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1  | INTRODUC TION

Critically ill patients experience frequent pain and discom-
fort throughout their stay in the intensive care unit (ICU) and 
pain seems to be the patients’ worst memory after discharge 
(Gélinas,  2007; Zetterlund et  al.,  2012). Uncontrolled pain has 
significant short- and long-term psychological and physiological 

consequences, delaying recovery and even being life-threatening 
(Baron et al., 2015; Barr et  al.,  2013; Peng et  al.,  2014; Puntillo 
et al., 2014). Treatment in the ICU may be provided while the pa-
tient is already under stress, such as the fear of losing his/her life 
or the threat of not regaining well-being (Gélinas, 2016). This more 
affective dimension of pain was emphasised in a recent proposal 
to change the definition of pain, which now reinforces pain as a 
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distressing experience associated with actual or potential tissue 
damage and with sensory, emotional, cognitive and social compo-
nents (Williams & Craig, 2016).

A recent concept analysis stated discomfort as physical or psy-
chological, characterized by unpleasant feelings resulting in avoid-
ance or reduction of the source of the discomfort (Ashkenazy & 
Ganz, 2019). The study concluded that pain is one of the sources 
for discomfort, but not every discomfort can be attributed to pain. 
Hence, clinicians may interpret discomfort as pain, when the pa-
tient, in reality, is uncomfortable. This may be especially true in 
the ICU with non-communicative patients, making accurate as-
sessments of pain imperative for correct treatment. Day-to-day 
nursing procedures and interventions can potentially be a con-
siderable source of pain or discomfort for ICU patients. The fact 
that more than 30% of ICU patients regardless of diagnosis expe-
rience pain at rest and that this percentage exceeds 50% during 
common care procedures, underscores the need for high-quality 
pain management (Chanques et al., 2006; Gélinas, 2007; Puntillo 
et al., 2014). Some of the most painful procedures experienced by 
ICU patients are nursing care procedures such as turning, endotra-
cheal suctioning, tube and drain removal, wound care and arterial 
line insertion (Payen et  al.,  2007; Puntillo et  al.,  2014; Vázquez 
et al., 2011).

Systematic pain assessment with valid tools is essential for ad-
equate pain management and acts as an indicator of good clinical 
practice (Skrobik et al., 2010; Wøien & Bjørk, 2013). The patient's 
self-report of pain is regarded as the gold standard in the assess-
ment of pain (Breivik et al., 2008; Merskey, 2007). However, in the 
ICU, a number of patients are unable to self-report and verbally 
communicate their pain and discomfort due to critical illness, de-
creased level of consciousness, mechanical ventilation and seda-
tion. This makes pain assessment and pain management even more 
challenging (Alderson & McKechnie,  2013; Chanques et  al.,  2006; 
Payen et al., 2009). Therefore, for an assessment of pain, observable 
behavioural and physiological indicators become important indices 
(Gélinas et al., 2006).

2  | BACKGROUND

There are numerous tools for assessing pain in adult ICU patients, 
including the Nonverbal Pain scale (NVP), the Critical-Care Pain 
Observation Tool (CPOT), the Behavioural Pain Scale (BPS), the 
Comfort scale, the Face, Legs, Activity, Cry, Consolability scale (FL
ACC), all of which have numeric rating scales (Rose et al., 2013). Of 
all these tools, the CPOT and the BPS are the most commonly used 
(Aïssaoui et al., 2005; Rijkenberg et al., 2015). They seem valid and 
sensitive for capturing changes in pain response among patients 
receiving sedatives or lacking the ability to communicate (Ahlers 
et al., 2008; Barr et al., 2013; Gélinas, 2007; Young et al., 2006). 
In two systematic reviews (Gelinas et  al.,  2013; Pudas-Tähkä 
et  al.,  2009) that compared the psychometric properties of pain 
assessment scores for intensive care patients who were unable to 

self-report pain, the CPOT and the BPS received the best qual-
ity assessment scores. The CPOT was designed to detect pain 
in critically ill patients (Gélinas et  al.,  2006), while the BPS was 
developed to assess pain in unconscious mechanically ventilated 
patients (Payen et al., 2001). The main difference between these 
tools is in their evaluation of body movements and muscle tension 
(Severgnini et al., 2016). Improved pain management is associated 
with better outcomes for ICU patients (Chanques et  al.,  2006; 
Payen et  al.,  2009; Robinson et  al.,  2008; Skrobik et  al.,  2010). 
However, pain caused by procedures in the ICU appears to remain 
underestimated and undertreated (Puntillo et  al.,  2014; Siffleet 
et al., 2007).

To ensure that the measurement error of pain assessment tools 
is as small as possible, the tools’ validity and reliability need to be 
determined to ensure the instruments are functioning correctly 
(Field,  2013). Validity refers to whether the instrument measures 
what it is intended to measure (Polit & Beck,  2013) and reliability 
is the ability of the pain assessment tool to deliver the same results 
under the same circumstances (Field, 2013).

Several systematic reviews have compared a number of pain 
assessment scales used in the ICU (Barzanji et  al., 2019; Fischer 
et al., 2019; Grosso et al., 2019; Pudas-Tähkä et al., 2009). The aim 
of these studies was for example to identify the most used pain 
assessment scales for the critically ill unconscious adult patient 
(Grosso et al., 2019) and instruments developed for pain assess-
ment in unconscious or sedated intensive care patients (Pudas-
Tähkä et  al.,  2009). Furthermore, for a pain scale to guide pain 
management decisions and to support efficient evaluations, it 
must be actionable and easy to interpret and it cannot take so 
many resources that it disrupts clinical care in the hectic ICU con-
text. A feasible, useful and accurate scale is essential to ensure 
that the pain of ICU patients is correctly and consistently identi-
fied by procedures. However, to our knowledge, no reviews have 
evaluated studies that use both the CPOT and the BPS in rela-
tion to procedures in the ICU with the purpose of informing and 
guiding nurse decision-making. This systematic review therefore 
aimed to examine the measurement properties of the CPOT and 
BPS when used to assess pain during procedures in the ICU. It was 
directed by the following research questions:

•	 To what extent have the CPOT and the BPS been tested for valid-
ity, reliability and responsiveness during painful procedures in the 
intensive care setting?

•	 Which of these two tools is best suited to assess pain in non-ver-
bal critically ill intubated patients during painful procedures?

3  | THE STUDY

3.1 | Design

This systematic review was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
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(PRISMA) checklist (Moher et al., 2009). The protocol was not pub-
lished or registered.

3.2 | Method

3.2.1 | Eligibility criteria

Studies were included if they met the following criteria: 1) they had 
a quantitative design; 2) they included ICU patients aged 18 years 
or older who were unable to self-report pain due to critical illness; 
3) the patients received mechanical ventilation and/or sedation; and 
4) were tested for the validity and reliability of both the CPOT and 
the BPS during painful procedures. Studies were excluded if the data 

were published as a conference paper, abstract, doctoral thesis, let-
ter or comments.

3.2.2 | Search strategy

A systematic literature search was conducted on 01 October 2019, 
using the databases CINAHL, MEDLINE, EMBASE and PsychINFO. 
The search strategy was built in MEDLINE by two of the authors 
and an experienced librarian, using text words and Medical Subject 
Heading. This search was adapted to the other databases. In the da-
tabases, the only limitation used was language restricted to Danish, 
English, Norwegian and Swedish caused by our available language 
knowledge. Searches were performed without restriction on 

F I G U R E  1   PRISMA 2009 flow diagram
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publication year and ended on 01 October 2019. The Medline search 
strategy is described in Data S1.

3.2.3 | Search outcomes

Our primary outcomes were the validity and reliability of the CPOT scale 
and the BPS scale. The CPOT scale includes four behavioural indicators: 
1) facial expression; 2) body movements; 3) muscle tension; and 4) com-
pliance with the ventilator (for intubated patients) or verbalization (for 
extubated patients) (Gélinas et al., 2006). The BPS scale includes three 
behavioural indicators: 1) facial expression; 2) movements of the upper 
extremities; and 3) compliance with the ventilator (Payen et al., 2001).

3.2.4 | Study selection and data extraction

A pair of authors independently assessed whether titles, abstracts 
and full-text papers met the inclusion criteria. When there was any 
doubt whether a paper should be included, a third author indepen-
dently assessed the paper. The data from the included papers were 
extracted independently by the same pair of authors using a stand-
ardized data collection form that included: author, year, location for 
research, aim, study design, population and results. Reasons for ex-
cluded articles are presented in Figure 1.

3.2.5 | Quality assessment

The methodological quality of the included studies was assessed by 
the pair of authors independently, using the Critical Appraisal Skill 
Programs (CASP) checklist (Critical Appraisal Skills Programme, 2018; 
Nadelson & Nadelson, 2014). The quality assessment criteria for the 
included articles are shown in Table S1.

3.3 | Analysis

To assess the validity and reliability of the CPOT and BPS pain as-
sessment tools, the results from the studies included were organized 
according to psychometric properties, such as inter-rater reliability, 
internal consistency, test–retest reliability, discriminant validity and 
criterion validity (see Table S2). Due to heterogeneity in study design, 
patient population, intervention, context and time of pain assessment, 
a quantitative synthesis was not possible. Consequently, the results 
are presented in a narrative form and with a table describing the valid-
ity and reliability scores and the analyses of each paper.

4  | RESULTS

The literature search identified 100 publications. After removal of 
duplicates, 51 titles and abstracts were screened. After this first 

screening, 32 articles were excluded as they did not meet the in-
clusion criteria. The full text of 19 papers was assessed, and the 
final sample included a total of 11 studies: Nine prospective obser-
vational studies, one crossover observational study and one cross-
sectional study (Figure 1). No studies were identified that employed 
randomized controlled trial designs. The studies were conducted in 
the USA (N = 1), Taiwan (N = 2), Saudi Arabia (N = 1), China (N = 1), 
Iran (N = 1), Brazil (N = 1), Finland (N = 1), the Netherlands (N = 2) 
and Italy (N = 1). The sample sizes ranged from six–316 ICU patients. 
The painful procedures were endotracheal suctioning (N = 8), turn-
ing (N  =  5) and standardized nociceptive stimulation by pressure 
algometry (N  =  1). The characteristics of the included studies are 
shown in Table 1.

4.1 | Quality assessment

A summary of the assessments of methodological quality is shown in 
Table 1 and in Table S1. Overall, the quality of the articles was rated 
as relatively high and 10 of the 11 articles presented with a score 
that had more than 10 out of a possible 14 “Yes” assessments. The 
assessments did show that the question of whether the outcomes 
were accurately measured to minimize bias was not sufficiently re-
ported on in the articles. Furthermore, the question “How precise 
are the results?” was difficult to assess, as very few of the studies 
provided confidence intervals for their mean values, which could 
have given a more precise estimate of the range in which the real 
answers lay.

4.2 | Reliability

Four studies calculated weighted κ coefficients as a measure of in-
ter-rater reliability (Chanques et al., 2014; Cheng et al., 2018; Klein 
et al., 2018; Liu et al., 2015). Chanques et al. (2014) measured 0.81 
for both tools and Liu et al. (2015) showed that both showed nearly 
perfect reliability (BPS: 0.94; CPOT: 0.98). Cheng et al. (2018) meas-
ured four times and got greater variation (BPS: 0.73–0.80; CPOT: 
0.64–1.00) but also showed relatively high reliability. Liu et al. (2015) 
showed that the inter-rater reliability was not significantly differ-
ent with the intubated compared with the non-intubated patients 
when using the CPOT (0.985 and 0.955). The BPS had a significantly 
greater inter-rater reliability for non-intubated compared with intu-
bated patients (0.939; 0.977, respectively).

Four studies (Al Darwish et  al.,  2016; Pudas-Tahka & 
Salantera,  2018; Rijkenberg et  al.,  2015, 2017) calculated in-
ter-rater reliability using the intraclass correlation coefficient (ICC). 
Rijkenberg et al.  (2015) and Rijkenberg et al.  (2017) calculated the 
ICC between the CPOT and the BPS, showing a substantial score 
for all assessments (0.75; 0.74; 0.74; 0.62), respectively (see Table 2). 
Pudas-Tähkä et al. (2018) used the Shrout-Fleiss ICC test during suc-
tioning and showed that the best results following the painful pro-
cedure showed slightly lower scores for the BPS than for the CPOT. 
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Al Darwish et al. (2016) showed the lowest agreement in the Facial 
Expression subscale during suction when using the BPS (r  =  .77), 
while in the CPOT, they found weak agreement in the Muscle 
Tension subscale.

Seven studies calculated internal consistency using Cronbach's 
alpha (Al Darwish et  al.,  2016; Chanques et  al.,  2014; Hsiung 
et  al.,  2016; Liu et  al.,  2015; Pudas-Tahka & Salantera,  2018; 
Rijkenberg et  al.,  2015, 2017). All these studies, except for 
Rijkenberg et al. (2017), showed that the CPOT and BPS had satis-
factory to good internal consistency. Chanques et al. (2014) showed 
good internal consistency for both the CPOT and the BPS (0.81; 
0.80, respectively). These authors found no significant difference 
between the CPOT and the BPS (p = .48), and there was no signifi-
cant difference in Cronbach's alpha coefficients between intubated 
and non-intubated patients (0.82; 0.81 and 0.81; 0.83, respectively). 
However, Pudas-Tähkä and Salanterä (2018) showed that Cronbach's 
alpha values varied greatly with both instruments. The lowest val-
ues were recorded for those measurement points where the pain 
scores were 0. The highest scores were achieved after endotracheal 
suctioning at rest (Table 2). Rijkenberg et  al.  (2015) indicated that 
the CPOT and the BPS both had acceptable internal consistency 
during a painful procedure (0.71; 0.70, respectively). Liu et al. (2015) 
showed satisfactory values for both the CPOT and the BPS, but with 
higher scores in the non-intubated patients than in the intubated. 
In this study, the values showed good internal consistency for both 
tools (intubated = 0.785; 0.981; non-intubated = 0.812; 0.812, re-
spectively). Al Darwish et al. (2016) presented the best results with 
a Cronbach's alpha for internal consistency of 0.95 in both scales.

4.3 | Validity

Validity was assessed using discriminant validity in ten stud-
ies (Table  2) and three studies also reported on criterion valid-
ity by using different analyses (Cheng et al., 2018; Liu et al., 2015; 
Severgnini et al., 2016). Only one study did not report on any validity 
tests (Pudas-Tahka & Salantera, 2018). About discriminant validity, 
Chanques et al. (2014) tested the responsiveness of the CPOT and 
the BPS using an effect size coefficient and demonstrated a signifi-
cantly higher responsiveness of the BPS compared with the CPOT 
(1.99 and 1.55, respectively). Al Darwish et al. (2016) also used the 
effect size coefficient and here the CPOT scored 1.37, while the BPS 
scored 1.20.

Rijkenberg et al.  (2015) and Rijkenberg et al.  (2017) calculated 
the discriminant validity between the CPOT and the BPS using the 
Friedman test. In Rijkenberg et  al.  (2015), the median scores in-
creased by two points from rest to painful procedure (p < .001). The 
median BPS scores between rest and non-painful procedure showed 
a significant increase of one point (p =  .002), whereas the median 
CPOT score remained unchanged. In Rijkenberg et  al.  (2017), the 
median CPOT and BPS scores for both nurses increased significantly 
(p = .001) from rest to painful procedure (Table 2).

Klein et  al.  (2018) showed a significant increase in the median 
scores for pain in both measures between rest and turning, using 
Kendall's W; here, the BPS scored 0.92 and the CPOT 0.93. Cheng 
et al. (2018) also showed significant differences in the mean scores 
from rest to suction by using ANOVA. In the pilot study by Hsiung 
et al. (2016), a total of 100% of patients showed an increased score 
for the BPS between rest and suction compared with 90% of the 
patients for the CPOT.

Liu et  al.  (2015) calculated the discriminant validity using the 
Mann–Whitney test. The scores for the CPOT and the BPS during 
painful procedures were significantly higher than during non-painful 
procedures (p < .001). There was no significant difference between 
the scores at rest and during non-painful procedures (p > .05).

Severgnini et al. (2016) calculated discriminant validity using the 
Wilcoxon coefficient for the CPOT and the BPS during care with 
conscious and unconscious patients. Both tools showed a statisti-
cal difference during nursing care (p < .0001) and after nursing care 
(p  <  .0001). They also compared the two tools at three different 
times by using the Cohen's kappa before (κ = 0.69), during (κ = 0.64) 
and after nursing care (κ = 0.66). Furthermore, they evaluated cri-
terion validity by using Spearman rho (ρ) and by comparing the two 
pain scales using a VAS scale. Strong correlations with VAS were 
found, which included all measurements (ρ  =  0,48 and ρ  =  0.56). 
Gomarverdi et  al.  (2019) used a similar approach by using the 
Spearman correlation during suction. Here, BPS had a median value 
of 7, while CPOT had a median value of 4, with a strong correlation 
(r =  .88, p <  .001). The Wilcoxon coefficient was highly significant 
for both measures from rest to suction (CPOT: Z = −0.8.01 and BPS: 
Z = −8.05).

5  | DISCUSSION

This systematic review aimed to examine the measurement proper-
ties of the CPOT and BPS when used to assess pain during proce-
dures in the ICU. Due to clinical and methodological heterogeneity 
across the studies included, a quantitative synthesis was not possi-
ble. Several methodological limitations, including pre-experimental 
design approaches, limited control of confounders and small sam-
ple sizes, burden the body of evidence. The main findings are that 
the CPOT and the BPS both show good reliability and validity and 
are both good options for assessing painful procedures in the ICU. 
However, certain issues were identified in the studies, involving both 
pain assessment tools.

This review showed that inter-rater reliability showed that the 
nurses assessing the pain had a substantial to near perfect agree-
ment in their observations related to the measurement of pain in 
mechanically ventilated ICU patients. However, the BPS showed a 
significantly greater inter-rater reliability in non-intubated compared 
with intubated patients, which may indicate that the BPS needs 
further assessment in intubated patients for nurses to provide ad-
equate pain management to this latter group of patients (Chanques 
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et  al.,  2014; Liu et  al.,  2015). The most likely reason for the BPS 
having a higher score in the non-intubated patients is the fact that 
BPS requires assessing ventilator waveform and asynchrony, which 
could be difficult while simultaneously observing a patient's face and 
body. Listening to ventilator alarms, as used by the CPOT, could be a 
useful alternative and CPOT may therefore be a more accurate tool 
for assessing pain in intubated patients (Chanques et al., 2014; Liu 
et al., 2015). However, systematic assessment for pain in mechani-
cally ventilated ICU patients at rest and 30 min after any procedure 
resulted in smaller doses of sedation being required, a three day re-
duced duration on the respirator and a five-day reduction in ICU stay 
(Payen et al., 2009).

Most studies included measured internal consistency by estimat-
ing Cronbach's alpha and the results for both tools mostly showed 
satisfactory to good internal consistency. This indicates that the 
correlation between the behavioural domains is sufficient and can 
be considered reliable for measuring pain during painful procedures. 
This finding is consistent with the systematic review by Barzanji 
et al.  (2019) that evaluated pain assessment tools in non-verbal in-
tubated critically ill adult patients after open heart surgery. Here, 
they found satisfactory Cronbach alpha values for both CPOT and 
BPS, indicating moderate to high internal reliability. Nevertheless, 
Rijkenberg et al. (2017) found insufficient Cronbach's alpha values in 
their study and they indicated that higher values from other studies 
should be interpreted with caution due to missing calculations for 
complete sample sizes.

The results about discriminant validity suggest that both pain 
assessment tools were well suited to measure the presence of pain 
when moving from rest to a painful procedure. However, there were 
some concerns about the BPS as it also showed a significant in-
crease in scores during non-painful oral care, while the CPOT score 
remained unchanged (Rijkenberg et al., 2015, 2017). These studies 
reported that most of the increase in BPS score during oral care 
was the result of changes in facial expression and movements of the 
upper limbs. The increase might have been due to reflexes to touch 
rather than response to pain. Coughing and straining might also be 
reflexes due to movement of the endotracheal tube during oral care 
(Rijkenberg et al., 2017). The difference in discriminant validation of 
the CPOT and BPS during the non-painful stimulus could also be the 
result of the different numbers of scoring options in each domain. 
For the BPS, nurses have to choose between four different scor-
ing options compared with three scoring options for the CPOT. It 
is possible that the four scoring options of the BPS are less clearly 
distinguished than the three scoring options of the CPOT and could 
therefore lead to incorrect assessment of a non-painful stimulus.

Severgnini et al. (2016) showed that both CPOT and BPS scores 
increased during nursing care in both unconscious and conscious pa-
tients. In conscious patients, during nursing care, the BPS showed 
higher specificity and lower sensitivity than the CPOT. Different 
individual items are included in the BPS and CPOT. Muscular tone 
and movement of arms and legs are included in the CPOT but not in 
the BPS (Severgnini et al., 2016). Scores may differ due to the “mus-
cle tension” item of the CPOT, an item not included in the BPS. For 

patients with high muscle tension related to pain, the CPOT would 
be a more effective assessment tool (Liu et al., 2015). Facial expres-
sion and ventilator compliance are recorded in both scales, although 
using different individual scores. Severgnini et al. (2016) showed that 
facial expression was the most important parameter related to pain 
assessment. It is important to note that facial expression is also eas-
ier to score at the bedside. A limitation in the study by Severgnini 
was that discriminant validity should be assessed during both pain-
ful and non-painful procedures in the same population. If the val-
ues calculated through the tools are increased by both painful and 
non-painful procedures, the validity and reliability are questionable.

The results suggest that both the CPOT and the BPS are reliable 
and valid pain assessment tools. However, the CPOT seems to be 
the preferred option for assessing pain during painful procedures 
due to its discriminant validation, meaning that CPOT can better de-
tect pain whenever the patient is believed to be in pain. This may 
also be an important tool to distinct between discomfort and pain 
to provide the best treatment (Ashkenazy & Ganz,  2019). On the 
other hand, the BPS is rated as a little easier to remember during 
clinic practice than the CPOT as the BPS has only three domains 
for observation rather than four domains, as included in the CPOT 
(Chanques et al., 2014).

5.1 | Limitations

There are limitations to our systematic review that need to be ad-
dressed. The systematic literature search was limited to the English 
and Scandinavian languages and publication types such as confer-
ence papers, abstracts, doctoral theses, letters and comments were 
excluded. Consequently, the results may be affected by publication 
bias. However, we searched multiple databases and collaborated 
with a librarian to ensure that the search was extensive. Furthermore, 
owing to the pre-experimental, pre-test–post-test nature of the de-
signs, several threats to validity are potentially present, involving 
selection bias, lack of blinding, the order in which the instruments 
were tested and cultural competence. For example, in the study by 
Rijkenberg et al. (2015), the nursing staff were not blinded and when 
pain assessments were performed, the assessors were aware of 
which procedures were to be performed. This may have led them to 
perceive more behavioural changes during events, leading to higher 
scores during painful procedures. Additionally, the BPS was always 
completed first. An essential consideration is that no gold standard 
has been established for pain assessment in patients who are unable 
to give self-reports.

6  | CONCLUSION

Both of the pain assessment tools addressed in this review have a 
systematic approach to evaluating pain. The CPOT especially has 
been shown to have good reliability and validity for assessing pain 
during painful procedures in ICU patients unable to self-report their 
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pain. The BPS is an appropriate alternative, but because of the dis-
criminant validation, the CPOT is to be preferred.
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