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Abstract

Problem & Purpose: Each year, 1.7 million Americans suffer traumatic brain injuries (TBI) with
many patients requiring intensive care, resulting in increased pain due to aggressive treatments,
frequent neurological exams, and invasive procedures. Patients with TBIs present with atypical
pain behaviors (PB) and decreased levels of consciousness that impede effective pain
assessments, leading to inadequate pain management and poor outcomes. Pre- and postadministration pain score documentation compliance of a neurotrauma critical care unit (CCU)
were below organizational benchmarks, averaging 75% and 56% respectively. Additionally,
anecdotal reports from nurses found dissatisfaction with the organization’s current pain scales.
Methods: A nurse-driven team, entitled the “Brain Pain Squad,” led a quality improvement (QI)
project to implement the Behavioral Pain Scale (BPS) for noncommunicative, critically ill adult
patients with TBIs who were mechanically ventilated (MV). Staff education was provided in
small groups with hands-on application of the scale. Handouts as well as promotional signage
were readily available on the unit. Presentations during staff meetings and weekly email
reminders called, “Brain Pain Project Pearls” enhanced education and provided updates. Periodic
rewards and recognition events increased staff support throughout operationalization. Data
collection included weekly compliance rates of pre- and post-administration pain score
documentation as well BPS usage. Usability testing via electronic staff survey occurred
following a nine-week implementation period.
Results: Staff readily adopted the BPS with an average compliance of 92.04%. Preadministration compliance improved by 4.57% whereas post-administration compliance declined
by 6.46%. The overall usability score of the BPS was 86, equating to excellent usability.
Conclusion: A nurse-driven team and formal education plan led to the successful implementation
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of the BPS with minor improvements in pre-administration pain score compliance and a decline
in post-administration pain score compliance. Variations in compliance may be due to
discrepancies between organizational policy, clinical practice, and data collection methods.
Policy changes, additional education, and better functionality of the electronic health record
(EHR) may increase compliance further. Critical care units who care for the neurologically
impaired should consider instituting the BPS and future QI efforts should focus on the
implementation of the BPS for noncommunicative TBI patients who are not intubated.
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Implementation of a Behavioral Pain Scale for Traumatic Brain Injured Patients
Introduction
Each year, 1.7 million Americans suffer from TBIs leading to 275,000 hospital
admissions (Faul, Xu, Wald, & Coronado, 2010). Due to increased risk of complications, such as
seizures and cerebral edema, many TBI patients require monitoring in CCUs (Carney et al.,
2017). Pain is often present and intensified by procedures, neurologic exams, and nursing care,
leading to adverse effects that influence the recovery of TBI patients (Arbour & Gélinas, 2014).
Adequate pain management is critical to promote functionality after a TBI, but remains a
challenge due to altered mental states and utilization of sedatives (Arbour et al., 2014; Arbour &
Gélinas, 2014). Moreover, TBI patients impart atypical PBs, such as limb flexion and weeping
eyes, which limit the applicability of various pain tools (Arbour & Gélinas, 2014; Le, Gélinas,
Arbour, & Rodrigue, 2013). Ineffective tools have short- and long-term effects on outcomes, but
can also reduce documentation compliance of pain assessments (Georgiou et al., 2015).
Pre- and post-administration pain score documentation compliance of neurotrauma CCU
was below organizational benchmarks, averaging 75% and 56% respectively. Anecdotal nursing
reports found misuse and dissatisfaction of the organization’s current pain tools in TBI patients
due to atypical PBs exhibited by this population. Also, of the two scales primarily used in this
setting, neither were validated in TBI patients, thus, jeopardizing the quality of care provided.
In a report by Herr et al. (2011), valid and reliable pain scales are critical to promote
excellence in care. The Joint Commission agrees and requires hospitals to assess pain based upon
patient characteristics ("R3 Report," 2017). Current guidelines developed by the Society of
Critical Care Medicine (2018) endorse the BPS as a pain scale for TBI patients due to its robust
psychometrics. Thus, because of the need for sufficient pain assessments in TBI patients to
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ensure evidenced-based care and reduce deleterious effects, a QI project was proposed with the
intended purpose to implement the BPS to foster accurate pain assessment practices per expert
consensus and to test usability of the scale in a neurotrauma CCU (refer to Figure 1).
Literature Review
Analysis
This literature review will analyze four studies that tested reliability and validity of the
BPS in critically ill, adult TBI patients (see Appendix A). First, Dehghani, Tavangar, &
Ghandehari (2014) investigated the validity and reliability of the BPS in TBI patients admitted to
the intensive care unit (ICU) in Yazd, Iran through a “purposive” study with a sample of 50
patients. Two nurses measured the BPS concurrently via direct observation during painful
procedures—endotracheal suctioning (ES)—and nonpainful procedures—eye cleaning (EC). The
authors found stability of BPS scores by comparing day and night scores (7.79 in the morning,
7.71 at night), acceptable to good internal cohesion (Cronbach’s alpha 0.76-0.85), and significant
equilibrium through comparison of ES and EC scores (p<0.001) (Dehghani et al., 2014).
Klein et al. (2018) validated the BPS and Critical-Care Pain Observation Tool (CPOT) in
critically ill adults through a prospective, cohort study based in Brazil. Sample size was 32 TBI
patients; scores were obtained by trained nurses who completed the pain assessments during rest,
Standardized Nociceptive Stimulation by Pressure Algometry (SNSPA), turning, and 15 minutes
after turning. The SNSPA is a validated quantitative method used to measure pain thresholds and
tolerance (Klein et al., 2018). Findings discovered significant discriminatory validity (p<0.001),
high inter-rater reliability (kappa>0.8), and good interitem correlation (0.35) (Klein et al., 2018).
Ribeiro et al. (2018) appraised BPS psychometric properties in a Brazilian ICU setting
through an observational, cross-sectional study that included a sample size of 37 patients and 444
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pain observations. Research assistants conducted pain observations prior to and during ES and
EC procedures both separately and simultaneously. Findings included significant discriminatory
validity during ES (p<0.0001) and responsiveness with moderate to high effect sizes (0.8-1.7).
Reliability was tested extensively—internal consistency was good (0.7< α< 0.9), interrater
reliability was moderate to excellent (interclass correlation coefficient=0.66-1.00, k=0.5-1.9),
and high percentages of agreement were noted (59.4-100%) (Ribeiro et al., 2018).
Yu et al. (2013) evaluated the feasibility and reliability of the Numeric Rating Scale
(NRS) and BPS in a multicentered, prospective, observational, cohort study in three North
American hospitals. Sample sizes differed based on measurement outcomes. For feasibility, 47
patients were included whereas reliability testing was completed on 80 patients. Pain scores were
obtained daily by trained physicians and a nurse. The authors concluded a 30% BPS feasibility
and excellent interrater-reliability per intraclass correlation coefficients (0.83) (Yu et al., 2013).
While the evidence supports the BPS as a valid and reliable tool for ICU patients with
TBIs, limitations are noted. For instance, none of the studies included a control group or
randomization, thus threatening internal and external validity. Although some investigators used
statistical programs to determine sample size (Klein et al., 2018; Ribeiro et al., 2018), there was
no formal power analysis. The studies did not deliberate confounding factors, test-retest
probability, or data protection. Also, the studies lacked theoretical frameworks. Such flaws are
important to note when assessing quality of evidence and considering future research needs.
Synthesis
The BPS has proven psychometrics through validity and reliability testing and
demonstrates applicability in TBI patients. Discriminatory validity was found significant in the
majority of studies analyzed (p<0.001) (Dehghani et al., 2014; Klein et al., 2018; Riberio et al.,
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2018). Likewise, reliability was tested via internal consistency and interrater reliability with all
studies finding acceptable to good internal consistency (0.35-0.9) (Dehghani et al., 2014; Klein
et al., 2018; Riberio et al., 2018; Yu et al., 2018). In addition, Klein et al. (2018) and Riberio et
al. (2018) examined interrater reliability, concluding moderate to excellent reliability (0.66-1).
Of note, a majority of the studies were conducted internationally in medical-surgical
ICUs of public and university hospitals. However, one study by Yu et al., (2013) was carried out
in three neurological ICUs located in North America. Such characteristics align with the practice
site and increase generalizability of the proposed project. Training was also featured in three
studies and was a key element to address during QI project planning (Klein et al., 2018; Ribeiro
et al., 2018; Yu et al., 2013). Following this synthesis, the BPS was deemed a valid and reliable
pain assessment tool to improve patient, nursing, and system outcomes.
Theoretical Framework
The American Association of Critical Care Nurses (AACN) Synergy Model for Patient
Care was selected as the theoretical framework to guide project operationalization (refer to
Figure 2). This framework states that patient needs drive nurse competencies to create synergy
that improves outcomes (Hardin & Kaplow, 2017). The AACN Synergy Model comprises of
three parts. First, patient characteristics, which include resiliency, vulnerability, complexity, and
participation in care, are considered (Hardin & Kaplow, 2017). Next, nurse competencies reflect
the knowledge, skills, and attitudes necessary to meet the needs of patients. These competences
are tailored based upon patient population and include clinical judgement, advocacy, caring
practices, and facilitation of learning (Hardin & Kaplow, 2017). The final component is
outcomes of the patient, nurse, and system. Patient outcomes include function, satisfaction, and
comfort; whereas, nursing outcomes include presence of complications, obtainment of care
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objectives, and physiological changes (Swickard, Reimer, Lindell, & Winkelman, 2014).
System-derived outcomes are defined by costs and resource utilization (Swickard et al., 2014).
The AACN Synergy Model provides an exceptional representation of the importance of
identifying vulnerable and unique patient populations—such as TBI patients—and designing
specialized care. As discussed, TBI patients display distinctive PBs that create complexity and
impact their resiliency, stability, and participation in care. This complexity is evident due to the
challenges associated with accurate pain assessment of TBI patients. As a result, nurses can
refine their clinical judgement, advocacy, education, and caring practices to deliver customized
care to combat such challenges. By using a reliable pain tool, such as the BPS, synergy between
patient needs and nurse competencies are met, thereby impacting patient, nurse, and system
outcomes. For patients, the increased use of the BPS will enhance patient comfort. Additionally,
nurses will evaluate the BPS and determine its usability. Lastly, system results include the ability
for the BPS to become the standard of care for pain assessment in critically ill TBI patients.
Methods
Project Type, Population, and Setting
This QI project was executed in a 13-bed neurotrauma CCU of Level 1 Trauma Center in
a large, urban academic medical center located in the Mid-Atlantic region. Inclusion criteria
consisted of noncommunicative, adult patients admitted to the neurotrauma CCU with a TBI and
requiring MV; whereas, adult patients who were able to self-report, not diagnosed with a TBI,
and/or not requiring MV were excluded.
Implementation Procedures
Project implementation was nurse-driven by a team entitled the “Brain Pain Squad.”
Members included a doctoral student, clinical nurse specialist, and nurse champions. Duties
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consisted of the development of project timeline, creation of promotional signage and education
materials, organizing live training sessions, and serving as resource and project advocate.
Formalized teaching sessions followed a comprehensive lesson plan that included such
objectives as identification of the project purpose, BPS elements and scoring, and pain policy
guidelines (see Appendix B). Education began on August 1 st, 2019 and lasted for four weeks.
During regularly scheduled shifts, staff nurses attended live sessions either individually or in
small groups. A worksheet was distributed to all attendees that highlighted the components of the
BPS, score interpretation, and documentation standards. For evaluation purposes, nurses
performed hands-on application of the BPS with appropriate TBI patients following training
sessions. Promotional signage and worksheets were made readily available throughout the unit
(refer to Appendix C). Each computer screen and nurses’ station were equipped with laminated
reference handouts to serve as a reminder and resource for staff (refer to Figure 3).
The project officially started on September 2 nd, 2019 with a scheduled “kick-off” event.
During implementation, the “Brain Pain Squad” met monthly to discuss facilitators, barriers, and
any necessary project changes. Rewards and recognition events occurred at the start, middle, and
end of the project to boost participation. Events were themed around “tackling brain pain” and
included employee incentives. Furthermore, consistent communication regarding the project was
delivered during monthly staff meetings and through weekly email notifications. Weekly emails
called, “Brain Pain Project Pearls,” were sent to all staff members to offer project updates,
reminders, and additional education during project operationalization.
Data Collection
During implementation, weekly data reports were collected to assess documentation
compliance of pre- and post-administration pain scores for both oral (PO) and intravenous (IV)
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as needed (PRN) analgesics for patients admitted to the neurotrauma CCU. The doctoral student
determined which patients met inclusion criteria through report analyzation. Included patients
were de-identified and entered into an audit sheet (see Appendix D). Correct usage of the BPS as
well as pre- and post-administration pain scores of PO and IV analgesics were then recorded. To
calculate BPS, pre-administration, and post-administration pain score compliance, the number of
TBI patients with completed documentation was divided by the total number of eligible patients.
Weekly percentages were tracked on a run chart, where the x-axis was the week of
implementation and the y-axis was the percentage of TBI patients with correct documentation.
Following a nine-week implementation period, nurses were surveyed to determine the
usability of the BPS using an adapted form of the System Usability Scale (SUS) (refer to
Appendix E). The SUS is a validated and reliable tool consisting of a ten-item survey using a
Likert Scale (Lewis & Sauro, 2017; Sauro, 2011). The survey was disseminated via email on
November 11th, 2019; plus, a QR code was created and displayed in high traffic areas of the unit
to increase participation. Responses were logged into an Excel spreadsheet and then analyzed in
accordance with SUS recommendations. For scoring, each survey item was multiplied by 2.5 to
determine overall usability. Once calculated, scores were recorded again to determine an average
score accounting for all responses. Scores greater than 68 equated to above average usability.
Results
This QI project results were based upon structure and process changes. Structure changes
focus on the education provided to nursing staff. Prior to the project start date, a total of 43
nurses completed BPS training, which is 90% of the current staff. Majority of the attendees were
bedside registered nurses of various experience levels. Staff that were not able to attend the
training sessions were on a leave of absence during the education time period.
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Process changes included the institution of the BPS and associated compliance rates.
Results during implementation were compared to five weeks of preliminary data which consisted
of weekly rates of BPS usage as well as pre- and post-administration compliance of PRN
analgesics for eligible patients (see Figure 4). Preliminary data involved 113 administrations
with 67.82% (ranging from 52.9-86.36%) of administrations using the BPS appropriately. Preand post-administration compliance rates averaged 74.87% and 55.56%, respectively. Project
data included 272 administrations and revealed a 92.04% (ranging from 80-100%) BPS
compliance rate. Pre- and post-administration compliance rates averaged 79.44% and 49.1%
(refer to Table 1). Thus, there was a 24.22% increase in BPS usage, 4.57% increase in preadministration documentation, and 6.46% decrease in post-administration documentation.
Findings from the SUS survey were calculated based upon 37 responses from nursing
staff, equating to a 74% response rate (see Table 2). After analysis, the overall usability score of
the BPS was 86 (ranging from 65-100), meaning the BPS demonstrated excellent usability. Of
the questions included in the SUS, over 50% of staff strongly agreed that they “would like to use
the BPS frequently,” “thought the BPS was easy to use,” and “imagined that most people would
learn the use the BPS very quickly.” Similarly, over 50% of staff strongly disagreed that the BPS
was “unnecessarily complex” and would need “the support of a technical person to be able to use
the BPS” (refer to Figure 5). In general, distinct, favorable associations were noted between the
number of staff educated, BPS use, and SUS survey results; yet, pre- and post-administration
compliance did not fare as positively despite additional training, staff incentives, and
communication, leading to further discussion of project findings during operationalization.
Discussion
The BPS compliance during project operationalization displayed an enthusiastic adoption
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and sustained use of the scale. Prior to implementation, a majority of staff was consistently using
the BPS. The magnitude of early adopters could be reflective of a month-long education period
and the staff’s eagerness to use the new scale. Moreover, this QI project revealed that the BPS
has excellent usability when applied within a neurotrauma CCU. While the project did not
explicitly test psychometrics of the BPS, the higher compliance rates and SUS scores confirm the
utility of this tool as described in recent studies (Dehghani et al., 2014; Klein et al., 2018;
Ribeiro et al., 2018; Yu et al., 2013). Similarly, in a review by Georgiou et al., (2015), execution
of systematic approaches to pain assessment, such as the BPS, was linked with more frequent
documentation of pain assessments which aligns with pre-administration compliance data.
The validity and reliability associated with the BPS and its utilization in the TBI patient
population was a major strength of this project that motivated nursing staff. Timing of the project
was also fortuitous as nurses had anecdotally reported dissatisfaction with the organization’s
current pain assessment tools for several years prior to implementation. Furthermore, the nursedriven team of champions served as a steadfast resource that guided and encouraged staff during
project execution. Overall, the enthusiasm of the entire neurotrauma staff and their willingness to
adapt and change their pain assessment practices was key to the project’s success.
Unexpectantly, the project revealed only marginal improvements in pre-administration
compliance and a decline in post-administration compliance. Such findings could be due to
variations in policy, clinical practice, and data acquisition discovered during implementation.
Discrepancies between the organization’s pain assessment policy referenced during educational
sessions and data collection methods were found. For example, data reports required post-pain
scores for PO analgesics to be completed within 45 to 90 minutes after administration, which
differs from the 60-minute time frame outlined in the policy. Such inconsistencies between
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policy, practice, and data collection may be responsible for the substandard documentation seen.
Despite nurses being educated on facility policy as well as nuances of data reporting
during project operationalization, compliance rates did not improve. Short staffing, high acuity,
and long work hours potentially impacted compliance; yet, what is more telling is the lack of
pain assessment reminders within the EHR. The EHR offers one version of a pain assessment
reminder in a window rarely accessed by nursing staff. Despite giving instruction on this
window, compliance rates, once again, did not improve. An abundance of education was
included during implementation to no avail and, thus, alternative methods to increase
compliance, such as user-friendly pain assessment reminders, should be considered.
Other limitations concentrated on the patient population and restrictions in capturing a
larger sample size. Data reports only included patients who received PRN analgesics; hence,
patients receiving continuous IV analgesic infusions were excluded, which omitted a significant
portion of potentially eligible participants. Also, since this project only included TBI patients,
other noncommunicative CCU patients who were receiving MV missed the opportunity for pain
assessments using the BPS. This is an unfortunate oversight given the wide array of literature
that supports the use of the BPS in a variety of CCUs (Barr et al., 2013; Delvin et al., 2018). As a
result, generalizability is threatened due to the incorporation of a specific patient population;
however, this project can provide guidance for BPS implementation efforts in other comparable
CCUs. Finally, noncommunicative TBI patients not requiring MV were excluded which created
confusion and frustration among the nurses. Consequently, there is an opportunity to explore the
utilization of the BPS in non-intubated patients to solve this newly-identified practice gap.
Conclusion
Due to the incidence of ineffective pain assessments in TBI patients, finding a systematic
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tool to adequately assess pain in this vulnerable patient population is essential to promote
positive outcomes (Arbour & Gélinas, 2014). This project found that a nurse-driven team and
formal education plan led to the successful implementation of the BPS in adult TBI patients
requiring MV. Moreover, the BPS was found to be feasible and efficient when used in a
neurotrauma CCU with minor improvements of pre-administration compliance observed.
Following the project completion, the BPS will continue to be offered and utilized by the
staff as a mainstay within the organization’s EHR. To increase sustainability, unit champions
will provide informal education and assistance with BPS application for existing and new staff
members. Project results will also be presented to unit and organizational committees that could
potentially benefit from BPS adoption. Likewise, neurological CCUs may consider instituting
the BPS through the discussed methods to assess pain in this unique patient population; though,
such organizations must consider contextual factors of their institution and adapt accordingly.
Ultimately, this QI project discovered several implications for practice. First,
supplementary investigation of organizational pain assessment policies and data acquisition
methods is warranted. Ensuring policies and data gathering techniques are congruent and
compare with national standards is key to ensure proper translation into practice. Such crucial
changes must also be adequately educated to staff to improve documentation compliance.
Moreover, enhanced EHR functionality for pain assessment and documentation is needed.
Introducing accessible pain assessment reminders and “hard stops” for staff nurses may be
necessary to promote adequate documentation per organizational policy. Finally, future QI
opportunities include exploration of the BPS for non-intubated TBI patients, known as the BPSNI, to provide a valid, reliable, and usable scale for this patient population.
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Table 1
Behavioral Pain Scale Assessment Practices of a Neurotrauma Critical Care Unit
Behavioral Pain Scale Compliance Data

Number of Administrations
Weeks of Data

Preliminary Data

Project Data

113
5

272
9

Behavioral Pain Scale Compliance
Average
Range

67.82%
52.9 – 86.36%

92.04%
80 – 100%

Pre-Administration Compliance
Average
Range

74.87%
55.56 – 84.62%

79.44%
57.14 – 100%

Post-Administration Compliance
Average
Range

55.56%
33.33 – 100%

49.1%
27.78 – 78.95%

Note. This table displays both preliminary and project implementation descriptive statistics.
Number of administrations and weeks of data collection as well as averages and ranges of
Behavioral Pain Scale, pre-administration, and post-administration compliance are featured.
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Table 2
System Usability Scale Survey Results
System Usability Scale Survey Results
Number of Responses
37
Response Rate
74%
Average Usability
86 (Excellent)
Usability Range
65 – 100
Note. This table displays the System Usability Scale Survey results gathered from the
neurotrauma critical care unit nursing staff responses and outlines the usability ratings of the
Behavioral Pain Scale.
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Behavior Pain Scale Components

Figure 1. Behavioral Pain Scale (original version) developed by Payen et al. (2001). The
Behavioral Pain Scale has been adopted by the organization with electronic health record
integration, thus, copyright clearance is not needed.
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American Association of Critical-Care Nurses Synergy Model for Patient Care

Figure 2. American Association of Critical-Care Nurses Synergy Model for Patient Care created
by Curley, M. (1998).
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Behavioral Pain Scale Signage for Computer Monitors

Figure 3. Behavioral Pain Scale Signage for Computer Monitors.
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Behavioral Pain Scale Pain Assessment Practice Compliance Trends

Figure 4. This graph demonstrates weekly compliance trends of Behavioral Pain Scale use, preadministration, and post-administration documentation compliance prior to and during project
implementation.
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System Usability Scale Question Responses

Figure 5. This graph displays the System Usability Scale survey responses (n=37) of the
neurotrauma critical care unit staff based upon the 10 questions included in the survey.
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Appendix A
Evidence Review Table

Author,
year
Dehghani,
Tavangar,
&
Ghandehari,
2014♦

Study
objective/intervention
or exposures
compared
To investigate the
validity and reliability
of the BPS in TBI
patients admitted to
the ICU in an Iranian
hospital.

Design

Sample (N)

Outcomes studied (how
measured)

Results

Descriptive,
prospective
study
conducted in
an ICU in
Yazd, Iran.

Sampling
Technique:
“Purposive”
Eligible
Participants: ICU
patients with a low
LOC due to head
trauma.
Excluded:
Quadriplegic
patients and patients
on NMB.
Included: Patients
over 16 years of age,
on ventilators with
an ETT and a GCS
of 5-8.
Control: No control
group included.
Intervention: N=
50 patients (n=13
women, n=37 men);
attrition rate not
discussed.
Power Analysis:
Researchers were
guided by a
statistician, but no
power analysis was
conducted.

Dependent Variable: BPS
scores were calculated
through three parts (facial
expression, upper limbs,
and compliance with
ventilator).
Measure: The dependent
variable was measured
during pain procedures
(ES) and non-painful
procedures (EC) by two
observers (primary
investigator and nurse)
simultaneously through
visual observations. A
checklist was completed
which included
demographic information
and the validated BPS.
Training of observers was
not discussed. Validity was
assessed using “known
groups’ technique” and
reliability was assessed in
three parts— “stability,”
“internal cohesion,” and
“equilibrium.”

Level of Measurement: T-test,
Cronbach’s alpha, Wilcoxon test,
and Man-Whitney test were used
with a significance level of 0.05.
The researchers did not specify
which statistical analyses were used
for validity and reliability
assessment; therefore,
appropriateness of statistical
approaches cannot be assessed.
Outcome Data Retrieval: Data
retrieved through a standardized
checklist and coded thereafter.
Detailed discussion of how data was
entered or protection of data was not
presented.
Analysis: SPSS was used for
analysis.

Stability – BPS score during
painful procedures was 7.79
in the morning, 7.71 at night
with no statistical difference
found between the two
timepoints (p=0.569).

Internal Cohesion –
Cronbach’s alpha was
acceptable to good (0.76-0.85)
for nonpainful and painful
procedures.

*Level
and
Quality
Rating
6C
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Klein,
Caumo,
Gélinas,
Patines,
Pilger,
Lopes,
Neiva
Backes,
Villas-Boas,
& Rios
Vieira,
2018♦

To assess and validate
the BPS and CPOT
once translated into
Brazilian Portuguese
in critically ill adults
during rest, SNSPA,
and turning.

Prospective,
cohort study in
a medicalsurgical ICU
from a
University
Hospital in
Brazil.

Sampling
Technique:
Convenience
sampling
Eligible
Participants: ICU
patients screened
from April to
December 2014.
Excluded:
Quadriplegics,
patients on NMB
agents, GCS < 4 on
the item motor
response, and
patients who were
receiving continuous
analgesic or sedative
infusions with an
injury to face or
both upper limbs.
Included: Patients
were required to be
over 8 years of age,
unable to self-report
verbally, and

Dependent Variable: BPS
and CPOT scores.
Measure: Two research
nurses were trained and
completed the pain
assessments at during rest
(baseline), SNSPA,
turning, and 15 minutes
after turning (standard
care). Pain pressure
thresholds were set to 14
kgf/cm2 to assess BPS
scores. Of note, the
translation of pain scales
was performed based on
established guidelines.

Equilibrium – Average BPS
scores during painful
procedures when compared to
nonpainful procedures were
statistically significant
(p<0.001).
Conclusions: The researchers
concluded that BPS scores were
valid and reliable in ICU patients
with head trauma due to the ability
to be used both day and night,
distinguish painful procedures from
nonpainful procedures, and
consistency between assessors.
Level of Measurement:
Categorical data analyzed using
absolute values, percentages, means,
and medians to calculate outcomes.
Continuous variables analyzed
using Shapiro-Wilk test. To assess
distribution of BPS and CPOT
scores, the ceiling effect was
calculated. Interrater reliability was
estimated using weighted Kappa
coefficients at each assessment
between the two raters scores.
Reliability was also assessed using
interitem correlation. For
discriminatory validity, Friedman
test with Dunn post hoc tests with
effect size using Kendall’s W test
was selected. Demographic and
clinical variables were evaluated
using Spearman analysis. Linear
regression model was used to
predict BPS and CPOT scores.
Level of significance was set at
0.05. All measures were
appropriate.
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conscious or
unconscious.
Control: No control
group included.
Intervention:
N=168 medicalsurgical critically ill
adults who were
unable to self-report
pain; 1132 paired
assessments. 32 TBI
patients included.
1019 were screened,
844 excluded, 175
patients were
assessed, and 168
patients were
included in data
analysis. Only 124
patients were able to
be turned; the others
were excluded due
to instability or
other reasons.
Power analysis: No
power analysis
described
specifically;
researchers used
WinPepi program to
determine sufficient
sample size.

Outcome Data Retrieval: Research
staff obtained demographic data
from patient’s legal guardian and
electronic record. No discussion
regarding protection of data was
presented.
Analysis: SPSS used for analysis.
 Demographic and Clinical
Characteristics – 82% (n=78)
received analgesia in the
previous hour before data
collection, in particular
Fentanyl IV. Mean age was 65
years despite including all
patients over the age of 8.
 Distribution of BPS and CPOT
scores – Facial expression was
a more pronounced pain
behavior after SNSPA.
Ventilator compliance was the
most pronounced pain behavior
after turning. The kurtosis
values showed normal
distribution of all items of both
scales.
 Reliability – Interraterreliability of CPOT and BPS by
the nurses was high with a
weight kappa of >0.8. Interitem
correlation was 0.35 which is
good.
 Validity – Discriminatory
validity was significant and
higher CPOT and BPS pain
scores were noted during
SNSPA and turning when
compared to baseline
(p<0.001).
 Pain Pressure Threshold –
Median pressure threshold was
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Ribeiro,
Fontes
Lima,
Santiage de
Araújo, da
Silva
Nunes,
Barreto
Alves,
Vieira
Dantas, &
do C. de
Oliveira
Ribeiro,
2018♦

To appraise the
psychometric
properties including
validity, reliability,
and responsiveness of
the BPS in a Brazilian
ICU setting.

Observational,
crosssectional,
repeatedmeasure and
analytical
study in
medical and
surgical ICUs
at highcomplexity
public hospital
in Brazil.
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Sampling
Technique: Nonprobabilistic
convenience
sampling
Eligible
Participants: TBI
patients admitted to
the ICU.
Excluded:
Quadriplegic
patients, patients on
NMB, underlying
neurologic disease,
diagnosis of brain
death, shock, and/or

Dependent Variable: BPS
scores.
Measure: The assistants
received theoretical
training on pain assessment
and the BPS. Additionally,
a pilot test was conducted
using three patients for
practical training and
evaluation of the adequacy
of the data collection form.
Pain assessments were
completed independently
and in comparison,
simultaneously. The
timepoints in which BPS
were assessed included:

5 kgf/cm2. Higher scores for
upper limb movements, facial
expression, vocalization, and
compliance with ventilator were
reached.
 Predictive Validation – GCS
was the only variable that
predicted BPS and CPOT
scores.
Conclusions: The Brazilian
versions of BPS and CPOT showed
good reliability in ICU patients who
were unable to self-report.
Discriminatory validity resulted in
higher BPS and CPOT scores during
SNSPA and turning. Facial
expressions are the most consistent
pain behavior. Compliance with the
ventilator showed lower scores after
SNSPA, potentially due to
coughing. The higher the GCS, the
higher the BPS and CPOT score
during SNSPA.
Level of Measurement:
Categorical data analyzed using
absolute and relative frequencies
and quantitative variables are
expressed as central tendency and
dispersion. Pearson’s correlation
coefficient was used to analyze
associations among clinical,
physiologic, ventilation, and
sedative/analgesic drugs and the
BPS during eye cleaning.
Discriminant validity was evaluated
using Friedman and Wilcoxon
signed-rank tests. Interobserver and
internal consistency reliability were
assessed using intraclass coefficient
(Cohen’s κ and Cronbach’s α).
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hemodynamic
instability.
Included: Patients
needed to be 18
years of age, have
moderate to severe
TBI, and receiving
mechanical
ventilation for at
least 48 hours.
Control: No control
group included.
Intervention: N=37
patients with
moderate to severe
TBI; 444
observations.
Attrition rate not
discussed.
Power analysis:
Not specifically
discussed;
researchers used
Cronbach α
coefficient to
determine sample
size.

prior to (5 minutes),
during, and following (10
minutes) EC (nonpainful
procedure) and ES (painful
procedure).

Level of significance was set at
0.05. Measures selected were
appropriate.
Outcome Data Retrieval:
Demographic and clinical data was
obtained through medical records.
Physiologic parameters were
collected through a bedside cardiac
monitor. BPS scores were recorded
using a data collection form.
Protection of data not discussed.
Analysis: The system used for
analysis was not described.
 Demographics – Participants
were predominantly male (91%,
n=34), nonwhite (68%, n=25),
working age adults with low
education levels, no past
medical history (97%, n=not
reported), and living in the
countryside (73%, n=27); main
mechanism of injury was blunt
trauma (89%, n=not reported).
 Analgesia and Sedation –
Midazolam and Fentanyl were
the most commonly used drugs
(68%). BPS scores during ES
correlated with sedation scores.
 Physiologic Parameters –
Significant increases were
noted for systolic blood
pressure (BP), diastolic BP, and
heart rate during ES, but
returned to baseline following
ES (p<0.001). Wilcoxon tests
showed that physiologic
parameters were significantly
higher during EC and ES;
however, these parameters did
not correlate with BPS scores.
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Yu,
Teitelbaum,
Scott,
Gesin,
Russell,
Huynh, &
Skrobik,
2013♦

To evaluate the
feasibility and
reliability of
analgesia, sedation,
and delirium levels of
the neurologically
critically ill in three
North American
hospitals (2 Canadian,
1 American).

Multicentered,
prospective,
observational,
cohort study
conducted in
two hospitals
in Quebec and
one hospital in
North
Carolina.

Sampling
Technique:
Convenience sample
Eligible
Participants:
Patients admitted to
the Neurological,
Neurosurgical,
Neurosciences, or
Surgical Trauma
ICU from

Dependent Variable:
NRS and BPS scores.
Measure: Both the NRS
and BPS were completed
simultaneously and
independently by a
neurologist, intensivists or
trauma surgeon, and a
nurse once daily during
day shift (0800-1600) on a
select number of patients.

Validity – Discriminatory
validity was significant
(p<0.001) during ES. Upper
limb movements had the
greatest increase during the
painful procedure.
 Reliability – Internal
consistency was good (0.7 < α<
0.9). Interrater reliability was
moderate to excellent
(interclass correlation
coefficient=0.66-1.00, k=0.51.9). High percentages of
agreement were noted (59.4100%).
 Responsiveness – Effect sizes
were moderate to high (0.81.7), specifically the upper limb
assessment.
Conclusions: Both total scores and
BPS subscale scores increased
during ES with satisfactory results
of interobserver agreement and
responsiveness; thus, the BPS is an
appropriate tool for TBI pain
assessment. The facial expression
score was the lowest during ES.
Healthcare professionals must be
educated on BPS prior to its use.
Level of Measurement: Interraterreliability was evaluated with
intraclass correlation and kappa
coefficients; measures were
appropriate.
Outcome Data Retrieval: Data
retrieved from data collection
worksheet. If worksheet was nonevaluable, it was marked as such.
Data also included medication use
24 hours prior to assessment,
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November 2011 –
April 2012.
Excluded: Palliative
care patients,
patients expected to
die within 24 hours,
and organ donor
patients. For pain
assessment in
particular, patients
with a Richmond
Agitation-Sedation
Scale score >-4 were
excluded.
Included: Patients
over 18 years of age
admitted to
Neurological,
Neurosurgical,
Neurosciences, or
Surgical Trauma
ICU for an expected
period of greater
than 12 hours.
Attrition rate not
discussed.
Control: No control
group included.
Intervention:
 Feasibility - 151
patients, 439
assessments;
121 patients
were evaluated
using the NRS;
therefore, 47
patients were
included using
the BPS.

The BPS was only used in
patients who were unable
to participate in the NRS,
specifically intubated
patients and those who
were aphasic or unable to
communicate. The
multidisciplinary team
received 1-hour training
session followed by
supervised application with
an expert in the field of
intensive care assessment.

sedation level, and presence of
mechanical ventilation. Chart
review was used to compile patient
baseline characteristics. No
discussion regarding the protection
of data present.
Analysis: Program used for analysis
not discussed.
 BPS Feasibility – 30% of
participants were evaluated
with the BPS.
 BPS Interrater-reliability –
Excellent per intraclass
correlations (0.83).
Conclusions: Pain can be routinely
assessed in neurologically critically
ill patients. The BPS found
excellent interrater reliability
between physician and nurse
assessments and can be used in this
patient population.
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Interraterreliability –
Only two
hospitals
included; 80
patients, 221
assessments.
Power Analysis:
Not conducted.

Note. Level of Evidence based upon Melnyk & Fineout-Overholt (2014), Quality of Evidence based upon Newhouse (2006). ♦ = No
theoretical framework used, BPS = Behavioral Pain Scale, TBI = Traumatic Brain Injury, ICU = Intensive Care Unit, LOC = Level of
Consciousness, NMB = Neuromuscular Blockade, ETT = Endotracheal Tube, GCS = Glasgow Coma Scale, CPOT = Critical-Care
Pain Observation Tool, SNSPA = Standardized Nociceptive Stimulation by Pressure Algometry, kgf/cm2 = Kilogram-force Per Square
Centimeter, IV = Intravenous, EC = Eye cleaning, ES = Endotracheal Suctioning, VAS = Visual Analog Scale, NRS = Numeric
Rating Scale.

*Rating System for Hierarchy of Evidence
Level of the Evidence Type of the Evidence
I (1)
Evidence from systematic review, meta-analysis of randomized controlled trails (RCTs), or practice-guidelines
based on systematic review of RCTs.
II (2)
Evidence obtained from well-designed RCT
III (3)
Evidence obtained from well-designed controlled trials without randomization
IV (4)
Evidence from well-designed case-control and cohort studies
V (5)
Evidence from systematic reviews of descriptive and qualitative studies
VI (6)
Evidence from a single descriptive or qualitative study
VII (7)
Evidence from the opinion of authorities and/or reports of expert committees
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Melnyk, B.M. & Fineout-Overholt, E. (2014). Evidence-based practice in nursing & healthcare: A guide to best practice (3rd ed.).
New York: Lippincott, Williams & Wilkins.
Rating Scale for Quality of Evidence
A: High – consistent results with sufficient sample, adequate control, and definitive conclusions; consistent recommendations based
on extensive literature review that includes thoughtful reference to scientific literature
B: Good – reasonably consistent results; sufficient sample, some control, with fairly definitive conclusions; reasonably consistent
recommendations based on fairly comprehensive literature review that includes some reference to scientific evidence
C: Low/major flaw – Little evidence with inconsistent results; insufficient sample size; conclusions cannot be drawn
Newhouse, R.P. (2006). Examining the support for evidence-based nursing practice. Journal of Nursing Administration, 36(7-8), 33740.
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Appendix B
BPS Educational Session Lesson Plan

Learning Objectives
1. Nurses will be able to
verbalize the purpose
of the BPS project

Content Outline





2. Nurses will be able to
verbalize the
components of the
BPS and how to score
each section based on
patient assessment




Discuss recommendations
from guidelines
Review the impact of
adequate pain assessments
in TBI patients
Examine current research on
BPS and its use in the TBI
population
Review pre and post
administration
documentation compliance
and importance of this data
in addition to Joint
Commission standards
Review the components of
the BPS
Discuss how to calculate the
total score from the
individual components

Method of Instruction

Time Spent

Method of Evaluation



Review during
scheduled
educational
sessions



5 minutes



Attendance and
completion of the
educational
session



Elements will
be examined
during
educational
sessions
An educational
handout will be
given to
participants
Dialogue on
BPS scores
related to
patient
scenarios will
be included



10
minutes



Attendance and
completion of the
education session
Patient
demonstration
with participants
assessing pain
using the BPS on
a mechanically
ventilated,
unresponsive TBI
patient
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3. Nurses will be able to
verbalize
documentation
standards for the BPS
assessment



4. Nurses will be able to
verbalize when BPS
project will be
implemented



5. Nurses will be able to
complete a pain
assessment on a
mechanically
ventilated,
noncommunicative
TBI patient using the
BPS
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Proper documentation
standards will be presented
Policy standards will be
discussed
Review EHR
documentation and location
of BPS pain assessment



Discuss start and end date
of project implementation
Review who to contact if
any problems or questions
arise



Select an appropriate patient
for hands on application of
the BPS
Facilitate discussion
regarding pain assessment
on the selected patient using
the BPS
Answer any questions and
provide clarification as
needed



A crafted
handout with
screenshots of
BPS
documentation
in the EHR will
be provided
during
educational
sessions
An educational
handout will
include start
and end date of
project as well
as contact
information
Hands on
application after
the training
session on unit



5 minutes



Attendance and
completion of the
educational
session



1 minute



Attendance and
completion of the
educational
session



5 minutes



Attendance and
completion of the
educational
session

Note. Attendance was tracked using a log of the nurses who have been adequately trained. BPS = Behavioral Pain Scale, TBI =
Traumatic Brain Injury, EHR= Electronic Health Record.
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Appendix C
Behavioral Pain Scale Educational Tip Sheets for Nurses
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Note. Tip sheet adapted from Society of Critical Care Medicine (2018) training resources.
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Appendix D
Behavioral Pain Scale Audit Sheet

Date &
time

De-identified
patient ID

TBI diagnosis
(1=Yes,
0=No)

Mechanically
ventilation
(1=Yes, 0=No)

Use of BPS
(1=Yes,
0=No)

Documentation of
pre administration
BPS score per policy
standards (1=Yes,
0=No)

Documentation of
post administration
BPS score per policy
standards (1=Yes,
0=No)

Nurse
ID

Note. Chart audit tool to track BPS compliance. ID = Identification, TBI = Traumatic Brain Injury, BPS = Behavioral Pain Scale.
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Appendix E

Modified System Usability Scale
Strongly
Agree

Strongly
Disagree
1
1

I think that I would like to use the BPS frequently.

2

I found the BPS unnecessarily complex.

3

I thought the BPS was easy to use.

4

I think that I would need the support of a technical
person to be able to use the BPS.

5

I found the various functions of the BPS were well
integrated.

6

I thought there was too much inconsistency in the BPS.

7

I would imagine that most people would learn to use the
BPS very quickly.

8

I found the BPS very cumbersome to use.

9

I felt confident using the BPS.

10

I needed to learn a lot of things before I could get going
with the BPS.

2

3

4

5

Comments:

Note. The System Usability Scale is public domain and not copyrighted; therefore, the tool may
be copied and distributed at no cost as long as branding and logos are removed. This scale was
modified for the purposes of this project. The original scale, endorsed by the United States
Department of Health & Human Services (2013), can be accessed via the following link:
https://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html. BPS =
Behavioral Pain Scale.

