-life
questionnaire

Index of well-being

Perception of
ICU stay

Health satisfaction
and beliefs

Heart transplant
stressor scale

Impact message
inventory

Jalowiec coping scale

Linear analogue
self-assessment

Memories, dreams

Personal adjustment
and role skills

Psychological
sequelae

Quality of life
(non-specific)

Benzer, et al., 1983%%
Landsman, et al., 1990'%

Singh, et al., 1997%
Schnaper, 1975%

Landsman, et al., 1990'%
Chelluri, et al., 19922"

Eddleston, et al.; personal
communication, 1999

Weinert, et al., 1997
Chelluri, et al., 1993™

Rockwood, et al., 1993%
Grady, et al., 199822
Riether, et al., 1992'%

Grady, et al., 1998°”
Yinnon, et al., 1989

Asbury, 1985

Landsman, et al., 1990'%
Kerridge, et al., 19952%?

Hill, et al., 1998%"*
Chelluri, et al., 1992*
Wu, ¢t al., 19957
McLean, et al., 1985%*
Havill, et al., 1989°%
Gefke, et al., 1994
Jacobs, et al., 1988331
Kerridge, et al., 19952
Kumar, et al., 1995%
WincKler, et al., 1978
Gaillard, et al., 1990%1:24
Horn, et al., 1992%%
Ritz, 1988%%

Fakhry, et al., 1996%*
Herve, el al., 1984%%

Miranda & Miranda, 1991%%

Treiman, et al., 1982%7
Rustom & Daly, 1993%%
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Present health,
employment,
functional state

recollection of ICU,

sequelae

Psychosocial
responses

Recollection,
relationships, sex,
sleeping, eating,
work, use of
medical resources

Psychological,
economic and
social factors

Soderlind, et al., 1997**
Maurette, et al., 1987**
Singh, et al., 1997%
Rattray, et al., 19983

Daffurn, et al., 1994*#

Schilling, et al., 1994°*

Friedman, et al., 1992%*

Pauser, et al., 1984%%

Rating question
form

Self evaluation
of life functional
scale

Social support

Willingness to
undergo same
surgery again

Willingness to
undergo cardio-
pulmonary
resuscitation
again

Irritability,
medication

Grady, et al., 1998%2

Rohrer, et al., 1988

Holbrook, et al., 1994
Kumar, et al., 1995%

McHugh, et al., 1997'"*

Bedell, et al., 1983

Bergner, et al., 1984%%
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to the address below, telling us whether you would like
us to transfer them to the website.
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