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Abstract

Background: Total joint arthroplasties are common orthopedic surgeries that carry risk for
developing chronic post-surgical pain. In addition to pre- and post-operative pain severity,
psychological distress (e.g., anxiety, pain catastrophizing) is a risk factor for chronic postsurgical
pain. Cognitive behavioral therapy (CBT) for chronic pain is an empirically supported approach
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to managing chronic pain, functional impairment, and related distress. While CBT has been used
extensively in patients with established chronic pain, using it as a preventive intervention targeting
the transition from acute to chronic postsurgical pain is a novel application.

Objectives: The Perioperative Pain Self-Management (PePS) program is a pain self-management
intervention based on the principles of CBT. This innovative intervention is brief, flexible, and is
delivered remotely. The current study aims to determine the efficacy of PePS compared to standard
care on reducing the incidence of significant surgical site pain at 6-months post-surgery. The
current study also aims to evaluate the context for subsequent implementation.

Methods: This study is a hybrid type | efficacy-preparing for implementation trial. It is a two-
site, single-blind, two-arm, parallel, randomized control trial. Surgical patients will be randomized
to either receive: 1) PePS plus standard care, or 2) Standard care. The primary end point will be
surgical site pain severity at 6-months post-surgery.

Conclusion: Results from this study are expected to result in support for a brief scalable
intervention (PePS) that can prevent the development of chronic pain and prolonged post-surgical
opioid use, as well as key details to inform subsequent implementation.

Keywords

Prevention; persistent postsurgical pain; randomized control trial protocol; pain self-management;
veteran

Introduction

Chronic pain is prevalent among Veterans, with nearly two-thirds reporting pain in the
previous three months [1]. Surgery may precipitate both chronic pain and long-term opioid
use [2, 3]. Chronic pain and substance use disorders commonly co-occur in the general
population and among Veterans [4]. As post-operative pain severity is a risk factor for
developing chronic post-surgical pain [5], pharmacological pain management is central in
the immediate post-surgical stage. Due to known risks associated with opioids, as well

as long-term use of non-opioid analgesics, strategies are needed to reinforce perioperative
pharmacotherapeutic management of pain with non-pharmacologic strategies, specifically
for preventing long-term sequelae.

Total joint arthroplasties are common orthopedic surgeries that carry risk for chronic
post-surgical pain, affecting up to 20% of patients who undergo these procedures [6-9].

In addition to pre- and post-operative pain severity, psychological distress (e.g., anxiety,
pain catastrophizing) is a risk factor for persistent postsurgical pain [10]. Psychological
interventions, such as Cognitive Behavioral Therapy (CBT), can effectively reduce distress
and improve functioning among patients with chronic pain [11]. CBT for chronic pain is

an approach that is widely implemented in the Veterans Health Administration (VHA) as
part of pain care guidelines [12]. While CBT has been used extensively in patients with
established chronic pain, applying it as preventive intervention in the perioperative period is
novel.

Contemp Clin Trials. Author manuscript; available in PMC 2023 September 13.



1duosnuep Joyiny vA 1duosnue Joyiny vA

1duosnue Joyiny vA

Hadlandsmyth et al. Page 3

The Perioperative Pain Self-Management (PePS) intervention is a CBT-based intervention
that was designed for use with surgical patients. This 4-session telephone-based intervention
was designed to be flexibly responsive to patient needs by providing them with a range of
pain self-coping skills. The participants can select which coping strategies they will practice
in during the pre-and post-operative period. The PePS intervention invites participants to
actively manage their postsurgical pain with a deliberate, planful, approach. Further, pilot
data provide preliminary support for a significant impact of PePS on reducing the incidence
of moderate to severe persistent postsurgical pain at 3-months post-surgery [13]. A larger
trial is needed to confirm these preliminary findings.

The current study uses a Hybrid Type 1 Randomized Controlled Trial design to: 1) Evaluate
the efficacy of the PePS program versus Standard Care (SC) for reducing prolonged
postsurgical site pain and opioid use and 2) evaluate the context of implementation by
examining acceptability, feasibility, and appropriateness of the intervention.

Methods

Design.

This is a Hybrid Type I, two-site, single-blind, two-arm (PePS and SC), parallel, randomized
controlled trial to test intervention efficacy under standardized conditions. To prepare

for future widespread implementation, qualitative interviews will be completed with both
participants and orthopedic surgery clinic staff (i.e., surgeons, nurses, and schedulers).

The qualitative interviews will be used to determine the acceptability, feasibility, and
appropriateness of contextual factors associated with the setting that might facilitate or
create barriers for future implementation in a real-world setting [14]. Understanding
contextual factors will facilitate future implementation within the VA healthcare system.

Hypotheses.

The primary hypothesis is that a lower proportion of participants randomized to PePS will
report moderate to severe pain at the surgical site at 6-months post-surgery, compared to
SC participants. Secondary hypotheses are that participants randomized to PePS will have
a shorter duration of postsurgical opioid use, and better mood and pain-related functioning
compared to SC participants at 6-months post-surgery. The null hypothesis for the primary
and secondary hypotheses is that there will be no differences between groups. We also
hypothesize that we will be able to identify contextual factors that will facilitate future
implementation as well as potential barriers to implementation.

Study Population.

The recruitment target is 400 surgical patients from two sites: the lowa City Veterans Affairs
Healthcare System and the Minneapolis Veteran Affairs Health Care System. Patients
indicated for surgery at the lowa City or Minneapolis VA for unilateral primary total

joint arthroplasty will be approached to participate. Inclusion criteria include: 1) at least

18 years old; 2) scheduled for total hip, knee, or shoulder joint arthroplasty through the

VA. Exclusion criteria include: 1) inability to complete study forms/procedures because of

a language/literacy barrier; 2) untreated bipolar or psychotic disorder; 3) history of brain
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injury with lasting effects; 4) dementia; 5) CBT therapy for chronic pain within the past year
(which could confound study results); 6) lack of access to a telephone for PePS sessions; and
7) allergy to opioid medications.

Screening and Recruitment.

Orthopedic clinic schedules will be reviewed on a weekly basis to identify patients who are
indicated or scheduled for eligible surgeries. Medical records will be reviewed to determine
if patients have any exclusionary factors. Patients passing this initial chart screen will be
approached in clinic or contacted via telephone if they are indicated for surgery by the
surgical team, inviting them to participate. The study procedures, risks, and benefits will be
explained, and questions answered. If willing to participate, patients will be further screened
for inclusion and exclusion criteria (above) and those who are eligible will be consented.

Blinding and Randomization.

This is a single-blind study. The outcomes assessor will be blinded to group assignment.
Participants will be randomized by study personnel who will not complete follow-up data
collection. Using a sequence generated by the study statistician, randomization will occur
in permuted blocks of 4 and 6 and will be stratified by surgery type, facility, and presence
or absence of preoperative opioid use. The permuted blocks of 4 and 6 will prevent overly
long strings of randomization to a single arm. Allocation to treatment arm will remain
concealed until inclusion and exclusion criteria have been determined and as close in time to
the pre-surgery assessment as possible. Randomization status will be concealed via waiting
to enter the participant number into the excel randomization file which does not reveal
randomization status of the next participant until a new participant number is entered. This
approach minimizes the potential for investigator and participant bias by protecting the
randomization sequence in a central location and maintaining concealment of treatment
allocation until the last moment.

Study Procedures.

Following consent and randomization, all participants will be asked to complete a pre-
surgery assessment survey either in person at the clinic or remotely via electronic survey
or paper survey (per their preference). The survey will then be repeated at 3-months and
6-months post-surgery (Table 1).

Postoperative medication use will be collected from all participants via weekly phone calls
which have been informed by pre-phone call chart review of medications, for the first six
weeks following surgery. Those randomized to receive the PePS intervention will receive
the first session prior to surgery and the subsequent three sessions at 2-, 3-, and 4-weeks
post-surgery, respectively (Figure 1). A subset of PePS participants will also be offered a
qualitative interview 1-2 weeks following completion of the PePS intervention, until data
saturation is reached. Postoperative medical chart review will be completed by research team
members to record type of anesthesia used during surgery and opioid and other analgesic
medications prescribed following surgery.
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To prepare for implementation, orthopedic clinic staff and physicians will be invited to
participate in individual qualitative interviews. Staff and physician interviews will be
completed in the last year of the trial, to maximize staff and provider familiarity with PePS
processes. All surgeons, clerks, and nurses at both sites will be invited to participate and
interviews will be conducted until data saturation is reached for each professional group.
Interviews will be completed by qualitative experts. Qualitative data will be collected to
determine the acceptability, appropriateness and feasibility of delivering the intervention

in the context of clinic workflow. Further, to estimate additional workload required to
implement the PePS program, labor will be tracked. The PePS interventionists will time
each phone session and record this in the tracking database immediately following each call.
Interventionists will also track preparation time and documentation time per session. All
research team members will document the number of scheduling attempts and the time taken
to schedule for each PePS session for each participant as well as the time it takes to mail

a participant manual. Study personnel times required can then be used to estimate future
staffing needs for PePS therapists and schedulers. These data will facilitate the ability to plan
implementation workload requirements.

Primary Outcome Measure.

Pain intensity will be measured using a numeric rating scale (0-10 NRS) where 0 represents
no pain and 10 represents “pain as bad as you can imagine”. Participants will be specifically
asked to rate surgical site pain. A score =4 will be used to indicate moderate-severe pain.
Numeric rating scale measurement of pain severity has been utilized in surgical patients

and has been validated for use with surgical patients [13, 15, 16]. Pain assessment will also
include a self-report measure of general (i.e., not surgical site specific) pain intensity and
pain interference using the Brief Pain Inventory (BPI) Short Form. The BPI is a widely used
15-item measure that has been validated for use with postoperative pain [15, 16].

Secondary Outcomes.

Current opioid use will be assessed via self-report survey prior to surgery and at 3-months
and 6-months post-surgery. Post-surgical opioid cessation will be assessed via daily opioid
use collected via weekly phone calls informed by chart review. Opioid cessation will be
defined as 7 consecutive days of taking no opioid medications. Weekly phone calls will be
completed up to six weeks post-surgery or until the patient has discontinued all analgesic
use. Information regarding the use of non-opioid analgesics and sedative-hypnotics will also
be collected during weekly phone calls.

The Personal Health Questionnaire Depression Scale (PHQ-9) will be used to assess
depressive symptoms. The PHQ-9 is based on diagnostic criteria for Major Depressive
Disorder in the Diagnostic and Statistical Manual of Mental Disorders — Fourth Edition
(DSM-1V). This measure has demonstrated validity and reliability for assessing depressive
symptom severity [17]. The Generalized Anxiety Disorder Scale (GAD-7) will be used to
assess for symptoms of anxiety. The GAD-7 is a 7-item self-report measure designed to
assess Generalized Anxiety Disorder. Scores can range between 0-30. This measure has
demonstrated reliability and validity as a measure of anxiety in the general population [18—
20].
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Pain-related functioning will be assessed via the Pain Disability Index (PDI). Participants
will be instructed to complete this measure in relation to pre- and post-surgical pain at the
site of surgery. The PDI is a 7-item measure assessing the impact of pain on functioning
across multiple domains. This measure has demonstrated good validity and reliability [21,
22].

Potential Mediators of Treatment Effects.

Pain catastrophizing and pain self-efficacy will be assessed as potential mechanisms of
treatment effects. The Pain Catastrophizing Scale (PCS) will assess for pain catastrophizing
[23]. The PCS is a 13-item self-report measure that produces a total score and three
subscale scores: Rumination, Magnification, and Helplessness. The PCS has good internal
consistency (a = 0.87) and PCS scores predict pain intensity ratings in an acute pain
paradigm [24]. The Pain Self-Efficacy Questionnaire (PSEQ) will assess for self-efficacy
beliefs. The PSEQ is a 10-item scale with each item rated on 0 (not at all confident) to

10 (completely confident) for total scores ranging from 0-60. The PSEQ is a widely used
measure among patients with chronic pain with established validity and reliability [25].

Implementation Outcomes.

Qualitative data will be collected to determine the acceptability, appropriateness, and
feasibility of delivering the intervention in relation to surgery. Key stakeholders including
patients, surgeons, clinic nurses, and clerical staff will be interviewed using guided semi-
structured interviews. The interviews will elicit clinician and patient perspectives on the
overall use of PePS as a method of pain management for surgical patients, as well as barriers
and facilitators to uptake and implementation of PePS.

Description of Treatment Arms.

All participants will receive surgery and standard perioperative care as clinically indicated.
Half of participants will also be randomized to receive the four telephone-based PePS
program sessions.

Standard Care (SC).

All enrolled participants will receive SC. Current pre-surgery treatment includes instruction
on pre-surgical preparation, and what to expect in the post-surgical period, including
expectations for pain control and recovery. Patients may be taking analgesia (i.e., opioids
and/or non-opioids) preoperatively and may be prescribed analgesics, sedatives and/or
anxiolytics immediately prior to surgery. Intraoperatively, regional (i.e., spinal and femoral)
or general anesthesia and analgesia is administered. In the immediate post-surgery period,
patients receive opioids, non-opioids, anticonvulsants, and/or anxiolytics. Patients return
home with analgesia (often a combination medication of an opioid and acetaminophen) for
breakthrough pain.

Perioperative Pain Self-Management (PePS) intervention.

The development of this intervention was informed by CBT interventions for chronic
pain [11, 26-32]. CBT for chronic pain is a self-management approach that emphasizes
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a collaborative relationship between the patient and therapist, then enacted to 1) modify
maladaptive cognitive and behavioral coping strategies and 2) introduce alternate strategies
to cope with chronic pain (i.e., graded activity, cognitive restructuring, task persistence,
positive self-statements, distraction, relaxation, etc.) [33]. Similar to CBT for chronic pain
interventions [34], the PePS program will target reducing fearful and catastrophic responses
to pain, thereby increasing physical activity levels and engagement in valued domains of
living. Participants randomized to PePS will receive a treatment workbook to serve as

an instructional aid during the telephone sessions and will be completed both during and
between sessions. Each week participants will be asked to complete written assignments in
their workbook.

There are four PePS sessions. Session one (preoperative) is an introduction to relaxation

and the importance of interpretation in the pain experience. Session two (postoperative) is

a review of relaxation and the connection between thoughts/interpretation and pain, and
introduction to thought records. Session three includes a review of thought records and
relaxation, and introduction to goal-setting and cognitive restructuring. Session fourincludes
a review of goal setting, relaxation, and cognitive restructuring. The final session will also
involve creating a plan for continued use of the skills learned in the intervention (Table

2). The full protocol will be offered to patients with encouragement for them to try the
various strategies and to continue practicing the strategies which work well for their pain
management needs.

Sample Size Determination.

The study was powered to detect a significant difference in pain outcomes between the PePS
and SC arms. It assumes the rate of persistent post-surgical pain post-arthroplasty is 20%
following usual care [6-9]. Pilot data found an odds ratio of 0.34; to be conservative we used
a moderately smaller odds ratio (0.4) for the sample size calculation, putting expected rates
of persistent pain in the treatment arm at 9%. With 80% power and a 5% Type | error rate
for a test of difference in proportions between arms, 160 participants would be needed per
arm. To account for 20% attrition, a total of 400 participants will be needed. This sample
size will allow for >80% power to detect differences between arms on secondary outcomes
of opioid cessation, anxiety, depression, and pain-related functioning. We anticipate being
able to recruit this sample across a three-year recruitment timeframe, based on the projected
available surgical patients across the two sites and the recruitment rates from the pilot study.

For the qualitative interviews with patients, we anticipate completing 40 interviews (20 from
each site) to reach data saturation. For the qualitative interviews with staff and providers

at the two sites, we plan to interview about 20 participants (10 from each site), including
surgeons (2-3 per site), clerical staff (2 per site), and clinic nurses (LPNs and RNs: at

least 4 per site). We will oversample clinic nurses because they play a significant role in
coordinating pre- and post-surgical care, via collecting clinical data to clear patients for
surgery, coordinating outpatient visits, and providing patient education. We expect clinic
nurses will be critical in future PePS program implementation. If we do not reach data
saturation in a specific sub-group (i.e., surgeons, clerks, or nurses), we will continue to
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recruit from that sub-group until we reach data saturation or have attempted to recruit every
member of the team.

Data Analysis Plan

The data analysis plan was approved by the Data Safety and Monitoring Board (DSMB)
who convene annually to monitor the trial. Descriptive statistics (means, medians,
percentages, standard deviations, and inter-quartile ranges) for all variables will be
computed for each arm (PePS and SC). The distributions of continuous variables will

be evaluated for normality. If data are non-normal, statistical analyses appropriate for non-
normal data will be utilized (see below). Pre-surgical (i.e. baseline) assessment of variables
will be compared across intervention groups using a t-test or Wilcoxon-rank sum test for
continuous variables and Pearson Chi-square test for categorical variables. Variables that
are found to significantly differ (p < 0.10) between the groups (including pre-operative
opioid use for comorbid conditions) will be used as covariates in the comparison of outcome
measures between the treatment groups.

Intent-to-treat (ITT) analyses will be conducted to assess treatment efficacy on post-
operative pain and opioid use on all participants that have been randomized and had surgery
performed. Only those who receive surgery are included in these analyses to test the efficacy
of PePS because our underlying model for treatment efficacy assumes that PePS will prevent
the development of chronic post-surgical pain by helping patients cope with postoperative
pain. Therefore, receipt of surgery is necessary.

Primary Outcome: Chronic Post-Surgical Pain.

Multivariable logistic regression adjusting for facility will be employed to determine the
relationship between treatment arm and the dichotomous outcome: moderate to severe pain
at 6-months post-surgery. To determine if any demographic or clinical measures modify
the relationship between treatment arm and the outcomes, multivariable models will be
fitted. For the primary outcome analyses, it is expected that randomization will lessen the
need for covariate or moderator adjusted analyses. However, if any demographic, baseline
(including pre-operative opioid use for comorbid conditions), or perioperative variables
(i.e., perioperative anesthesia/analgesic) are found to differ between intervention groups,
the model will be expanded to include these variables as covariates or effect moderators to
estimate and test intervention group differences, or odds ratio, adjusting for these variables.
Secondary analyses will examine changes in pain catastrophizing and pain self-efficacy
(between baseline and 3-months) on pain severity at 6-months to determine their impact on
this outcome variable as mediators of treatment effect.

Secondary Outcome: Opioid Cessation.

Efficacy of PePS compared to SC for post-operative opioid cessation will be examined

using survival analysis methods. Time from date of surgery to cessation will be used as the
endpoint. Those without the endpoint by six-weeks post-surgery will be considered censored
observations at the time of last known follow-up. Kaplan-Meier curves will be constructed
showing the product-limit estimate of the cumulative probability of survival (non-cessation)
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at the follow-up times for the observed endpoints. Median time to cessation will also be
computed for each endpoint. PePS treatment effect size relative to SC, expressed as hazard
ratio for these endpoints, will be estimated by fitting a Cox proportional hazard regression
model that includes treatment group, treatment facility, and covariates (such as differences in
pre-operative opioid use for comorbid conditions) to account for baseline group differences.
The hazard ratio will compare the hazard rate in PePS versus SC groups, with the hazard
rate defined as the probability that at a given time, an individual who remained event-free up
to that time would experience the event. For this study, the hazard ratio will be the relative
likelihood of cessation in the PePS versus SC subjects at any given point in time.

Secondary Outcome: Other Analgesic Cessation.

Similar to analyses for opioid cessation, survival analyses will also be utilized to determined
time to cessation of all other post-operative analgesics (and sedative medications) comparing
the PePS to SC arms. The same analyses described above will be used. In addition,
descriptive analyses will characterize patterns of non-opioid analgesic and sedative
prescriptions and rates of transition from opioid to other analgesic medications (e.g.,
discontinuing opioids but initiating gabapentin or duloxetine for pain) in both arms.

Secondary Outcomes: Depression, Anxiety, and Pain-Related Functioning.

Differences between the PePS and SC arms on these three measures will each be analyzed
using independent samples t-tests comparing change scores between pre-surgery and 6-
months post-surgery on each measure between arms. Alternately, Mann Whitney-U tests will
be used if indicated by non-normal data distributions on these continuous measures.

Additional secondary analyses will include both follow-up timepoints: 3-months and 6-
months post-surgery. All primary and secondary outcomes as well as opioid and other
analgesic use at 3- and 6-months will be examined using repeated measures analyses.

Handling Missing Data.

In the case of missingness, reasons for missing will be recorded and compared between
arms (PePS and SC). Participant characteristics at baseline for those that drop out post-
surgery will be compared to those that complete the study. In the presence of a disparity
of the distribution of the characteristics between missing and complete groups, under

the assumption of missing at random (MAR), an inverse probability weighting procedure
will be applied by building the propensity score link between missingness and participant
characteristics at baseline. It will remove potential bias of estimates and lead to valid
statistical inference. However, since the data under analysis cannot distinguish if data is
MAR or it is missing not at random (MNAR), sensitivity analysis will also be performed
using pattern mixture models. Multiple imputation will be used for sensitivity analysis by
imputing from a non-random pattern mixture model.

Implementation Outcomes: Qualitative Analyses.

A separate codebook will be developed for the Veteran and provider interviews based on
deductive and inductive thematic analysis [35, 36]. The study team will meet and review
the first three interviews for thematic content. Deductive, a priori codes will be based on
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previous literature and the interview guide, while inductive codes will be based on themes
that emerge from the data. The codebook will be hierarchical in that broad themes (e.g.,
feasibility of PePS) will comprise successively narrower, more specific themes. After the
team adjusts the codebook as necessary and according to consensus, the team will code

the remaining transcripts independently, meeting at intervals to code a transcript in tandem.
They will discuss and adjust for conceptual drift from initial code definitions and make
adjustments accordingly. Finally, coded material will be analyzed for cross-cutting themes
shared across sites and roles, as and site-specific themes, such as environmental barriers.

Conclusion

The proposed study offers a novel approach to preventing chronic post-surgical pain and
prolonged opioid use. This study will both test efficacy and readiness for implementation.
Should PePS prove efficacious in preventing chronic post-surgical pain, PePS has the
potential to expand and improve perioperative pain care. Including the psychological
components of the biopsychosocial model of pain may optimize long-term pain and
opioid use outcomes. In addition, we anticipate gathering key details to directly inform
subsequent implementation of the PePS program. The knowledge gained will inform the
design of an implementation project to incorporate this non-opioid adjunct to surgical pain
self-management within the VA health care delivery system.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 2.

PePS Intervention

Session Content Timeto Surgery

1 Introduction to relaxation and the relevance of interpretation in the pain experience. 1-2 weeks pre-surgery
Surgery

2 Review of relaxation, interpretation and pain, and introduction to thought records. 2-weeks post-surgery

3 Review of thought records and relaxation. Introduction to goal-setting and cognitive restructuring.  3-weeks post-surgery

4 Review of goal setting, relaxation, and cognitive restructuring. 4-weeks post-surgery
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