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a  b  s  t  r  a  c  t

Aim:  High  quality  evidence  of  out-of-hospital  cardiac  arrest  (OHCA)  survivors’  health-related  quality  of
life (HRQoL)  can  measure  the  long-term  impact  of CA.  The  aim of  this  study  was  to critically  appraise
the  evidence  of psychometric  quality  and  acceptability  of  measures  used  in  the  assessment  of  HRQoL  in
cardiac  arrest  survivors.
Methods: Systematic  literature  searches  (2004–2017)  and  named  author  searches  to identify  articles
pertaining  to  the  measurement  of  HRQoL.  Data  on study  quality,  measurement  and  practical  properties
were  extracted  and  assessed  against  international  standards.
Results:  From  356  reviewed  abstracts,  69  articles  were  assessed  in full.  25 provided  evidence  for  10  mea-
sures  of HRQoL:  one  condition-specific;  three  generic  profile  measures;  two generic  index;  and  four  utility
measures.  Although  limited,  evidence  for measurement  validity  was  strongest  for  the  HUI3  and  SF-36.
However,  evidence  for  reliability,  content  validity,  responsiveness  and  interpretability  and  acceptability
was  generally  limited  or not  available  in the CA population  for all  measures.
Conclusions:  This  review  has  demonstrated  that  a measure  of  quality  of life  specific  to  OHCA  survivors
is  not  available.  Limited  evidence  of validity  exists  for one  utility  measure  −  the  HUI3  − and  a generic

profile  −  the  SF-36.  Robust  evidence  of  the quality  and  acceptability  of HRQoL  measures  in OHCA  was
limited  or  not  available.  Future  collaborative  research  must  seek  to  urgently  establish  the  relevance  and
acceptability  of  these  measures  to OHCA  survivors,  to  establish  robust  evidence  of  essential  measurement
and  practical  properties  over  the  short  and  long-term,  and  to inform  future  HRQoL  assessment  in  the
OHCA  population.

© 2017  Elsevier  B.V.  All  rights  reserved.
ackground

The importance of seeking to better understand and assess the

ong-term impact of cardiac arrest on survivors is evidenced by
he recent inclusion of quality of life (QoL) and patient-reported
utcomes (PRO) as supplementary outcomes in the standardised

∗ Corresponding author.
E-mail address: k.l.haywood@warwick.ac.uk (K.L. Haywood).
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300-9572/© 2017 Elsevier B.V. All rights reserved.
reporting frameworks for observational studies drawn from resus-
citation registries [1]. However, historically, PROs and QoL have
rarely been reported in resuscitation research [2], and assessment
guidance for this population is lacking. Moreover, the concept of
survival to a good QoL has been poorly explored from the perspec-
tive of survivors of out-of-hospital cardiac arrest (OHCA) and their
care givers’.
Well-developed patient-reported outcome measures (PROMs)
are questionnaires containing one or more items, designed to
provide a structured assessment of an individual’s health-related

https://doi.org/10.1016/j.resuscitation.2017.11.065
http://www.sciencedirect.com/science/journal/03009572
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uality of life (HRQoL). PROMs may  be generic − containing items
eflective of the broad concepts of HRQoL and therefore applica-
le to the general population − or specific − to a condition (for
xample, traumatic brain injury), aspect or domain of health (for
xample, fatigue), or population (for example, children). Patient-
erived, specific measures are expected to be both more relevant
nd responsive to important changes in health than their generic
ounterparts, with their combined use therefore recommended [3].
n earlier review of quality of life after cardiac arrest described
ignificant heterogeneity in HRQoL reporting, listing more than 40
easures of either general HRQoL or specific health domains [4].
lthough the quality and acceptability of these measures was  not
ssessed − and hence assessment recommendations not made −
ecommendations included a need for greater standardisation in
RQoL measurement with which to support study comparison.

In this systematic review, we aim to critically appraise and
ummarise published evidence of the quality and acceptability of
learly defined, multi-item patient-reported measures of HRQoL
ollowing completion by OHCA survivors or appropriate proxy.
he evidence synthesis will provide a transparent evaluation with
hich to inform measurement selection for future application in

linical research, cardiac arrest registries and audit, and routine
ractice.

ethods

dentification of studies and measures: search strategy

Medical subject headings (MeSH terms) and free text searching
as used to develop terms reflective of: 1) population − cardiac

rrest; 2) assessment type − including patient-reported outcome
easures; HRQoL; and 3) measurement and practical properties

Appendix 1) [5–7].
Two databases were searched (MEDLINE, EMBASE ((OVID));

004 to March 2017) (Fig. 1). A named author search was  also con-
ucted. Citation lists of included articles and measurement reviews

n resuscitation research were also reviewed [2,4,8].

tudy inclusion/exclusion

All study designs were included if they provided evidence
f measurement and/or practical properties (summarised below;
etailed Table X) for clearly defined and reproducible multi-item,
atient or proxy completed measures of HRQoL, following comple-
ion in the target population of OHCA survivors.

Titles and abstracts of potential articles were assessed for eli-
ibility by one experienced reviewer (KH). Full-text articles were
etrieved and selected based on English Language, and publica-
ion in peer reviewed journal. Abstracts, conference proceedings
nd studies pertaining to domain specific, diagnostic and screening
easures were excluded. The list of included studies was checked

or completeness by the review co-authors.
HRQoL measures were categorised as: specific (condition or

opulation) or generic (profile; utility).

ata extraction

Data extractions were informed by established guidance for
easurement evaluation [6,9,10], published reviews [7,11,12], and

he COnsensus-based Standards for the selection of health Mea-
urement Instruments (COSMIN) checklist [13,14]. Both study and

ROM-specific information was extracted. Evidence on the fol-
owing measurement properties was sought (Table 1): validity
content; construct − structural; convergent/divergent; discrim-
nant); reliability (internal consistency; test-retest; measurement
tion 123 (2018) 22–37 23

error); responsiveness; interpretation (including data quality (end-
effects; change scores); smallest detectable difference (SDD),
within-person (minimal important change (MIC)) and between-
group (minimal important difference (MID)) [6,9,15].Although not
included within the COSMIN framework, addition evidence of prac-
tical properties − acceptability (respondent burden; relevance)
and feasibility (time, cost) [11,15,16] − and the involvement of
patients as active research partners [11,16,17] was sought. Data
were extracted by a single, experienced reviewer (KH).

To inform a comparative analysis of PROM content, individual
questions (items) were considered as per the revised Wilson and
Cleary HRQoL Model: that is, symptoms, functional status (phys-
ical, cognitive, psychological, and social/role) and general health
perceptions [18,19].

Assessment of study methodological quality

Study methodological quality was  evaluated per measurement
property on the 4-point COSMIN rating scale (excellent, good, fair,
poor) and determined by the lowest rating in each assessment sec-
tion [14].

Assessment of PROM quality

Each measurement property was  judged against an existing
checklist (Table 1) [10–12]. Evidence was graded as: adequate (+)
[reaches accepted standards]; conflicting (+/−); inadequate (−)
[does not research accepted standards]; or indeterminate (?) [the
results are difficult to define]. Whilst the ‘quality’ of evidence detail-
ing practical properties was  not determined, the extent of active
patient engagement was  graded (Table 1) [11,16,17].

Qualitative data synthesis

The data synthesis combines four factors: 1) number of stud-
ies reporting evidence per measure; 2) the degree of consistency
between evaluations; 3) the quality of the reported measurement
property (Table 1); and 4s) tudy methodological quality (COSMIN
scores) [11,20]. The final quality score has two  elements: first, the
overall quality of a measurement property is reported as: adequate
(+), conflicting (+/−), inadequate (−), or indeterminate (?). Second,
evidence is categorised: ‘strong’, ‘moderate’, ‘limited’, ‘conflicting’,
or ‘unknown’ [20].

Results

Identification of studies and measures

Study and PROM identification is summarised as per PRISMA
guidance (Fig. 1); www.prisma-statement.org). Twenty-five arti-
cles (Appendix 2) provided limited evidence for ten measures
(Tables 2 [21–31] and 3 [32–56]): one condition-specific − the Qual-
ity of Life after Brain Injury questionnaire (QOLIBRI) [21] − and nine
generic: three profile– the Short-Form 36-item Health Survey (SF-
36 version 1 (v1)) [22], it’s modification (SF-36 version 2 (v2)) [23],
and the Short-Form 12-item version (SF-12v2) [24]; two index −
the Life Satisfaction 11-item Checklist (LiSat-11) [25] and the Qual-
ity of Life Scale (QOLS) [26,27]; and four utility − the 15-dimension
health-related quality of life instrument (15D) [28], EuroQol EQ-5D-
3L [29], Health Utility Index version 3 (HUI3) [30], and the SF-6D

[31] (Table 2). The SF-36 versions differ in the number of response
options for seven role limitation items (Table 2); evidence suggests
that v2 has improved reliability, validity and responsiveness [23].
Evidence for the two  versions will be presented separately, but

http://www.prisma-statement.org
http://www.prisma-statement.org
http://www.prisma-statement.org
http://www.prisma-statement.org
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Table  1
Assessment criteria for the quality of reported measurement properties [10,12,13],evidence of practical properties15 and patient involvement in PROM develop-
ment/evaluation [11,17].

Measurement properties [10,12,13] Rating Assessment of quality

Validity
Content validity + Authors provide a clear description of the measurement aim, target

population, concept(s) measured and process of item selection. Members of
the  target population and experts in the field were clearly identified as
being involved in development. For measures applied for the first time in a
new population, evidence that the views of members of the target
population (and experts in the field) have been sought to determine
relevance, comprehension and comprehensiveness.

the  extent to which the item content of a measure is an adequate
reflection of the construct being measured

? Insufficient evidence available
–  No detail re measurement aim, target population, concept(s) measured,

process of item selection; members of the target population or experts
were not specifically involved in development.
For measures applied for the first time in a new population, evidence
whereby the relevance and acceptability of the measure with members of
the target audience or experts was not provided.

Construct validity − Structural validity + Factors should explain 50% of the variance
the  extent to which PROM scores adequately reflect the dimensionality

of  the construct being measured.
? Explained variance not reported
– Factors explain < 50% of the variance

Construct validity − Hypothesis testing + Correlations with measures of the same construct should be >0.50 OR at
least 75% of the results in accordance with hypothesized associations AND
correlations with related constructs should be higher than with those
reported with unrelated constructs

convergent (the extent to which measures of related constructs are
related to each other)

? Only report correlations with unrelated constructs OR the extent to which
between group differences are expected is not described/justified

–  Correlations with measures of the same construct are <0.50 OR < 75% of the
results in accordance with hypothesized associations OR correlations with
related constructs are lower than those reported with unrelated constructs

Construct validity − Hypothesis testing: Known-groups validity (not
included in COSMIN checklist)

+ Hypothesized between group differences are supported (or can be
assumed) AND between group differences are statistically significant

discriminant (the extent to which a measure can demonstrate
differences between groups known to differ on important variables)

? Between group differences are poorly hypothesized, but between group
differences are statistically significant

– Expected between group difference poorly defined or justified AND the
statistical significance of between group differences not reported.

Reliability
Internal consistency + Cronbach’s alpha(s) > 0.70

the  extent to which items within a measure are internally consistent ? Cronbach’s alpha not evaluated or dimensionality unknown
–  Cronbach’s alpha(s) < 0.70

Reliability (test-retest/inter-rater/inter-rater) + Intra-class Correlation Coefficient (ICC)/weighted Kappa >0.70 OR Pearson’s
r  > 0.80

the  extent to which a measure provides the same results on repeated
completions, assuming no change in the underlying health state

? Neither ICC/weighted Kappa, not Pearson’s r evaluated
–  ICC/weighted Kappa <0.70 OR Pearson’s r < 0.80

Reliability − measurement error N/A Descriptive (not rated)
The  systematic and random error of a score that cannot be attributed

to  the true change in the construct being measured
Responsiveness + Change-score correlations with measures of the same construct are >0.50

OR at least 75% of the results are in accordance with hypothesized
associations OR the Area Under the Curve (AUC) is >0.70 AND change-score
correlations with measures of related constructs are higher than those
reported with unrelated constructs

the  ability to detect important change over time in the construct being
measured (criterion/construct-based assessment)

? Solely correlations with unrelated constructs
– Change-score correlations with measure of the same construct <0.50 OR

<  75% of the results are in accordance with hypothesized associations OR
AUC is <0.70 AND change-score correlations with related constructs are
lower than those reported with unrelated constructs

Interpretability N/A Descriptive (not rated) − requires evidence that the minimal important
(within-person) change (MIC) and/or minimal importance (between
group) difference (MID) exceeds evidence of the smallest detectable
difference (SDD). Supported by evidence of acceptable data quality
(that is, score distribution, absence of end effects (Floor/Ceiling)

the  degree to which qualitative meaning can be assigned to PROM scores
or change in scores − that is, clinical or commonly understood
implications can be linked with the score/change

includes consideration of completion rates and data quality (end effects;
change in scores)
Practical properties [15]
Acceptability N/A Descriptive (not rated) − evidence of respondent burden and relevance

is  the PROM acceptable to patients?
Feasibility N/A Descriptive (not rated) − time and cost to administer and score

Is  the PROM easy to administer and process?
Patient Engagement [11,17]
Patient and Public Involvement/Engagement in PROM
development/evaluation [11,17]

++ User-led − broadly interpreted, patients control, direct and manage the
PROM development/evaluation

the  extent of active involvement/collaboration in PROM
development/evaluation assessed at 3-levels

+ Collaboration − involves active engagement. Ongoing partnership between
researchers and patients in PROM development/evaluation. Patients may be
members of a research team or advisory group and collaborate on design,
development and/or dissemination.

– Consultation − patients are consulted for their views, for example, through
focus group, but these views are not necessarily adopted.
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Table 2
Summary and item content of the reviewed HRQoL measures (n = 10).

PROM  Origin  Conceptual  focus  Domains  of HRQoL  Ferrans  et  al.,  [18,19]a (items  per  domain)  How  to  score

Developer  Response  options;  Recall  period
Completion format

Functional  Status

Web-link  Language  versions  Symptoms  Physical  Cognition  Psychological  Social/Role  General  Health
perception

Cost (license)
Time  to complete

Condition-specific  (n1)
Quality of Life  after  Brain

Injury
USA HRQOL  for individuals  after

traumatic  brain  injury
Pain  –  included  in
‘physical  problems’

Physical  problems  (5)  −
includes movement
problems,  pain,
vision/hearing,

Cognition  (7)  −
concentrate,  express  self,
remember, problem
solve,  decisions,
navigate,  thinking

View  of  self (7)  − energy,
motivation,  self-esteem,
looks,  achievements,
self-perception,  future

Daily  life  & autonomy  (7)  −
independence, getting  out,
domestic, finances,  work,
social, feeling  in  charge.

Satisfaction  and  view  of
oneself included  in
‘emotions  and  view  of
self’

Item responses  are  summed
and divided  by  the  number  of
responses to give  a mean
value.

(QOLIBRI) Designed  to capture  changes  in
HRQOL in areas  commonly  affected
by brain  injury.  Development
guided  by a HRQoL  assessment
model:  a person’s  perspective  on
his or her  subjective  health
condition,  functioning  and
wellbeing  in the  domains  of
physical, psychological  (emotional
and cognitive),  social  and  daily  life.

Energy  − included  in
‘view  of self’

Emotions  (5)  −anxiety,
depression,
ager/aggression,
loneliness,  boredom.

Social  relationships  (6)  −
family, friends,  partner,
sex life,  affection,
attitudes  of others

(Score  cannot  be calculated  if
> one third  of  responses  (per
domain or  in total)  are
missing).

Bullinger et  al.,  [21]  37  items  across  6-domains  of
health − domains  explore:

6  sub-scales  can  be  used
separately  or combined  to
provide a  HRQOL  profile;  or
summed to produce  an Index
score.

http://www.qolibrinet.
com/index.htm

a.‘Satisfaction  with  key  aspects  of
life’  (4 domains):  Cognition  (7
items); Self  (7  items);  Daily  life
and autonomy  (7);  Social
relationships  (6  items);

Scores  converted  to  a 0–100
scale, where  0 =  worst
possible HRQOL  and
100  = best.

License: No  license  fee  −
free to  use  for
researchers,  clinicians
and  non-profit
organizations.

b.Feeling  bothered  with  key
aspects of life  (2  domains);
Emotions  (5  items)  and  Physical
problems (5  items).

http://www.qolibrinet.
com/scoring.htm

Developers  request  that
users register  use of
the  QOLIBRI  on  the
website

Response  options

Completion  time:  Satisfaction  items  on  a 1–5 scale  −
where 1  =  npt  at  all satisfied  ad
5 = very  satisfied.

Self-complete  approx.
7–10  mins

Feeling  bothered  items  on a 1–5
scale − where  1 = very  bothered
and 5 =  not  at  all  bothered.

User guide:  see  weblink Recall  period:  The  past  week
Completion:  Self-  or
interview-administered.
Language:  >  10  language  versions:
http://www.qolibrinet.com/
registration.htm

Generic  −  profile  measures  (n3)
Short Form  36-item

Health  Survey  −
version  1  and  version  2

USA Functional  health  and  well-being
from the  patient’s  perspective  −
underpinned by 8  health  domains
across both  physical  (4)  and
mental (4)  aspects  of  health

Bodily  Pain  (BP)  (2)  Physical  functioning  (PF)
(10)

– Mental  health  (MH)  (5); Social functioning  (SF)
(2)

General  health  (GH)  (5)
− perceived  well-being

2-ways  of  presenting  the
data:

(SF-36 v1/SF-36  v2)  Total  35  items  plus  one  health
transition  item

Vitality  (VT)  −
fatigue/tiredness  (2)

Role  limitation  (RP)  (4)  Role  limitation  (RE)  (3) 2.1  8-domain  profile  2.2 Two
component  summary  scales:

Ware & Sherbourne,
[22]; Jenkinson  et al.,
[23]

Response  options:  Between  3 and
6-level categorical  response
options per  item

Physical  Component
Summary  (PCS);

http://www.qolibrinet.com/index.htm
http://www.qolibrinet.com/index.htm
http://www.qolibrinet.com/index.htm
http://www.qolibrinet.com/index.htm
http://www.qolibrinet.com/index.htm
http://www.qolibrinet.com/index.htm
http://www.qolibrinet.com/scoring.htm
http://www.qolibrinet.com/scoring.htm
http://www.qolibrinet.com/scoring.htm
http://www.qolibrinet.com/scoring.htm
http://www.qolibrinet.com/scoring.htm
http://www.qolibrinet.com/scoring.htm
http://www.qolibrinet.com/registration.htm
http://www.qolibrinet.com/registration.htm
http://www.qolibrinet.com/registration.htm
http://www.qolibrinet.com/registration.htm
http://www.qolibrinet.com/registration.htm
http://www.qolibrinet.com/registration.htm
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PROM  Origin  Conceptual  focus Domains  of  HRQoL  Ferrans  et  al.,  [18,19]a (items  per  domain) How  to  score

Developer  Response  options;  Recall  period
Completion  format

Functional  Status

Web-link  Language  versions Symptoms  Physical  Cognition  Psychological  Social/Role  General  Health
perception

Cost (license)
Time  to  complete

https://campaign.optum.
com/content/optum/
en/optum-outcomes/
what-we-do/health-
surveys.html

Revision  of  the  SF-36v1  to  v2:  Mental  Component  Summary
(MCS

License for  use  per
project;  minimum  fee
$USA

5-level  response  options  replaced
dichotomous  options  for  7  items  in
the role  function  items.  Other
modifications  improved  content
and layout  [23].

Scoring  requires  SF-36
specific  algorithm.

Survey license  request: Recall  period:  Standard  recall
4-weeks;  Acute  recall  1-week

Norm-based  scoring:  score
transformed  to  0–100  (mean
50 (SD  10))

https://www.optum.
com/campaign/ls/
outcomes-survey-
request.html

Completion:  Self,  Interview  (in
person;  telephone)  or  proxy
supported

Population-based  norms
available

Completion time:  Language:  >  170  language  versions:
Range 5–30  minutes  (not

reported  in Cardiac
Arrest  population)

https://campaign.optum.com/
optum-outcomes/what-we-do/
health-survey-translation/surveys-
translation-tables.html

http://www.qolibrinet.
com/scoring.htm

The  IQOLA  project  supported  the
development  of conceptually
equivalent  and  culturally
appropriate  translations  (see
http://www.iqola.org/
NOTE:  Utility  values
A  preference-based  utility  index  −
the SF-6D  − can  be  calculated
following  completion  of  the  SF-36
to  inform  economic  analyses
https://www.shef.ac.uk/scharr/
sections/heds/mvh/sf-6d

Short  Form  12-item
Health  Survey  −
version  2

USA Functional  health  and  well-being
from the  patient’s  perspective  −
underpinned  by  8  health  domains
across  both  physical  (4)  and
mental (4)  aspects  of  health

Bodily  Pain  (BP)  (1)  Physical  functioning  (PF)
(2)

– Mental  health  (MH)  (2); Social  Functioning  (SF)
(1)

General  health  (GH)  (5)
− perceived  well-being
(1)

Scores  presented  as  two
component summary  scales
only:

(SF-12 v2) Total  11  items  plus  one  health
transition item

Vitality  (VT)  −
fatigue/tiredness(1)

Role  limitation  (RP)  (2) Role  limitation  (RE)  (2) Physical  Component
Summary  (PCS);

Ware et  al.,[24]  Response  options:  Between  3  and
6-level  categorical  response
options per  item

Mental  Component  Summary
(MCS

https://campaign.optum.
com/content/optum/
en/optum-outcomes/
what-we-do/health-
surveys.html

Recall  period:  Standard  recall
4-weeks;  Acute  recall  1-week

Scoring  requires  SF-12
specific  algorithm.

License for  use  per  project;
minimum fee  $USA

Completion:  Self,  Interview  (in
person;  telephone)  or  proxy
supported

Norm-based  scoring:  score
transformed  to  0–100  (mean
50 (SD  10))

Survey license  request: Language:  >  170  language  versions: Population-based  norms
available

https://www.optum.
com/campaign/ls/
outcomes-survey-
request.html

https://campaign.optum.com/
optum-outcomes/what-we-do/
health-survey-translation/surveys-
translation-tables.html

Summary  scores:
Physical  (PCS),  Mental
(MCS)  (mean  50,  sd  10)

The IQOLA  project  supported  the
development  of conceptually
equivalent  and  culturally
appropriate  translations  (see
http://www.iqola.org/
NOTE:  Utility  values
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A  preference-based  utility  index  −
the SF-6D  − can  be calculated
following  completion  of the  SF-36
to inform  economic  analyses
https://www.shef.ac.uk/scharr/
sections/heds/mvh/sf-6d

Generic  −  Index  (n2/10)
Life  Satisfaction

Checklist
SwedenGeneric  self-report  checklist  of Life

Satisfaction (aspiration  −
achievements  gap)  across  10
domains of life  plus  life  as  a whole).

– (ADL)  Ability  to manage
my  self-care  (1)

– Psychological  health  (1) My vocational  situation  (1) My  life  as  a  whole  (1) Developers  describe  4factors:

LiSat-11 Developed  in  Swedish  population
(aged 18–64yrs).  LiSat-11  is an
extension of the  LiSat-9:  addition
of i)  somatic  and  ii)  psychological
health.

(Somatic)  Physical
health  (1)

My  financial  situation  (1)  Closeness  (3  items)

License: Not  clear  Factor  analysis  of original  measure
described a 4-factor  solution

My  leisure  situation  (1)  Health  (3  items)

Completion time:  approx.
5 min  (not  reported  in
CA  population)

Response  options:  6-grade  ordinal
scale from  1  (very  dissatisfied)  to 6
(very satisfied)

My  contact  with  friends  and
acquaintances (1)

Spare  time  (2  items)

Users-guide: −  Recall  period:  Not  clear  My  sex  life  (1) Provision  (2  items)
No active  web-site
identified

Completion:  Interview  or
self-administered.  For  use  with
adults (aged  18  years  and  older).

My  family  life  (1)  But  − alpha  levels  were  low;
therefore, index  score
supported.

Formats: Unclear My  partner  relationship
(1)

Item  summation.  Index
score  reported.Language: Unclear

Quality of Life  Scale USAGeneric  self-report  measure  of
quality  of life  for  use  across  patient
groups and  culture  − 16-items
across  6  conceptual  domains:
material  and  physical  well-being;
relationships  with  other  people;
social, community  and  civic
activities;  personal  development
and fulfillment;  recreation;
independence  (1  item).

– Health  −  being
physically  fit  and
vigorous  (1)

– Understanding  yourself
(1)

Material  comforts  (1) Independence  −  doing
for  yourself  (1)

Item  summation  to give  a
total index  score:  range  from
16 to  112;  where  higher
scores indicate  better  QoL.

QOLS Response  options:  7-point
‘delighted  (7)-terrible  (1)’  scale  OR
7-point  satisfaction  scale
(anchored  ‘very  satisfied  (7)’  to
‘very dissatisfied  (1)’

Participating  in active
recreation  (1)

Relationships  (1) Average  total  score  for
healthy  population  is
approx. 90 see
Burckhardt  & Anderson,
[27]

Flanagan,  [26];
Burckhardt  &
Anderson,  [27]

Recall  period:  At this  time  Having  and  rearing  children
(1)

License: QOLS  is
copyrighted  by  Carol
Burckhardt.  Contact
burckhac@ohsu.edu
for  a free  copy  of the
English language
version.

Completion:  Interview  or
self-administered.  For  use  with
adults (aged  18  years  and  older).
Requires approximately  5 min.

Close  relationships  (1)

Completion time:  approx.
5 min  (not  reported  in
CA  population)

Formats:  Unclear  Close  friends  (1)

Users-guide: see
Burckhardt  &
Anderson,  [27]

Language:  At  least  16 −
include  English,
Swedish,  Norwegian,
and  Hebrew  translations.

Helping  others  (1)

No active  web-site
identified

Participation-organizations
(1)
Learning  (1)
Work  − job  or home  (1)
Expressing  yourself  −
creatively (1)
Socializing  (1)
Reading,  music  etc  (1)
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Table 2 (Continued)

PROM  Origin  Conceptual  focus  Domains  of  HRQoL  Ferrans  et  al.,  [18,19]a (items  per  domain)  How  to  score

Developer  Response  options;  Recall  period
Completion  format

Functional  Status

Web-link  Language  versions  Symptoms  Physical  Cognition  Psychological  Social/Role  General  Health
perception

Cost (license)
Time  to  complete

Generic  −  preference-based  utility  measures  (n4)
The  15-dimension

Health-Related  Quality
of  Life  Instrument

Finland Conceptual  underpinning  not  clearly
reported.

Discomfort  and
symptoms  (disco)  (1)

Mobility  (move)(1) – Mental  function
(cognition  and
memory)(1)

Usual  activities  (uact)  (1) – Utility  index  score
(multiattribute  utility
theory)):  algorithm  to  score:
http://www.15d-instrument.
net/valuation-system/

15D  Descriptive  system  −  ‘health-related
quality  of  life  of  adults’  described
across 15  dimensions.

Vitality  (vital)  (1) Sleeping  (sleep)(1) Depression  (dep)(1)
Distress  (distr)(1)

Sexual  activity  (sex)(1)  15D  single  index  on  a
scale 0.11–1.00;  where  0
is  dead  and  1.00  is
perfect health  (0.0162  is
unconscious  or  comatose)

Sintonen,[28]  Response  options:  5-ordinal  level
response  options  (more/less  of  an
attribute)

Body  function  −
Breathing  (breath)(1)

http://www.15d-
instrument.net/15d/

Recall  period:  present  health  status.  Eating  (eat)(1)

License: Completion:  Primarily
self-administered.  For  use  with
adults  (aged  16years  and  older).
Interview and  proxy  also  supported.

Elimination/excretion
(excret)(1)

Completion time:  less
than 10-min  (but  not
reported  in  CA
population)

*  Version  for  Adolescents  − 16D  (for
children  aged  12–15yrs)  and  for
younger  children  −  17D  (aged
8–11yrs)  also  available.

Senses  −  Vision  (see)(1)

User guide:  see  web-site  Formats:  Hearing  (hear)(1)
Originally developed  in
1981; revised  in  1986  and
1993

Language:  Original  Finnish  for
Finland;  now  >30  language  versions.

Speech  (speech)(1)  (8)

http://www.15d-instrument.net/
15d/languages/

EuroQoL  EQ-5D-3L Multiple Standardized,  preference-based
measure  of  health  status  for  use  in
clinical and  economic  appraisal  d

Pain/discomfort  (1)  Mobility  Self-care  (2) – Anxiety/depression  (1)  Usual  activities
(including  work,  study,
housework,  family  or
leisure  activities)  (1)

– 2-ways  of  presenting  the
data:

EuroQoL Group,  [29]  EQ-5D  descriptive  system:  5  items
across  ‘5  domains’  (2/5  reflect
physical functional  status)

1.  EQ-5D-5L  Index  value

http://www.euroqol.org/
home.html

(EQ  VAS  −  self-rated  health  on  a
20 cm  vertical  visual  analogue  scale
(VAS))

EuroQoL-specific  coding
algorithms  to support
calculation  of Utility  Score
(Index):

License for  use  per
project;  Free.

Response  options:  3-level
categorical  response  options  per
item (no  problems  (1)  to  extreme
problems (3)

Crosswalk  values  sets  from
EQ-5D-3L  support  calculation
of EQ-5D-5L  utility  score.

But use  must  be  registered
on EuroQol  website

Completion  of all  items  will  produce
a 5-digit  number  describing  the
respondent’s  health  state  (but  the
numerals  1–5  have  no  inherent
arithmetic properties  and  should  not
be used  as  a  cardinal  score)

Index  range  −0.59  to  1.00;

http://www.euroqol.org/
register-to-use-eq-5d.
html

Recall  period:  Today  where  1.00  is  perfect  quality
of life,  0  is  death,  and  <0  is  a
health  state  worse  than  death

Completion time: Completion:  Self,  Interview  (in
person;  telephone)  or  proxy  (two
proxy  versions)  supported

Country-specific  value  sets
and population-based  norms
available

Less than  5  minutes  (not
reported  in Cardiac
Arrest  population)

http://www.euroqol.org/about-eq-
5d/modes-of-administration.html

Report  both  measure  of
central tendency  and  a
measure  of  dispersion:  eg,
mean and  SD;  median  and
percentiles.
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User  guide:  free  at  the
following  link  −

Formats:  PDA;  pen  and  paper;
proxy paper;  tablet;  telephone;
web.

2.  EQ-5D-5L  descriptive
system  as a  health  profile  −
reflects individual  item
scores. 2.1  Report  as  the
frequency  or  proportion  of
reported  problems  for  each
level for  each  dimension

http://www.euroqol.org/
fileadmin/user  upload/
Documenten/PDF/
Folders  Flyers/EQ-5D-
5L  UserGuide  2015.pdf

http://www.euroqol.org/eq-5d-
products/eq-5d-5l.html

2.2  Dichotomise  into  ‘No
problems’  (1)  and
‘Problems’  (2–5)  −
report  frequencies  of
reported  problems.

Language: > 120  language  versions
(see www.euroqol.org/)

Health Utility  Index  −  3 CanadaPreference-based,  comprehensive
system  for  measuring  health  status
and HRQoL  and  for producing  utility
scores. Applicable  for all persons
aged 5years  and  older.

Pain  −  severity  (1) Ambulation  −  ability  to
walk (distances)

Cognition  −  ability  to
solve day  to day  problems
(1)

Emotion  − happiness  and
interest in life  (1)

–  – 2-ways  of  presenting  the
data:

(HUI-3) HUI3  classification  system:  describes
the comprehensive  health  state  of an
individual  across  8 attributes  of
general health  (6/8  items  reflect
physical  functional  status)

Dexterity  −  ability  to  use
hands  and  fingers

1.HUI3  utility  index:  scored
using single  and
multi-attribute  utility
functions.

Feeney et al,[30]  Response  options:  Between  4  and  6
descriptive  response  options
(ability/disability)

Senses  −  Vision  HUI-specific  coding
algorithms  to support
calculation  of  single-attribute
Utility  Score  (Index);

http://www.
healthutilities.com/

Recall  periodl:  ‘Current’  or  ‘Usual’  −
‘Usual’ recommended  for clinical
studies. Choice  of  1-week,  2-week  or
4-week  recall  available.

Senses  −  Hearing  Index  range  −0.36  to  1.00;

License for use  per  project;
minimum  fee  $USA  3k
[Horsman,  2003]

Language:  16  versions  −
including  English,
Chinese, Dutch,  French,
German,  Italian,  Japanese,
Portuguese,  Russian,
Spanish,  Swedish

Speech  −  ability  to be
understood  (5)

Where  1.00  is  perfect  health,
0 is dead,  <0  is a  health  state
worse  than death

Completion time:  Population-based  norms
available

Approx. 8mins
self-completion

2.  Multi-attribute
descriptive  system  −
‘Classification  system’  −
reflects individual  item
scores.

Approx 3mins  interview
completion  (not
reported  in  Cardiac
Arrest population)

User guide:  available  once
HUI3 is purchased

Short Form
6-dimensions

UK Generic,  preference-based  single
index measure.

Bodily  Pain  (BP)  (1) Physical  functioning  (PF)
(1)

– Mental  health  (1)  Social  functioning  (1) – 0.46  to  1.00;  where  0  is
dead  and  1.00  is  perfect
healthSF-6D Produces  6-dimension  scores  (6D),

a  6-digit  health  state  and  a utility
value.

Vitality  (VT)  −
fatigue/tiredness  (1)

Role limitation  (RP)  (1)

NOTE: Scoring  of the
SF-6D  requires
completion  of the
SF-36or  SF-12

If  from  SF-36:  11 (of 36)
items;

Brazier et  al.,  [31]
https://www.shef.ac.uk/

scharr/sections/heds/
mvh/sf-6d

License  –  as  per  SF-36/12
Completion  time  −  as  per

SF-36/12
aItem content distribution according to the Ferrans et al revision to the Wilson and Cleary HRQOL model [18,19].
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Fig. 1. Review of measures for Cardiac Arrest Cl

ollectively appraised for the SF-36. The longest measure was the
OLIBRI (37-items); the shortest the EQ-5D-3L (5-items).

atient and study characteristics (Appendix 1)

Sample sizes ranged from 20 to 1188; age ranged from 18
o more than 75 years. Studies were from international settings:

ostly North America (n 7/25) and the Netherlands (n 7/25).
ost were cross-sectional evaluations − trial sub-studies or cohort

tudies. Three were specific to PROM psychometric evaluations
46,52,23].

easurement properties and methodological quality

Study methodological quality is reported per reported measure-
ent property per PROM (Table 3) (data extraction in Appendix 2);

he evidence synthesis is reported in Table 4 (detailed in Appendix
).

alidity − content validity
The comparative analysis highlights similarities and discrepan-

ies in PROM content and assessment focus (Table 2).
Symptoms − Except for the two generic index measures, all mea-

ures assess symptoms, including pain and/or discomfort. Most
6/10) assess fatigue − the SF-36 provides the most detailed assess-

ent (2 items); most include just single items.
unctional status − physical

All measures assess physical function − the SF-36 and SF-12
nclude the greater number of items with this focus. Two of the five
Trials − PRISMA flow-chart for article inclusion.

EQ-5D-3L items assess limitations in self-care and mobility, whilst
2/8 HUI3 items assess ambulation (walking distances) and dexter-
ity. Several measures assess vision (QOLIBRI, 15D, HUI3), hearing
(QOLIBRI, 15D, HUI3) and speech (15D, HUI3).

Functional status − cognition: Just 3/10 measures specifically
assess cognitive impairment − the QOLIBRI includes 7 items, whilst
the HUI3 and 15D include just single items.

Functional status − psychological: All measures assess mental
or emotional well-being. The QOLIBRI includes several items that
explore an individual’s ‘view of self’ and concerns about anxiety,
anger, depression and loneliness. The SF-36 and SF-12 also include
multiple items to assess mental health concerns. The 15-D includes
two items; the LiSat-11, QOLS, EQ-5D-3L and HUI3 include single
items.

Functional status − social/role: Apart from the HUI3, all measures
assess limitations in, or satisfaction with, social or role functioning.
The QOLIBRI provides a detailed assessment of the impact of brain
injury on daily life and autonomy. The SF-36 includes items relating
to social function. The remaining measures provide a more limited
assessment, including items that reflect changes in self-care and
usual activities.

General health perception: Just five measures − the QOLIBRI,
SF-36, SF-12, LiSat-11 and QOLS − include items pertaining to per-
ceived well-being.

Validity − construct validity (structural; construct)
Evidence of construct validity was limited (Tables 3 and 4).
Five studies reported acceptable evidence of convergent or known-
groups validity for the HUI3 (Table 3). One good quality study
demonstrated the ability of the HUI3 to discriminate between sur-
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Table 3
Methodological quality (COSMINa) of each study (n = 25) per HRQoL measure (n = 10) and quality of investigated measurement propertiesb.

Measure Study (n) Country
(language)

Subjects (n) Reliability Validity Responsivene Interpretability Include score distribution −
item/scale level

Internal
consistency

Temporal
stability

Content Construct

Convergent/
divergent

Known-
groups

Health-related Quality of Life (n = 10)
Condition-specific (n = 1/10)
QOLIBRI (2 studies)
Middlekamp et al. [32] NL

Dutch
20 +

Poor
Mak  et al. [33] NL

Dutch
59 +

Good
Generic Profile (n = 3/10)
SF-36v1 (8 studies)
Graf et al. [34] Germany

German
81 +

Poor
+
Poor

Bro-Jeppesen et al. [35] Denmark
Danish

156 +
Poor

+
Poor

Mouleart et al. [36] NL
Dutch

63 PCS + MCS  +
Fair

PCS + MCS  +
Fair

2/63 patients had >15% missing items for SF-36
(same as FAI, CIQ, CFQ, FSS)

Reinhard et al. [37] Estonia 44 +
Poor

Kowalik et al. [38] Poland
Polish

65 +
Poor

+
Poor

Moulaert et al. [39] NL
Dutch

143 +
Fair

Boyce-van der Wal  et al. [40] NL
Dutch

77 +
Fair

+
Fair

SF-36v2 (2 studies)
Cronberg et al. [41] Sweden

Swedish
946 ?

Fair
In-person (or telephone) interview
(n455)(proxy 8%) completion equivalent to
‘Two Simple Questions’ rate − and higher than
several other measures (MMSE, IQCODE)

Orbo  et al. [42] Norway
Norwegian

33 PCS + MCS  +
Fair

ES: MCS  −0.38;
PCS 0.21

Reliable Change Index:
Deterioration: MCS 5 (15%) of patients; PCS 0.
Improvement: MCS  0; PCS 4 (12%).
No change: MCS  28 (86%); PCS 29 (88%)

SF-12v2 (4 studies)
Deasy et al. [43] Australia

English
56 +

Fair
Item/scale level data − no end effects
‘Good’ telephone interview completion rates;
but ‘challenges with loss to follow-up’

Beesems  et al. [44] NL
Danish

220 +
Fair

Smith et al. [45] Australia
English

687 +
Fair

‘Good’ telephone completion rates

Andrews  et al. [46] Australia
English

1188 PCS + MCS  +
Fair

PCS + MCS  +
Fair

79% of those known to be alive at 12/12)
responded to interviews
Missing items at scale level: 3.4% (34/1188)
No  end effects

Generic Index (n = 2/10))
LiSat-11 (1 study)
Wallin et al. [47] Sweden

Swedish
45 +

Poor
–
Poor

QOLS (1 study)
Wilson et al. [48] English

UK
56 –

Poor
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Table 3 (Continued)

Measure Study (n) Country
(language)

Subjects (n) Reliability Validity Responsivene Interpretability Include score distribution −
item/scale level

Internal
consistency

Temporal
stability

Content Construct

Convergent/
divergent

Known-
groups

Preference-based utility (n = 4/10)
15D (1 study)
Tainen et al. [49] Finland

Finish
49 ?

Poor
+
Fair

Interviews 1yr: 85.6% response rate

EQ-5D-3L  (3 studies)
Deasy et al. [43] Australia

English
56 Item level: At 1-year: >70% report ‘No

problems’ with Mobility, Self-care, Pain
Smith  et al. [45] Australia

English
687 Item level: At 1-year: >30% No problems in 5/5

domains: Self-care (87.6%); Pain (71.7%); Usual
activities (67.8%); Mobility (66.4%); Anxiety
(66.2%)

Andrews et al. [46] Australia
English

1188 +/−
Fair

+
Fair

Large ceiling effects and poor discrimination at
higher levels of QoL/function 75th percentile is
equal to a score of 1.00 for all GOSE categories
above lower moderate disability

HUI3  (7 studies)
Nichol et al. [50] USA

US-English
86 ?

Fair
+
Good

Stiell  et al. [51] USA
US-English

268 Score range −0.30 to 1.0 > 0.80 134/316 (42%);
<0.80 134/316 (42%); 0.60-0.80 56/316 (18%)
<0.60 78/316 (25%) (Unknown n = 48 (Known
survivors 316)) (HUI3 > 25% have scores <0.60 at
12/12 (severe impairment)) (CPC at 12/12: Good
88%; Mod  9%; Severe 6%)

Raina  et al. [52] USA
US-English

21 +
Poor

+/−
Poor

Steill et al. [53] USA
US-English

305 +
Fair

+
Fair

HUI3 median 0.84 (IQR 0.61–0.97) Approximate
range −0.25 to 1.00. Skewed distribution − End
effects? − unclear how many scored 1.00

Longstretch  et al. [54] USA
US-English

32 +
Fair

At 3/12: authors report that missing most
often in those not reporting full recovery (so
scores may  overestimate QoL)

Raina  et al. [55] USA
US-English

29 +/−
Poor

ES 0.43 (1–6mth);
0.19 (6–12mth);
0.26 (1–12mth)

Mean scores at HD,1/6/12mths: HUI3 severe
disability all time-points (all <0.68); vs. GOS-E
(low mod disability) vs. CPC and mRS  suggest
‘good outcome’

Nichol  et al. [56] USA
US-English

644 ?
Fair

+
Fair

Mean HUI3 (scores <0.70 = severe impairment):
3/12 0.75 (0.33); 6/12 0.74 (0.35); Worst 0.71
(0.35); Best 0.77 (0.33) Range and end effects
NR.?Skewed distribution towards better health.
Predictive model: Suggests that for every unit
change in mRS, this predicts a change of −0.06
in the HUI3

SF-6D  (1)
Andrews et al. [46] Australia

English
1188 +

Fair
+
Fair

No end effects:  strong evidence of variability in
SF-6D score across GOSE categories (in patients
reporting full health on EQ-5D-3L). SF-6D scores
improved as GOSE scores improve

a COSMIN − Consensus on Standards for Measurement Instruments. Four-grade rating for study methodological quality: Excellent, Good, Fair Poor.
b Quality of Measurement property: Evidence is graded as: adequate (+) [reaches accepted standards]; conflicting (+/−); inadequate (−) [does not research accepted standards]; or indeterminate (?) [the results are difficult to

define].  (Adapted from 10,12)(Table 1 for detail).
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Table 4
Data synthesis, levels of evidence and overall quality of reviewed measures of HRQoL (n = 10)a.

PROMb Number of
evaluations

Reliability Validity Construct Validity Responsiveness Interpretation

Internal
consistency

Temporal
stability

Measurement
error

Content validity Structural
validity

Hypothesis
testing

Known-groups Responsiveness

Condition-specific (1)
QOLIBRI 2 + Moderate
Generic  measures (9)
Profile measures (3/9)
SF-36v1 8 + Unknown + Limited + Moderate
SF-36v2 2 + Moderate + Moderate ES only (small) + Unknown
SF-12  4 + Limited + Limited + Moderate
Generic  Index (2/9)
LiSat-11 1 + Unknown + Unknown
QOLS  1 + Unknown
Preference-based Utility

measures (4/9)
15D 1 ? Unknown + Limited
EQ-5D-3L 3 +/− Limited +/−  Limited - Moderate
HUI-3  7 − Unknown +/− Conflicting + Moderate ES only (small)
SF-6D  1 + Limited + Limited + Moderate

a Data synthesis: The data were qualitatively synthesized to determine the overall quality of measurement properties and acceptability of each reviewed HRQoL measure. The synthesis took the following factors into account: 1)
methodological quality of the reviewed studies (COSMIN scores); 2) the number of studies reporting evidence of measurement properties per measure; 3) the results for each measurement property for each measure; and 4) the
consistency of results between reviewed studies.
The data synthesis score has two elements [11,12,20].
First, the overall quality of a measurement property was  reported as: adequate (+), not adequate (−), conflicting (+/−), or unclear/indeterminate (?).
Second, levels of evidence for the overall quality of each measurement property were further defined to indicate:
‘strong’ − consistent findings in multiple studies of good methodological quality OR in one study of excellent quality;
‘moderate’ − consistent findings in multiple studies of fair methodological quality OR in one study of good methodological quality;
‘limited’ − one study of fair methodological quality;
‘conflicting’ − conflicting findings; or
‘unknown’ evidence − only studies of poor methodological quality
Where the data entry box is left blank, this signifies no available evidence.
b PROM acronyms (detailed in text and Tables 1 and 2)
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ivors per duration of resuscitation.50 Two smaller studies reported
he ability of the HUI3 to distinguish between survivors grouped
er CPC scores at 1-year post-arrest [53], or when identified as

fully recovered’ versus ‘dependent’ [54]. Limited evidence also sug-
ests that the 15D can discriminate between survivors grouped per
PC or mRS  scores at 6-months [49]. Small levels of association
etween the HUI3 and measures of global disability such as the
PC (pre/at hospital discharge) [50,52], the GOS-E and mRS  [52]
ave been reported. However, this association appears to increase
hen CPC is assessed post-discharge [52]. Similarly, small to mod-

rate levels of association have also been reported between the
5D and the CPS and mRS  at 6-months [49]. Despite the inclusion
f a cognition-specific item, only small levels of association have
een reported between the HUI3 and a cognition-specific measure
Telephone Interview of Cognitive Status (r = 0.37)); and small to

oderate levels (range r = 0.23 to r = −0.45) with measures of psy-
hological well-being [55]. More moderate associations have been
eported with measures of self-care and reintegration into ‘normal
iving’ [55], suggesting a stronger focus on physical function.

Seven studies report acceptable (judged to be of at least ‘fair’
uality) evidence of validity for the SF-36, SF-12 and SF-6D
Table 3). As hypothesized, associations between the SF-12 sum-

ary scores and global measures of disability (GOSE with MCS
 = 0.31; with PCS r = 0.44) were smaller than with other generic
easures of health status (PCS with EQ-5D-3L r = 0.63; with SF-6D

 = 0.69; MCS  with SF-6D r = 0.56) [46]. Similar levels of associa-
ion were reported between both SF-12 summary scores and the
F-6D − suggesting that the SF-6D has an equal focus on both phys-
cal and mental well-being. The significantly stronger association
etween the SF-12 PCS and EQ-5D-3L (r = 0.63) than with the MCS
r = 0.29) highlights the greater focus of the EQ-5D-3L on physical
imitations. However, a moderate to strong association between
he EQ-5D-3L and the SF-6D was reported (r = 0.65) suggesting that
hey assess similar, although not identical, aspects of health sta-
us. Similarly, the moderate association between the SF-6D and
OSE at 12-months following the arrest (r = 0.52), suggests that
hilst there is assessment overlap, there is substantial divergence

n measurement focus.
Moderate associations between both the SF-36 PCS and MCS  and

he Fatigue Severity Scale (range r = 0.57 to r = 0.61) highlight the
ulti-faceted nature of fatigue [36]. Strong associations between

he SF-36 MCS  and the Hospital Anxiety and Depression Scale
range r = −0.77 to −0.84) supports the ability of the MCS  to cap-
ure aspects of emotional well-being in this population [36,42]. The

oderate association between the SF-36 PCS and the Cognitive Fail-
res Questionnaire (r = 0.55) suggests that, whilst not specifically

ncluding items about cognition, the PCS is influenced by aspects of
ognitive impairment.

Acceptable evidence details the ability of the SF-12 MCS and PCS,
he SF-6D, and EQ-5D-3L to discriminate between survivors of car-
iac arrest who return to work at 12-months, and on gender (lower
ealth state for females) [46]. Scores on the SF-12 PCS and SF-6D
iscriminate between survivors discharged to home or an alter-
ative at 12-months. Scores across 6/8 SF-36 domains (not bodily
ain or general health) discriminate between survivors with and
ithout cognitive impairment, with unimpaired survivors report-

ng better levels of well-being [40]. However, scores on the QOLS
ere unable to discriminate between survivors with or without

noxic brain injury [48].
Several studies report the ability of measures to discriminate

etween the health status of OHCA survivors and that of the general
opulation. Both SF-36 summary scales demonstrate worse health
tate in OHCA survivors at 3-years when compared to that of the

utch general population [36], and at 5-years when compared to an
ge- and gender-matched German population [34]. At 12-months,
vidence suggests that the SF-12 PCS for OHCA survivors is lower,
tion 123 (2018) 22–37

but the MCS  equivalent, to both the Australian [45] and Dutch [44]
population norm. However, evidence suggests that the MCS  is lower
for younger Australian survivors at 12-months than age-matched
members of the general population [43]. Similarly, a deteriorating
state of mental well-being has been reported at 12-months (when
compared to that reported at 3-months), with scores significantly
lower than that of an age- and gender-matched ‘norm’ population
[42]. However, non-statistically significant between group differ-
ences for OHCA survivors and the general population have also been
reported on the SF-36 [41]. There was  no difference in 15D util-
ity scores for OHCA survivors at 6-months and the general Finnish
population [49], although statistically significant differences in two
single domains − usual activities and sexual activities − were
reported.

Limited evidence of convergent validity was reported for the
QOLIBRI following completion by a small group of survivors with
neurological impairment referred for rehabilitation at 2-years [32],
and a larger group at 6-months post arrest [33]. Although a small
study, the strong association between the QOLIBRI and cognition
(Cognitive Failures Questionnaire (range r = 0.77 to r = 0.86) and the
moderate to strong association with a measure of participation and
autonomy (range r = −0.44 to r = −0.86) supports the ability of the
QOLIBRI to capture issues associated with cognitive impairment
and participation in OHCA survivors with neurological impairment
[32].

Limited evidence suggests that there are gender differences for
psychological health when assessed with the LiSat-11, with more
men reporting greater satisfaction with their health [47].

The structural validity of the reviewed measures was  not
reported.

Reliability (internal consistency; test-retest; measurement error)
Limited evidence of acceptable inter-rater reliability was

reported for the HUI3 following completion by just ten patients
[55]. Limited evidence of acceptable internal consistency reliability
was reported for all domains of the SF-36 following completion by
81 patients [34]. Additionally, there is limited evidence of internal
consistency for the LiSat-11 [47], and QOLS [48]. Evidence of mea-
surement reliability and measurement error was not identified for
the remaining measures (Tables 3 and 4).

Responsiveness
Statistically significant between group differences were

reported for several SF-36 domains − role emotional, mental
health and general health − at 12-months in favour of survivors
who had participated in the active arm of a rehabilitation trial; of
note, there was no between group difference at 3-months [39].
Responsiveness statistics were not reported. A statistically signif-
icant reduction in mental well-being (SF-36 MCS) was reported
between 3 and 12-months, accompanied by a non-statistically
significant improvement in physical well-being (PCS) [42]. Small
effect size statistics, comparable to those reported for the Hospital
Anxiety and Depression Scale (HADS), were also reported for both
component scores. Small effect size statistics were reported for the
HUI3 up to 12-months post-arrest in a small prospective cohort
[55]. However, robust evidence of measurement responsiveness
following completion with OHCA survivors was not reviewed for
any measure.

Interpretation (completion rates, data quality and meaning)
For OHCA survivors who  agreed to complete the reviewed

measures, acceptable completion rates have been reported for all
between 6 and 12-months post-arrest (range 73% to 92%) (Table 2).
Most non-responders were reportedly ‘lost to follow-up’. However,
evidence suggests that non-responders are more likely to be those
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ith significant limitations, and hence scores may  overestimate
uality of life in survivors [54].

Acceptable postal self-completion rates (72%) have also been
eported for the SF-36(v1) at 36-months post-arrest.36 A missing
tem rate of greater than 15% was reported − a rate comparable to
ther self-completed measures in this population.

Good data quality, with no evidence of end-effects, and low lev-
ls of missing data (3.4%) was reported for the SF-12 and SF-6D
46]. However, although missing data was low (total 1.0%; patients
.5%; proxy 2.7%), large ceiling effects were reported for the EQ-5D-
L − with more than 46% of patients (and 23% of proxy) achieving

 maximum score of 1.00 (perfect health) at 12-months. However,
or this group, scores on the SF-6D and GOSE suggested substan-
ial variability in health, with concerns related to mental health
nd vitality (issues not addressed in detail by the EQ-5D-3L). Data
uality was not evidenced for the remaining measures.

No studies have attempted to define the SDD, MIC  or MID  fol-
owing completion with survivors of cardiac arrest. However, Orbo
t al [42],calculated the Reliable Change Index (RCI) as a measure
f the reliability of change scores on the SF-36 between 3 and 12-
onths post-OHCA. A reliable deterioration in mental well-being

ummary score (MCS) and improvement in physical well-being
ummary scores (PCS) was reported for fifteen percent and twelve
ercent of survivors, respectively, between 3 and 12-months. How-
ver, for most survivors, at the domain level, change in mental or
hysical well-being was  not statistically significant, but remained
elow that of an age- and gender-matched population [42].

easibility
The feasibility of PROM completion has not been reported.
Where patients are very poorly or experience significant neu-

ological deficit, proxy completion by a close relative or health
rofessional is an option. However, there are few evaluations of
roxy completion in this population. Acceptable SF-36 interview-
dministered, proxy-completion rates have been reported [41].A
tronger association between proxy completed EQ-5D-3L and
he GOSE (0.67), than with survivor self-report (0.47), has
een reported at 12-months post-arrest [46]. Missing data was
reater following EQ-5D-3L proxy-completion (2.7% versus 0.5% in
atients) [46]. The associated cost, and concerns over loss to follow-
p and associated reporting bias, have not been reported for PROM
elf- or proxy completion.

cceptability and patient involvement
There is no evidence that OHCA survivors have been involved

n the development or appraisal of PROM content for relevance or
cceptability.

iscussion

High quality and relevant HRQoL assessment provides essential
urvivor-derived evidence of the often profound, long-term impact
f cardiac arrest. However, the survivors’ perspective is not widely
eflected in current resuscitation research, and a measure specific
o cardiac-arrest does not exist. Apart from one utility measure −
he HUI3–and a generic profile − the SF-36–for which limited, but
cceptable evidence of measurement validity was reviewed, robust
vidence of the quality and acceptability of HRQoL measures in this
opulation was largely limited or not available.

This is the first systematic review of patient-reported mea-
ures of HRQoL following completion by OHCA survivors with
hich to inform measurement selection. The review is strength-
ned by a transparent assessment of both study and measurement
ethodological quality according to consensus-derived standards

7,13,14], and by reference to an established HRQoL framework
ith which to underpin a comparative evaluation of PROM con-
tion 123 (2018) 22–37 35

tent [18,19]. Although undertaken by one, experienced reviewer
(KH), the study inclusion, data extraction and synthesis was  dis-
cussed with an established working group of clinical academics,
researchers and patients (as part of the Core Outcome Set for
Cardiac Arrest (COSCA) initiative) [2,57], thus enhancing the trans-
parency of the process and final recommendations. However,
unlike other reviews of PROM quality [11,12,16], the primary pur-
pose of most reviewed studies was  often not PROM evaluation.
Therefore, studies were often judged to be of limited quality per
the COSMIN criteria.

The review highlighted a lack of conceptual and empirical
research regarding HRQoL assessment in this population − and
evidence of measurement data quality, interpretability, reliabil-
ity, construct validity and responsiveness was mostly unavailable.
Moreover, PROM content validity and relevance to OHCA survivors
was not specifically evaluated. Application of the HRQoL frame-
work, suggests that the QOLIBRI − a traumatic brain-injury specific
measure − was  most reflective of the multi-dimensional nature of
HRQoL, including many concerns identified as important by OHCA
survivors [57–59]. The shorter utility measures − HUI3 and EQ-
5D-3L − have a narrower focus and, as reported by others, may
fail to include health concerns of relevance to specific patient pop-
ulations [60–62].A consequence of using measures with limited
content validity is that the impact of OHCA and associated health-
care is sub-optimally assessed − clinical trials may overestimate
good outcome and fail to identify important differences between
groups on the outcomes that really matter to patients.

Except for the two  generic index measures, all assess pain or dis-
comfort. Fatigue, another important consideration for CA survivors,
was assessed by six measures − the QOLIBRI, SF-36, SF-12, 15D and
SF-6D. Both the HUI3 and 15D include items about vision, hearing
and speech; the 15D additionally includes items about eating and
excretion. It is possible that items relating to vision and hearing are
not relevant to CA survivors, and hence may  result in an overesti-
mation of utility scores and hinder the measures ability to detect
meaningful change in this population [62]. However, speech, eat-
ing and excretion may  be particularly relevant to survivors with
more severe impairment and hence more likely to be completed by
proxy respondents.

Just two measures (QOLIBRI, HUI3) assess cognition, but lim-
ited evidence suggests just a small association between the HUI3
and a cognition-specific measure [55]. In contrast, the QOLIBRI
includes several items to explore a wide-range of issues associ-
ated with cognitive impairment, and a strong association with a
cognition-specific measure has been reported [32]. Recognition of
the importance of cognitive impairment in this population [8,42],
suggests a more detailed assessment of cognitive impairment than
can be afforded by a single item is recommended.

Despite the small number of items, two of the utility measures
− the EQ-5D-3L and SF-6D − cover a comparable range of HRQoL
concepts. However, whilst evidence of good data quality and dis-
criminative ability has been reported for the SF-6D at 12-months
post-arrest, large ceiling effects and poor discriminatory ability
have been reported for the EQ-5D-3L, suggesting that it underesti-
mates the significant impact of cardiac arrest and may  not detect
important change [46].A revised version − the EQ-5D-5L − has
improved response options which may improve the data quality,
but has yet to be evaluated in this population.

Proxy-completion − that is, by a significant other − has been
evaluated following completion of the EQ-5D-3L46 and the SF-
36(v2) [41] in OHCA survivors. Whilst higher levels of missing data
were reported following proxy completion of the EQ-5D-3L, there

were significantly lower ceiling effects (23% versus 46%), possibly
reflecting the inclusion of survivors with greater limitations.

HRQoL data are often missing or incomplete for patients with
the poorest outcomes, which may  result in systematic bias [63].
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o enhance HRQoL data capture, standardised administration and
outine screening for avoidable missing data is recommended [64],
hich should be detailed in study protocols and standard operating
rocedures (SOPs) [63,64].

Although all measures were developed to be self-completed,
ll were interview-administered − in person, via the telephone or
oth − in the OHCA studies reviewed, with acceptable interview
ompletion rates reported up to 12-months post-arrest. Proxy-
ompletion, by appropriate assessors, is advised to ensure that the
erspective of survivors with the poorest outcomes are included in
esearch and audit, and that HRQoL assessment does not under-
stimate the impact of OHCA survival. However, the logistical
hallenges of HRQoL assessment are not insignificant. Earlier guid-
nce suggests that HRQoL should, as a minimum, be assessed up
o 3-months post-arrest [65]. However, for many survivors, their
RQoL may  continue to change [42] and a longer-term assessment
f HRQoL is recommended [39,57]. Issues associated with the fea-
ibility and acceptability of long-term PROM completion required
rgent attention.

Most of the reviewed studies included HRQoL evaluations up to
2-months post-arrest − but no study commented on the ability
f measures to detect real change. Demonstrating the ability of the
easures to detect meaningful change − both within individual and

etween groups − over time is essential to enhancing confidence
n data quality and interpretation.

Given the importance of HRQoL for future clinical trials, reg-
stries and cohort studies, and the paucity of conceptualisation and
vidence of essential measurement and practical properties, fur-
her research is essential. Collaborative research with survivors of
ardiac arrest and their partners or patient advocates is strongly
ecommended to improve the quality and acceptability of HRQoL
ssessment and to co-produce guidance informing the way in
hich HRQoL assessment can be applied in future research, reg-

stries and healthcare quality assessments.
Just a small number of mostly generic HRQoL measures have

een evaluated with OHCA survivors. However, study method-
logical quality was poor and critical evidence of measurement
roperties and relevance to survivors was largely unavailable or
t best limited. These significant limitations hinder clear assess-
ent recommendations, whilst also limiting data interpretation
hen such measures are applied in research and healthcare qual-

ty assessment. A comparative evaluation of measurement content
alidity highlighted that few measures captured the multi-faceted
ature of HRQoL and the outcomes that matter to OHCA survivors.
lthough providing a narrow, impairment-based assessment, lim-

ted evidence suggests that the HUI3 may  be an acceptable, short,
eneric measure of HRQoL. Alternatively, the SF-36(v2) − for which
vidence was also limited − may  provide a more detailed assess-
ent. Further comparative evaluations of widely-used generic
easures − to include essential evidence of reliability, valid-

ty, responsiveness, interpretation and feasibility − is urgently
equired. Moreover, exploration of the relevance and acceptabil-
ty of such measures with representative members of the OHCA
urvivors’ community is urgently required to determine the need
or a survivor-derived measure.
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