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The prevention of chronic pain is a key priority in North America and around the
world. A novel pediatric Transitional Pain Service (pTPS) at the Hospital for Sick
Children was established to address four main areas of need, which the authors
will describe in more detail: (1) provide comprehensive multi-modal pain
management and prevention techniques to children at-risk for the development
of chronic pain, (2) provide opioid stewardship for children at-risk for chronic
pain and their families at home after discharge, (3) facilitate continuity of pain
care for children across transitions between inpatient and outpatient care
settings, and (4) support caregivers to manage their child’s pain at home. The
pTPS works with healthcare providers, patients, and their families to address
these areas of need and improve quality of life. Furthermore the service fills the
gap between inpatient acute pain services and outpatient chronic pain services
(accessible only once pain has persisted for >3 months). In pediatric patients
who experience pain in hospital and who have been prescribed opioids,
discharge to home or rehabilitation may represent a vulnerable time in which
pain may persist and during which analgesic requirements may change. This
offers an important opportunity to address and prevent the development of
chronic pain, and to monitor opioids while ensuring alternative pain therapy is
available. The authors will outline risk factors for persistent postsurgical pain, the
development and implementation of a pTPS, present initial clinical outcomes
andsuggest areas for future research in this evolving area of care.
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Introduction

Preventing chronic pain is a Canadian priority for improving pain care (1).

Approximately 20% of children undergoing surgery will develop chronic pain (2). In

Canada, this is a large number of children requiring pain care with approximately 80,000

Canadian children undergoing surgery each year (3). Undertreatment of pediatric

postoperative pain is widespread, and can delay return to function, lead to long-term

opioid use, and negatively impact health-related quality of life, including sleep, anxiety,
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social and school functioning (4–6). Risk factors for chronic

postsurgical pain (CPSP) include child and parent psychological

vulnerabilities, pre-operative child pain and disability,

postoperative opioid consumption and acute pain (2, 7). Despite

known factors to identify children at-risk for CPSP, there remains

a dearth of services addressing perioperative care optimization to

reduce the development of chronic pain in children (8).

“Transitional Pain Services” are an innovative and effective

health service model in adult tertiary care to prevent the

transition from acute to chronic pain and oversee opioid

stewardship in perioperative care (9). Transitional pain services

fill the gap between inpatient acute pain services and outpatient

chronic pain services (accessible only once pain has persisted for

>3 months). In pediatric patients there is a particularly

vulnerable time where patients experience pain in hospital, are

prescribed opioids, and then discharged to home or

rehabilitation. This timeframe can include a period of prolonged

postoperative pain and co-occurring mental health concerns;

however, not yet meeting criteria for referral for chronic pain

management. Further, analgesic requirements may change, and

pain in hospitalized children is undertreated compared to adults,

which contribute to poorer functional outcomes (10). Opioid

stewardship is essential in pediatric pain care, as nonmedical

opioid use in adolescents is often precipitated by exposure

through prescription for acute pain management (11). While

existing adult transitional pain models offer guidance (9), the

need for developmentally-tailored, family-centred pain services

for pediatric patients, or a pediatric transitional pain service

(pTPS), is recognized (12).
1https://youtu.be/OJdXrMX8nWg
Risk factors for the development of chronic
pain in children

The development of a pTPS requires targets for intervention.

As with adults undergoing surgery (13), there are several

pediatric risk factors that, if addressed, may alter the transition

from acute to chronic pain. Specific child factors that increase

the risk of persistent pain include child anxiety (14), depression,

fear of pain, pre-existing and immediate postoperative pain

(5, 15–17), presurgical functional disability (18), and pain

catastrophizing (5, 7, 15, 18, 19). Those with pre-existing pain or

pain medication use (20) may also be at increased risk for CPSP.

Conversely, pain self-efficacy, or the confidence in one’s ability to

manage pain, improves pain trajectories in patients with

adolescent idiopathic scoliosis (14), and is associated with

improved quality of life in adolescents with persistent pain (21).

Unique to pediatrics is the influence that caregivers have on their

child’s pain. For example, parent catastrophic thinking about

their child’s pain (6, 14), and parent anxiety sensitivity (15) have

been shown to be involved in the development of CPSP.

Importantly, preoperative expectation management has been

found to influence postoperative pain outcomes (i.e., pain

control, opioid use) (22, 23). Other currently non-modifiable risk

factors for chronic pain include sex, genetics, and epigenetics

(24, 25). Risk factors for the transition from acute to chronic
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pain have been conceptualized through the multifactorial

interpersonal fear-avoidance model of chronic pain, a

multifactorial model that addresses intersecting developmentally

appropriate factors in a child’s pain trajectory (26). A pTPS is

ideally suited to address these risk factors through a combination

of education, psychological intervention, opioid stewardship,

medication management, and physical therapy.
Development and implementation of the
pTPS

A novel pTPS was established in 2011 at The Hospital for Sick

Children in Toronto, Canada out of a need to fill the gap between

acute and chronic pain services. To our knowledge, this was the

first pTPS program in the world. The four main goals of the

pTPS are to: (1) provide comprehensive multi-modal pain

management to children at-risk for the development of chronic

pain, (2) provide opioid stewardship for children at-risk for

chronic pain and their families at home after discharge, (3)

facilitate continuity of pain care for children across transitions

between inpatient and outpatient care settings, and (4) support

caregivers to manage their child’s pain at home. A brief video

about the pTPS is available1.

Implementation of the pTPS involved ensuring hospital

leadership support for, and accessibility of the service. The pTPS

began as an ad hoc service in a large quaternary pediatric

hospital, the Hospital for Sick Children, Toronto, Canada. The

model of the pTPS includes initial consultations carried out with

pediatric patients and caregivers by an anesthesiologist and

advanced practice nurse. Referral for other pTPS-specialist

services (i.e., psychologist, physical therapist, and/or occupational

therapist with expertise in pediatric complex pain) are provided

as needed. The pTPS began as a service consisting of 0.2 + full

time equivalent (FTE) anesthesiologist with 0.2 FTE clinical

nurse specialist, 0.1 FTE each of patient information coordinator

and data analyst, and then 0.2 FTE each of pain physiotherapist

and psychologist using existing funding. New funding was

secured allowing 1.0 FTE nurse practitioner, 0.4 FTE

psychologist, 0.4 FTE physical therapist, and 0.2 FTE each of an

occupational therapist, business manager, patient information

coordinator and data analyst.

Medical or surgical teams refer to the pTPS when they, their

patients or their caregivers may benefit from specialist acute pain

management at home or development of an individualized

perioperative pain management plan. Referral criteria are based

on concerns about perioperative pain management and evidence

for risk factors for CPSP. Examples of referrals include: prior pain

management challenges; child or parent psychosocial risk factors

as discussed above; planned complex surgical interventions, such

as scoliosis, Nuss, and congenital foot surgeries, which are known
frontiersin.org
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to be painful surgeries; and/or patients who are taking opioids and/

or other controlled substances prior to surgery, or for whom

weaning is required. Patients with pain for greater than 3 months

prior to surgery are seen in the pTPS for presurgical pain

management planning, but otherwise are referred to the chronic

pain service. Some referrals arise following surgery when complex

pain management is required.

Accepted patients are stratified according to risk for CPSP,

using Patient Reported Outcomes Measurement Information

System (PROMIS)® parent-report and/or developmentally

appropriate child and adolescent self-report questionnaires, and

additional pTPS-specific questions added (27). These

questionnaires are delivered prior to the first visit and intended

to identify child (19) and/or parental catastrophizing (3), child

and/or parent anxiety, low physical functioning and non-medical

substance use vulnerability [using the CRAFFT screening tool

(28)], and then in the days and weeks after surgery. These are

stratified, according to pTPS patient preferences using the STOP

Pain questionnaire (27), such that, for example, questions

pertinent to walking are given only to those expected to weight-

bear. Parent report is helpful for understanding the health of

developmentally-challenged children (29) but also for

postoperative patients who may be less able to participate as

actively in their care. Pediatric pain questionnaires [PROMIS®

pain intensity (29), sleep v.1.0 (30, 31), anxiety v2.0 and

depression v2.0 (32) and their parent proxies v2.0 (33),

catastrophizing for the child and the parent] are used. The pTPS

physician and/or nurse meets with families in hospital or

outpatient clinics (in-person and virtually) for a detailed

interview at the first visit.

Follow up appointments occur preoperatively where allied

health assessments are indicated, and within 7 days of discharge

and in the following days and weeks as required. A vulnerable

point in the patient trajectory, high pain levels in the weeks after

surgery are associated with higher pain levels one year after

surgery (15), and close pain follow-up after surgery offers the

opportunity to address this. In contrast to adult Transitional

Pain Services, pTPS are tailored to the family, recognizing the

critical role that families play in child development and in their

perioperative care.

The pTPS encompasses developmentally-appropriate pediatric

pain care throughout the pain continuum, beginning prior to

expected painful surgeries, or in medical settings where specialty

pain management may be needed at home. Critical to the success

of the pTPS, the service coordinates care throughout this entire

period and works with families, the surgical teams and

anesthesiologists, acute pain services, and other medical/surgical

subspecialists (see Figure 1: a schematic of the role of the pTPS

in the continuity of pain care).
Addressing risk factors for chronic post-
surgical pain and disability

Confidence in the ability to control pain improves

postoperative pain management (14). Addressing this risk factor
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starts during the initial consultation, where, using a checklist in

the form of standardized documentation, education is provided

to patients and families about pharmacological and non-

pharmacological pain management methods, acute post-operative

pain expectations, safe medication administration, storage,

monitoring, and disposal. This is reinforced by identifying,

recommending, and encouraging appropriate techniques such as

online mind-body apps and websites, positioning, safe movement

and heat/cold strategies.

Preoperatively, higher pain interference (34) and lower physical

functioning (20, 35) may impede the recovery process. The pTPS

assesses current physical functioning and engages patients in

increased activity or “prehabilitation” (the process of improving

the functional capability prior to a surgical procedure, to

minimize the effects of postoperative inactivity and its associated

decline), if patients have reduced activities of daily living. An

umbrella review concludes that there is low certainty evidence

that prehabilitation may improve postoperative outcomes (36).

Nevertheless, low postoperative activity is associated with a

higher incidence of CPSP (20, 37). The pTPS attenuates this by

guiding and supporting return to function. For those needing

further support for return to normal activities within

postoperative surgical guidelines, pTPS physical and occupational

therapists are consulted.

To address psychological risk factors, referral to the pTPS

psychologist occurs, based on the TPS team’s clinical judgement

and/or high PROMIS®T scores (greater than 60) for anxiety,

depression or catastrophizing. Following an in-depth assessment,

the pain psychologist develops individualized psychological pain

management and coping strategies and psychological

interventions. Education and cognitive behavioral interventions

are delivered over 3–4 sessions, approximately weekly prior to

surgery. If significant psychological factors are identified from the

psychology assessment (e.g., anxiety or mood disorder diagnosis),

patients are referred for therapy to address. Acceptance and

Commitment Therapy has been shown in studies of adults to

help patients to decrease opioid use and pain interference in the

perioperative setting (38). For pediatrics, the use of cognitive

behavioral therapy, dialectical behavioral therapy, and

mindfulness can be helpful. Individualized education addresses

psychological contributors to pain perception, the fight or flight

system, and gate control theory. Interventions address

psychological risk factors (e.g., depression, pain self-efficacy,

parental pain catastrophizing) and teach patients and caregivers

psychological strategies in preparation for the peri-surgical

period, which are reinforced after surgery. For those patients first

seen by the pTPS after surgery, the psychologist is consulted to

patients who express fear of pain and limitation of progression of

functional goals. The pTPS is developing parental strategies in

addition to supporting patients individually.

The pTPS allows for optimization of pain management

planning and associated psychological vulnerabilities. For

example, surgical deferral has allowed time to address

psychological vulnerabilities identified during psychological

assessment. This provides the time and change required to

improve readiness for surgery and to optimize post-surgical
frontiersin.org
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FIGURE 1

An overview of pediatric transitional pain services at the hospital for sick children.

Isaac et al. 10.3389/fpain.2023.1173675
outcomes (eg., eating disorders, psychotic disorders). Discharge

from pTPS occurs once opioids are discontinued, pain is

improving and trending towards baseline, or normal function has

resumed, aiming for a maximum follow-up of 3 months. If pain

and poor function continues beyond this time, referral to the

pediatric chronic pain clinic (or young adult) occurs.
Opioid stewardship

Opioid stewardship is equally important to perioperative and

pain care. Although uncommon, with 10% receiving a repeat

prescription in the United States (39), several unique situations

occur with opioid prescriptions for youth. Some adolescents may

be at higher risk of opioid use disorder, and while detection of

risk in adults is informed by prior experience with non-prescribed

substances, screening for adolescents relies on vulnerability for any

substance use [e.g., the CRAFFT screener (28)] and understanding

protective factors. Children and adolescents generally live in a

home with adults who may be responsible for distributing

medications, which may be protective. Patients frequently live

with other children or bring others into the home, who may be

susceptible to inadvertent or even purposeful ingestion or

diversion of opioids. Minimization of excess opioids in the home

is critical to preventing this. We know that perioperative opioid

prescription requirements are extremely variable (40, 41), and that

excess opioids are common following prescription (42, 43). The
Frontiers in Pain Research 04
pTPS allows very short opioid prescription for patients at

discharge, as patients are seen within 3–7 days of discharge, and a

primary contact is available in the interim for pain concerns.

Non-opioid pharmacological support by the pTPS includes

instruction or prescription of acetaminophen and non-steroidal

anti-inflammatory medications to optimize response and side

effects. In some cases, gabapentinoids are prescribed, titrating

doses pre-operatively to minimize side effects, and contributing to

optimal pain management, such as prior to minimally-invasive

pectus excavatum surgeries (44). Muscle relaxants such as

methocarbamol and/or low dose diazepam are weaned by the

pTPS following some surgeries, and generally completed within

two weeks of discharge from hospital. Current recommendations

are to limit discharge opioid prescriptions, using the lowest

effective dose for the shortest duration possible (45). Postoperative

opioid requirements varied with the type of surgery in veterans,

suggesting that optimal management includes close follow up and

optimization of non-pharmacological methods of pain control

(46). While greater opioid doses can increase the risk of opioid

overdose (47), access to opioids in the home also increases this

risk (48). In a nonrandomized trial of adult transitional pain

services, opioid reduction with improvements in pain management

is realized with the use of the Transitional Pain Service (9, 38).

In the pediatric setting, the pTPS screens for those at risk for

prolonged pain and potential opioid use and opioid use disorder.

The pTPS manages and monitors opioid prescriptions while

offering alternative pain management strategies.
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Demographics of the pTPS

By the 2015–2016 fiscal year, pTPS assessed 10 children and

adolescents for the first time. Referrals have increased

substantially since inception. In the 2019–2020 fiscal year the

pTPS provided service to 101 children and adolescents from 4 to

21 years of age (56% female). The Covid-19 pandemic impacted

referral to the service due to Canadian hospital restrictions of

surgeries as at least 72% of patients seen are surgical patients

(e.g., Orthopedics, general surgery). Another 4%, primarily

surgical patients, are referred from acute or chronic pain or pre-

anesthesia services. Referral patterns increased following initial

Covid-19 operating room shutdowns, with the pTPS seeing 156

new patients in 2021–2022 fiscal year. A portion of patients are

referred to the pTPS from medical specialties (e.g., oncology,

complex pediatric care, emergency medicine) (see Figure 2).

Most children required an average of 2.75 visits, with outliers

requiring as many as 10 visits due to case complexity.

As part of an enhanced recovery after surgery protocol, the

pTPS has contributed to reduction of hospital length of stay

(44, 49). Early discharge appeared to be challenging for families

initially, with patients reporting high pain over the first days at

home. According to patient and caregiver feedback, the use of

detailed instructions for home, including contact information for

the pTPS and regular follow up has resulted in improved pain

management in both the first few days and the first few weeks

and average length of follow up of 2 or 3 weekly visits for

scoliosis and pectus excavatum repair. Hospital lengths of stay

were 1–2 days for pectus excavatum and 2–3 days following

scoliosis repair. In the 2021–2022 fiscal year, 96% of respondents

completing our satisfaction survey felt the support they received

from the pTPS was good to excellent.

Approximately 30% of all new patients are referred to a pTPS

pain psychologist by the pTPS anesthesiologist, as identified by

clinical assessment or questionnaires as described above. A

portion (7.8%) of patients went on to be seen in the chronic pain
FIGURE 2

Referrals to the pediatric transitional pain service 2021-2022.
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clinic for ongoing interdisciplinary pain care in the 2019–2020

cohort, and only 2.6% in 2021–2022. This compares favorably to

the expected incidence of CPSP in most studies of 20% (3).
Discussion

Ideally positioned as a perioperative care link, and geared

towards patient-reported outcomes, the pTPS uses both parent

proxy and patient reported data to guide therapy and integrate

pain care. Particularly in the pediatric setting, including family

members in the development of a perioperative pain

management plan to help with understanding recovery and

difficulties with therapy can improve management.

Children seen by the pTPS have greater access to pain treatment,

including non-opioid medication, psychological consultation, and

mind-body therapies along with physical and occupational

therapies preceding and following surgery. The service offers close

opioid monitoring, appropriate tapering and emphasizes

psychological and physical pain management strategies through its

adherence to a biopsychosocial model of pain treatment. Using

perioperative pain management expertise, the service allows

discharging services to adhere to recommendations for limited

opioid prescribing (50), while ensuring appropriate follow up and

the ability to match opioid requirements to prescriptions.

Patients with chronic pain cost the Ontario healthcare system

50% more than those without chronic pain, an incremental cost of

$1,742 CDN in 2014 (51), or $2,191.01 today. Prevention of

chronic pain should reduce some of these costs. But robust

evidence for this is lacking. Costs of running a new service are

primarily related to personnel costs (52), offset by a reduction, for

example, of $10,490 per hospital day saved (53) by close pain

follow-up. Although the pTPS has seen significant increases in

patient numbers since its inception, the proportion of patients

seen by the chronic pain clinic following pTPS is well below the

established incidence of pediatric post-surgical chronic pain in the

literature of approximately 20% (3), and specifically 22% at our

institution (54). Offering virtual visits also results in cost savings

for families, and reduces the impact of parental leave from work.

The pediatric CPSP literature does not address which surgeries

increase risk (2), and referral patterns to our service may be unique.

However, adults having bone surgery appear to be at greater risk

for chronic pain (55), and most patients referred to the pTPS

undergo orthopedic surgery.

As our understanding of perioperative outcomes expands,

multiple areas exist for further research which benefit from an

established Transitional Pain Service. We know that patients and

their caregivers are interested in perioperative pain management

support, and that healthcare providers would like evidence-based

psychological therapies, prehabilitation, preventive medications

and new therapies in pediatric settings to minimize the chance of

persistent postsurgical pain (56). Referrers are often in busy

surgical clinics, and a validated, rapid checklist or screening

measure would facilitate their recognition of potential candidates

for pTPS, so that patients and their families can benefit from

pain education and the development of a pain management plan
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and support. Outcomes such as opioid dosing and duration, and

functional outcomes such as time to return to school, baseline

social engagement or to expected physical activities and long-

term consequences of their delay must be evaluated. Definitive

evidence of the efficacy of specific psychological therapies, such

as cognitive behavioral therapy or acceptance and commitment

therapy and of the pTPS to prevent or minimize the

development of chronic postsurgical pain in children, is needed.

The pTPS is uniquely situated to recognize children at risk for

developing chronic pain and to prevent its development, while

encouraging comprehensive pain management. Thus, a pTPS would

best be delivered by: (1) becoming a full capacity interdisciplinary

team including a pain psychologist, physiotherapist, and

occupational therapist to address all potentially modifiable risk

factors; (2) expanded access to remote, rural, and underserviced

areas and exposure of children to specialty pain care; and (3)

integration within all care pathways for children undergoing major

surgery and those vulnerable to the development of chronic pain

(e.g., complex care). As the first pTPS internationally to our

knowledge, we are poised to conduct research, assessing factors that

alter the postoperative course, and identify areas where intervention

may prevent the development of chronic pain.
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