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Summary
Background:  Functional  outcomes  and  health-related  quality  of  life  are  important
measures  for  survivors  of  a  critical  illness.  Studies  have  demonstrated  debilitating
physical  effects  for  a  significant  proportion  of  surviving  patients,  particularly  those
with  intensive  care  unit-acquired  weakness.  Contemporary  practice  changes  include
a  focus  on  the  continuum  of  critical  illness,  with  less  sedation  and  more  physical
activity  including  mobility  while  in  ICU,  and  post-ICU  and  post-hospitalisation  activ-
ities  to  support  optimal  recovery.  How  to  best  assess  the  physical  function  of  patients
at  different  phases  of  their  recovery  and  rehabilitation  is  therefore  important.
Purpose:  This  narrative  review  paper  examined  observational  and  functional  assess-
ment  instruments  used  for  assessing  patients  across  the  in-ICU,  post-ICU  and
post-hospital  continuum  of  critical  illness.
Methods:  Relevant  papers  were  identified  from  a  search  of  bibliographic  databases
and  a  review  of  the  reference  list  of  selected  articles.  The  clinimetric  properties  of
physical  function  and  HRQOL  measures  and  their  relevance  and  utility  in  ICU  were

reported  in  narrative  format.
Findings:  The  review  highlighted  many  different  instruments  used  to  measure  func-

 including  muscle  strength  testing,  functional  tests  and  walk
tion  in  survivors  of  ICU

tests,  and  patient  centred  outcomes  such  as  health  related  quality  of  life.  In  general,
the  sensitivity  and  validity  of  these  instruments  for  use  with  survivors  of  a  critical
illness  has  not  yet  been  established.
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Conclusion:  Based  on  findings  from  the  review,  screening  of  patients  using  reliable
and  valid  instruments  for  ICU  patients  is  recommended  to  inform  both  practice  and
future  studies  of  interventions  aimed  at  improving  recovery  and  rehabilitation.

e  of  Critical  Care  Nurses  Ltd.  Published  by  Elsevier  Australia
national  Books  Australia  Pty  Ltd).  All  rights  reserved.
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clinical specialities,  primarily  medical  rehabilita-
tion  and  aged  care,  however  the  BI  and  FIM  have
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Introduction

Examining  functional  outcomes  and  health-related
quality of  life  (HRQOL)  for  survivors  of  a critical
illness is  a  contemporary  area  of  interest  for  clin-
icians and  researchers  as  mortality  rates  stabilise.
With  survival  rates  of  89%  at  hospital  discharge1 but
delayed functional  recovery  evident  from  reviews
of observational  studies  internationally,2—4 practice
initiatives  to  improve  the  recovery  trajectory  for
a patient’s  ‘continuum  of  critical  illness’5 are  now
being explored.  This  current  view  of  an  episode
of critical  illness  as  a  continuum,  commences  with
acute clinical  deterioration,  a  period  of  treatment
and care  in  the  intensive  care  unit  (ICU),  and  con-
tinues after  ICU  and  hospital  discharge  until  the
patient’s  risk  of  late  sequelae  has  returned  to  the
baseline  risk  of  a  similar  individual  who  has  not
incurred a  critical  illness.5

Delays  in  physical  recovery  have  prompted  a
focus on  rehabilitation  strategies.  Current  evi-
dence suggests  that  intensive  care  unit-acquired
weakness (ICU-AW)  syndrome  results  from  a combi-
nation of  the  presenting  illness  (commonly  sepsis),
treatments  and  bed  rest.6,7 The  term  ICU-AW  was
developed  to  encompass  critical  illness  myopathy
(CIM), polyneuropathy  (CIP)  and  neuromyopathy
(CINM), and  reflects  muscle  wasting  and  functional
weakness in  patients  with  a  critical  illness  who  have
no other  plausible  aetiology.8 With  changes  in  prac-
tice to  less  sedation  and  more  physical  activity
including mobility  while  in  ICU,9 and  a  focus  on  the
continuum  of  critical  illness  to  post-ICU  and  post-
hospitalisation  support  for  optimal  recovery,  there
is a  need  to  explore  how  to  best  assess  the  physical
function and  HRQOL  of  these  patients  at  different
phases of  their  recovery  and  rehabilitation.

Search methods

This  narrative  review  examined  the  current  evi-
dence  base  for  assessing  physical  function,  mobility,

health-related  quality  of  life  (HRQOL)  and  util-
ity measures  in  patients  with  a  critical  illness,
focusing on  the  common  instruments  used  during
in-ICU,  post-ICU  and  post-hospital  testing.  Specific

b
T
r
t

unctional  outcome  measures  used  in  ICU  research
ere retrieved  using  the  bibliographic  databases
ubMed and  CINAHL,  with  additional  sources  iden-
ified from  the  reference  list  of  selected  articles.
earch results  were  filtered  for  English-language.
he clinimetric  properties  of  physical  function  and
RQOL measures  and  their  relevance  and  utility  in

CU were  reported  in  narrative  format.

indings

earch  results  are  discussed  using  the  following
hemes: functional  tests,  walk  tests,  strength  tests,
nd HRQOL.  Utility  measures  are  also  discussed
ithin the  scope  of  this  topic.

unctional tests

ests  of  functional  status  assess  Activities  of  Daily
iving (ADL),  either  as  a  self-report  or  during  obser-
ation. Assessment  of  both  upper  and  lower  limb
unction  provide  an  advantage  over  walk  tests
f the  outcome  measurement  relates  to  specific
unctional tasks  requiring  upper  limb  use.  Tests
hat assess  functional  status  and  are  relevant  for
atients across  their  continuum  of  critical  illness5

nclude  the  Barthel  Index  (BI),10 Functional  Inde-
endence  Measure  (FIM),11 the  Physical  Function
n ICU  Test  (PFIT),12 and  Glittre  ADL  Test,13 (see
able 1).  The  FIM  was  identified  as  providing  a
etter measure  of  disability  in  medical  rehabilita-
ion cohorts  when  compared  to  the  BI  and  other
nstruments.14 The  Glittre  ADL  Test13 has  been
sed in  assessing  patients  with  chronic  obstruc-
ive pulmonary  disease  (COPD)  and  may  have  utility
n assessing  recovery  and  function  in  post-ICU
atients, but  this  has  not  yet  been  evaluated  in  a
esearch setting.

Only the  PFIT  was  developed  specifically  for  an
CU patient  cohort;  others  were  developed  for  other
een used  to  assess  survivors  of  a critical  illness.
he  FIM  has  been  modified  in  more  recent  ICU
esearch,16 where  only  the  specific  aspects  of  func-
ion relevant  to  patients  in  ICU  were  examined
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Table  1  Summary  of  common  functional  and  walk  tests  applicable  for  assessing  survivors  of  a  critical  illness.

Instrument Description Interpretation Comments
Functional tests
Physical Function ICU

Test (PFIT)12
4 domains once patient able to sit out of bed: sit to
stand, marching on the spot, shoulder flexion,
muscle strengthe

No total score calculated; enables prescription
of activities based on results

Inter-rater reliability (ICC > 0.99 for all
domains); responsiveness
(p = 0.02—0.005);12 intra-rater
reliability: participants unable to
repeat test because of fatigue

Barthel Index (BI)100,97 10 ADLsa measured on a 0—2 scale Dependence: total = 0—4; severe = 5—12;
moderate = 6—18; slight = 19; independent = 20

Used to assess patients in the post-ICU
period24

Functional Independent
Measure (FIM)11

18 ADLs in motor and cognitive themesb; 7-point
ordinal scales; performed by a multi-disciplinary
team over 72-hour period

Score range 18—126 (fully
dependent—functional independence)

Acceptable levels of reliability and
validity14; possible ceiling effects,
particularly in outpatient settings98

Functional Ambulation
Categories (FAC)99

6-point ordinal scalec assessing ambulation Descriptive categories reflect function Can be used to assess progress in
walking in ICU cohort

Glittre ADL Test13 5 laps of a 10-metre walk with steps and carrying,
lifting and bending activitiesd

Time-measurement; 4—5 min  for in-patient
pulmonary rehabilitation; ADL-time associated
with disease severity13

Responsive to intervention13; used for
patients with COPD, but not currently
with survivors of a critical illness

Walk tests
Six Minute Walk Test

(6MWT)18
Distance walked in six minutes on a 30 m flat track or
circuit. Requires the person to walk as far as possible
in the six minutes. Standardised encouragement
provided each minute. Rests permitted but rest time
is included in the six minute period. Heart rate and
oxygen saturation should be measured during the
test.

The minimum important difference for the
6MWT based on changes following pulmonary
rehabilitation has been variously reported as
10% or 35 m (95%CI 30—42)100 and 14% or 25 m
(95%CI 20—61)101

Reflects functional capacity in
respiratory or cardiac diseases

Incremental Shuttle
Walk Test (ISWT)28

Participants walk round a 10 m track (1 shuttle) in
time with audio prompts. Walking speed increases
each minute; 12 levels of speed (0.5—2.37 m/s).
Number of shuttles and distance walked recorded.
Heart rate and oxygen saturation should be measured
during the test.

The minimum clinically important
improvement in ISWT after pulmonary
rehabilitation in COPD is reported as 47.5 m
(95% CI 38.6—56.5)30

Used to assess patients in the post-ICU
period102

Timed Up and Go
(TUG)31

Stand from sitting in a chair, walk 3 m at regular pace
and return to sit in the chair

Normal ≤10 s; good mobility, independent
≤20 s; requires supervision/walk aid = 21—30 s

Used to assess patients in the post-ICU
period102

ICC: intra-class coefficients.
a Barthel Activities of Daily Living: feeding; moving from wheelchair to bed and return; grooming; toilet transfer; bathing; walking on level surface; propelling a wheelchair; ascending

or descending stairs; dressing and undressing; controlling bowels; controlling bladder.
b FIM themes/items: 13 motor items covering personal care, sphincter control, mobility, locomotion; 5 cognitive items covering communication and social cognition.
c FAC categories: 0 = unable to walk or requires ≥2 people; 1 = continuous firm support from 1 person to walk; 2 = continuous or intermittent support from 1 person; 3 = verbal

supervision or stand-by help (without physical contact) from 1 person; 4 = walk independently on level ground; requires help on stairs, slopes, uneven surfaces; 5 = walk independently
anywhere.

d Glittre test: stand from seated position with a back pack (2.5 kg for women; 5.0 kg for men), walk 10 m including interposed two-step staircase to two shelves at shoulder and waist
height; move 3 × 1 kg cartons one by one from the top shelf to the bottom shelf to the floor, then back to the bottom shelf then the top shelf; then walk return over the stairs and sit
in the chair and then repeat (5 laps in total).

e PFIT activities: sit to stand with assistance (number of 0—3 people); marching on spot (MOS) (time, steps and steps/minute (cadence) recorded); bilateral shoulder flexion (through
available range) (time, repetitions and cadence); muscle strength testing (Oxford scale 0—5) for knee extension and shoulder flexion.
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Table  2  Responsiveness  of  the  PFIT  before  and  after  weaning  from  mechanical  ventilation.12

Domain  Mean  difference  before
and  after  weaning

95%  CI  P  value

Marching  on  the  spot
Steps  +86.3  15.8—156.8  0.02
Seconds  +56  5.2—102.8  0.03
Cadence +25.4  −1.7  to  50.3  0.04
Shoulder  flexion
Reps +8 0.5—25.4  0.02
Seconds +5.5
Sit  to  stand 2 or  less  people 0.007
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Muscle  strength  +2  strength  grades  

separately.  The  Functional  Status  Score  for  the  ICU
(FSS-ICU)  was  further  modified  after  the  validity
and  reliability  were  assessed.  These  papers  demon-
strate that  functional  tests  as  they  currently  exist
are not  transferrable  to  ICU  populations  but  that
investigators  are  interested  in  exploring  the  clini-
metrics  of  modified  or  alternative  measures.16

Physical  function  in  ICU  test  (PFIT)
The  PFIT12 was  recently  developed  in  Australia  as
a sub-maximal  exercise  test  to  be  both  an  outcome
measure and  from  which  exercise  can  also  be  pre-
scribed.  It was  specifically  developed  for  patients  in
ICU who  were  unable  to  mobilise  away  from  their
bedside.  The  PFIT  has  four  domains  that  reflect  clin-
ically important  aspects  of  physical  function  that
are likely  to  be  responsive  to  training  (Table  1)
and was  based  on  interventions  that  physiothera-
pists reportedly  used  during  rehabilitation  in  ICU  to
assess endurance,  muscle  strength,  exercise  capac-
ity and  functional  ability.17 Performance  of  the  PFIT
involves  sitting  the  patient  out  of  bed  in  a chair.
After a  practice  of  sitting  to  standing,  the  test  is
administered  using  standardised  instructions  in  the
order of  tasks  presented  in  Table  1.  Exercise  train-
ing for  each  domain  can  be  prescribed  based  on  the
PFIT results,  e.g.  marching  on  the  spot  70—80%  of
the time  achieved  in  the  initial  PFIT  assessment.

The reliability  and  responsiveness  of  the  PFIT
was investigated  in  a  small  cohort  of  ventilated
patients (n  =  12).  Responsiveness  was  assessed  prior
to and  following  weaning  from  mechanical  ven-
tilation  with  a  mean  time  difference  of  six  days
between  tests.  All  domains  of  strength,  function
and endurance  showed  improvement  (Table  2).
Validity testing  of  the  PFIT  remains  a  challenge,  as
there is no  gold  standard  for  measurement  of  exer-

cise capacity  in  the  critically  ill  population.  Ongoing
research  involves  the  development  of  a  total  test
score for  the  four  domains  of  the  PFIT,  determining
the predictive  ability  of  the  score  and  correlation

e
p
l
r

0.005

ith  other  functional  outcome  measures  such  as  the
ix Minute  Walk  Test  and  the  Timed  Up  and  Go  test
hich are  described  below.

alk tests

hile  the  walk  tests  used  in  rehabilitation  prac-
ice are  commonly  performed  as  sub-maximal  tests,
n debilitated  patients  they  can  act  as  maximal
ests; this  may  be  the  case  for  recovering  critically
ll patients  during  initial  and  early  assessment  of
obility. The  most  common  and  relevant  walk  tests

n this  context  are  the  six-minute  walk  test  (6MWT),
he Incremental  Shuttle  Walk  Test  (ISWT),  and  the
imed Up  and  Go  (TUG).

ix-minute  walk  test  (6MWT)
he 6MWT  is  a common  measure  of  functional  exer-
ise capacity  performed  as  a  self-paced  test  in
hich the  patient  walks  as  far  as  possible  in  six  min-
tes on  a flat  track.  The  recommended  shuttle  track
ength is  30  m,  although  track  lengths  of  20—50  m
nd circular  tracks  have  been  used.18 It  is  recom-
ended that  two  walk  tests  be  performed  at  each

ssessment  to  account  for  a  learning  effect.18 A  sig-
ificant increase  in  the  distance  walked  in  a  second
est has  been  demonstrated  in  chronic  obstructive
ulmonary disease  (COPD),19 chronic  heart  failure
CHF)20 and  in  patients  recovering  from  a  critical
llness.21

Practical  guidance  for  performing  the  6MWT  is
vailable.22 Standardised  encouragement  is  given
ach minute  by  the  assessor.  A  patient  can  stop
nd rest,  but  this  time  is  counted  within  the  six
inutes.18 The  ability  for  a rest  makes  the  6MWT

 useful  measure,  as  the  same  test  can  be  used
cross the  continuum  from  critical  illness  to  recov-

ry. However,  for  patients  who  reach  high  levels  of
hysical performance  after  an  ICU  admission,  stride
ength and  speed  may  limit  the  distance  walked
esulting in  a ‘ceiling  effect’.23 In  contrast,  very
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ssessing  physical  function  and  activity  for  survivor

isabled  patients  in  ICU  or  after  ICU-discharge  may
ot walk  at  all  resulting  in  a  ‘floor  effect’.  For
xample, almost  40%  of  patients  were  not  able
o walk  or  required  2  or  more  assistants,  4  days
fter ICU-discharge  in  a  Dutch  observational  study
n =  69).24

The  6MWT  has  been  used  to  evaluate  recovery
rom a  critical  illness  post-ICU  discharge.25,26 The
ost important  determinants  of  walk  distance  in

he 12  months  following  ICU  discharge  were  identi-
ed as  the  use  of  systemic  corticosteroid  treatment
uring ICU,  the  presence  of  illness  acquired  in  ICU,
nd the  rate  of  resolution  of  lung  injury  and  multi-
rgan  dysfunction  during  ICU  admission.26

The  6MWT  correlated  strongly  with  walking
ime (r  =  0.76)  and  walking  intensity  (r =  0.62)  in
aily life  in  patients  with  COPD27 and  moderately
ith self-reported  physical  function  (PF  of  the  SF-
6) in  patients  recovering  from  a  critical  illness
r =  0.59).21

ncremental  shuttle  walk  test  (ISWT)
he ISWT  is  an  externally  paced  walking  test  in
hich the  patient  walks  around  two  cones  placed

 m  apart,  giving  a  total  track  length  of  10  m.28

he  initial  walking  speed  is  very  slow  and  work  rate
i.e. velocity)  increases  each  minute.  The  test  con-
inues until  the  participant  indicates  the  need  to
top or  can  no  longer  keep  up  with  the  external
uditory pacing.  The  ISWT  has  been  validated  in
eople with  COPD.28 Practical  guidance  on  perform-
ng the  ISWT  is  available.22 The  ICU  environment  is
ikely to  render  the  ISWT  impractical  due  to  the
eed for  a  10  m  track,  auditory  pacing  and  turn-
ng around  cones  while  attached  to  equipment.  As
ell, patients  need  adequate  cognitive  function  to
omprehend  the  test  requirements.  However,  in  the
mmediate  post-ICU  environment  the  ISWT  could  be
onsidered for  the  assessment  of  exercise  capac-
ty as  the  test  has  reflected  peak  exercise  capacity
n people  with  moderate  to  severe  COPD29 and  is
esponsive  to  change.30

imed  up  and  go  (TUG)
he  TUG  test  was  designed  as  a  measure  of  mobil-

ty and  gait  performance31 and  was  modified  from
n earlier  test,  the  Get  Up  and  Go  Test.  The  TUG
easures  how  quickly  a  person  can  rise  from  a stan-
ardised seated  position,  walk  3  m,  turn  around,
alk  back  to  the  chair  and  sit  down.  Performance  is
easured using  a  stopwatch,  requires  little  equip-

ent to  perform  and  therefore  has  high  clinical

tility. One  of  the  advantages  of  the  TUG  test  is  that
ormative values  exist  for  comparison  (Table  1)32;
ompletion  within  10  s  is considered  normal

f
d
l
d

 a  critical  illness  159

obility.  The  time  score  correlates  with  a  log  trans-
ormed  score  of  the  Barthel  Index  (r  =  −0.78).31

trength tests

esting  of  muscle  strength  in  upper  and  lower  limbs
s widely  used  by  clinicians  to  assess  patients  with
euromuscular  deficits.33 Muscle  strength  can  be
easured  quantitatively  using  dynamometry  or  as

 clinical  assessment  by  manual  muscle  testing
MMT).34 MMT  has  been  selected  as  the  technique  to
ssess for  ICU-AW  because  of  its  ease  of  use  and  clin-
cal utility.8 Dynamometry  is  also  limited  in  severe
uscle  weakness  when  movement  cannot  be  per-

ormed  against  resistance.34

Muscle  strength  can  be  assessed  either  statically
isometric contraction)  or  through  range  of  move-
ent with  and  without  resistance.  Both  methods

ave been  reliable  and  sensitive  to  change  in  non-
ritically  ill  populations.35,36 However  the  levels  of
greement  between  isometric  and  through  range
uscle strength  testing  has  not  been  clearly  estab-

ished.

uscle strength  testing
linical  assessment  of  muscle  strength  has  been
ommonly  described  using  a six-point  ordinal
cale (grades  0—5),  with  variations  including  the
xford, Kendall  and  Medical  Research  Council

MRC) scales,37 and  one  using  narrative  descriptions
or levels  of  muscle  contraction  (normal,  good,
air, poor,  and  trace  or  zero).38 While  these  scales
se differing  symbols  they  are  essentially  based
n similar  principles:  the  presence  or  absence  of
ravity as  a  resistance,  the  arc  of  movement  and
he external/manual  resistance  applied  to  oppose  a
ovement. Differences  between  scales  include  the
osition of  testing,  the  stabilisation  of  surround-
ng structures,  the  level  of  resistance  applied  and
he extent  of  sub-divisions  between  each  strength
rade.33

The  MRC  scale  has  been  routinely  used  in
ritical care  research  to  screen  for  muscle
eakness.39—41 This  scale  classifies  muscle  con-

raction as  a  0—5  point  ordinal  scale42:  0 =  no
uscle contraction;  1  = flicker  or  trace  of  muscle

ontraction; 2  = active  movement  with  gravity  elim-
nated; 3 =  reduced  power  but  active  movement
gainst gravity;  4  =  reduced  power  but  active  move-
ent against  gravity  and  resistance;  and  5  =  normal
ower against  full  resistance.43

Assessment  of  six  muscle  groups  bilaterally

or strength  and  symmetry  (upper  limb  —  shoul-
er abduction,  elbow  flexion,  and  wrist  extensors;
ower limb  — hip flexion,  knee  extension,  and  ankle
orsiflexion)44 has  been  used  for  the  diagnosis  of
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ICU-AW.  Patients  are  assessed  seven  days  following
awakening;  a  score  of  <48/60  (<4  in  all  testable
muscle groups)  indicates  weakness  associated
with increased  mortality  and  morbidity.  There
is however  some  conflicting  evidence  regarding
the reliability  of  performing  MMT  in  critically  ill
patients.45 In  addition,  low  rates  of  patients  able  to
perform MMT  while  in  ICU  are  reported  due  to  the
effects  of  sedation  and  the  presence  of  delirium.45

Despite  these  limitations  MMT  remains  the
suggested standard  tool  to  diagnose  ICU-AW.44—46

Further  questions  however  remain  in  relation  to
testing. Unlike  other  methods  of  testing  and  grad-
ing muscle  strength,38,47 the  MRC  scale  does  not
account for  the  range  of  motion  through  which  the
movement  is  performed,  or  the  level  of  resistance
applied. This  leads  to  potential  discrepancies  in
the method  of  measurement.  While  some  scales
advocate  ‘through  range  muscle  strength  assess-
ment’,  the  MRC  scale  does  not  clearly  state  whether
muscle  tests  should  be  performed  through  range
or as  an  isometric  contraction.  Also,  while  reli-
ability has  been  established  for  both  methods
of strength  assessment  in  non-critically  ill  pop-
ulations,  there  are  no  data  recording  levels  of
agreement  for  the  different  approaches.  Recent
publications  regarding  the  reliability  of  this  form
of testing  do  not  describe  the  actual  method  of
measurement,  nor  the  joint  angle  at  which  the
measurement  of  isometric  force  is  made.45,46 A
consensus on  methodology  of  strength  testing  is
therefore  required  given  that  MMT  using  the  MRC
scale is  currently  the  preferred  screening  or  diag-
nostic tool  for  the  presence  of  ICU-AW.

Hand  held  dynamometry
Hand  held  dynamometer  (HHD)  manual  muscle  test
is a  common  measurement  of  strength  and  has
been used  in  many  different  patient  populations
including cancer,  COPD  and  elderly  women.32,48,49

Maximal  contraction  of  the  muscle  group  to  be
tested  is encouraged  while  the  operator  resists
the movement  by  holding  the  HHD  in  an  appro-
priate position.  The  starting  position  of  the
person/movement  and  point  of  joint  range  of  appli-
cation are  important  factors  in  reproducibility  and
achieving  a  valid  test.  Measurements  of  shoulder
abduction, knee  extension  and  ankle  dorsi-flexion
have been  reported,  with  responsiveness  to  change
evident  over  time  or  post-exercise  intervention.32

HHD  has  demonstrated  good  intra-rater  and  inter-
rater reliability  for  the  measurement  of  shoulder

50,51
strength, quadriceps  and  ankle  dorsi-flexion
with  trained  physiotherapists.  Quadriceps  strength
may be  underestimated  by  HHD  if  the  ability  of  the
tester to  resist  knee  extension  is  not  adequate.
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Hand-grip  strength  is  a  subset  of  HHD  and
nables measurement  of  force  using  a calibrated
evice for  patients  who  are  conscious  and  cooper-
tive. Dynamometry  is  a  reliable,  rapid  and  simple
lternative  to  comprehensive  MMT  assessment,44

nd  may  be  a surrogate  for  global  strength.8 Nor-
ative  data  are  available.52—54

ealth-related quality of life (HRQOL)

uality  of  life  is  a broad  concept  that  incorporates
ll aspects  of  an  individual’s  existence.  Health-
elated  quality  of  life  (HRQOL)  is  a subset  relating
o the  health  domain  of  that  existence,  and  is
ow viewed  as  an  important  patient-centred  health
utcome  for  survivors  of  a  critical  illness.  Several
eview  papers  have  identified  the  commonly  used
eneric HRQOL  instruments,  and  discussed  their
eatures and  limitations.2—5,55,56 These  instruments
re described  here  in  relation  to  their  assessment
f physical  function  (see  Table  3).These  self-report
RQOL instruments  can  be  administered  in  per-
on, by  phone  or  by  mail  and  can  be  completed
y the  patient  or  a  proxy  (significant  other).  Proxy
ompletion  on  behalf  of  the  patient  may  be  neces-
ary in  many  instances  in  critical  care  where  the
atient  is  unable  to  respond  (e.g.  sedated,  agi-
ated, and  cognitively  impaired).  A  person  most
ble to  replicate  the  patient  perspective  is  needed
o provide  substitute  judgment  about  HRQOL.57 The
se of  proxies  appears  sensible,  as  the  critical  ill-
ess itself  may  influence  a patient’s  recollection  of
heir pre-admission  health  status.  Use  of  proxies
ay however  not  accurately  estimate  HRQOL,  with

everal conflicting  reports  regarding  proxy  estima-
ions published.58—61

Retrospective  completion  of  pre-illness/baseline
RQOL  information  is  often  necessary  in  the  critical
are setting,62 with  pre-morbid  HRQOL  an  impor-
ant determinant  of  HRQOL  after  ICU.3,63 Apart
rom proxy  completion,  this  is  commonly  the  only
ethod  to  obtain  these  data.  The  baseline  response

nd further  completion  of  HRQOL  instruments  after
CU discharge  can  be  affected  by  recall  bias  and
esponse  shift64; the  latter  is  when  patients  change
heir value  and  perceptions  of  HRQOL  after  their
llness.64 Response  shift  measurement  has  not  been
ndertaken  with  critical  care  patients  to  date.65

hese  measurement  issues  related  to  HRQOL  there-
ore need  to  be  considered  when  reading  and
nterpreting data  in  this  area  of  critical  care  prac-
ice.
Some instruments  are  also  multi-attribute  utility
nstruments  (MAU);  e.g.  AQoL,  EuroQol  5D.  Util-
ty measures  are  based  on  patient  preferences  for

 particular  health  state,  and  provide  a single
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Table  3  Summary  of  generic  HRQOL  instruments  used  for  patients  following  a  critical  illness  (adapted  from103).

Instrument  Items;  domains/concepts  examined

Medical  outcomes  study  (SF-36)74,104 36  items  in  8  domains;  physical:  functioning,  role  limitations,  pain,
general  health;  mental:  vitality,  social,  role  limitations,  mental  health;
health  transition;  variable  response  levels  (2—5);  Mental  and  Physical
Component  Summary  calculated  from  domains

Assessment  of  quality  of  life  (AQoL)67 15  items  in  5  domains:  illness  (3  items);  independent  living  (3  items);
physical  senses  (3  items);  social  relationships  (3  items);  psychological
well-being  (3  items);  4  response  levels;  measured  on  a  scale  from  0.04
(state  worse  than  death)  to  1.00  (full  health)  where  0.0  is  death
equivalent;  enables  cost-utility  analysis

15D92,105 15  items/domains:  mobility,  vision,  hearing,  breathing,  sleeping,
eating,  speech,  elimination,  usual  activities,  mental  function,
discomfort,  distress,  depression,  vitality,  and  sexual  activity;  5-point
ordinal  scale  (1  =  full  function;  5  =  minimal/no  function)

EuroQol  5D68,92,106 Adapted  from  15D;  5  items:  mobility,  self-care,  usual  activities,
pain/discomfort,  anxiety/depression;  3  response  levels;  cost-utility
index  calculated

Nottingham  Health  Profile  (NHP)69 45  items;  experience:  energy,  pain,  emotional  reactions,  sleep,  social
isolation,  physical  mobility;  daily  life:  employment,  household  work,
relationships,  home  life,  sex,  hobbies,  and  holidays

Quality  of  life  —  Italian  (QOL  —  IT)70 5  items:  physical  activity;  social  life;  perceived  quality  of  life;  oral
communication;  functional  limitation;  varied  response  levels  (4—7)

Quality  of  life  —  Spanish  (QOL  —  SP)71 15  items:  basic  physiological  activities  (4  items);  normal  daily
activities  (8  items);  emotional  state  (3  items)

Perceived  quality  of  life  (PQOL)72 11  items  on  satisfaction  with:  bodily  health;  ability  to
think/remember;  happiness;  contact  with  family  and  friends;
contribution  to  the  community;  activities  outside  work;  whether
income  meets  needs;  respect  from  others;  meaning  and  purpose  of
life;  working/not  working/retirement;  each  scored  on  0—100  scale

Sickness  impact  profile  (SIP)73,107 68  item  short-version/136  items  in  6  domains;  physical:  body
movement,  mobility,  ambulation;  psychosocial:  intellectual,  social
interaction,  emotional  behaviour,  communication;  sleep  and  rest;  daily
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work;  house

ummary  score  of  outcome.  Utility  measures  are
articularly  important  when  there  are  both  mor-
ality and  morbidity  effects  and  some  integration
f them  is  required,  as  may  be  the  case  in  ICU.
he conventional  scale  in  which  the  state  of  being
ead (the  lack  of  health  status)  is  assigned  a  score
f 0.00  and  perfect  health  is  assigned  a  score  of
.00 provides  a  framework  for  the  integration  of
ortality  and  morbidity.  Utility  scores  are  useful  as
easures of  outcome  and  as  ‘inputs’  in  economic

valuations.66

The  most  common  instrument  used  to  mea-
ure HRQOL  is  the  Short-Form  36  (SF-36);  of  53
tudies  reviewed,  55%  used  SF-364 —  see  below.
lso described  is  the  AQoL,  an  Australian  devel-
ped instrument,67 and  the  EuroQol  (EQ-5D),68 used
n 21%  of  studies  in  the  above  review.4 Other

nstruments listed  in  Table  3  are  mostly  used  in
pecific countries,69—71 or  are  older  and  now  less
avoured in  relation  to  more  recently  developed
nstruments.72,73

r

b
f

;  leisure  and  recreation

hort-form  general  health  survey  (SF-36)
he Medical  Outcomes  Study  36-item  SF-36
ealth survey  is  a commonly  used  and  well-
alidated instrument  in  many  different  disease
opulations.74 The  36-item  instrument  has  been
idely  used26,59,75—80 and  recommended  in  critical

llness.5,81 Benefits  of  using  SF-36  include  published
ational and  international  normative  data,74,82—85

nd  the  minimal  important  difference  (MID)  trans-
ormed  domain  scores  are  reported  to  be  ≥5
oints3,74 but  range  as  high  as  10—25  points  in  SF-
6 Version  2.86 Reporting  using  norm  based  scores
s recommended,  where  mean  ±  SD  is  50  ±  10  for
ach domain.  The  MID  for  SF-36  norm  based  scores
as been  reported  to  be  2  points  for  domain  scores
40 and  3  points  for  domain  scores  >40.74 The
F-36 has  demonstrated  reliability,  validity  and

87
esponsiveness, in  critical  illness  populations.
A further  feature  is  that  a utility  measure  can

e derived  from  the  SF-36,  using  11  of  the  items
rom seven  domains,  called  the  SF6D.  This  version
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has  not  however  yet  been  validated  in  the  criti-
cal illness  population.  One  limitation  in  this  setting
is that  SF-36  cannot  account  for  a  patient  who  is
deceased,  and  missing  data  therefore  becomes  an
issue in  analysis  and  bias  may  be  increased.

Assessment  of  quality  of  life  (AQoL)
The  AQoL  is  a  generic  MAU  instrument  designed  to
evaluate the  cost-effectiveness  of  healthcare  inter-
vention by  directly  calculating  utility  scores.67 As
a HRQOL,  the  AQoL  also  allows  measurement  of
health domains  similar  to  the  SF-36  (Table  3),  and
is validated  in  different  patient  groups88,89 but  not
in the  critical  care  setting  to  date.  Utility  scores
range from  1.00  (best  QOL  state)  to  −0.04  (worst
QOL state)  where  0.00  is  a  death-equivalent  state.
Normative  Australian  AQoL  data  are  available,  and
the MID  for  the  AQoL  is  0.06  points.90 A  newly  devel-
oped shortened  version  is  also  now  available  — The
AQoL 8,91 although  use  in  ICU  populations  has  not
yet been  reported.

EuroQol 5D
The EuroQol  5D  (EQ-5D)68,106 was  developed  from
the 15D  Health  Survey105 (Table  3),  and  similar  to
the AQoL  is both  a  HRQOL  and  an  MAU  instrument.
While a  more  brief  instrument,  a  recent  comparison
demonstrated  that  the  longer  15D  instrument  was
more sensitive  to  clinically  important  differences
in health  status  than  EQ-5D  for  survivors  of  a  crit-
ical illness.92 A  previous  study  had  demonstrated
more sensitivity  with  SF-36  than  15D  during  recov-
ery after  cardiac  surgery93 and  critical  illness.59

Economic evaluation

The  use  of  MAU  instruments  enables  an  eco-
nomic evaluation  to  be  conducted;  measuring  the
cost effectiveness  of  an  intervention  is  now  an
important  consideration  in  health  care  decision-
making globally.  Increasing  cost  pressures  are  due
to advances  in  medical  technology  leading  to
increased  demand  for  services;  the  aging  popula-
tion and  population  growth  generally.94 The  basic
premise  of  health  care  economic  evaluation  is  that
resources  available  for  health  care  are  limited,  so
choices have  to  be  made  regarding  which  services
are funded.  Within  this  framework,  there  are  three
key concepts  underlying  economic  evaluation:  It
defines inputs  and  outputs,  described  as  costs  and
consequence; making  choices  between  options;  and
comparing programs  using  transparent  criteria.
Economic evaluations  are  usually  undertaken
from one  of  three  perspectives95: (1)  the  health  ser-
vice perspective  is  where  only  the  costs  of  providing
a health  service  are  considered.  (2)  The  patient  per-

t
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pective  includes  both  health  service  and  patient
osts;  and  (3)  the  societal  perspective  includes  all
osts (e.g.  a  cost  utility  or  cost-benefit  analysis).
his last  perspective  is  recommended96 as  it  is  the
ost comprehensive.  In  this  analysis  the  patient

utcome  is  measured  using  a MAU.  The  utility  value
0—1) can  be  used  to  calculate  quality  adjusted  life
ears (QALYs),  an  outcome  measure  that  accounts
or both  the  quantity  and  the  quality  of  the  extra
ife provided  by  the  healthcare  intervention  being
nvestigated.  The  utility  value  of  a  health  state
s multiplied  by  the  length  of  time  spent  in  that
ealth  state  — one year  of  perfect  health  (utility
alue of  1)  equals  one  QALY.  For  example  if  a  per-
on went  from  a HRQoL  state  of  0.5  to  1.0,  and
aintained this  for  2 years,  the  QALY  gain  would  be

.00 (0.50  × 2.00).
One of  the  most  useful  aspects  of  QALYs  is  that

hey  allow  the  ‘value  for  money’  provided  by  dif-
erent interventions  to  be  measured  in  a  common
nit —  ‘cost  per  QALY’.  This  can  provide  information
n the  comparative  effectiveness  of  interventions
ithin the  same  disease  area  and  the  relative  effec-

iveness  of  interventions  from  different  therapy
reas. Ideally,  cost  effective  programs  indicate  that
here is  a  good  probability  of  generating  a  QALY  for

 relatively  low  cost.
Most  health  care  professionals  undertaking

esearch now  include  some  type  of  economic
easure of  an  intervention  program.  However,  eco-

omic evaluations  can  be  complex  and  require  high
evels of  data  collection.  A  Health  Economist  is  rec-
mmended  to  guide  this  process  and  assist  with
nalysis  and  interpretation  of  results.

iscussion

his  review  has  highlighted  a  number  of  practice
ssues requiring  consideration  as  we  collectively
im to  improve  the  recovery  for  survivors  of  a
ritical illness.  Despite  potential  reliability  and
ethodological  issues,  the  assessment  of  muscle

trength  using  the  MRC  scale  in  ICU  remains  the
iagnostic  technique  of  choice  to  screen  for  the
resence  of  ICU-AW.  While  consensus  panels  have
een developing  definitions  and  guidelines  for  the
linical diagnosis  of  ICU-AW,41 related  fundamen-
al assessment  issues  on  the  standardised  procedure
or manual  muscle  testing  with  the  MRC  scale  has
ad little  evaluation.

There are  currently  also  many  different  func-

ional outcomes  used  in  ICU  research.  As  yet  we
ave not  confirmed  which  are  the  most  valid  and
ensitive  to  use  in  different  ICU  populations.  It  is
robable  that  some  tests  have  ceiling  effects  (e.g.
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IM)  and  others  will  have  floor  effects  early  in
ecovery  for  this  heterogeneous  population  (e.g.
MWT).  While  SF-36  remains  the  most  commonly
sed instrument  for  assessing  HRQOL  in  a  variety  of
ritically ill  patient  groups,  further  work  continues
n establishing  the  most  appropriate  instrument  for
se in  critical  care  cohorts.

Some  limitations  of  this  narrative  review  are
oted. While  this  review  has  focused  on  physical
ssessment, it  is  clear  that  a  holistic  approach  is
equired that  also  addresses  psychological  and  cog-
itive components  of  recovery.  Other  functional
nstruments with  similar  domains  to  the  BI  or  FIM
ave been  used  with  ICU  patients  in  some  studies,
ut not  commonly,  and  were  therefore  not  included
ere.  Similarly,  only  common  generic  HRQOL  instru-
ents were  reviewed;  disease-specific  instruments
ere excluded  because  of  their  lack  of  utility  to
eneral  ICU  patients.

mplications for practice

he  assessment  of  physical  function  in  ICU  sur-
ivors is  multidimensional  and  involves  establishing
re-morbid  function,  screening  for  the  presence  of
CU-AW and  monitoring  recovery  of  strength  and
unction in  the  context  of  HRQOL.  Critical  care
urses  and  ICU  liaison  nurses  should  routinely  assess
trength,  functional  ability  and  mobility  for  their
atients to  identity  those  at  risk  of  delayed  recov-
ry. In  patients  who  have  a  prolonged  ICU  stay
omplicated  by  sepsis,  ICU-AW  should  be  suspected
nd an  MRC  score  of  muscle  strength  recorded.  For
atients with  an  MRC  score  of  <48,  a  rehabilitation
rogramme should  commence  while  the  patient  is
n ICU,  with  recovery  monitored  using  outcomes
uch as  the  PFIT  and  field  walking  tests.  ICU  follow-
p services  should  also  consider  routine  assessment
f HRQOL  for  identified  patients  at  risk  of  delayed
nd sub-optimal  recovery.

Improved  education  of  the  wider  health  care
ommunity (e.g.  General  Practitioners;  Community
urses)  about  the  ongoing  legacy  of  a  critical  ill-
ess, that  includes  monitoring  and  responses  to
eakness  and  loss  of  functional  capacity,  should  be

mplemented.

ecommendations for further research

his  review  has  provided  information  on  instru-
ents available  for  measuring  physical  function  and

ctivity in  survivors  of  a  critical  illness.  To  appro-

riately  assess  weakness  and  poor  physical  function
n survivors  of  a  critical  illness  and  to  measure
esponses to  interventions  aimed  at  improving  phys-
cal function,  further  validation  of  some  of  these
 a  critical  illness  163

nstruments  and  development  of  new  instruments
s required.  As  noted  earlier,  consensus  around  the
ethodology  for  muscle  testing  needs  to  be  devel-

ped.
Concurrently,  assessment  and  treatment  strate-

ies that  are  safe,  feasible  and  cost  effective  need
o be  identified  that  reduce  the  risks  of  devel-
ping ICU-AW  including  changes  of  culture  to  less
edation  and  immobility  to  more  patient  activity
nd targeted  rehabilitation  programs.  Importantly,

 ‘package’  of  interventions  needs  to  be  developed
hat target  both  cognitive  and  functional  outcomes
nd these  need  to  be  tested  using  rigorous  collab-
rative  research  in  ICU  populations,  to  inform  and
nable national  and  international  comparisons.

onclusions

his  narrative  review  described  assessment  of  phys-
cal function  and  recovery  during  the  continuum
f critical  illness  — from  in-ICU  to  the  post-ICU
ospital and  hospital  discharge  periods.  Physical
ebilitation  from  a patient’s  critical  illness  and
reatment  may  result  in  a decline  in  functional
apacity, which  affects  the  recovery  trajectory  for
urvivors of  a critical  illness.  Assessment  of  physi-
al function  involves  clinical  assessment  of  muscle
trength,  physical  activity,  mobility  and  functional
bility.  The  common  techniques  and  instruments
ere discussed,  with  limitations  or  challenges  in
ractice noted.  Standardisation  in  assessment  prac-
ices and  resulting  rehabilitation  and  recovery
lans requires  consistent  engagement  from  multi-
isciplinary  teams  in  critical  care,  but  also  from
hysical  and  medical  rehabilitation  specialities.
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