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Overview: Children with developmental disabilities (DD) and associated intellectual disability are at risk of their pain being ignored, misunderstood, and/or undertreated. This symposium aims to advance the scientific understanding of pain specific to individuals with DD. Pain assessment and management is an especially complex task for children with DD and associated motor, sensory, and/or communicative impairments. There is reason to suspect that children with DD experience a great deal of pain from multiple sources and procedures, yet children with DD often have challenges in communication, making self-report of pain difficult and sometimes impossible. This can be exacerbated when healthcare providers do not know how to talk to people with DD about their symptoms. Further, individuals with DD may be less able to effectively cope and care for themselves when in pain, rendering them highly vulnerable. Clinicians often have little expertise in identifying and treating pain in this complex population and may be hesitant to provide treatment, especially when the person is already taking other medications. Finally, there is some evidence that individuals with DD may be more sensitive to pain than their peers. This is especially troubling when a persisting belief among clinicians and caregivers holds that individuals with DD are less sensitive or indifferent to pain. Given these serious issues complicating the pain assessment and management of this vulnerable population, it seems warranted to organize a specific symposium focused on addressing the problems of pain in individuals with DD by providing the field an update on current research and findings from three ongoing projects including biomarkers and their association with pain status and clinical characteristics in a cerebral palsy (CP) sample, characterizing sensory profiles and chronic pain in CP, associations between self-reported pain and observed behavioral reactivity during a sensory test in youth with CP, and parent-child interactions in relation to pain expression in children with global developmental delay.
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Paper Title: Inflammatory Biomarkers, Pain Experiences, and Health in Children with Cerebral Palsy
Authors: Alyssa Merbler, Chantel Burkitt1,2, Michael Erhardt, Angela Panoskaltsis-Mortari, and Frank Symons*
Introduction: Chronic pain is a well-recognized but poorly understood public health problem in cerebral palsy (CP), the most common cause of childhood physical disability.1 There is an established literature examining levels of individual cytokines related to pro- and anti-inflammatory processes in CP, demonstrating cytokine dysregulation and associations with pain status.2 An emerging perspective, however, suggests assessing the equilibrium of inflammatory processes in the body by examining ratios of pro- to anti-inflammatory (PI:AI) cytokines.3 This has yet to be examined in cerebral palsy. The purpose of this study was to examine PI:AI ratios and their relationship to pain and other health factors in children with CP. 
Method: As part of a larger study related to pain and sensory function in CP, 345 participants with CP aged 5-21 years (mean = 12.4 years, SD= 4.7; 42% female) were recruited using stratified-random-sampling and had saliva samples available for analyses. Caregivers completed several questionnaires related to health and a semi-structured interview on the child’s current pain experiences, including pain in the last seven days (acute pain) and the frequency of chronic pain (daily, intermittent, none). We examined nine previously-published PI:AI ratios (IL2:IL4, IL2:IL10, IL6:IL10, IL1ß:IL10, TNFα:IL-4, TNFα:IL-6, TNFα:IL-10, IFNɣ [interferon gamma]:IL-4),4-6 with age, sex, gross motor function, surgical history, preterm yes/no, CP cause, chronic pain frequency, acute pain, and time frozen to control for any sample degradation as predictors in individual linear regression models. We used backwards elimination and Akaike Information Criterion (AIC) values at each step to reach the final model.
Results: Findings suggest PI:AI ratios were related to gross motor function, age, sex, and cause of cerebral palsy. Age was significant for almost all ratios, as was gross motor function, with the highest level of motor impairment associated with ratios skewed towards pro- vs. anti-inflammatory levels. Chronic pain was significant for ratio (IFNɣ:IL4). Participants with intermittent vs. no or constant chronic pain had ratios skewed towards PI. While acute pain was not significant in any model, it was retained in the majority of models due to lowering the AIC of the model.
Discussion: A ratio approach better characterizes the state of inflammatory homeostasis in children with CP than individual molecular analysis alone. This study identified several health- and pain-related variables related to PI:AI ratios. While chronic pain frequency was significant for only one ratio, it was retained in several models due to its contribution to a lower AIC. Other ways of representing pain (e.g. duration, intensity) may provide more insight and should be examined in the future.
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Paper Title: Creating Behavioral Response Profiles to a Modified Quantitative Sensory Test in Children with Cerebral Palsy
Authors: Alyssa Merbler, Chantel Burkitt1,2, Darin Erickson, Donald Simone, & Frank Symons
Introduction: Cerebral palsy (CP) is an umbrella condition affecting muscle tone, movements, and sensory function.1 There is significant heterogeneity in sensorimotor function, however, with implications for pain management and quality of life. Direct measurement of contributors to pain may elucidate the pathophysiological mechanisms underpinning these experiences. This has been done in other clinical pain populations (e.g. neuropathic pain),2 including creating sensory reactivity profiles to tactile stimuli, but is almost non-existent in the literature for CP or other DD populations. Previous work has demonstrated the utility using a modified quantitative sensory test (mQST) to examine behavioral reactivity (BR) to different tactile stimuli to assess sensory experiences across the range of function in CP.3 Therefore, our goal was to implement the (mQST) to test the feasibility of creating sensory reactivity profiles from a large, randomly-selected clinical sample of individuals with CP and descriptively examine pain and clinical variables in relation to the generated sensory profiles.
Method: Participants with a diagnosis of CP aged 5-21 years were recruited as part of a larger study using a proportional stratified sampling approach based on CP type (e.g. spastic, mixed). At the time of analysis, 188 participants had completed mQSTs with scored BR (mean age = 12.6yrs, SD = 4.9; 49% female). Acute and chronic pain experiences were collected from caregivers using a semi-structured interview. The mQST consisted of six calibrated tactile stimuli (light touch, pin prick, cool, pressure, repeated Von Frey, and heat) and sham trials applied to the calves of each participant and was video recorded for later scoring. Observational coders scored BR for each application based on a modified Face, Leg, Activity, Crying, Consolability system (FLACC; score range 0-10 per application).4 Scores on each leg were averaged for latent class analysis (LCA). LCA model selection balanced model fit and parsimony, with a minimum class size of  >5% of the sample. Once selected, pain and clinical variables were described within and across classes.
Results: Of the188 participants included, 175 participants had data for the LCA. Based on model selection criteria, the 6-class solution was selected for further analyses. Classes ranged from relatively flat BR across stimuli to relatively reactive patterns specific to different stimulus application modalities. For example, several subgroups had elevated reactivity to pin prick and the repeated Von Frey compared to other stimuli. Class 1 was the largest class, including 40% of participants, with a pattern of low, undifferentiated BR across stimuli and no stimulus terminations. Class 5 had the highest BR of any class across all stimuli, and Classes 5 and 6 had all but one participant terminated repeated Von Frey. BR for Class 6 was reduced but followed the same pattern as Class 5 with an elevated response for pin and substantial, increasing reactivity to repeated Von Frey, resulting in termination of repeated for all but one participant.
There were high levels of both acute and chronic pain across classes (up to 86% within class). Unlike all other classes, though, Class 6 had a majority specifically reporting recent musculoskeletal pain (e.g. spasms, muscle pain). By percentage for chronic pain frequency, Classes 1, 4, 5, and 6’s highest response was daily chronic pain (36.2 - 54.5%). Class 2 had equal levels of intermittent and daily chronic pain as the highest answer (40%). Class 3 was the only class to have no chronic pain as the most common response (42.9%).
Discussion: This study demonstrated the ability to subgroup participants with CP based on observable BR to tactile stimuli, offering a promising approach to understanding the nature of sensory function and chronic pain. Classes ranged in the amount of BR to each stimulus, demonstrating the variability of sensory profiles within CP. While not formally tested, acute and chronic pain experiences may differ across groups and be related to sensory function. Addressing the heterogeneity problem of sensory experiences in CP could be accomplished by testing subgrouping approaches and multidimensional contributors to pain experience through phenotyping (i.e., directly measuring observable characteristics predictive of inter-individual variability). Analyses for the future, full-sample study will include these variables as predictors in the models to identify what demographics significantly vary by class.
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Paper Title: A Preliminary Comparison of Self-Reported Pain and Observed Behavioral Reactivity During a Modified Quantitative Sensory Test in Youth with Cerebral Palsy
Authors: Chantel Burkitt1,2, Alyssa Merbler1, Liz Boyer1,2, Riley Stone2, Frank Symons1
Introduction: Quantitative sensory testing (QST) is an approach used to investigate the integrity of the peripheral nervous system and detect enhanced pain sensitivity. Previous investigations of QST in cerebral palsy (CP) have either restricted inclusion criteria to individuals without cognitive impairment, relying on self-report, or have used a modified QST (mQST) approach across communication and motor abilities, scored via observed behavioral reactivity. In youth with CP, we aimed to test 1) whether self-reported pain scores were associated with observationally scored behavioral reactivity during mQST, and 2) whether pain or behavioral reactivity (BR) scores varied by age, communication level, cognitive impairment (CI) status, trait anxiety, or chronic pain presence.
Method: A cohort of 29 children and adolescents with CP (“youth”; mean age = 13.3 years [SD =2.6, range 9-18], 66% male, 79% ambulatory, 34% mild cognitive impairment, 10% moderate cognitive impairment) were enrolled as part of a larger ongoing study. Parents completed the communication subscale of the Adaptive Behavior Assessment Scale (ABAS-3). A subscale scores of ≥7 were required for eliciting self-report and inclusion in these analyses. Parents also completed the Communication Function Classification Scale (CFCS) and the Dalhousie Pain Interview (DPI). Parents and youth completed the State-Trait Anxiety Inventory (STAI). The mQST was conducted by applying an array of calibrated tactile or acute nociceptive stimuli to the back of the calves. After each stimulus, youth were prompted to report if they felt any pain and, if so, rate the pain (0 = no pain at all, 10 = worst pain ever). BR associated with the application of each stimulus was observationally scored from video using a modified Faces, Legs, Activity, Cry, Consolability, (FLACC) scale. For the purposes of this preliminary study, p < 0.10 was considered significant to minimize Type II error.
Results: Eight (28%) youth reported no pain for any of the stimulus applications. Six youth (21%) terminated a stimulus application early. Median pain ratings associated with terminated stimuli were 4/10 for heat and 7/10 for repeated von Frey monofilament application. A portion of pain ratings were in the moderate-to-severe range (≥4) for applications of light touch (3%), heat (14%), pin (21%), pressure (24%), and repeated von Frey (24%). Self-reported pain during mQST was higher than BR (V = 33, p < .001); rank correlation was weak and non-significant (ρ = 0.23, p = 0.23). Youth able to communicate effectively with unfamiliar partners had higher odds of reporting moderate-severe pain (≥4; OR = 5.03, p = 0.09). Youth self-report, but not parent-report, of trait anxiety was moderately associated with self-reported pain (ρ = 0.33, p = 0.09). No additional participant characteristics were associated with self-reported pain or BR.
Discussion: Youth in this sample rated pain during mQST higher than was reflected by observational BR scores, with limited agreement between the two measures. While BR did not vary by participant characteristics, youth with CP who had stronger communication skills and higher anxiety reported greater pain. This incongruence likely reflects the subjective and complex nature of pain, which encompasses emotional, social, and cognitive components. Observationally coded BR may better reflect tactile or nociceptive sensitivity. These findings highlight the need for further investigation of mQST as an outcome measure.
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Paper Title: Parental Pain Catastrophizing and Pain Experience/Expression Among Young Children with Developmental Disabilities 
Authors: Breanne Byiers, Alyssa Merber, Chantel Burkitt, Andrea Huebner[footnoteRef:3], & Frank Symons [3:  Mayo Clinic] 

Introduction: Children with developmental disabilities (DD) experience more painful procedures and chronic pain conditions but are less likely to receive adequate pain management than their peers.1 The social communication model of pain suggests that parents play a key role in socializing children’s pain experiences and expression.2 Among children with DD, parents also play a key role as decision-makers and advocates when seeking pain treatment.3 Nevertheless, very little is known about how parents judge or respond to pain among children with DD. The current study evaluates the degree to which parental pain catastrophizing, a well-studied psychological construct associated with pain judgment and expression in other populations,4 correlates with parental report of chronic pain status and pain ratings, and directly observed behavioral reactivity during an acute pain event among young children with DD.
Method: Participants included children with DD aged 18-83 months scheduled for a blood draw at participating clinical sites and their parents. Parents completed the Pain Catastrophizing Scale for Parents5 and a semi-structured interview regarding their child’s acute and chronic pain, including presence/absence of chronic pain, pain severity ratings (0 to 10 scale) for the worst source of chronic pain during the previous 7 days, and perceived pain severity during the venipuncture, among other measures. Behavioral reactivity was coded from video recordings of the blood draws using a standardized observational scale.6 Questionnaire data were available for 102 dyads (mean child age = 48 months, SD = 19; 64% male, 36% with reported chronic pain), of whom 60 (mean age of children: 48 months, SD = 18; 67% male, 37% with reported chronic pain) also had coded observational data. Data were analyzed using generalized linear/mixed models predicting each pain outcome with parent pain catastrophizing scores as the primary independent variable (controlling for child age, parent and child sex/gender, clinical diagnosis, gross motor and expressive language abilities, and difficulty of venous access for acute pain variables).
Results: S For parent-reported pain, higher parental catastrophizing scores were associated with presence of chronic pain but not severity of chronic or acute pain. For observed behavioral reactivity scores, there was a significant interaction between catastrophizing scores and the presence of chronic pain, such that there was no association between parental catastrophizing and behavioral reactivity among children with chronic pain, but higher catastrophizing was associated with lower overall reactivity among children without chronic pain.
Discussion: The results are somewhat consistent with the existing literature in that they suggest that parental pain catastrophizing may be an important psychological factor in understanding pain judgments and pain socialization among parent-child dyads with and without DD, although the specific patterns of association may vary according to chronic pain status and acute vs. chronic pain. The results specific to behavioral reactivity during acute pain suggest that the presence of chronic pain may affect pain expression in young children with DD, potentially through parental recognition of and response to pain signs, but additional work in larger samples and with different measures/contexts is needed to replicate the results.
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