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A systematic review of observational pain assessment instruments for
use with nonverbal intubated critically ill adult patients in the
emergency department: an assessment of their suitability and

psychometric properties

Wayne Varndell, Margaret Fry and Doug Elliott

Aim and objective. To examine the psychometric properties and suitability of the
available observational pain instruments for potential use with nonverbal criti-
cally ill adult patients in the emergency department.

Background. In the emergency department, assessing pain in critically ill patients
is challenging, especially those unable to communicate the presence of pain. Criti-
cally ill patients are commonly unable to verbally communicate pain due to
altered oral communication (e.g. endotracheal intubation) and/or diminished con-
sciousness (e.g. sedation, delirium), placing them at great risk of inadequate pain
management. Over half of intensive care critically ill intubated patients experience
moderate-to-severe pain whilst intubated and mechanically ventilated.

Design. Systematic review.

Data sources. The CINAHL, EMBASE, MEDLINE, ProQuest databases, and the
Cochrane Library and the National Institute of Clinical Excellence were also
searched from their date of inception to April 2016, with no language restrictions
applied.

Review method. Studies were identified using predetermined inclusion criteria.
Data were extracted and summarised and underwent evaluation using published
classification of psychometric tests for consistency of interpretation.

Results. Twenty-six studies evaluating five observational pain assessment instru-
ments that had been used with critically ill intubated patients were identified. All
five instruments included behavioural indicators, with two including physiologic
indicators. All five instruments have undergone validity and reliability testing
involving nonverbal critically ill intubated patients, three were examined for feasi-
bility, and one instrument underwent sensitivity and specificity testing. None have
been tested within the emergency department with nonverbal critically ill intu-
bated adult patients.

Conclusion. The use of an appropriate and valid observational pain assessment
instrument is fundamental to detecting and optimising pain management in nonver-
bal critically ill intubated patients in the emergency department. Of the observational
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* Care of the critically ill intubated
patients is traditionally associated
with intensive care, yet it increas-
ingly happens in the emergency
department (ED) for prolonged
periods of time and strongly relies
upon the knowledge, skills and
expertise of emergency nurses,
including the detection and man-
agement of acute pain.

* Despite the frequency of patients
presenting to the ED complaining
of pain, pain is often poorly
detected and managed within the
emergency department, a situation
potential worse for nonverbal crit-
ically ill intubated patients.

e Critically ill intubated patients fre-
quently experience moderate-to-
severe acute pain; the use of an
appropriate  observational  pain
assessment instrument is funda-
mental to improving pain assess-
ment and management for
critically il intubated  adult
patients in the ED.
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pain assessment instruments reviewed, the Critical-Care Pain Observation Tool was

identified as most appropriate for testing in a prospective trial in an emergency

department setting.
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Introduction

Nonverbal critically ill intubated adult patients unable to
communicate in the emergency department have complex
needs. While adequate pain relief in the emergency depart-
ment (ED) is paramount in optimising comfort, it has been
widely reported that over half of this patient cohort experi-
ence moderate-to-severe pain whilst intubated and mechani-
cally ventilated (Desbiens et al. 1996, Nelson et al. 2001,
2004, Puntillo et al. 2001, Li & Puntillo 2006, Ma et al.
2010). Pain may be multifactorial in terms of presentation
(e.g. trauma), but also iatrogenic. Critically ill patients are
exposed to multiple sources of pain such as repositioning,
physical examination (e.g. palpation, assessing limb move-
ment), endotracheal intubation, mechanical ventilation,
insertion of central venous catheters and chest drains,
which commonly occur during resuscitation and stabilisa-
tion in the ED (Weir & O’Neill 2008, Varndell et al.
2015b). However, pain remains undetected, underestimated
and poorly managed, particularly in critically ill intubated
patients (Thomas 2013, Batiha 2014, Clukey et al. 2014).

Pain is a subjective, complex and multidimensional con-
cept. It is broadly defined as an unpleasant sensory experi-
ence associated with actual or potential tissue damage
(International Association for the Study of Pain, 2006). In
the ED, critically ill intubated patients commonly require
intravenous analgesia, often in combination with sedation
to prevent suffering, adverse physiologic and psychological
effects (Schug et al. 2015). Quality pain management
begins with effective assessment of pain. International
guidelines recommend pain must be adequately assessed in
all patients, with appropriate and timely analgesia provided
at the point of assessment (Curtis & Morrell 2006, Erstad
et al. 2009, Schug et al. 2015).

While care of the critically ill patients traditionally occurs
in intensive care units, it increasingly happens in ED for
extended time periods (Rose et al. 2012), placing substantial
demand on departmental resources (O’Connor et al. 2009).

Assessing and monitoring pain in intubated critically ill

patients is challenging. Critically ill intubated patients are
commonly unable to verbally report pain due to altered oral
communication (e.g. endotracheal intubation) and/or altered
levels of consciousness (e.g. sedation, delirium), placing them
at great risk of inadequate pain management (Jacobi et al.
2002, Puntillo et al. 2004, 2009, Varndell et al. 2015a). In
the absence of self-reporting, pain behaviours such as facial
grimacing, crying and ventilator compliance form the basis
for identifying and evaluating the patient’s degree of pain
(Herr et al. 2006). Pain behaviours may only be fleetingly
present, requiring emergency nurses to remain vigilant for
physical changes, while assessing and responding to haemo-
dynamic changes in the patient’s condition.

Nonverbal critically ill intubated patients require close
observation and monitoring during treatment of their under-
lying condition, with titration of analgesia, sedation and ven-
tilator settings (Aitken et al. 2009), now a role increasingly
undertaken by emergency nurses (Varndell et al. 2015c¢). In
the absence of communicating pain levels, observational
assessment instruments with unidimensional measures with
multiple domains or multidimensional measures are pre-
ferred to evaluate acute pain in nonverbal critically ill
patients (Herr et al. 2011). A unidimensional objective mea-
sure such as a behavioural scale may use a single domain
(e.g. facial expression) or several domains (e.g. facial expres-
sion, body movements) to evaluate a person’s responses to
pain. A multidimensional objective measure evaluates two or
more pain dimensions (e.g. behaviours, physiologic
responses) and has several domains within each dimension.
While a range of nonverbal pain assessment instruments are
available to inform and guide nurse decision-making, there is
no evidence of their use or evaluation in the ED setting.

The review
Aim

This systematic review summarises the psychometric prop-

erties of instruments assessing pain in nonverbal critically
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ill intubated adult patients. It addresses the following
research questions:

1 What observational pain assessment instruments are
available for use by emergency nurses in assessing pain
in nonverbal critically ill intubated adult patients?

2 To what extent have the instruments been tested for
validity, reliability, responsiveness and feasibility?

3 What observational pain assessment instruments would
be suitable to be evaluated prospectively in assessing
pain in nonverbal critically ill intubated patients in an
ED setting?

Design

This was a systematic review of published research on the
suitability and measurement properties of pain assessment
instruments for nonverbal critically ill adult patients and

Measuring pain in critically ill patients

was guided by The Cochrane Collaboration systematic
review method (Higgins & Green 2011). The Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) reporting guideline was used to present the
review process (Fig. 1) and guide the reporting of study
methods and results (Moher et al. 2009). Synthesis of the
results focussed on evaluating the psychometric properties
of instruments using published classification of psychometric
tests for consistency of interpretation and appraising the
characteristics and methodological quality of studies (Strei-
ner et al. 2015).

Search methods

A systematic literature search was conducted using the fol-
lowing databases: CINAHL, EMBASE, MEDLINE and Pro-
Quest. The Cochrane Library and the National Institute of

Databases accessed Grey literature (n = 31) Search by name of
n =372 identi i
( ) » Emergency and fsiltg.:epn?lastruments
=« EMBASE (n =139) intensive care n=1)
e ProQuest (n = 105) organisations (n = 22)
»  MEDLINE (n=87) & Google Scholar (n = 9)
o CINAHL (n=41)
s Cochrane Library
(n=0)
e NICE({n=0)
> Potentially relevant studies >
identified by electronic search
Duplicates removed (n = 2) |« (n = 403)
Screeding of abstracts and titles »| Studies excluded after review of the abstractfitle
¢ (n=374).
Studies excluded after review of full text (n = 3): ¢ Screening of full texts (7 = 20) «  Nongritically ill patient group (7 = 211)
s«  Paediatnc (n= 110}

»  Not tested with nonverbal patients (n = 2)

v

= Primary focus was not related to testing pain

= No psychometric testing reported (7 = 1)

Studies included in final review (n = 26)

assessment instrument (7 = 51)
« Abstractonly (n = 1)

v v v
Data extraction Study quality Psychometric appraisal
I I
A
Summary tables

v

Narrative synthesis

v

Conclusions and recommendations

Figure 1 PRISMA flowchart of the search and systematic review process.
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Clinical Excellence were also searched. The review was sup-
plemented with a manual search of the relevant grey litera-
ture for the purposes of identifying additional scholarly
research. The database search was limited to scholarly arti-
cles or peer-reviewed journals. No language restrictions
were applied. Search strategies were customised for each
database due to the different range of search interfaces.
Several search terms were used to identify potential studies
concerning the assessment of pain in critically ill nonverbal
adult (>16 years) patients: ‘pain assessment’, ‘pain scale
AND non-verbal OR nonverbal’, ‘pain AND management’,
‘pain assessment AND intubated’, ‘pain assessment AND
emergency OR critical care’, ‘pain assessment AND emer-
gency nurse OR critical care nurse’ and ‘measuring pain
AND critical care’. The reference lists of selected studies
were hand-searched. Names of instruments found were
added as keywords in an iterative process to further identify
additional studies.

Exclusion criteria
Studies meeting the following criteria were excluded from
the review:

1 did not mention the background of participants,

2 abstracts, duplicate or incomplete reports,

3 did not report results for each study variable.

Eligibility criteria
Studies meeting all the following criteria were included in
the review:
1 assessed pain in critically ill adults,
2 described a unidimensional measure with multiple
domains or multidimensional pain measure,
3 the instrument was used with nonverbal patients,

4 the instrument had undergone psychometric evaluation.

Search outcome

The initial search yielded 403 references after duplicates
were removed. After a preliminary review of the titles and
abstracts, 375 (93%) studies were excluded because the eli-
gibility criteria were not fully met. A total of 29 studies
were retained for full-text review, subsequent to which a
further three studies were excluded as they did not provide
sufficient evidence of meeting the third (Mateo & Krenzis-
chek 1992, Klien et al. 2010) or fourth inclusion criteria
(Puntillo et al. 2004). Therefore, 26 studies representing
five observation pain assessment instruments were included
in the systematic review and underwent quality appraisal
and examination of their psychometric properties: the Beha-
vioural Pain Scale (BPS); Critical-Care Pain Observation
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Tool (CPOT); Faces, Legs, Activity, Cry and Consolability
Scale (FLACC); Pain Assessment in Advanced Dementia
(PAINAD); and the Nonverbal Pain Scale (NVPS).

Quality appraisal, data extraction and synthesis

The primary author comprehensively examined the selected
studies using the Critical Appraisal Skills Program (CASP)
checklist for cohort studies for quality and risk of bias
(Critical Appraisal Skills Program UK, 2011). The checklist
consists of 12 criteria divided across three sections, answers
to which can range from ‘Yes’, ‘No’ and ‘Can’t tell’. For
the purposes of this review, ‘Yes’ was given a value of 1,
with ‘No’ and ‘Can’t tell’ a value of 0 (Tripathi & Dusing
2015) (Table 1).

The critical evaluation and deposition of articles was dis-
cussed with the other two authors (MF and DE), with con-
sensus determining final inclusion. Data extraction was
conducted by the primary author and included: (1) name of
the instrument(s) tested, country of origin and the authors;

Table 1 Critical Appraisal Skills Program checklist for cohort
studies

Criteria, example

Clear aim

The study addressed a clearly focused issue

Acceptable sampling

Sample recruited in an acceptable manner, representative of a
defined population

Exposure accurately measured

Procedure clearly articulated

Outcome accurately measured

Independent assessors, valid subjective and objective measures
employed, patient’s self-report

Confounding factor(s) identified

Confounding factors identified and accounted for in the study
design/data analysis (e.g. level of sedation and delirium)

Follow-up sufficiently complete

Adequate exposure to and assessment under all planned
interventions (e.g. nonpainful, painful stimuli and rest)

Results clearly described

Strength of exposure and outcomes, results are complete and
supported by appropriate statistical testing

Reporting probability values

Confidence intervals, probability testing undertaken

Do you believe the results?

Appropriate study design and methods employed, risk of bias

Results applicable to local population

Subjects examined in the study are similar to the local clinical
population

Results fit with other evidence

Results similar with other studies

Implications for practice

Results are robust and consistent with other studies

© 2016 John Wiley & Sons Ltd
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(2) instrument domains, items and scoring system; (3) study
design, setting and characteristics of/and sample size; (4)
method of evaluation including statistical analyses
employed, number of raters; (5) key findings, limitations
and strengths. The extracted data were summarised and
synthesised in narrative and descriptive numerical form.
The remaining authors verified the accuracy of the extrac-
tion and synthesis by way of random audit.

Several appraisal methods have been developed for evalu-
ating the validity of measurement tools, but none have been
rigorously evaluated (Greenhalgh ez al. 1998, Jerosch-Her-
old 2005, Terwee et al. 2007, 2012, Leung et al. 2012).
Terminology and application of statistical tests used within
the identified studies differed depending on the research
paradigm used and the purpose of testing. As such, we
focused on performing a comprehensive assessment of the
psychometric properties of the scores obtained using the
research use measures reported in each study and applied
published classification of psychometric tests for consistency
of interpretation (Streiner et al. 2015). Statistical meta-
analysis was not possible due to the heterogeneity of study

samples, methods and reporting of results.

Results

Study characteristics

Included studies were published between 2001-2016, from
a wide range of countries: Canada (n = 8); USA (n = 8);
the Netherlands (7 = 3); Australia (z = 1); France (n = 1);
North Africa (n = 1); South America (z = 1); Spain (n = 1);
Sweden (7 = 1); and Taiwan (7 = 1). All studies reported
using convenience sampling and mostly consisted of small
numbers (mode 30, median 64, range 25-239), and largely
conducted in a single intensive care setting (Payen et al.
2001, Odhner et al. 2003, Aissaoui et al. 2005, Gélinas
et al. 2006, 2009, Young et al. 2006, Gélinas & Johnston
2007, Ahlers et al. 2008, 2010, Kabes et al. 2009, Gélinas
2010, Marmo & Fowler 2010, Topolovec-Vranic et al.
2010, 2013, Voepel-Lewis ef al. 2010, Chen et al. 2011,
Damstrom et al. 2011, Gélinas et al. 2011, Vazquez et al.
2011, Linde ef al. 2013, Chanques et al. 2014, Morete
et al. 2014). Fourteen studies reported raters by profes-
sional group of which the majority were intensive care
nurses (7 = 383), compared to intensive care physicians
(n = 12), observers/researchers (n =6) or allied health
(m=1) (Payen et al. 2001, Aissaoui et al. 2005, Young
et al. 2006, Gélinas & Johnston 2007, Kabes et al. 2009,
Ahlers et al. 2010, Marmo & Fowler 2010, Topolovec-
Vranic et al. 2010, 2013, Chen et al. 2011, Damstrom
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et al. 2011, Paulson-Conger et al. 2011, Vazquez et al.
2011, Chanques et al. 2014, Morete et al. 2014).

Instruments identified

The review covered 26 studies that reported on five nonver-
bal pain assessment instruments: BPS, CPOT, FLACC, PAI-
NAD and the NVPS. Of these, four (BPS, CPOT, PAINAD
and NVPS) were unidimensional objective pain instruments,
and one was a multidimensional instrument (FLACC).
Domains commonly (17 = 4; 80%) consisted of three items
weighted 0 to 2 (FLACC, CPOT, PAINAD and NVPS) or
four items weighted 1 to 4 (BPS).

All instruments assessed facial expression, with end-
anchor points varying from relaxed (BPS and CPOT) or
smiling (FLACC, PAINAD and NVPS) to grimacing
(CPOT). Four (BPS, FLACC, CPOT and NVPS) of the five
instruments assessed body movement and posturing
domains, and three (FLACC, CPOT and NVPS) instruments
contained both (Odhner et al. 2003, Gélinas et al. 2006,
Voepel-Lewis et al. 2010). Patient verbal response was
rated in three instruments (CPOT, FLACC and PAINAD).
End-points consisted of no verbal response (PAINAD), talk-
ing in normal tone (CPOT) or not crying (FLACC) to cry-
ing (CPOT, FLACC and PAINAD). Two instruments
assessed body movement by focusing on the arms (BPS) or
legs (NVPS). Two of the five instruments measured patient
compliance with ventilation with end-points of tolerating
movements (BPS and CPOT) to fighting ventilator (CPOT)
or unable to control ventilation (BPS). Four of the five
instruments assessed body posture with end-points of
relaxed (CPOT and PAINAD) or normal position (FLACC
and NVPS) through to being rigid (CPOT and NVPS), hit-
ting out (PAINAD) or restless (FLACC) (Table 2).

All instruments were tested for validity and reliability;
however, there was limited feasibility (Payen et al. 2001,
Odhner et al. 2003, Topolovec-Vranic et al. 2010, Gélinas
et al. 2011) and responsiveness testing (Aissaoui et al.
2005, Ahlers et al. 2010). Four studies examined conver-
gent validity, comparing the test instrument to BPS (Juarez
et al. 2010, Chanques et al. 2014), NVPS (Odhner et al.
2003) or CPOT (Paulson-Conger et al. 2011), and one
study compared change in pain score following administra-
tion of analgesia (Voepel-Lewis et al. 2010). Seven studies
examined concurrent validity by comparing scores with
patient self-reports of pain (Gélinas et al. 2006, 2009, Géli-
nas & Johnston 2007, Topolovec-Vranic et al. 2010, 2013,
Chen et al. 2011, Damstrom et al. 2011). One instrument
(CPOT) underwent sensitivity and specificity testing (Gélinas
& Johnston 2007, Gélinas et al. 2009) (Table 3).
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Quality of the studies

The quality of the studies included in the systematic review
was fair to high (median 11, range 8-12). Convenience sam-
pling methods were judged to be appropriate, with suitable
inclusion and exclusion criteria stated. The majority (7 = 23;
88%) of studies provided a detailed description of the order
and type of patient stimuli, including duration of assessment.
Assessments were largely (7 =20; 77%) undertaken by
trained independent assessors. Seven studies were able to
obtain patient self-report of pain to assess accuracy of
outcome measured. Common limitations concerned the iden-
tification and analysis of confounding factors and sample
size.

In the review, potential confounders considered pertinent
were patient depth of sedation and degree of delirium. Ten
of the studies included in the review measured depth of
sedation at the time of assessing pain response (Payen et al.
2001, Aissaoui et al. 2005, Young et al. 2006, Gélinas &
Johnston 2007, Ahlers et al. 2008, Juarez et al. 2010, Chen
et al. 2011, Damstrom et al. 2011, Morete et al. 2014,
Rijkenberg ef al. 2015). While no study examined whether
depth of sedation potentially confounded the level of pain
measured, one study reported a moderate negative correla-
tion (r = 0-432; p < 0-001) between depth of sedation and
level of pain detected using the BPS (Aissaoui et al. 2005).
Only one study (Rijkenberg et al. 2015) assessed for patient
delirium, but did not examine whether the degree of delir-
ium potentially confounded the level of pain measured
(Table 4).

Evidence of validity, reliability, applicability and
responsiveness

Behavioural Pain Scale

Initially developed in France, the BPS has been translated
into English (Payen et al. 2001), Chinese (Chen et al.
2011), Finnish (Pudas-Tahka et al. 2014), as well as Brazil-
ian Portuguese (Morete et al. 2014). Validity and reliability
has been evaluated in critically ill intubated patients across
ten studies, in different intensive care settings comprising a
total of 940 mechanically ventilated adult patients (Payen
et al. 2001, Aissaoui et al. 2005, Young et al. 2006, Ahlers
et al. 2008, 2010, Juarez et al. 2010, Chen et al. 2011,
Chanques et al. 2014, Morete et al. 2014, Rijkenberg et al.
2015).

Of these ten studies, six examined validity (Payen et al.
2001, Aissaoui et al. 2005, Young et al. 2006, Ahlers et al.
2010, Juarez et al. 2010, Chen et al. 2011). For construct

24

validity, two studies (Payen et al. 2001, Ahlers et al. 2010)
reported change in mean total score from baseline to pain-
ful stimuli (e.g. turning, endotracheal suctioning). Statisti-
cally significant (3-0 vs. 6-8; p < 0-05) changes in mean
scores from baseline to painful stimuli were reported
(Aissaoui et al. 2005, Rijkenberg ef al. 2015) but not
between baseline and nonpainful stimuli (3-1 vs. 3-5;
p > 0-05) (Payen et al. 2001, Ahlers et al. 2010). For con-
vergent validity, scores compared favourably to NVPS (rest,
p = 0-69, procedure, p=0-77; p <0-001) in one study
(Juarez et al. 2010). Instrument domains converged on a
single pain expression factor during principal component
factor analysis, explaining 55-65% of total variance (Payen
et al. 2001, Aissaoui et al. 2005). Concurrent validity was
established by comparing BPS scores to patients’ (n = 30)
self-reports of pain intensity (Ahlers ez al. 2010) and
showed a positive and statistically significant correlation
(p=10-67; p =<0-001).

Reliability was evaluated across nine studies using a vari-
ety of approaches (Payen et al. 2001, Aissaoui et al. 2005,
Young et al. 2006, Ahlers e al. 2008, 2010, Juarez et al.
2010, Chanques et al. 2014, Morete et al. 2014, Rijken-
berg et al. 2015). Internal consistency varied, with Cron-
bach’s o coefficients ranging from 0-60-0-83 (Juarez et al.
2010) and interclass coefficients of 0-50-1-00 reported
(Aissaoui et al. 2005, Young et al. 2006, Chen et al. 2011).
Total score demonstrated fair-to-moderate inter-rater relia-
bility (x = 0-67-0-83, Ky, = 0-81) (Ahlers et al. 2008, 2010,
Chanques et al. 2014) and moderate-to-high interclass
agreement (ICC = 0-74-0-94) (Rijkenberg er al. 2015).
Assessment of the upper limb domain demonstrated lowest
agreement (K = 0-61-0-72) (Ahlers et al. 2010, Chanques
et al. 2014). Comparisons of BPS total score to CPOT
(Chanques et al. 2014) and NVPS (Juarez et al. 2010,
Chanques et al. 2014) demonstrated no significant variation
between pain intensity scores from rest to painful stimuli
(p > 0-05). In a mixed intensive care environment (Juarez
et al. 2010), inter-rater accuracy when comparing the BPS
and NVPS was lower (ICC = 0-46-0-58) for medical com-
pared to surgical patients (ICC 0-68-0-73) and was highest
for nonpainful procedures (eye care, 64% to 73%), com-
pared to painful stimuli (turning, 36-46%) (Young et al.
2006).

Feasibility and utility testing found that the majority of
intensive care clinicians (7 = 28, 86%) were satisfied with
ease of use (Payen et al. 2001). Sensitivity and specificity
was examined in one study evaluating a Chinese language
version and found that for a score of more than 6-5, the
area under the curve of 75-9% indicated discrimination,
with 52-4% sensitivity and 87-5% specificity (Chen et al.

© 2016 John Wiley & Sons Ltd
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2011). Responsiveness was examined in one study based on
30 intensive care patients, demonstrating a large effect size
(2-2-3-4) for three subscale scores and BPS scores in quanti-
fying and detecting painful procedures (Aissaoui et al.
2005).

While the BPS has demonstrated acceptable validity and
reliability properties across multiple studies, inherent limita-
tions remain regarding the operational definition of some
items (e.g. movements of upper arms, compliance with the
ventilator) that may be interpreted differently between clini-
cal staff. Only fair-to-moderate internal consistency (Cron-
bach’s o = 0-60-0-77) 2010)
suggests variation in user interpretation of the items. A fur-

(Juarez et al. potentially
ther limitation concerns the number of intensive care stud-
ies (Payen et al. 2001, Juarez et al. 2010, Chen et al. 2011)
that used repeated observations within subjects to calculate
coefficients, potentially leading to higher results being
reported (Abdi 2007, Streiner et al. 2015).

Critical-Care Pain Observation Tool

Originally developed in French (Gélinas et al. 2006) with
forward and back translations into English (Gélinas & John-
ston 2007), Spanish (Vazquez et al. 2011), Swedish (Dam-
strom et al. 2011) and Finnish (Pudas-Tahka et al. 2014), a
total of 14 studies examined the CPOT in different intensive
care settings (i.e. surgical, medical, trauma and neurological)
for a total of 850 adult patients (Gélinas et al. 2006, 2009,
Gélinas & Johnston 2007, Gélinas 2010, Marmo & Fowler
2010, Damstrom et al. 2011, Gélinas et al. 2011, Paulson-
Conger et al. 2011, Vazquez et al. 2011, Linde et al. 2013,
Topolovec-Vranic et al. 2013, Chanques ef al. 2014, Rijken-
berg et al. 2015, Kanji et al. 2016).

Various aspects of validity were examined across ten
studies (Gélinas et al. 2006, Gélinas & Johnston 2007,
Damstrom et al. 2011, Paulson-Conger et al. 2011, Vaz-
quez et al. 2011, Linde ef al. 2013, Topolovec-Vranic et al.
2013, Chanques et al. 2014, Rijkenberg et al. 2015, Kanji
et al. 2016). Content validity was established through
expert review (n =4 physicians, n =13 intensive care
nurses) via questionnaire, rating the relevance of items
using a four-point Likert as high (0-88-1-0) (Gélinas et al.
2006). Concurrent validity was also supported, with signifi-
cant moderate-to-high correlations (r = 0-71; p < 0-05)
between CPOT scores and patient self-report (7 = 55) of
pain intensity at rest (Gélinas & Johnston 2007). Discrimi-
nant validity was assessed in two studies (Damstrom et al.
2011, Kanji et al. 2016), demonstrating statistically signifi-
cant change in mean scores from baseline compared to
painful difference, 3-13 £ 1.56;

procedure  (mean
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p < 0-001; Cohen D, 2-0), and increases in scores of two to
three points from rest (Wilk’s A =0-75, F434 =291,
p =<0-05) to painful procedures (A = 0-60, Fg34 = 5-14,
p =<0-05) and (A =060 Fg34 = 518,
p = <0-05). Convergent validity was examined in three
studies (Paulson-Conger et al. 2011, Chanques et al. 2014,
Rijkenberg et al. 2015) with statistically significant increase

interaction

between scores from rest to application of painful stimuli
noted on comparison to BPS (Chanques et al. 2014, Rijken-
berg et al. 2015) and PAINAD (Paulson-Conger et al.
2011) scores.

Reliability was examined in 12 intensive care studies
(Gélinas et al. 2006, Gélinas & Johnston 2007, Marmo &
Fowler 2010, Damstrom et al. 2011, Gélinas et al. 2011,
Paulson-Conger et al. 2011, Vazquez et al. 2011, Linde
et al. 2013, Topolovec-Vranic et al. 2013, Chanques et al.
2014, Rijkenberg et al. 2015, Kanji et al. 2016). Internal
consistency varied with Cronbach’s o coefficients ranging
from 0-31-0-81 (Damstrom et al. 2011, Chanques et al.
2014). Moderate-to-high measures of inter-rater reliability
from two or more raters were found across four translated
versions: French, i, = 0-52-0-88 (Gélinas et al. 2006);
English, ICC = 0-74-0-93, r = 0-957, k > 0-60 (Gélinas &
Johnston 2007, Paulson-Conger et al. 2011, Chanques
et al. 2014, Rijkenberg et al. 2015, Kanji et al. 2016);
Spanish, k = 0-79-1-0 (Vazquez et al. 2011); and Swedish,
ICC = 0-72-92 (Damstrom et al. 2011). Based on 258
paired assessments of critically ill patients (7 = 30), inter-
rater reliability of the CPOT, whilst high (0-86), was found
to be lower during patient repositioning and turning (pain-
ful) procedures when compared to the BPS (0-90) and
NVPS (0-92) (Chanques et al. 2014). Sensitivity of 67-86%
and specificity of 78-83% were noted for a cut-off score
between 2-3 to detect the presence of significant pain (Géli-
nas & Johnston 2007, Gélinas et al. 2009).

Feasibility and clinical utility were assessed in two studies
(Gélinas 2010, Chanques et al. 2014) of the CPOT. A sur-
vey involving intensive care nurses (7 = 33) and respon-
dents (n = 24; 73%) indicated that they would recommend
the use of the CPOT as helpful for nursing practice; how-
ever, not all nursers (7 = 28; 54%) reported that the CPOT
positively influenced their practice in assessing pain (Gélinas
2010). Further, while the directives regarding the CPOT’s
use were clear and simple (7 = 33; 100%), this did not
translate into being quick to use (7 =26; 79%). On com-
paring CPOT to the BPS and NVPS, critically care nurses
(n = 20) rated the BPS significantly higher (median 8, range
7-10, p = 0-02) compared to the CPOT (median 8, range 5—
8), but least preferred pain measure (7 = 5; 24%) (Chanques
et al. 2014).

© 2016 John Wiley & Sons Ltd
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With extensive testing of CPOT, some other limitations
are noted. Testing in different critically ill intensive care
patient groups while broad often involved small sample sizes
limiting representativeness. While this is one of only two pain
measures of pain developed for use in both verbal and non-
verbal patients, the vocalisation item has only been tested
with postoperative cardiac surgery patients (7 = 30) who
were able to self-report following extubation. The instrument
also requires further testing with different patient groups
unable to self-report, such as those with delirium, dementia
or intellectual deficits. Further, as with all instruments reliant
upon facial expression as an indicator that pain is present,
further testing should include brain-injured patients, as many
present with different facial expressions compared to those
exposed to painful procedures (Roulin & Ramelet 2012).

Faces, Legs, Activity, Cry and Consolability Scale

While initially designed to assess for pain in children with
cognitive impairment (Merkel et al. 1997), two studies have
explored the use of the FLACC instrument in a total of 87
critically ill intubated adults (Odhner et al. 2003, Voepel-
Lewis et al. 2010). Construct validity was demonstrated
through significant decreases in scores from painful stimuli to
rest and following administration of analgesia (mean, 5-3;
SD 2-3 vs. mean, 0-52; SD 1-1; p = <0-001, respectively)
(Voepel-Lewis et al. 2010). Concurrent validity was demon-
strated with high correlation between total FLACC and
NVPS scores (r = 0-71-0-86) and FLACC domain and NVPS
total scores (r = 0-65-0-78; p < 0-01) (Odhner et al. 2003).
An explanatory factor analysis identified contributions to
score variance: the lowest was for the cry domain (68-5%)
compared to face (0-86), legs (0-94), activity (0-90) and con-
solability (0-95). High internal consistency was demonstrated
(Cronbach’s o = 0-84-88), which increased to 0-934 when
the cry domain was removed (Voepel-Lewis et al. 2010).
Inter-rater reliability was high (total score K = 0-98).

No studies were identified that explored responsiveness or
feasibility and utility with critically ill adult patients. In addi-
tion to further research involving larger samples across a range
of diverse clinical settings (i.e. surgical, medical and neuro-
trauma), criterion validity could be improved by comparing
scores against patient self-report (International Association for
the Study of Pain, 2006, National Health and Medical
Research Council, 2011), instead of another pain measure.

Pain Assessment in Advanced Dementia

Originally developed for use in patients whose dementia is so
advanced that they cannot verbally communicate, the

© 2016 John Wiley & Sons Ltd
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PAINAD instrument has recently been compared with the
CPOT. In one study (Paulson-Conger et al. 2011), the PAI-
NAD instrument was evaluated for potential use in critically
ill intubated adult patients (7 = 100) drawn from four spe-
cialist ICUs (cardiac, n = 13; medical, n = 27; surgical,
n = 26; and neurological, n = 34). Internal reliability was
higher than the CPOT (ICC 0-80 vs. 0-76), with high and sig-
nificant correlations between the two instruments (0-86;
p = <0-001). Further assessment of agreement using Bland—
Altman plots demonstrated that the two measures were inter-
changeable (variance less than +2 SD) (Mantha et al. 2000).

Limitations were however noted. While internal consis-
tency and convergent validity was examined in the above
study, inter-rater reliability, internal reliability, discriminant
validity and criterion validity have not been re-examined in
the intensive care setting. While this has been described
elsewhere in aged care (Warden er al. 2003, Leong et al.
2006, DeWaters et al. 2008), the degree to which this can
be extrapolated to critical care areas is unknown. Both PAI-
NAD and CPOT have been designed for different popula-
tions, clinical conditions and pathologies (Streiner et al.
2015). With the increasing number of older patients with
cognitive impairment presenting to ED potentially requiring
critical care, intubation and analgosedation (Hirschman
et al. 2011, Australian Commission on Safety and Quality
in Health Care, 2013), further research and psychometric
evaluation is therefore warranted regarding PAINAD in

critical care settings with intubated patients.

Nonverbal Pain Scale

The NVPS domains, in its first iteration, were based on the
FLACC and included face (expression/grimacing), activity,
guarding, physiology I and physiology II (Odhner et al.
2003). Domains of the revised instrument are listed in
Table 2. Seven studies (Odhner et al. 2003, Ahlers et al.
2008, Kabes er al. 2009, Juarez et al. 2010, Marmo &
Fowler 2010, Topolovec-Vranic et al. 2010, Chanques
et al. 2014) examined validity and reliability in critically ill
patients for a total of 596 patients. Five studies examined
validity (Odhner ef al. 2003, Kabes et al. 2009, Juarez
et al. 2010, Topolovec-Vranic et al. 2010, Chanques et al.
2014). As noted earlier, convergent validity between
FLACC domains and NVPS total scores and FLACC total
score and NVPS domains showed high correlations
(r = 0-71-0-86) (Odhner et al. 2003). Discriminant validity
was also supported (Kabes ez al. 2009, Topolovec-Vranic
et al. 2013), reflecting detection of changes in the presence
of pain (z = 145-05,p < 0-001; F = 5-32,p = 0-025). Compar-
ison of patient self-reports to NVPS scores (Topolovec-Vranic
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et al. 2013) demonstrated a moderate statistically correla-
tion (p = 0-313; p = <0-001).

All seven studies also examined reliability. Internal con-
sistency was moderate to high, with an overall Cronbach’s
o of 0-75, and 0-80 in surgical patients (Juarez et al. 2010).
High inter-rater agreement (90-8%) was noted (Topolovec-
Vranic et al. 2010) with a kappa of 0-71-0-81 reported
(Ahlers et al. 2008, Chanques et al. 2014) although inter-
class coefficients were wide (0-34-0-92; p = <0-001). Feasi-
(n=10)
(Topolovec-Vranic et al. 2010), which found moderate-to-
high feasibility (78-96%), but low (overall, 23%) accept-
ability when compared to CPOT.

Current published literature examining the NVPS pain

bility was evaluated in one small study

has several limitations. Behavioural descriptors such as
smiling or lying in a normal position cannot be solely equa-
ted with a nonpainful state. Further, measurement of the
physiologic indicators pupil dilatation and perspiration was
not defined or standardised, and there is no rationale for
the selection of vital sign parameters. The study by Kabes
et al. (2009) failed to report post hoc test data and statisti-
cal significance for the respiratory item. In the study by
Topolovec-Vranic et al. (2010), there were three main limi-
tations: 1) while staff confidence increased postimplementa-
tion, 38-5% (n = 20)
postimplementation survey; 2) one of the researchers was

fewer  staff completed the
also the Clinical Manager for the study site; and 3) there
was potential selection bias as patient surveys were directed
more towards patients who were able to complete the inter-
view in a short space of time. To date, no study has been
published examining the responsiveness of the NVPS in

critical care adult populations.

Discussion

This systematic review identified five observational pain
assessment instruments that were examined across a range
of intensive care sites involving nonverbal critically ill
patients. This review found that none of the observational
pain assessment instruments have been tested in the ED set-
ting. Yet, critically ill patients are increasingly presenting to
the ED and often require intubation and mechanical venti-
lation, aggressive resuscitation and stabilisation (O’Connor
et al. 2009). From 2008-2014, the number of patients pre-
senting to Australian public hospital EDs has increased by
nearly 1-1 m (n = 1,078,659; 20-2%), exceeding the rate of
population growth (Australian Institute of Health and Wel-
fare, 2008, 2015). In the same time period, the number of
critically ill patients admitted to EDs has also increased by

nearly 40% (Australasian Triage Scale 1 and 2,
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n=110,986; 38-4%). While critically ill patients need to
be transferred to an intensive care unit as swiftly as possi-
ble, this patient population often remains in the ED for
prolonged periods of time (Richardson & Mountain 2009,
Rose et al. 2012).

Pain is a common symptom experienced by the critically
ill patient. In addition to pain associated with the initial
injuries or conditions, critically ill patients are exposed to
multiple other sources of pain during ED resuscitation and
stabilisation (Weir & O’Neill 2008, Varndell ez al. 2015b).
As many as 79% of patients describe experiencing pain,
most often of moderate-to-severe intensity whilst intubated
and mechanically ventilated (Puntillo ez al. 2001, Ma et al.
2010). Pain is a predominant stressor that can activate
many pathophysiological and psychological mechanisms in
critically ill patients, but assessment rates of pain in critical
ill patients are suboptimal (Payen & Chanques 2012). This
may be due to an inability of critically ill patients to com-
municate their pain due to sedation, cognitive impairment,
paralysis, endotracheal intubation/mechanical ventilation or
clinician workload. The infrequency of assessing, respond-
ing to and documenting pain is similar to that observed in
intensive care settings, despite patients receiving analgesia
(Hawksley 2000, Motov & Khan 2009, Thomas 2013,
Varndell et al. 2015b). The positive association between
the ability to assess and document patient pain and ade-
quate management of pain has been previously documented
(Payen et al. 2001, Mularski 2004). Conversely, inaccurate
pain assessment and ensuing suboptimal treatment of pain
in critically ill adults can affect all bodily systems with a
plethora of physiologic and psychological consequences
(Urden et al. 2010, Georgiou et al. 2015) involving short-
and long-term clinical outcomes of critically ill patients
(Dunwoody et al. 2008). This systematic review has identi-
fied a lack of evidence that EDs use observational pain
assessment instruments for the critically ill patient. Conse-
quently, there is an urgent need to examine the suitability
and appropriateness of observation pain instruments for use
in the nonverbal critically ill patient in ED.

This systematic review evaluated the suitability and psy-
chometric properties of the instruments based on quality
judgement criteria relating to wvalidity, reliability and
responsivity. A common weakness across the majority
(n=18; 69%) of studies (Payen et al. 2001, Odhner et al.
2003, Aissaoui et al. 2005, Young et al. 2006, Gélinas &
Johnston 2007, Gélinas et al. 2009, Kabes et al. 2009,
Ahlers et al. 2010, Marmo & Fowler 2010, Topolovec-
Vranic et al. 2010, 2013, Voepel-Lewis et al. 2010, Chen
et al. 2011, Damstrom et al. 2011, Vazquez et al. 2011,
Linde ef al. 2013, Chanques et al. 2014, Rijkenberg et al.
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2015) was related to convenience sampling, small sample
size and low number of item-to-subject (i.e. patient) ratio
assessments, limiting generalisability of the instruments.
Within the psychometric literature, a sample size of 100—
200 is recommended (Bollen 1989, Anthoine et al. 2014).
Further, an item-to-subject ratio of 1:10 is recommended
for future testing of instruments (Schwab 1980). This sys-
tematic review identified five observational pain assessment
instruments that were examined across a range of studies
involving critically ill intubated patients. However, only
three instruments (BPS, CPOT and PAINAD) were evalu-
ated with sample sizes and item-to-subject ratios at these
levels (Aissaoui et al. 2005, Gélinas & Johnston 2007,
Damstrom et al. 2011, Morete et al. 2014, Rijkenberg
et al. 2015). Of these three instruments, the CPOT has had
the most extensive testing for validity, reliability (Gélinas
et al. 2006, 2009, Gélinas & Johnston 2007, Marmo &
Fowler 2010, Damstrom et al. 2011, Gélinas et al. 2011,
Paulson-Conger et al. 2011, Vazquez et al. 2011, Linde
et al. 2013, Topolovec-Vranic et al. 2013, Chanques et al.
2014, Rijkenberg ez al. 2015, Kanji et al. 2016) and feasi-
bility (Gélinas 2010, Gélinas et al. 2011, Topolovec-Vranic
et al. 2013), with high levels of sensitivity and specificity
(Gélinas & Johnston 2007, Gélinas et al. 2009). The CPOT
has also been tested against the BPS, NVPS and PAINAD
(Paulson-Conger et al. 2011, Chanques et al. 2014) and the
recommended gold standard, patient self-report (Odhner
et al. 2003). Further, unlike the BPS and NVPS, the CPOT
has been tested in both verbal and nonverbal patient
populations, including patients with delirium, which
potentially broadens the instruments use within the ED

setting.

Strengths and limitations of the review

The strength of this study was the thorough and systematic
search for relevant articles. To make this review more sys-
tematic and objective, the authors used standardised assess-
ment frameworks to evaluate each study and on analysing
the quality of psychometric testing. There are several limita-
tions of this review. First, only one author (WV) extracted
study data and made the initial critical appraisal of the
selected instruments, although deposition and accuracy was
verified by the other remaining authors. Second, descrip-
tions of the development and testing of the observational
pain assessment instruments vary in terms of quality and
detail, which may limit generalisability of the findings.
Third, as in any systematic review, it may be possible that
other relevant instruments have been subjected to rigorous
but unreported testing that has not been published may

© 2016 John Wiley & Sons Ltd
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have not been included in this review. To limit this, the
authors manually reviewed the grey literature to identify
possible observational pain assessment instruments or their

testing.

Conclusion

The use of an appropriate observational pain assessment
instrument is fundamental to improving pain assessment
and management for critically ill intubated adult patients in
the ED. This systematic review has highlighted five observa-
tional pain assessment instruments for nonverbal critically
ill adult patients. While these instruments are commonly
used in intensive care to support and optimise pain manage-
ment, to date, their use in an ED context is absent in the
literature. Given an increasing number and range of criti-
cally ill patients being managed for prolonged periods of
time in the ED setting, a systematic approach to pain
assessment is needed for this vulnerable patient group. The
review identified that the CPOT had the strongest evidence
with regard to validity and reliability for pain assessment in
the intensive care critically ill patient. Testing of the CPOT
is therefore recommended to determine whether this is the
most appropriate instrument for pain assessment in the crit-
ically ill intubated patient in the ED. Systematic and consis-
tent use of an appropriate pain assessment instrument in
the ED context will optimise pain management and

improve patient experiences.

Relevance to clinical practice

Pain is one of the most common presenting complaints in
the ED. Effective pain

prime importance, as it will determine the appropriate

assessment is therefore of

type of analgesia required and the urgency of the pain
by ED staff is

challenging, especially when the patient is critically ill

relief needed. Pain management
and intubated, and therefore unable to communicate the
presence or intensity of acute pain. The use of validated
observational pain assessment instruments is needed to
guide the assessment, monitoring and administration of

analgesia.
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