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The pediatric adaptation of the Collaborative Health Outcomes Information Registry (Peds-
CHOIR) is a free, open source, flexible learning health care system (LHS) that meets the call by
the Institute of Medicine (IOM) for the development of national registries to guide research and
precision pain medicine. This report is a technical account of the first application of Peds-CHOIR
with three aims: to 1) describe the design and implementation process of the LHS; 2) highlight
how the clinical system concurrently cultivates a research platform rich in breadth (e.g., clinic
characteristics) and depth (e.g., unique patient and caregiver reporting patterns); and 3)
demonstrate the utility of capturing patient-caregiver dyad data in real time, with dynamic
outcomes tracking that informs clinical decisions and delivery of treatments.

Technical, financial, and systems-based considerations of Peds-CHOIR are discussed. Cross-
sectional, retrospective data from patients with chronic pain (N = 352; 8 — 17 years; M = 13.9
years) and their caregivers are reported, including NIH Patient Reported Outcomes Measurement
Information System (PROMIS) domains (mobility, pain interference, fatigue, peer relations,
anxiety and depression) and the Pain Catastrophizing Scale. Consistent with the literature,
analyses of initial visits revealed impairments across physical, psychological and social domains.
Patients and caregivers evidenced agreement in observable variables (mobility); however,
caregivers consistently endorsed greater impairment regarding internal experiences (pain
interference, fatigue, peer relations, anxiety, depression) than patients’ self-report. A platform like
Peds-CHOIR highlights predictors of chronic pain outcomes on a group level and facilitates
individually tailored treatment(s). Challenges of implementation and future directions are
discussed.
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1. Introduction

Epidemiological studies indicate that 1.7 million children in the United States experience
moderate to severe chronic pain, with national costs of $19.5 billion annually [23], and
associated disability and impaired quality of life [24,31,33]. Pediatric chronic pain often
persists into adulthood [2,3,69], and has profound negative impacts on physical, school,
social, family, and emotional functioning [21,35,36,47]. Chronic pain etiology is often
unknown and without observable disease markers, thereby rendering heavy reliance on self-
reported symptoms. In the seminal 2011 report Relieving Pain in America, the Institute of
Medicine (IOM) identified the need for better pain data, and called for the development of
national registries and learning health systems (LHS) [26]. LHS utilize technology to partner
with patients and clinicians, to continuously improve the accuracy of assessment and offer
support for clinical decision making [26].

In response to the 2011 IOM report, and supported by the National Institutes of Health
(NIH), the Stanford University Division of Pain Medicine and Center for Clinical
Informatics developed the Collaborative Health Outcomes Information Registry (CHOIR;
http://choir.stanford.edu) [59]. CHOIR is a free, open source, open standard, flexible LHS
that runs on a secure Oracle or PostgreSQL database. Using a web-based interface, CHOIR
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has capabilities to capture data at each clinic visit; display graphical, real-time results that
inform point-of-care decisions; and track patient treatment responses longitudinally. The
registry emphasizes tracking of patient-generated information as a core component of
clinical practice, allowing for individualized improvements in the healthcare delivery
process over time [17] and guiding precision pain medicine. In aggregate, CHOIR data can
be used to phenotype patients and characterize their response to intervention.

CHOIR is flexible in that each institution can tailor patient-reported-outcome measures to
the specific interest of the site, clinic, and condition(s). CHOIR currently incorporates
classical testing theory-based measures (e.g. Pain Catastrophizing Scale) [58] and item-
response theory measures, such as the NIH Patient Reported Outcomes Measurement
Information System (PROMIS)[1]. PROMIS measures are (1) normed and validated in the
US, providing a comparative metric across groups; (2) utilize computer adaptive testing
[5,28,38] thereby decreasing respondent burden; and (3) enable comparison of results across
studies [1]. CHOIR has been shown in previous empirical work to be an effective and useful
tool in identifying predictors of functional outcomes in chronic pain conditions [56,57].

The purpose of this study is to describe the first application of CHOIR in a pediatric pain
clinic (Peds-CHOIR), with emphasis on the dual-tracking capacity for patient and caregiver
reported outcomes. To date, no other reports have been published of open source LHS
platforms used in the treatment of pediatric chronic pain that track both child and caregiver
reports. This report details the design and implementation process of Peds-CHOIR. The
clinical system’s capacity to collect group and dyadic data for informing research is then
highlighted via description of clinic characteristics and patient-caregiver reporting patterns.
Lastly, a detailed case example highlights the unique functionality and clinical utility of
Peds-CHOIR as a flexible LHS that captures patient-caregiver data in real time, helping to
augment clinical decisions and treatment delivery.

2.1. Participants

This first implementation of Peds-CHOIR took place at Stanford Children’s Health, a
moderate-sized, interdisciplinary, pediatric, tertiary referral pain clinic in the United States,
which treats children of all ages with mixed etiology chronic pain. Patients and their
caregivers complete Peds-CHOIR as a part of their initial assessment and subsequent
treatment(s) at the clinic. A retrospective review of data collected from children age 8-17
years old (described as patients in this report) seen for initial evaluation between June 2014
and December 2015 is presented. To underscore Peds CHOIR’s capacity to guide treatment
in real time, a case example was selected to exemplify longitudinal tracking of patient-
caregiver reported outcomes. Patient information was de-identified to protect confidentiality.
The selected patient and primary caregiver completed at least four Peds-CHOIRs, and were
seen regularly at the pediatric pain clinic by multiple disciplines (physicians, nursing, and
psychologists). This study was approved by the university’s Institutional Review Board.

2.1.1. Setting—The pediatric pain clinic follows a well-documented approach to treating
pain and improving function utilizing interdisciplinary assessment and multidisciplinary
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interventions including medical assessment, physical therapy, and psychological
interventions [15,32,39,41,52,70]. Initial evaluation occurs as follows: First,
interdisciplinary team members review Peds-CHOIR results, which the patient and caregiver
complete either at home or in the clinic before their appointment and discusses possible
areas of vulnerability reported by the patient and their caregiver. Second, patient and
caregiver(s) meet with the entire team where medical history, presenting concerns, and
treatment goals are reviewed. Third, the patient meets with the medical team for a physical
exam while the caregiver(s) meets with a psychologist to provide their perspective regarding
the impact of pain on the child’s psychosocial functioning. The patient then meets
individually with the psychologist for assessment of pain, coping, and overall mental health.
Thereafter, the interdisciplinary team confers to formulate the treatment plan. Finally, the
interdisciplinary team, family, and patient gather for the feedback portion of the visit and
review of a multi-modal treatment plan delineating recommendations. The treatment
paradigm often includes weekly: physical therapy for 6-8 weeks, cognitive behavior
treatment with the pain psychologist for 6-8 weeks, and acupuncture for 4-6 weeks.
Medication treatment and follow-up with the pain physician typically occurs every 2-3
months or sooner when indicated.

2.1.2. Peds-CHOIR Design, Procedure and Implementation—Peds-CHOIR is an
open-source, open-standard, LHS with the following characteristics and requirements: (1)
accessible project code and documentation, hosted on a free GitHub account (https://
github.com/join); (2) code that is installable within a site’s centralized authentication

system, which is managed by the site’s information technology (IT) personnel; (3) allows for
inclusion or exclusion of any desired measures; (4) accessible email server that accepts
SMTP mail; (5) CHOIR code can be customized by individual sites; (6) data acquired by
CHOIR is owned by the individual site; and (7) CHOIR code cannot be redistributed or used
for commercial purposes (Figure 1). The Peds-CHOIR system was modeled after CHOIR
(http://CHOIR.stanford.edu) to ensure comparability and compatibility between the
registries to track longitudinal outcomes across developmental phases, and to elucidate
correlates and predictors of chronic pain from childhood to adulthood [2,3,18,69]. Similar to
CHOIR, Peds-CHOIR was developed with reliable and valid pediatric measures of physical,
psychological, and social domains relevant to chronic pain, as well as measures predictive of
maladaptive chronic pain coping (described in detail below), affording high efficiency and
precision, and decreased patient burden [21,35,36,50]. Beyond the similarities,
implementation of Peds-CHOIR necessitated modification of the existing CHOIR
technology by adding capabilities for dual tracking to capture both patient and caregiver data
longitudinally.

Typical operations for Peds-CHOIR include a number of procedural steps (Figure 1). First,
operations support staff obtains email consent when patients are scheduled for an initial
evaluation at the Pain Clinic, and the primary caregiver’s email is then registered into Peds-
CHOIR. Peds-CHOIR receives information from the institution’s clinical system (EPIC in
this case) that an appointment has been made. One week prior to the appointment, one URL
link of Peds-CHOIR survey is sent to the caregiver’s email through a secure, HIPAA-
compliant, university-approved, Oracle database. The database is maintained and
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administered at this institution by the Stanford Information Resources and Technology
department (developer and registry administer in figure 1). Patient and caregiver typically
complete the Peds-CHOIR surveys at home prior to the patient’s initial evaluation. If the
survey is not completed in advance, patients and their primary caregivers are provided
encrypted electronic tablets (e.g., iPad or Android) at clinic check-in before they are seen for
their initial interdisciplinary or follow-up appointment. Clinic staff (operations support) then
print the Peds-CHOIR output for providers (physician, nurse practitioner, physical therapist,
and psychologist) to review prior to seeing the patient. Providers are also able to log into the
secure Peds-CHOIR system to view results before and during the appointment with the
family. The data are accessible and managed by the research coordinator at our site. Follow-
up assessments are administered when patients return for clinic appointments provided that
at least 30 days have elapsed since their last completed survey. Refer to Figures 2a and 2b
for a sample of the initial assessment and Figures 3a and 3b for a follow-up sample.

2.1.3. Development of the Assessment Battery—The assessment battery for Peds-
CHOIR was informed by collaborations with the adult pain clinic, input from clinicians
working in the field of pediatric pain medicine for over 10 years, and current clinical and
empirical standards for pediatric pain [12,30,43]. We included pediatric and caregiver
PROMIS measures relevant to pediatric chronic pain and consistent with the adult CHOIR.

The initial Peds-CHOIR survey includes our comprehensive Demographic and Pain History
Questionnaire, and a graphical body map designed to document pain location(s). The Pain
Catastrophizing Scale (PCS), a legacy measure, was added to Peds-CHOIR due to its
association with pain intensity and treatment outcomes [8,37,44,61], and to allow for
targeting of cognitive patterns that have been associated with impairments in function over
time for both patient and caregivers [13,16,18]. We used the Pain Catastrophizing Scale for
Children (PCS-C) and Parents (PCS-P) [8,22] and patient- and caregiver-reported PROMIS
domains to deeply characterize the patients’ physical, psychological and social functioning
including: mobility, pain interference, fatigue, peer relationships, anxiety and depression.
Although sleep is an important predictor of outcomes in pediatric chronic pain [48,60,62]
the pediatric PROMIS sleep domain had not yet been validated at the time of the launch of
Peds-CHOIR. PROMIS Sleep measures will be added in a future version.

At follow-up visits patient and caregiver complete an abbreviated Demographic and Pain
History Questionnaire to assess current symptoms, pain intensity, pain location(s) via the
body map, all PROMIS measures captured at initial assessment, and the catastrophizing
measures (PCS-C and PCS-P).

2.2. Assessment Battery

2.2.1. Demographics and Pain History Questionnaire—The Demographics and
Pain History Questionnaire assesses caregiver and patient demographics including age,
gender, race, and ethnicity. Although not presented in this paper, information about caregiver
demographics (occupation, education, marital status etc.), patient’s medical history, sleep
hygiene, medications, PROMIS caregiver global health (comprised of physical and mental
health scales), and treatments previously utilized by the patient are also gathered. A trained
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research assistant extracts primary diagnoses from the medical record following the initial
interdisciplinary team evaluation.

2.2.2. Pain Intensity—Patients rate their average, highest, and lowest pain intensity in the
last month and current pain intensity on a standard 11-point numeric rating scale from 0 (No
pain) to 10 (Worst pain possible) at the time of the assessment [40]. Caregiver perception of
the patient’s pain intensity is assessed with the same measurement [67].

2.2.3. Body Map—Body maps are widely used to assess pain location in chronic pain
populations [55,66]. They are particularly relevant for studies of patients with multiple
locations of pain and play an important role in developing treatment plans and evaluating
treatment efficacy [42,66]. At initial and follow-up evaluations, patients complete an
electronic body map by either using a touchscreen (if completed in clinic) or by clicking on
the body part (if using a desktop at home) to indicate painful body sites. The registry
longitudinally tracks the number and location of areas indicated as painful. Our body map
includes 74 sites, 36 anterior and 38 posterior, and utilizes a medial line distinguishing right
and left head, abdomen, neck, and chest sites (Figure 2a), thereby differing slightly from
other body maps [66].

2.2.4. PROMIS Pediatric Patient and Caregiver (Proxy) Outcome Measures—
PROMIS utilizes item response theory (IRT) and computer adaptive testing (CAT) to assess
patient-reported health outcomes for physical, mental, and social domains of functioning for
clinical research and practice. IRT rests on the assumption of invariance, which enables
comparison across studies and between reports of similar constructs. CAT works via
administration of items from an item bank best suited for the reporter based on responses to
earlier items, reducing the number of administered items to optimize patient burden, and
improving precision [50,63,65,68]. Thus, although different questions are answered within
each construct the final score should still reflect the general construct (e.g. fatigue) allowing
for group comparisons within and between reporters. The pediatric PROMIS measures have
been utilized in a variety of pediatric chronic health conditions such as asthma, cancer,
chronic kidney disease, obesity, rheumatic disease, sickle cell disease, as well as those with
chronic pain [4,9,25]. These measures are calibrated with a norming population of patients
in the US with chronic conditions and their families, as well as general populations from
schools and primary care clinics [51].

PROMIS scores are based on T-score distribution with a mean of 50 and standard deviation
(SD) of 10. The pediatric PROMIS measures have been validated to assess physical,
psychological, and social functioning domains in children 8 to 17 years of age, while
caregivers report their perceptions by proxy [11,65]. The response format is based on a
Likert scale (1= “Never/Not able to do” to 5= “Almost always/With no trouble™). Previous
analyses of pediatric IRT PROMIS item banks for mobility and pain interference reflected a
reliability coefficient of 0.90, while the fatigue item bank evidenced a reliability coefficient
of 0.80 [11,34,64]. The anxiety and depressive symptoms item banks have demonstrated a
reliability coefficient of 0.85 [27]. No reliability coefficients are currently available for the
peer relations domain; however, initial research suggests that the domain is reliable and valid
[10]. Further, Kashikar-Zuck et al. presented initial support for the validity of the PROMIS
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mobility, pain interference, fatigue, peer relationships, anxiety and depression measures in a
clinical pediatric chronic pain population and demonstrated that the PROMIS short forms
are valid and responsive to change [29].

Mobility: The PROMIS pediatric and proxy mobility item bank assesses activities of
physical mobility largely reflective of lower extremity function (e.g., “I could do sports and
exercise that other kids my age do;” “My child could stand up without help”). Higher scores
indicate a higher level of mobility and are inverted for consistency with measures where
higher scores indicate greater dysfunction [11,65].

Pain Interference: The PROMIS pediatric and proxy pain interference item bank assesses
the impact of pain on physical, psychological, and social functioning (e.g., “It was hard for
me to have fun when I had pain;” “It was hard for my child to run when he/she had pain”).
Higher scores reflect greater pain interference (or greater caregiver perceptions of pain
interference) in the child’s life [64,65].

Fatigue: The PROMIS pediatric and proxy fatigue item bank assesses a child’s ability to
complete daily activities and function at their usual level in the family or in their social roles
(e.g., “I was too tired to enjoy the things I like to do;” “My child got tired easily”). Higher
scores indicate greater fatigue [34,65].

Peer Relationships: The PROMIS pediatric and proxy peer relationships item bank assesses
quality or parental perceived quality of a patient’s relationships with peers (e.g., “Other kids
wanted to be my friend;” “My child felt accepted by other kids his/her age”). Higher scores
indicate better peer relationships and were inverted for consistency to indicate higher levels
of dysfunction [10,65].

Anxiety Symptoms: The PROMIS pediatric and proxy anxiety item bank assesses fears,
worries, and nervousness (e.g., “l worried about what could happen to me;” “My child felt
nervous™). Higher scores indicate a higher level of anxiety [27,65].

Depressive Symptoms: The PROMIS Pediatric and Proxy Depression item bank assesses
negative mood, self-perceptions, and social cognition (e.g., “I could not stop feeling sad;”
“My child felt lonely”). Higher scores indicate more symptoms of depression [27,65].

2.2.5. Pain Catastrophizing Scale (PCS-C and PCS-P)—The Pain Catastrophizing
Scale for children (PCS-C) assesses child and adolescent catastrophic thinking associated
with pain as well as feelings of helplessness [8]. The proxy report (PCS-P) evaluates a
caregiver’s catastrophic thinking regarding the child’s pain [22]. Both measures are reliable
and valid adaptations of the Pain Catastrophizing Scale [58]. PCS assesses negative
cognitive patterns characterized by rumination (e.g., “When I am in pain, | want the pain to
go away,” “When my child is in pain, | can’t keep it out of my mind”), magnification (e.g.,
“When | am in pain, | am afraid that the pain will get worse,” “When my child is in pain, |
think of other painful events”), and helplessness (e.g., “When | am in pain, it’s awful and |
feel that it overwhelms me,” “When my child is in pain, | keep thinking about how much
s/he is suffering”) toward actual or anticipated pain, and is a powerful predictor of
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maladaptive coping in chronic pain in adults and children. The PCS-C and PCS-P are both
13-item measures that employ a 5-point ordinal scale (0= “Not at all true” to 4 = “Extremely
true”). Higher total scores reflect greater catastrophizing tendencies [8,22]. The PCS-C
clinical reference point for high catastrophizing is 26 or above [49]. The total PCS-C score
and its subscales (magnification, rumination, and helplessness) have internal consistency
ranging from a = 0.68 to a. = 0.87 [8]. Although there are no published reference points for
PCS-P, a cut-off score of 23 and above for high catastrophizing has been used clinically by
one of the developers of the scale (Simons, personal communication, October 2015). The
PCS-P total score and three subscale scores are also internally consistent with Cronbach’s
alpha varying from a = 0.81to a =0.93 [22].

2.3. Statistical Analysis

3. Results

Descriptive statistics were used for presenting demographic information, data were entered
and examined to ensure that statistical assumptions for t-tests were met, and analyzed using
SPSS version 21.0 (SPSS IBM, New York, NY).

3.1. Peds-CHOIR Investment, Design and Implementation Process

Implementation of integrating Peds-CHOIR into this clinic cost approximately $50,000,
with $5,000- $7,000 estimated for annual maintenance. The initial startup investment
included the cost of technology development efforts to expand the base CHOIR system for
dual tracking of patient and caregiver data, incorporating the pediatric assessment battery,
and database support. There were multiple additional systems-based considerations (e.g.,
start-up costs, personnel responsible for registering patients in Peds-CHOIR, faculty
response to a novel assessment paradigm), clinical issues (e.g., patient burden, family
response), and research considerations (e.g., identification of parsimonious yet meaningful
questionnaires for systematic data collection over time) to note in the process of adopting
Peds-CHOIR. Anecdotally, implementation of Peds-CHOIR was positively supported by the
staff, appreciated by the clinicians, and well tolerated by patients and their families. Patients
seemed to appreciate ease of administration, relatively short completion time, and the
therapeutically informative visual description (e.g., longitudinal graph tracking) of their
progress over time when reviewing outcomes with their treatment providers at follow-up
visits. On average, total administration time for the initial assessment was 21.54 minutes
(SD=4.91) and follow-up assessment took an average of 18.20 minutes (SD=5.71).

Peds-CHOIR has been utilized for 18 months since its implementation in July 2014. One
year after implementing Peds-CHOIR in this clinic, analyses of follow-up completion
adherence were low (17.3%) versus the initial surveys (82.4%). This prompted additional
staff training, provision of education to clinicians on its utility with the patient during
follow-up visits, clinic flow enhancements, and conversations with patients, clinicians, and
staff highlighting the benefits of the system for personalizing and thereby optimizing patient
care dynamically over time. Data collected between August 2015 and December 2015
indicated significant improvements (57.6%) in completion adherence for completion of
follow-up surveys and 91.7% for completion adherence of initial surveys underscoring the
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importance of education for all stakeholders. Further, more families were completing the
surveys at home versus in the clinic which improved clinic flow (Figure 4).

3.2. Peds-CHOIR Sample Characteristics

The sample included 352 patients with a mean age of 13.9 years (range = 8-17) and their
primary caregivers who presented for initial evaluation at the pediatric pain clinic from June
2014 to December 2015. The sample was predominantly female and Caucasian. The most
frequent primary diagnoses were musculoskeletal pain, headaches, and chronic abdominal
pain (Table 1). Patients with a psychological diagnosis and whose symptom constellations
were secondary to that condition — with no organic etiology — were classified as having a
primary psychological diagnosis (e.g., somatic symptom disorder-with predominant pain,
functional neurological symptoms disorder).

3.2.1. Descriptive Data from the assessment battery—For PROMIS domains,
patient self-report means fell within one standard deviation of the norm-referenced
population with the exception of mobility and fatigue. Compared to the patients, caregivers
reported higher levels of functional impairments across all PROMIS domains except on
mobility. Fatigue (patient and caregiver), mobility (patient and caregiver), and pain
interference (caregiver) all exhibited mild negative skew, highlighting the high functional
impairment reported by patients and caregivers served at this tertiary pediatric pain clinic.
Patient and caregiver mean pain intensity ratings were comparable. Table 2 presents means
and standard deviations for the PROMIS domains, PCS, and pain ratings while Figure 5
presents a distribution of caregiver and patient self-reported PROMIS scores in comparison
to the normal PROMIS distribution curve.

Patient reports of pain catastrophizing on the PCS were normally distributed whereas
caregiver report was positively skewed. In order to explore distribution of PCS—-C scores, the
variable was divided based on identified clinical cut-off score [49]. Such categorization
demonstrated that 43.5% of patients were in the clinical range (raw score = 26), 29.3% in the
moderate range (scores 15-25) and 27.3% endorsed low levels (0-14) of catastrophizing
[16]. Utilizing the recommended clinical cut-off point (= 23) for the caregiver, PCS-P
demonstrated that 42.9% of caregivers endorsed clinically elevated catastrophizing.
Although patients reported slightly higher mean catastrophizing scores compared to
caregivers, the percentage of scores in the clinical range was comparable between reporters.

3.2.2. Body Map—All patients in the study completed the body map, and number of
painful sites indicated ranged from 0-74. A small subset of patients did not endorse any sites
(N = 25; 7.1%) on the body map and one patient reported pain in all sites. The mean number
of total body sites endorsed was 10.65 (SD = 12.7), with the majority of patients reporting
10 or fewer sites (N = 247; 70%). The modal number of body sites was 2 (N = 65; 18.5%)
and median was 6. The front and back segments of the body map were largely comparable
with regard to mean number of sites endorsed (front: M = 4.9, SD = 6.1; back: M =5.7, SD
=7.1).
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3.2.3. Comparison of Patient and Caregiver Report—Analyses revealed moderate to
high correlations between patient and caregiver reports across all PROMIS domains, PCS,
and pain intensity ratings (Table 2). Paired Samples t-tests allowed for comparison of patient
and caregiver reports on PROMIS domains, catastrophizing, and pain intensity ratings.
Patient and caregiver reports differed significantly on measures of pain interference, fatigue,
peer relations, depression, anxiety, and pain catastrophizing. Calculation of Cohen’s D
statistic revealed small to medium effect sizes for these differences (Table 2). There were no
statistically significant differences on mobility or measures of pain intensity.

3.3. Point of Care Dynamic Tracking

One unique and meaningful feature of Peds-CHOIR is its ability to track both patient and
caregiver perceptions of progress longitudinally. Such data inform assessments, patient and
caregiver education needs, and individual- and family-based interventions specific to clinical
presentation and patient preferences. Additionally, graphical presentation of progress allows
for interactive involvement of the patient and caregiver with the clinician in informing
treatment recommendations at point of care.

3.3.1. Sample Case— “Jennifer”, is a 12 year-old female with a 6-month history of
chronic abdominal pain. She received treatment at the pediatric pain clinic for 9 months
(Figure 6 & 7). Her initial assessment, revealed gastritis secondary to an infection, and
psychological factors were identified as contributing to her discomfort, as pain symptoms
began during a stressful transition to middle school. Both pharmacological and
nonpharmacological treatments were consequently recommended, including: probiotics,
melatonin, dietary adjustments, acupuncture, and pain psychology. The Peds-CHOIR survey
completed at the initial assessment yielded clinically elevated scores across domains,
informing the team of her high degree of impairment in functional activities and mental
health vulnerability with elevated depression and anxiety symptoms secondary to pain.
Jennifer received 8 weekly pain psychology and acupuncture sessions, monthly medical
follow-ups where she trialed probiotics and melatonin, and made steady improvements in
her function and pain. Thereafter, pain psychology sessions decreased to every 2—-4 weeks
and acupuncture was discontinued as she sustained functional progress in all domains.

Due to the challenges of integrating Peds-CHOIR into the regular follow-ups in the clinic
(described in detail above) Jennifer completed her 2" Peds-CHOIR a few months later,
which demonstrated improvements in pain intensity and all domains of functioning. A
month later, she completed her 3™ Peds-CHOIR, and she reported increased pain intensity,
fatigue, and anxiety, and decreased mobility. These data triggered medical follow-up (where
constipation was identified), weekly pain psychology treatment, and another trial of
acupuncture.

After completing the 3™ Peds-CHOIR, in a pain psychology session, Jennifer and her
mother were presented follow-up graphs that highlighted elevated fatigue, impaired mobility,
and increased pain intensity. Reviewing these results and pictorial descriptions of the
relationship between fatigue, mobility and pain helped facilitate Jennifer’s motivation to
improve sleep hygiene. Thus, a behavioral treatment for sleep was implemented. One month
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later, the 41" completed Peds-CHOIR surveys revealed that adherence to the treatment had
cultivated gradual improvements not only in Jennifer’s fatigue, but also in all domains of
PROMIS functioning (Figure 6) including steady improvements in catastrophizing, reflected
in their normalization of PCS scores over time. Despite no change reported by the patient on
pain intensity, her caregiver reported that her pain had remitted (Figure 7), which
underscores the clinical utility of tracking both patient and caregiver perspective to guide
treatment.

4. Discussion

The successful and cost-effective long-term management of chronic pain depends on
integrated medical, mental health, and physical rehabilitation treatments [20]. It has become
standard practice to include multiple informants in pediatric pain research; however, the
capability of Peds-CHOIR to collect both patient and caregiver perceptions that dynamically
respond to treatment changes in real time is a novel approach [45]. Decisions for patients
with chronic pain should be based on valid, reliable and repeated data from multiple
reporters across domains of functioning; until now, this approach has been an ideal instead
of reality in healthcare. CHOIR and Peds-CHOIR help to provide evidence-based
assessment and interventions, and meet the call by the Institute of Medicine (IOM) for the
development of national registries to guide research and precision pain medicine.

Pediatric chronic pain is associated with prolonged pain into adulthood [2,3,69], as well as
significant impacts on physical, school, social, family, and emotional functioning
[21,35,36,47]. Existing literature falls short in informing the developmental indicators that
predict protracted pain into adulthood, which motivated the adaptation of CHOIR and the
creation of Peds-CHOIR learning healthcare system (LHS). As pain is highly subjective,
clinical decisions can be supported by LHS’s for improving the accuracy of pain
assessments, and informing clinical decisions and interventions. The main goals of this
paper were to describe the platform, showcase how LHS may be leveraged to inform clinical
research and treatment, and highlight its dynamic ability to track outcomes longitudinally
among patients and caregivers.

4.1. Design and Implementation of Peds-CHOIR: System Challenges and Solutions

LHS’s such as Peds-CHOIR, allow for cross-discipline collaboration between clinicians and
researchers with technology experts who build and maintain the platform. Initial cost of
implementing the registry was high, primarily due to technological enhancements of the
registry. Since the initial investment of building the dual track platform and adding reliable
and valid pediatric measures relevant to chronic pain has been completed at this institution,
implementation of Peds-CHOIR at other institutions is estimated between $7000 and $5000
annually. In addition, the IT team at this institution is building the capability for patients and
caregivers to complete parallel administrations of Peds-CHOIR versus the current sequential
administration, which will further reduce patient burden and improve clinic flow. It is at the
discretion of individual institutions that choose to adopt Peds-CHOIR to determine which
measures to retain, delete, add, and the frequency preferred for tracking follow-up. The
platform is set up in such a way that any measure added to the registry or IT enhancements
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by one institution, are available to all other institutions if desired, without additional cost.
Further, the cost of implementation is forecasted to be offset by utilization of the registry,
which is predicted to increase efficiency and cost-effectiveness by optimizing treatments.

Deployment of Peds-CHOIR as a LHS to optimize clinical services was well received by
providers, clinic staff, and families based on informal feasibility and usability feedback. This
was by design; in that CHOIR and Peds-CHOIR were meant to seamlessly integrate into the
clinical workflow, as opposed to traditional electronic data capture systems that tend to be
more research oriented. Following one year of registry implementation, low completion
adherence rates for follow-up surveys necessitated remediation. The following interventions
led to measurable improvements: increasing education about utility of the registry for all
stakeholders (patients, providers, and staff), offering copies of completed Peds-CHOIR to
providers before they see the patient, placing reminder calls to the family to arrive earlier to
the appointment if they have not completed the registry, prompting providers whose patients
were not completing the registry to discuss its utility with the family and understand barriers
to completion, and most importantly utilizing Peds-CHOIR during the session with the
patient to increase the patient’s motivation to complete future Peds-CHOIR as well as
encourage active engagement in treatment.

4.2. Characteristics of the data and initial outcomes

Adoption of this registry allowed for measurement of prioritized domains of assessment in
pediatric pain utilizing evolving measures that harness improved sensitivity to responses
[7,13,45]. Patients seen at this tertiary clinic included mostly white, female, school-age
children primarily with chronic musculoskeletal pain. Mean PROMIS scores in our clinic
sample were clinically elevated, even higher than those reported by a pediatric oncology
sample [25]. Such findings highlight the remarkable vulnerability encountered by
interdisciplinary pain teams in tertiary care settings, and underscore the need for providers to
attune to outcomes.

Concurrent collection of patient and caregiver measures demonstrated that reports of
functional impairment were significantly related as assessed by PROMIS domains, which is
consistent with previous studies examining correlations between child and caregiver reports
[6,71]. Despite denoting comparable pain levels and pain catastrophizing scores, caregivers
reported more dysfunction across most PROMIS domains except mobility. Cohen et al.
examined adolescent and caregiver concordance and discordance on pain related
functioning; while reports were generally related, differences were noted in ratings of
internal processes (similar to PROMIS fatigue, anxiety, depression, etc.) but more consistent
in observable domains (similar to PROMIS mobility) [7]. It is also possible that concerns
regarding social desirability, developmental limitations in insight, or focus on pain as an
exclusively medical issue lead patients to underreport psychological vulnerabilities such as
anxiety and depression, or to have tendencies to somaticize discomfort and its impact on
daily living [18,19,54]. Given the subjective nature of pain-related disability ratings, it is
difficult to know if caregivers tend to over-report or if children under-report pain-related
disability. For example, caregivers who endorse greater pain catastrophizing themselves may
overestimate their child’s emotional discomfort and/or physical limitations based on elevated
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personal distress. Having greater knowledge of these differences may have a meaningful
impact on tailoring clinical interventions to enhance outcomes (e.g., improving caregiver-
patient communication, need for additional psychoeducation and/or support for either
caregiver or patient, and family based interventions) [14,44,46,53]. Future investigations
using Peds-CHOIR should study agreement ratings, and predictors of agreement, between
caregiver and patient, as change is tracked over time and in response to treatment.

The case example included in this report of Peds-CHOIR describes how the platform
informs the identification of interventions, when they are initiated, and how such
intervention(s) impact patient and caregivers reports of outcome indicators during treatment.
As highlighted in the case example, Peds-CHOIR longitudinal data tracking may facilitate
preventative deployment of treatments that facilitate patient-caregiver communication and
commitment to treatment goals, and provides opportunities to examine response to
interventions from the perspective of both the patient and caregiver longitudinally. What
LHSs such as Peds-CHOIR add to clinical decisions and outcomes over and above the
clinical decisions made without the help of the LHS is an important question to pursue to
truly understand the value of such tools.

4.3. Future Directions

The Peds-CHOIR system fosters attunement to the clinical needs of patients and their
families via outcomes tracking. This LHS allows for dynamic (re)configuration of treatment
plans over time for a population who, by its very nature, is continuously evolving.
Replication of findings in pediatric pain research is challenged by the variability in
measurement and limitations in systems and methodology. Clinical and investigatory work
guided by a shared language such as the Peds-CHOIR system across sites would allow for
the utilization of a standardized, psychometrically sound, and open-source system of
measures. Given Peds-CHOIR’s inclusion of measures (e.g., PROMIS) not yet normed on
populations outside the US, validation of such assessment domains in other countries
remains indicated as well as the inclusion of validated domains that have been normed on
non-English speaking children and their caregivers [1]. Standard adoption of this novel
outcome-tracking platform by institutions and clinics worldwide would facilitate
opportunities to pool data, unite experts, and yield potentially synergistic scientific
collaborations to foster pain management treatment paradigms for even the most complex
cases. In short, it would facilitate a novel systems approach to treatment.

Moreover, implementation of Peds-CHOIR at this tertiary care pain clinic will continue to
foster dual capture of clinically meaningful changes in pediatric patients with pain and
caregiver perceptions, as well as offer empirically sound information to augment treatments
by targeting factors associated with greater risk, and identify developmentally relevant
variables to assist with prediction of the type of patient who develops prolonged pain into
adulthood, to help tailor interventions for those subpopulation of patients. As data collection
continues with improving adherence to completion of follow-up surveys, the next vital steps
for Peds-CHOIR will be to describe longitudinal outcomes at the group level and analyze
sensitivity to change. Translation of the registry into other languages would be an important
future goal.
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Reqgistries such as Peds-CHOIR are consistent with a paradigm shift toward precision health
medicine. Aggregated data may help to highlight patient and caregiver phenotypes
associated with long-term wellness versus treatment resistance enabling clinicians to detect
and prevent challenges by intervening earlier with at-risk patients. Adoption of the LHS by
other sites would also allow for formulation of a larger registry that could help to achieve
research goals of identifying patient characteristics predictive of treatment response (e.g.
clinical phenotypes) over time, capturing data representative of the populations served, and
clinically enhancing treatment for individual patients.
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Figure 1.
Overview of Peds-CHOIR infrastructure

Pain. Author manuscript; available in PMC 2017 September 01.

Page 19



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Bhandari et al.

LECHOIR s

6 areas selected on the most recent body map

Pediatric Pain Management Clinic Outcomes
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Parent Global Health - Mental *

* Scores and percenties have been inverted

Pain Intensity: 0=No Pain, 10=Worst Pain Imaginable

16 Jun 15

Parent Proxy Pain Catastrophizing Scale

16 Jun 15

Average
5

Pediatric Pain Catastrophizing Scale

29

13

Pain. Author manuscript; available in PMC 2017 September 01.

58

b4

&

8

59

57

49

59

43

49

79

92

69

8

Page 1

Page 20



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Bhandari et al.

LICHOIR |

In the past 7 days With a little trouble
| could do sports and exercise that other kids my age could do.
| have been physically able to do the activities | enjoy most.
| could get up from the floor.
| could move my legs. With no trouble
| could stand up by myself. With no trouble

PROMIS Parent Proxy Mobility

In the past 7 days With a little trouble
My child could do sports and exercise that other kids his/her age could
do.

My child could walk up stairs without holding on to anything.

My child could walk more than one block.

My child could bend over to pick something up. With a little trouble
My child could get up from the floor. With a little trouble

PROMIS Pediatric Pain Interference

Pediatric Pain Management Clinic Outcomes Page 2

With a littie trouble
With a little trouble

With a little trouble
With a little trouble

In the past 7 days Sometimes
It was hard to have fun when | had pain.
| had trouble sleeping when | had pain. Sometimes
It was hard to stay standing when | had pain. Almost Never
It was hard for me to pay attention when | had pain. Sometimes
It was hard for me to walk one block when | had pain. Sometimes
In the past 7 days Sometimes
It was hard for my child to have fun when he/she had pain.
It was hard for my child to pay attention when he/she had pain. Sometimes
My child had trouble doing schoolwork when he/she had pain. Sometimes
It was hard for my child to remember things when he/she had pain. Sometimes
My child had trouble sleeping when he/she had pain. Sometimes
In the past 7 days Sometimes
| was able to count on my friends.
| felt accepted by other kids my age. Sometimes
| was a good friend. Often
| was able to talk about everything with my friends. Sometimes
Other kids wanted to talk to me. Sometimes
PROMIS Parent Proxy Peer Relations
In the past 7 days Sometimes
Other kids wanted to be with my child.
My child felt good about his/her friendships. Often
My child was able to have fun with his/her friends. Often
Other kids wanted to talk to my child. Often
My child was good at making friends. Often

Figure 2.
Figure 2Za. Sample first page of Peds-CHOIR initial survey

Figure 2b. Sample second page of Peds-CHOIR initial survey
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Figure 3.
Figure 3a. Sample first page of Peds-CHOIR follow-up survey

Figure 3b. Sample second page of Peds-CHOIR follow-up survey
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Peds-CHOIR Rate of Survey Completion
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Figure 4.
Peds-CHOIR rates of adherence
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Figure 6.
Sample patient-caregiver PROMIS scores.
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Sample patient-caregiver pain catastrophizing and current pain level scores
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Demographic and Diagnostic Characteristics of Sample, N=352

N %
Gender (female) 264  75.0%
Race
Caucasian 240 68.2%
Other 45  12.8%
Asian 25 7.1%
Unknown 16 4.5%
African American 13 3.7%
Declines to state 7 2.0%
Native Hawaiian or Pacific Islander 4 1.1%
American Indian or Alaskan 2 0.6%
Primary Pain Diagnoses
Musculoskeletal pain 131 37.2%
Headache 62 17.6%
Chronic abdominal pain 57  16.2%
Other 37  10.5%
Complex regional pain syndrome 31 8.8%
Fibromyalgia 20 5.7%
Ehlers-Danlos syndrome 6 1.7%
Rheumatologic conditions 3 0.9%
Primary psychological diagnoses 3 0.8%
Missing Diagnosis 2 0.6%
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