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Abstract

Background. Coordinated efforts between the National Institutes of Health, the Department of Defense, and the
Department of Veterans Affairs have built the capacity for large-scale clinical research investigating the effectiveness
of nonpharmacologic pain treatments. This is an encouraging development; however, what constitutes best practice
for nonpharmacologic management of low back pain (LBP) is largely unknown. Design. The Improving Veteran
Access to Integrated Management of Back Pain (AIM-Back) trial is an embedded pragmatic cluster-randomized trial
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that will examine the effectiveness of two different care pathways for LBP. Sixteen primary care clinics will be ran-
domized 1:1 to receive training in delivery of 1) an integrated sequenced-care pathway or 2) a coordinated pain navi-
gator pathway. Primary outcomes are pain interference and physical function (Patient-Reported Outcomes
Measurement Information System Short Form [PROMIS-SF]) collected in the electronic health record at 3 months
(n¼1,680). A subset of veteran participants (n¼848) have consented to complete additional surveys at baseline and
at 3, 6, and 12 months for supplementary pain and other measures. Summary. AIM-Back care pathways will be tested
for effectiveness, and treatment heterogeneity will be investigated to identify which veterans may respond best to a
given pathway. Health care utilization patterns (including opioid use) will also be compared between care pathways.
Therefore, the AIM-Back trial will provide important information that can inform the future delivery of nonpharmaco-
logic treatment of LBP.
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Background and Rationale

A coordinated effort between the National Institutes of

Health, the Department of Defense, and the Department

of Veterans Affairs (VA) has improved capacity for large-

scale clinical research focusing on nonpharmacologic

treatment for pain by supporting a coordinating center

and demonstration projects [1]. Nonpharmacologic pain

treatments have been endorsed as effective, low-risk (i.e.,

compared with pharmacologic or surgical) approaches

by multiple entities, including the Centers for Disease

Control and Prevention [2], the National Academy of

Medicine [3], and the American College of Physicians

[4]. However, this effort to improve capacity for clinical

research is still timely because what constitutes best prac-

tice for organizing and delivering nonpharmacologic pain

management is largely unknown [5]. Observational stud-

ies indicate that exposure to nonpharmacologic treat-

ments for low back pain (LBP) can reduce the risk of

opioid use [6–8]. These findings are encouraging, but

there is still a need for more rigorous designs to address

research questions about the structuring of nonpharma-

cologic care to optimize clinical outcomes (e.g., pain in-

terference, physical function), diminish unwarranted

diagnostic testing (e.g., advanced imaging), and limit ex-

posure to higher-risk treatments (e.g., opioids, injections,

and/or surgery) [5].

LBP is a high-priority pain condition to include in

high-rigor designs [9, 10]. Veterans are more likely to

have LBP or joint pain and are more likely to report LBP

or joint pain as severe when experienced [11]. The cul-

ture of VA pain care has changed over the past decade,

with a greater focus on nonpharmacologic approaches;

however, many facilities lack clear pain treatment path-

ways, and providers report confusion about what treat-

ment to recommend when [12]. Additionally, there is

significant variability in the frequency and type of non-

pharmacologic treatments used for LBP at the individual

and facility level across the VA system [13]. The dispro-

portionate impact of LBP on veterans’ quality of life indi-

cates a need for accessible and effective

nonpharmacologic care pathways in the VA setting.

Indeed, if accessible and effective care pathways were

created for veterans, this would represent a critical step

forward in the management of LBP [5]. Accordingly, we

will conduct the Improving Veteran Access to Integrated

Management of Back Pain (AIM-Back) trial. AIM-Back

is an embedded pragmatic cluster-randomized clinical

trial to 1) develop LBP care pathways designed to im-

prove access to nonpharmacologic treatments and 2) in-

vestigate the comparative effectiveness of these care

pathways for reducing pain interference and improving

physical function.

Methods

Trial Design
AIM-Back is an embedded cluster-randomized pragmatic

clinical trial (PCT) comparing the effectiveness of two

care pathways designed to increase access to nonpharma-

cologic treatment options for LBP. An overview of the

AIM-Back trial design is presented in Figure 1, and

Figure 2 shows how AIM-Back fits within the Pragmatic-

Explanatory Continuum Indicator Summary (PRECIS-2)

[14]. It is beyond the scope of a protocol article to de-

scribe our rating for each domain, but to provide an ex-

ample we rated the Eligibility Criteria domain 4 of 5

toward the pragmatic continuum because we have very

few exclusion criteria to limit patient enrollment.

Trial Overview
The care pathways evaluated in AIM-Back are 1) an inte-

grated sequenced-care pathway (SCP) and 2) a coordi-

nated pain navigator pathway (PNP). VA primary care

clinics that agree to have their clinical staff trained in

these care pathways as standard care will be randomly

assigned to implement one of the care pathways. We are

testing these two care pathways in a comparative effec-

tiveness approach because both have the potential to de-

liver guideline-adherent care that includes

nonpharmacologic treatments. However, care delivery is

structured to differ for each pathway in terms of staff

contact, provider approach, and care progression. AIM-

Back will test the central hypothesis that 3 months after

initiating care, veterans completing the SCP will have

AIM-Back Embedded Pragmatic Trial S63



reduced pain interference and improved physical function

compared with veterans in the PNP.

Study Sites and Participants
AIM-Back will be conducted in 16 VA primary care clin-

ics, with eight clinics randomized to each care pathway.

Site recruitment will occur separately in one block of 10

clinics and one block of up to eight clinics, as discussed

in the Randomization Procedures section. The first 10

clinics will be from VA health care systems in

Martinsburg, WV (one main medical center, one commu-

nity); Las Vegas, NV (one community); St. Louis, MO

(two main medical centers, two community); and

Columbia, SC (one main medical center, two commu-

nity). The clinics for the second randomization block will

be recruited during AIM-Back implementation proce-

dures for the first 10 clinics. See Supplementary Data 1

for the details of study activities by time point. We define

“clinic” as a group of providers (i.e., physicians, physical

therapists, chiropractors, nurses) practicing in the same

geographic location who together provided LBP care for

800 to 5,000 unique patients in the preceding year.

Individual clinics that do not meet the threshold of 800

unique patients will be considered for site participation if

they are part of a larger health system that already had a

qualifying clinic with a range of 800 to 5,000 unique

patients. To enroll as a participating site, clinics must

agree to provide personnel to deliver either care pathway

and to submit participation agreements signed by health

system leadership. Within health systems, more than one

clinic can participate if contamination can be avoided be-

cause the clinics do not share clinical staff in addition to

being separated physically. Individual informed consent

is not required for patients to receive treatment in the

AIM-Back pathways, as these have been deemed nonre-

search activities. Site training of the primary care physi-

cians (i.e., provider initiating pathway referral) includes

guidelines for referral criteria so there is consistency in

the selection of participants for the care pathways.

Electronic Health Record (Primary Outcome Collection)

We anticipate a sample size of 1,680 veterans for the pri-

mary analysis. For these participants, all data will be

obtained from VA electronic health records

(Supplementary Data 1). To be included in the primary

analyses, individuals must be �18 years old and referred

Figure 1. Overview of Improving Veteran Access to Integrated Management of Back Pain (AIM-Back) trial design.

Figure 2. Pragmatic-Explanatory Continuum Indicator
Summary (PRECIS-2) for Improving Veteran Access to
Integrated Management of Back Pain (AIM-Back). Adapted by
permission from BMJ Publishing Group Limited. [The PRECIS-
2 tool: designing trials that are fit for purpose, Loudon K,
Treweek S, Sullivan F, Donnan P, Thorpe KE, Zwarenstein M.
BMJ 2015;350:h2147]
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to AIM-Back by a participating provider. Referred

patients will be tracked by a specific AIM-Back referral

in the electronic health record. We will exclude from

analyses individuals receiving or referred for hospice or

palliative care (defined by encounter codes and electronic

health record consults) or lacking a phone number in the

electronic health record.

Telephone Surveys (Secondary Outcome Collection)

From the total sample, we will recruit a subset of veter-

ans (n¼848) to participate in a series of telephone inter-

views conducted at baseline and at 3, 6, and 12 months

(Supplementary Data 1). Participants will provide verbal

informed consent for participation in this portion of the

study and will provide additional information on their

LBP experience. Data collected via telephone interviews

will complement the data obtained via the electronic

health record with patient-reported data across multiple

domains of pain and associated comorbidities. These

data will also provide rich information about response

trajectories and will suggest areas to target for future

electronic health record data capture methods.

As additional inclusion criteria for the telephone sub-

set, participants must be able and willing to provide in-

formed consent and a valid telephone number in the

electronic health record. Exclusion criteria for the tele-

phone surveys include any of the following: 1) currently

in institutional care (nursing home or hospital); 2) cogni-

tive impairment or dementia (identified via International

Classification of Diseases diagnosis codes or primary

care physician note in the previous 2 years) or lack of

decision-making capacity, as documented in the medical

record; 3) serious mental illness defined as diagnosis of

schizophrenia, bipolar disorder, psychiatric hospitaliza-

tion in the previous year, or current high-risk suicide flag

in their electronic health record medical record; or 4) un-

able to communicate on the telephone or no telephone

access for duration of study.

Care Pathways
The nonpharmacologic services that constitute the care

pathways being examined in this study represent restruc-

turing existing clinical practices, not experimental treat-

ments. This position has been officially supported by the

VA in a memorandum indicating that implementing the

LBP care pathways is a nonresearch activity. Employees

at participating clinical sites will receive educational

training for delivering the treatment as part of standard

care and will perform clinical program–related duties

only. All research activities involving human participants

(e.g., data collection and analysis) will be carried out by

employees of the Durham VA Health Care System and

Duke University in accordance with approved institu-

tional review board protocols.

Integrated Sequenced-Care Pathway

The integrated SCP provides both on-site physical ther-

apy services and centrally delivered services via telephone

or video. The SCP is initiated with a primary care referral

to the pathway to receive on-site physical therapy serv-

ices for one to two visits. These visits will include exami-

nation, pain modulation treatment, and education. After

the on-site visit(s), participants will receive weekly calls

for 6 weeks of home physical activity counseling. These

calls will be conducted by providers at the Durham VA

Health Care System. After the home physical activity in-

struction, veterans will be instructed to return to the on-

site physical therapy services to complete risk stratifica-

tion with the STarT Back Screening Tool (SBST).

Veterans at medium or high risk on the SBST will receive

an additional 6 weeks of centrally delivered intervention,

including psychological and behavioral activation com-

ponents, from the providers at the Durham VA Health

Care System. Veterans at low risk on the SBST will be

discharged from the care pathway. The SCP is described

in Figure 3, with each step described in more detail in the

Figure caption.

Coordinated Pain Navigator Pathway

The coordinated PNP involves a pain navigator who has

received training in the current recommended treatment

guidelines for LBP. There is flexibility in personnel who

can fulfill the PNP role at participating sites due to the

variability in providers and staff involved with patient

communication. All personnel will be familiar with

services offered at the VA and by VA partners and will

complete training delivered by the study team to be

competent in a core skill set for the PNP role. The PNP

is initiated by a primary care referral to the pathway

that activates the pain navigator to engage in a shared

decision-making process with veterans to determine ap-

propriate guideline-supported services for LBP. As ap-

propriate, the pain navigator will coordinate and

facilitate referrals to services with the referring physi-

cian. The VA has adopted the Stepped Care Model for

Pain Management (SCM-PM) [15], and this is the

model of care that the PNP is designed to follow. The

SCM-PM is an evidence-based model that calls for the

initial assessment and management of health problems

via low-intensity interventions, delivered in the context

of primary care teams. Expanded care management is

recommended as an initial approach to pain care; how-

ever, there has been little guidance as to how teams

should accomplish this. Thus, the PNP will implement

and test a direct recommendation of the VA’s SCM-PM

by training a pain navigator to facilitate access to VA

and non-VA pain services. The PNP is described in

Figure 4, with each step described in more detail in the

Figure caption.
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Training

Training for both pathways takes place in the 2 to

3 months leading up to program launch at each site. The

first block of randomization training will be determined

remotely due to COVID-19 travel restrictions, and train-

ing methods for the second block will be revisited later in

the trial. Abridged training programs are available to

train new providers in the event of staff turnover during

enrollment. To assist each site with implementing the

care pathways, we will collect data and provide reports

to be used for process improvement. These will include

both quantitative (e.g., number of eligible patients, num-

ber of referrals, and so on) and qualitative data collected

from interviews with participating providers (e.g., ex-

ploring referral process and patient response to care

pathways).

Training for the central providers in the SCP will in-

clude 1) a 2-day virtual workshop that combines didactic

and experiential learning to deliver each session in a

treatment manual; 2) access to an online video of an ex-

perienced provider delivering key elements of each ses-

sion; and 3) 1-hour supervision sessions to enhance

fidelity to the treatment that initially will be weekly and

then adjusted to monthly. On-site providers will engage

in two conference calls, a virtual training conference, and

an online training video, totaling 5 hours of training. The

goal of the on-site training is to provide knowledge and

competency in 1) the core components of the SCP; 2)

SCP documentation, including administration of the

SBST; 3) delivery of pain modulatory interventions and

patient education; and 4) knowledge of central delivery

treatment content to plan for care continuity. On-site

providers will be supported by AIM-Back team members

via quarterly follow-up calls and on an as-needed basis.

Training for the pain navigator includes five remote

training sessions composed of didactic information, one-

on-one consulting, videos, handouts, and ongoing

monthly support meetings. Training focuses on building

patient engagement skills, facilitating patient preferences,

and matching these preferences to pillars of conservative

treatment.

Randomization Procedures
Randomization for AIM-Back will occur at the clinic

level via covariate constrained randomization to increase

the chances of acceptable study arm balance in cluster tri-

als [16–18]. Due to logistical constraints related to site

training, randomization will be conducted in two blocks

following a covariate constrained randomization exten-

sion from Carter and Hood [29]. Using this procedure,

all possible randomizations will be generated for the first

block of clinics (n¼10) where a balance criterion score is

computed using standardized values for the baseline

covariates for each randomization scheme. For the sec-

ond block of clinics (n¼6 planned; up to n¼8 if there are

dropouts in the first block), the balance criterion score is

conditional on the balance score for the randomization

selected for the first block. For each block, the distribu-

tion of balance scores will be examined and a cutoff of

the 25th percentile will be used as a criterion for identify-

ing the set of randomizations from which a single ran-

domization will be randomly selected to be used for the

block of clinics. As care pathway implementation train-

ing cannot occur at the same time for all clinics within a

block, the SCP and PNP clinics will be paired and then

the pairs of clinics will be ordered for staggered training.

The covariates assessed over the 6-month period prior

to enrollment for each clinic are 1) average LBP pain in-

tensity scale scores; 2) average level of opioid exposure

Figure 3. Overview of the integrated sequenced-care pathway
for low back pain.

1. Participants are referred from a physician to central delivery to explain the

Integrated Sequenced Care Pathway; initiate on-site physical therapy serv-

ices; and receive an examination, on-site treatment, and a transcutaneous

electrical nerve stimulation (TENS) unit.

2. Participants are referred for approximately 6 weeks of centrally delivered

physical activity instruction.

3. Participants follow up with Department of Veterans Affairs (VA) physical

therapy services for reexamination.

4. Participants complete the STarT Back Screening Tool (SBST). Patients who

are considered “low risk” are discharged to home with instructions to con-

tinue their physical activity program. Patients who are considered “medium

to high risk” are referred for approximately 6 weeks of a centrally delivered,

psychologically informed intervention.

5. Participants who receive psychologically informed interventions are dis-

charged to home upon completion.
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for LBP patients; 3) number of participating primary care

providers; 4) main medical center or community clinic;

and 5) average age of veterans with LBP. These charac-

teristics were selected a priori, as they represent factors

likely to be associated with baseline differences that may

affect primary outcomes. For pain intensity scores, opi-

oid exposure, and age of veterans, administrative data

will be used and averaged over the 6-month period prior

to clinic enrollment.

Blinding
AIM-Back is an embedded cluster-randomized pragmatic

trial and, as such, participants, intervention delivery

personnel, and recruitment personnel will not be blinded

to care pathway assignment. Research personnel collect-

ing study surveys by telephone will be blinded to clinic

assignment.

Primary Outcomes
AIM-Back has co-primary outcomes of pain interference

and functional status assessed by the Patient-Reported

Outcomes Measurement Information System Short Form

(PROMIS-SF). Baseline data collection is the responsibil-

ity of the corresponding care pathway providers (i.e., on-

site physical therapy or central delivery provider for the

sequenced pathway and pain navigator for the

Figure 4. Coordinated pain navigator pathway for low back pain.

1. Participants are referred from their physician to a clinic pain navigator. The pain navigator contacts patients via telephone or video conference. The pain navi-

gator and patient engage in a shared decision-making process to identify the appropriate Department of Veterans Affairs (VA) service for the patient’s low back

pain.

• Pain navigator provides information on current VA-recommended guidelines for nonpharmacologic and nonsurgical pain management as well as availability

of services.

• Patient provides their service preferences.

2. Pain navigator coordinates consultation input with physician. Participant attends service.

3. At the completion of service, participants either do not seek further care and are discharged to home or seek further care through the pain navigator.

4. Participants who seek further care through the pain navigator reengage in the shared decision-making process to identify the next appropriate VA service. The

pain navigator coordinates consultation input with the physician, and the participant attends a second service.

5. At the completion of service, participants either do not seek further care and are discharged to home or seek further care. Those seeking further care follow up

with the pain navigator, who coordinates referral back to the physician.
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coordinated pathway). The primary outcome time point

is 3 months and, consistent with an embedded, pragmatic

design, we will rely on the aforementioned clinical pro-

viders from the care pathways to collect these data via

progress note templates from in-person or telehealth vis-

its. Reports will be generated periodically to evaluate

which veterans are due for the 3-month follow-up for

clinical providers to administer these measures. The win-

dow around the 3-month outcome assessment will be

1 month.

Schedule of Assessments
The timing of primary and secondary outcome measures

collection is summarized in Table 1 and Supplementary

Data 1. For all veterans (n¼1,680), primary outcomes

will be collected in the electronic health record at base-

line and at the 3-month follow-up. For a subset of veter-

ans (n¼848), additional surveys for secondary measures

will be administered at baseline with follow-up points at

3, 6, and 12 months.

Adherence
For both the SCP and the PNP, adherence outcomes for

each participant will be captured in the electronic health

record via referral consults to pathways and health factor

data in electronic health record templates used by clinic

personnel in each of the pathways (Supplementary

Data 2). We define “adherence” according to patient par-

ticipation in planned sessions with intervention team per-

sonnel (telehealth or in person depending on the

participating clinic). The number of planned sessions will

vary between and within arms (e.g., depending on

response to first service in the PNP and depending on risk

stratification in the SCP).

Study Objectives
AIM-Back will compare the effectiveness at 3 months of

the SCP and the PNP and tests the central hypothesis that

the SCP will provide larger reductions in pain interfer-

ence and improve physical function when compared with

the PNP. Although both pathways promote access to

guideline-concordant care, we hypothesize that the SCP

will be a superior pathway due to the sequenced nature

of the pathway (potentially reducing exposure to non–

guideline-supported care), inclusion of home-based

physical activity, and risk stratification for receiving be-

havioral treatment. In other planned secondary analyses,

AIM-Back will 1) compare the effectiveness of these care

pathways on sleep quality; 2) conduct subgroup analysis

to examine treatment moderators of previous opioid ex-

posure and high-impact chronic LBP; and 3) identify fac-

tors associated with better adherence to each care

pathway. We will also perform exploratory analyses to

determine baseline characteristics exhibiting heterogene-

ity of treatment effects for pain interference and physical

function.

Sample Size Determination
Supplementary Data 3 presents the range of minimum

detectable effect size differences for the primary out-

comes for eight clinics randomized to each care pathway.

Sample size calculations for the cluster-randomized de-

sign were based on the net difference between the two

conditions across baseline and at the 3-month follow-up

Table 1. Summary of AIM-Back trial outcome measures

Variable Measure Data Source Baseline 3 Months 6 Months 12 Months

Primary and Secondary Outcomes

Pain interference PROMIS-SF CDW health factor data element X X

PROMIS-SF Patient report on CATI survey X X X X

Physical function PROMIS-SF CDW health factor data element X X

PROMIS-SF Patient report on CATI survey X X X X

Sleep disturbance PROMIS-SF CDW health factor data element X X

PROMIS-SF Patient report on CATI survey X X X X

Opioid use Characterized by number supplied,

days supplied, and morphine

equivalent dosage

Pharmacy benefits management and/

or CDW administrative data

X X

Exploratory Outcomes

Depressed mood PHQ-2 Patient report on CATI survey X X X X

Alcohol use AUDIT-C Patient report on CATI survey X X X X

Pain intensity Numeric scale (0–10) CDW health factor data element X X

Numeric scale (0–10) Patient report on CATI survey X X X X

Pain intensity PEG Tool Patient report on CATI survey X X X X

Catastrophizing NIH Task Force Patient report on CATI survey X X X X

Self-efficacy Pain Self-Efficacy Questionnaire Patient report on CATI survey X X X X

Quality of life EuroQol Patient report on CATI survey X X X X

AIM-Back ¼ Improving Veteran Access to Integrated Management of Back Pain; PROMIS-SF ¼ Patient-Reported Outcomes Measurement Information

System Short Form; CDW ¼ Veterans Health Administration Corporate Data Warehouse; CATI ¼ computer-assisted telephone interviewing; PHQ-2 ¼ Patient

Health Questionnaire-2; AUDIT-C ¼ Alcohol Use Disorders Identification Test; PEG ¼ Pain, Enjoyment of Life, and General Activity; NIH ¼ National Institutes

of Health.
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[20]. The standardized effect sizes [21] that we are pow-

ered to detect range from 0.30 to 0.50 for the primary

outcomes. This range maps to differences of approxi-

mately 2.4 to 5.0 points in the PROMIS Pain Interference

score, which is in the range from a prior study piloting

LBP treatments for veterans [22]. These magnitudes of

differences have been reported to be clinically relevant

[23]. We assumed correlations of 0.50 for participants

and clinics over time based on data from the aforemen-

tioned study [22]. Intraclass correlation coefficients of

0.01, 0.02, and 0.05 accounted for clinic clustering and

adjusted for the potential group-level randomization of

up to five stratification variables as baseline covariate

adjustments. For all calculations, the type I error is 2.5%

to account for the multiple primary outcomes, and power

is conservatively assumed to be 90% to guard against

deviations from assumptions. The number needed at

baseline was calculated based on an attrition rate of

20%, resulting in target sample sizes for the electronic

health record (n¼1,680) and survey outcomes (n¼848).

Analytic Methods
Primary analyses will be conducted on an intention-to-

treat basis; participants will be analyzed in the group to

which they were randomized, regardless of intervention

adherence, using all available data. The main conclusions

drawn from this trial will be based on the prespecified

hypotheses outlined in the following sections and will be

tested with two-sided P values at the standard 0.05 level,

except where previously noted at the 0.025 level due to

multiple primary outcomes. Statistical analyses will be

performed using the latest release of SAS for Windows

(Cary, NC) and R software.

Primary Analyses

The primary outcomes are continuous and will be ascer-

tained at the planned baseline and at the follow-up as-

sessment (3 months) from the electronic health record.

Changes in pain interference and physical function scores

will be estimated and the primary hypotheses tested via

hierarchical linear mixed-effects models with participants

nested within clinics and baseline and 3-month values in

the response vector [24]. The fixed-effect portion of the

model will have the form Yijk ¼ b0 þ b1 � (follow-up) þ
b2 � (follow-up � intervention) for clinic i and partici-

pant j at time k. Random effects (clinics and time � clin-

ics) will be included in the model to account for

clustering of participants within clinics; random effects

will also be included to account for the within-

participant correlation between repeated measures over

time. The model will be fit in the SAS PROC MIXED

procedure using full likelihood approximation, and the

hypotheses will be tested by whether the estimated coeffi-

cient b2 is positive and significantly different than 0 at

the 0.025 level due to two primary outcome variables.

We will include covariates used in the covariate

constrained randomization [16] in our primary model as

well as a limited number of participant-level covariates

that are readily available in the electronic health record

(i.e., age, gender, race, and comorbidity). We have proce-

dures in place to monitor the timing of the 3-month

follow-up assessment for primary outcomes. If we have a

significant number of assessments outside the 1-month

window, we will conduct a sensitivity analysis to esti-

mate a 3-month treatment effect by including the assess-

ments outside the window.

Subgroup Analyses

We will investigate high-impact chronic LBP and previ-

ous opioid use vs opioid naive as a priori subgroups for

treatment moderation [25]. “High-impact chronic LBP”

will be defined as pain that has persisted for at least

3 months and has resulted in pain on at least half of the

days in the past 6 months to be consistent with recent

definitions [26, 27]. All participants will have chronicity

of back pain assessed via the electronic template at the

baseline assessment. Opioid exposure prior to pathway

entry will be defined as being prescribed (yes or no)

within 6 months prior to entering the pathway [28]. For

the planned subgroup, analyses for key moderators on

the primary outcomes of pain interference and function

will use the same modeling framework as described for

the primary analysis with the addition of the indicator

variable(s) for the moderator and associated interactions

[29]. In exploratory analyses, we will use data-driven sta-

tistical methods to identify multidimensional subgroups

from combinations of baseline characteristics (e.g., age,

sex, opioid use) exhibiting heterogeneous treatment

effects for the primary outcomes of pain and

function [30].

Secondary Analyses

Secondary outcomes of sleep and opioid use will be

obtained from the electronic health record. The sleep

PROMIS measure is a continuous outcome that will be

assessed at baseline and after 3 months in the electronic

health record, and similar modeling procedures as de-

scribed for the primary outcomes will be used to compare

pathway effectiveness. Opioid use will be examined in

two ways: 1) as a binary variable based on whether a

long-term opioid therapy has been prescribed during the

last 12 months and 2) using a continuous measure of

morphine equivalents for opioid dose at baseline and af-

ter 12 months [31]. For the dichotomous outcomes, we

will use a generalized linear mixed model with a logit

link function where the main predictor of interest will be

the treatment arm and will include baseline opioid use

status (long-term therapy prescribed or not), adjusting

for clustering of VA clinic either with random effects or

by conditioning [24, 32, 33]. For opioid morphine equiv-

alent dose, we will fit a similar model as was described
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for the primary outcomes, except the follow-up time

point in the model will be 12 months.

The survey outcomes for the enrolled subset of partici-

pants will be collected at baseline and at 3, 6, and

12 months (Supplementary Data 1). These are all longitu-

dinal continuous outcomes, and a hierarchical linear

model similar to that described for the primary aim will

be fit. Random coefficient models (e.g., random intercept

only, random intercept, and linear slope) will be fit and

assessed using Akaike information criterion (AIC) model

selection criteria to determine the best model for the co-

variance structure. Similarly, the best model for the mean

structure (e.g., linear, quadratic, dummy coding) will be

determined, guided by descriptive plots and model fit

assessed using AIC model selection criteria, as there are

multiple follow-up measurement occasions. We will de-

scribe adherence in both care pathways to identify pa-

tient characteristics potentially associated with program

participation. We will not test for differences in adher-

ence rates between pathways, as our goal is to gain in-

sight into where to target clinical programs and focus

efforts to improve access to and patient engagement with

nonpharmacologic pain services. In exploratory analysis

within each pathway, we will use data-driven methods to

identify multidimensional subgroups from combinations

of baseline characteristics (e.g., age, sex, opioid use) that

identify subgroups with increased adherence [30].

Procedures for Missing Data

We do not anticipate much missing data in the main pre-

dictors of interest: intervention arm and participant char-

acteristics available in the electronic health record or

assessed at baseline in survey outcomes. Hierarchical lin-

ear mixed models via maximum likelihood estimation—

our main analysis technique for the primary outcomes—

implicitly accommodate missingness at random (MAR)

[24]. Therefore, inferences will be valid even with differ-

ential dropout by intervention arm. We will thoroughly

explore reasons for dropout, and depending on the type

and scope of missing data, we may explore the sensitivity

of intervention effects to different missing data mecha-

nisms (MAR vs missingness not at random [MNAR])

[34]. To explore the MAR assumption, outcomes will be

multiply imputed using principled methods in SAS (via

PROC MI or IVEware) [35]. If we cannot justify the as-

sumption of MAR, we will explore the sensitivity of in-

tervention effects to the MNAR assumption; we will

follow the guidelines in the studies conducted by

Mallinckrodt [18] and Ratitch et al. [33] for model selec-

tion and pattern mixture modeling.

Implementation and Dissemination
A hallmark of AIM-Back is that we have been designing

and planning for dissemination and implementation

throughout the trial rather than at the end stage only.

One advantage of this embedded pragmatic trial is that

the care strategies were meant to be sustainable, which

will improve translation into routine clinical practice out-

side the sites that participated in the trial, if the results

warrant such translation. The results of this study will be

relevant to broad audiences; thus, we plan to disseminate

the study results in both academic and nonacademic

forums.

At the conclusion of the study, we will provide partici-

pating clinics with the training, tools, and resources

needed to implement the AIM-Back pathway if one is

shown to be superior. If there is not a superior pathway,

training materials for the care pathway not implemented

during the trial will be shared with the appropriate sites.

In addition, we will leverage our VA health system part-

nerships at the local, regional, and national levels to dis-

seminate training materials to decision-makers beyond

participating sites. At the conclusion of the study, the

Duke University, Durham VA, and ClinicalTrials.gov

websites will host summary data, downloadable versions

of key papers, and the manual of procedures and opera-

tions for each care pathway.

Discussion

In recognition of the high burden of pain on veterans and

associated costs to the health care system, the Veterans

Health Administration implemented a National Pain

Strategy [15]. A key component of this strategy was to

approach pain care within a biopsychosocial framework

and to increase access to nonpharmacologic treatments.

This led to the VA offering a broad array of services for

pain care. However, a major barrier to the organized and

timely delivery of nonpharmacologic services has been

limited provider and veteran awareness about these treat-

ments and how best to access them. Other barriers in-

clude the lack of a standardized process for connecting

participants to guideline-recommended nonpharmaco-

logic services (i.e., who is responsible, which services are

appropriate). This has led to increased confusion about

how and when nonpharmacologic services for LBP

should be offered to veterans. Therefore, AIM-Back was

designed to address a high-priority question for the VA

and veterans—how best to organize and deliver nonphar-

macologic services for LBP. An embedded cluster-

randomized trial was selected for AIM-Back because it

offered the most pragmatic and efficient design to ad-

dress our aims. Embedded PCTs examine intervention(s)

that will be implemented using existing clinical resources

under real-world conditions [37]. The VA is a large inte-

grated health care system with a fully implemented elec-

tronic health record and mature data warehouse

infrastructure. Therefore, it is a prime environment for

conducting embedded PCTs such as AIM-Back that com-

pare two different approaches (i.e., A vs B comparison as

opposed to A vs Aþ comparison) [38].

AIM-Back leveraged an extended planning period to

improve the original study design and benefited from
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Pain Management Collaboratory Working Groups,

Office of Clinical Research Administration, Protocol

Review Committee, and stakeholder input on key design

elements. The planning process led to several changes in

our approach. First, the number of clusters was increased

(from n¼10 to n¼16) to adjust for a more conservative

interclass correlation coefficient and to be able to detect

a smaller effect size difference. Second, in examining our

proposed workflow for each pathway, we realized that

we would not be able to collect our primary outcome

during a baseline period at each site to use in our ran-

domization schema. Thus, we transitioned to the use of a

blocked covariate constrained randomization [19]. These

changes allowed for some flexibility in site training and

also provide some safeguards if any clinics drop out.

Another area of modification that occurred during the

planning period was the evolution of the care pathways

based on our planned stakeholder engagement process in-

volving VA providers, VA administrators, and veterans.

Based on stakeholder feedback, the PNP was updated to

include consideration of participant preference in

decision-making, monitoring of the number of services

received before referral back to the referring provider,

and recommended provider types to be the pain naviga-

tor (e.g., nursing or social work). The SCP was updated

to include fewer on-site physical therapy visits, at-home

delivery of psychologically informed care, and return to

on-site physical therapy for additional examination. Low

intervention uptake at participating sites has been

reported as a key challenge in previous embedded PCTs

[37], and engaging clinical personnel and participants to

modify the pathways was an essential strategy to enhance

their acceptability in being fully embedded within exist-

ing clinical care.

In summary, AIM-Back was designed to compare the

effectiveness of two different care pathways that meet the

standards set by the National Pain Strategy and could be

used to inform future care delivery models in and out of

the VA [39]. As an embedded PCT, AIM-Back will be

completed in a real-world environment and has the po-

tential to inform future best practices [40] and lead to

learning health systems [38] that routinely test the effec-

tiveness of nonpharmacologic approaches for common

musculoskeletal pain conditions such as LBP.

Supplementary Data

Supplementary Data may be found online at http://pain-

medicine.oxfordjournals.org.
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