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Objective: Intra-articular corticosteroid injections (IACI) have been shown to be effective at improving arthritis across juvenile idiopathic arthritis (JIA) categories. The American College of Rheumatology (ACR) recommends IACI use as primary and adjunctive therapy for JIA patients. However, there remains minimal data describing actual IACI use in North America. The objective of this study was to describe and to evaluate IACI use in JIA, utilizing the Pediatric Rheumatology Care and Outcomes Improvement Network (PR-COIN) registry.



Methods: Study participants from 13 sites were enrolled in the PR-COIN registry from 2011 to 2015. Demographic and clinical variables were summarized and Chi-squared and t-tests were used to evaluate differences between participants who did or did not receive IACI. Multiple logistic regression models were used to evaluate characteristics associated with IACI treatment.



Results: Our study included 3,241 participants, the majority of whom were white (85%), female (71%) and had oligoarticular JIA (39%). IACI was administered at least once in 23% of participants, the majority of whom had oligoarticular disease (52.5%), but overall use in oligoarticular participants was low at 30.8%. IACI use varied significantly between treatment centers and use was associated with oligoarticular disease, ANA positivity, and use of other systemic medications.



Conclusion: This study demonstrates that participants with JIA enrolled in the PR-COIN registry between 2011 and 2015 with persistent oligoarticular disease, ANA positivity, and use of other systemic medications were more likely to receive IACI. However, IACI use was lower than expected for oligoarticular participants.
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1 Introduction

Juvenile idiopathic arthritis (JIA) is one of the most common chronic rheumatic diseases of childhood, with a prevalence of approximately 1 per 1,000 population (1). The International League of Associations for Rheumatology (ILAR) classification includes seven JIA subtypes. The most common subtype, oligoarticular disease (≤4 joints involved), accounts for 50%–80% of all chronic arthritis cases in North America and Europe (1). Expeditious and effective treatment of JIA is required in order to relieve pain, promote growth, and prevent permanent functional disabilities and joint destruction (2, 3).

A variety of treatment modalities are available for use by the pediatric rheumatologist to arrest the inflammatory process and achieve disease control. The 2011, 2013, 2019 and 2021 American College of Rheumatology (ACR) JIA treatment guidelines have consistently recommended intra-articular corticosteroid injections (IACI) as a primary treatment for oligoarticular disease and as adjunct or bridging therapy for polyarticular disease, sacroiliitis, and systemic disease. IACI are often used in combination with other therapeutics including non-steroidal anti-inflammatory drugs (NSAIDs), conventional synthetic disease modifying antirheumatic drugs (csDMARDs), and biologic DMARDs (2–5). The variety of treatment options and lack of evidence to specifically recommend one treatment over another, which is highlighted by the ACR guidelines, has resulted in varying strengths of practice recommendations, and likely varying levels of adherence to these recommendations.

Evidence of the effectiveness of IACI in the treatment of JIA is based on a number of retrospective and prospective studies which define effectiveness as a prolonged period of inflammatory inactivity in the injected joint after treatment (6–10). However, achievement of disease inactivity and the duration of efficacy after IACI varies depending on JIA subtype, age, disease duration, antinuclear antibody (ANA) positivity status, concomitant systemic therapy, and preparation of intra-articular glucocorticoid used (7, 10–14). Furthermore, ACR guidelines and multiple studies demonstrate favor triamcinolone hexacetonide (TH) over triamcinolone acetonide (TA), as it has been shown to induce longer periods of remission in injected joints (4, 5, 9, 15–17). In two fairly recent studies, the response rate to IACI, which was defined as absence of arthritis at 6 months, ranged from∼50%–70% (9, 10). It would be expected, then, that many children require other therapies beyond IACI.

While these studies provide a foundation for treatment, and the initial 2011 ACR guidelines recommended IACI use, there is limited data on the actual clinical context in which IACI are utilized and the prevalence of use in a large population of JIA patients. Given this knowledge gap, the goal of this study was to evaluate the baseline use of IACI in the treatment of JIA in a large North American (United States and Canada) cohort. We examined the prevalence and predictors of IACI use in participants with JIA who were enrolled in the Pediatric Rheumatology Care and Outcomes Improvement Network (PR-COIN) registry between January 1, 2011, and July 31, 2015.

PR-COIN is a multicenter “Learning Network” in North America that uses quality improvement methods to develop and evaluate JIA management strategies, with a goal of improving disease outcomes for children with JIA. The network focuses on collection of data that can be used at the point of care to inform treatment decisions, with an emphasis on close partnership with patients and their families. Implementation of interventions proven to improve chronic illness care – for example pre-visit planning, population management, and shared decision making – and how such interventions impact disease outcomes is a priority (18). While PR-COIN has an established goal to administer IACI in a timely fashion, within 2 weeks of identified need, there has not yet been a network-wide initiative around the use of this treatment modality. This study, then, serves to shed light on baseline treatment patterns within the network. It helps identify known but important gaps in data collection and helps frame the need for future work on how treatment decisions ultimately impact outcomes.



2 Methods


2.1 Population

De-identified data for all children with JIA enrolled in the PR-COIN registry from 2011 inception through July 2015 were extracted and analyzed. Any patient with JIA at a participating PR-COIN center was eligible for enrollment in the registry though the actual process of enrollment varies by center. For example, some centers require patient consent to enroll while others do not. Notably, registry enrollment occurred between 2011 and July 2015 though participants may have been diagnosed or received treatments prior to their enrollment. Treatment information reported reflects treatments administered during this time frame from 2011 to 2015, or prior to enrollment when reported. Because data was de-identified, analysis and results could not include specific dates as only days/months from an unknown referent date were provided.

This project was approved by the Institutional Review Board (IRB) and not considered human subjects research. Data included patient demographics, ILAR subtype, diagnosis and encounter dates (listed as days from referent point), ANA positivity status, and treatments. Treatments captured included: any NSAID, IACI (triamcinolone acetonide, triamcinolone hexacetonide, and other), non-biologic DMARDs (azathioprine, cyclosporine, hydroxychloroquine, leflunomide, methotrexate, sulfasalazine, and other) and biologics (abatacept, adalimumab, anakinra, canakinumab, certolizumab, etanercept, golimumab, infliximab, rilonacept, rituximab, tocilizumab, and other). Data from participants enrolled at 12 out of 13 eligible medical centers were analyzed; one center did not have IACI data available and was therefore excluded. For some participants who had discrepant diagnosis dates, the earliest reported date was used.



2.2 Statistical analysis

Demographic and clinical factors were analyzed for differences between those who received at least one IACI and those who did not receive any IACI using Chi-square tests and t-tests for categorical and continuous measures, respectively. Multiple logistic regression models, along with odds ratios and 95% confidence intervals, were used to investigate demographic or disease features associated with the odds of receiving IACI. Site, age at diagnosis, ANA status, ILAR code, race, ethnicity, NSAID, DMARD, and biologic DMARD use were selected a priori as relevant factors to be included in the model. Some participants received more than one IACI, so analysis was run using both minimum and maximum assumptions for administration, meaning that when there was a report of IACI use in the data, but no date was listed, the minimum assumption was that the missing date was one of the subject's other non-missing date values. The maximum assumption was that each missing date was assumed to be a unique date. As these results were without significant differences, the minimum IACI use assumption results were reported. When there were missing, unknown, or incomplete data, these were excluded from the regression model. R (R Core Team) Version 4.0 was used for all analyses. P-values less than 0.05 were considered statistically significant.




3 Results


3.1 Registry data and population demographics

There were 3,241 participants enrolled in the PRCOIN registry from 2011 to 2015 and included in the analysis, with 14 participants excluded for incorrect or missing data. The majority of registry participants were from the United States (81.5% vs. 18.5% from Canada), White (85%), female (71%), and had oligoarticular disease (39%, persistent and extended), similar to previously reported North American characteristics of participants with JIA (Table 1) 0/0/00 0:00:00 AM (19, 20). Persistent oligoarticular participants were defined as those with ≤4 joints involved, while extended oligoarticular participants were those whose joint count extended to involvement of >4 joints after the first 6 months of their disease. There was some variability of ILAR subtype by site (Supplementary Table S1). Patient duration in the registry varied, with 23.6% (765/3,241) having only one visit recorded, 29.5% (956/3,241) enrolled in the registry for less than a year, and 46.9% (1,519/3,241) enrolled for a year or more. Time from diagnosis to first registry encounter was 48.4, 48 months (mean, SD), meaning many patients were enrolled well into their diagnosis.


TABLE 1 General demographic and disease/treatment features of PR-COIN registry participants from 2011 to 2015.
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3.2 IACI Use

Twenty-three percent (747/3,241) of participants received one or more IACI, with TH being the corticosteroid formulation used most often, accounting for 61.3% of IACIs given (513/836). The median time to first captured injection for those who received IACI treatment was 28 months (range 25–230 months) after diagnosis. Retrospective treatment data was not required for registry enrollment so there are likely instances of IACI prior to what was captured. Negative values reflect IACIs received before participants were enrolled in the registry but after their initial diagnosis. IACI was the least commonly used treatment, with other treatments (NSAIDs, DMARDs, and biologics) being used in a greater percentage of participants overall (Table 1), keeping in mind that individual participants may receive multiple therapies either in sequence or concurrently. Data for sequence of medication, or multiple medications administered within the same class, for example repeat IACI use, was limited and incomplete so was not included in this analysis.

The majority of IACI were administered in participants who had oligoarticular disease, which accounted for 52.5% (391/745) of the IACI use (Table 2). However, considering that IACI is a main treatment modality recommended in this subtype, then the overall use in participants with oligoarticular disease remained low, with only 30.8% (391/1,269) of participants with oligoarticular disease receiving IACI. This indicates that 69.2% (878/1,269) either did not receive IACI therapy or that this was not captured. For participants with polyarticular disease (rheumatoid factor positive and negative), 21.6% (228/1,055) received IACI, followed by 18.7% (41/219), 13% (42/398), 10.5% (22/208), and 13% (11/84) for patients with psoriatic arthritis, enthesitis related arthritis, systemic JIA, and undifferentiated disease respectively.


TABLE 2 Comparison of features for patients who did vs. did not receive intra-articular corticosteroid injections.
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There were statistically significant differences among those who did vs. did not receive IACI by center, indicating that treatment practices may vary among clinical sites (Table 2). For example, less than 10% (5/51) of those at site B received an IACI compared to just over 30% (145/475) at site A (Supplementary Table S2). There was no statistically significant difference between sites based on country (United States vs. Canada). When centers were grouped by region, there was a detectable difference, with centers in the United States Midwest demonstrating the highest rate of IACI use (206/658 = 31.3%) and US western centers demonstrating the lowest use (30/300 = 10.0%) (Table 2).

There were also notable differences for IACI use based on duration in the registry. Participants with only one visit recorded in the registry (64/765 = 8.4%) or less than 1 year of registry participation (186/956 = 19.5%) demonstrated lower IACI use compared to participants in the registry for a year or more (497/1,519 = 32.7%) (Table 2).



3.3 Characteristics of IACI recipients

There were statistically significant differences for IACI use by patient ILAR subtype, gender, race, and ANA status (Table 2). The use of NSAIDs and DMARDs was greater among those who received IACI as compared to those who did not, while biologic use between the groups was similar.

Similarly, when accounting for these various characteristics through a logistic regression model, we found that treatment center, ILAR category, ANA positivity, and use of other systemic medications were associated with greater odds of receiving IACI (Table 3). Participants with persistent oligoarticular disease expectedly had the highest odds of receiving IACI treatment, when adjusting for all the other factors in the model.


TABLE 3 Logistic regression p-values and odds ratios for significant comparisons.
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4 Discussion

The goals of treatment for patients with JIA encompass the use of safe, timely, and effective medication to achieve disease control. Ultimately, understanding which therapies are most effective for which patients will inform medical decision-making and lead to improved clinical outcomes. Achieving this goal requires rigorous comparative effectiveness studies, designed in an informed, data driven manner. This study, a secondary analysis of existing data from the PR-COIN registry, is a first step in understanding how IACI are being used in clinical practice and whether there are predictors of their use. This, in turn, can help shed light on what other factors that may contribute to use should be captured and evaluated in future studies.

In this study, we observed that prevalence of IACI use varied by treatment center. When comparing centers in the United States vs. Canada, we did not observe a difference in use; however, when divided further to include regions within the United States, there were observed differences. This may indicate that therapy decisions are driven less by insurance coverage or availability of medication, for example, as these would likely differ more between countries. Rather, perhaps there are factors driven by local culture, number of providers at a center, availability of ancillary services such as pediatric anesthesia and child life specialists, and whether the hospital is a teaching/training institution.

Our cohort, which includes prevalent cases of JIA enrolled in the PR-COIN registry between 2011 and 2015, captures a time period of IACI use prior to and during the early stages of the ACR guidelines for IACI use. Given the mean time from disease diagnosis to registry enrollment (48.4 months), treatments administered shortly after diagnosis, which may well have been IACI use, were often not captured in the registry with enough detail to evaluate in this analysis. Thus, it is not unexpected that we observed IACI use to be overall lower than recommended by the ACR guidelines, particularly in those with oligoarticular disease. We also found that other medications including NSAIDs, biologics and conventional DMARDs were associated with treatment with IACI, which we interpret to mean that within this cohort, IACI were not the primary treatment modality in most cases but rather an adjunct therapy. This may indicate that IACI do not necessarily alleviate the need for additional rheumatologic treatments to achieve disease control but are used often as bridging or adjunct therapy, a concept that is supported by other studies (9, 10). This consideration is further corroborated by Papadopouluo et al., who demonstrated that IACI may be utilized as bridge therapy while awaiting systemic therapy to take effect and have been shown to be effective even in polyarticular patients with the benefit of avoiding or limiting systemic corticosteroid therapy and its side effects (21).

Regarding selection of injectable corticosteroid medication, in the PR-COIN registry, TH was used at a higher rate than TA. This finding likely indicates a preference for this medication when available, as our data represents a time period when TH was still widely available in the US, prior to its discontinuation in 2015. These findings are in line with the available literature, both historical and recent, which shows a clear benefit in terms of longevity of efficacy for IACI with TH over TA (9, 17, 22). Given the clinical superiority of TH, one might question why it did not account for an even greater percent of IACI in our cohort.

Further, we sought to understand which participants received IACI most frequently in the PR-COIN registry. In this study, we observed differences in recipients of IACI by ILAR code, gender, race and ANA status. This matches what might be expected, with use being higher for oligoarticular disease, more common among females and those who are white, which accounts for most patients with JIA and in particular those with oligoarticular disease, and among those who are ANA positive, with ANA positivity being most common in the oligoarticular subtype. Using a logistic regression model, we identified potential predictors of IACI use which included: treatment center, ILAR category, and ANA positivity. This similarly aligns with what we would expect.

Finally, the majority of the available literature surrounding IACI use focuses on predictors of disease course after injection. However, there has been limited evaluation of predictive factors for the use of IACI as a first line of treatment in JIA, despite evidence to suggest that IACI were most effective for young JIA patients with a short disease course (20). Thus, further evaluation of which patients are most likely to both receive and benefit from IACI early in the disease course is warranted. This gap in the literature, in combination with our study results, suggest there may be under-utilization of IACI in this population of JIA patients, and advocates for the increased use of IACI early in the disease course, whether as mono-therapy or in combination with other treatment modalities.

The PR-COIN registry during the study period encompassed 13 centers with a focus on care and outcomes improvement. Considering the generalizability of our findings, the demographic characteristics of our cohort are similar to demographics of other large North American databases, demonstrating that patient enrollment is likely representative of the JIA population (23). However, given the time period of the study, this dataset may under-represent medication use including IACI, as data collection of this type was not a primary focus of the registry at that time. The network emphasizes using data collected at the point of care, with data collection being performed on a voluntary basis. As such, data elements that directly capture outcomes such as the patient and provider assessment of disease activity are prioritized. While medication data such as IACI use is also captured, there are known gaps in the completeness of this data within the registry. Given that data entry and enrollment practices differ among centers, such variability could account for some of our findings.

It is also important to acknowledge that actual treatment decisions may differ from guidelines due to a number of factors, including patient/family preferences and systems of care. For many pediatric patients, joint injections are performed under sedation so availability of sedation and space and time allocation for rheumatology procedures could be a factor. There may be center or regional differences in who is trained to perform injections. Ultimately, then, how closely actual treatments mirror what might be expected can be influenced by a number of factors beyond treatment guidelines. Such factors would ideally be captured in future work on this subject.

Since 2015, the PR-COIN network has continued to grow and has expanded efforts for data collection, incorporating standardized practices with electronic medical record (EMR) integration, which in the long term is likely to lend to a more clear understanding of medication use and potential associations to patient disease outcomes. This creates an opportunity for future research endeavors utilizing this robust registry. It also allows opportunity for collaboration. PR-COIN does not specifically intend to perform robust comparative effectiveness trials related to medications, though such trials are certainly needed to understand what treatment modalities might result in the best outcomes. PR-COIN is situated to help shed light on the gaps that need to be better studied and also to ultimately understand how implementation of recommended treatment strategies and quality improvement initiatives might affect outcomes over time.


4.1 Limitations

A notable shortcoming of this study is selection bias. Only patients with JIA who were enrolled in the PR-COIN registry were included, and it is possible that these patients are not representative of all patients with JIA. Additionally, there is very likely variability in registry enrollment patterns and data completeness between sites. At some centers, all providers help enroll patients while at other centers it may be only a limited number of providers who enroll their patients. Enrollment and data entry at the time of this study was primarily done through manual extraction, and there is no available information to capture what percent of the total JIA population from participating centers is represented by enrollment during this time frame. Furthermore, as previously noted, during this study period instances of IACI use for those in the registry may have been missed. This could be because IACI were given prior to registry enrollment, without retrospective treatment data necessarily being entered, and/or because only a short part of the patient course was captured in the registry, with over half of participants having been enrolled for less than a year. In any disease cohort, capturing the entirety of their course, including treatment given prior to enrollment and disease outcomes after treatment is an ideal but often difficult to achieve goal. Again, comprehensive, longitudinal treatment data and specific outcomes related to each treatment modality was not the primary objective for PR-COIN, though is of course desirable. This data set has additional limitations including lack of documentation of which joints were affected and/or injected and whether the same joint was injected repeatedly, which would lend to the depth and understanding of IACI use across the patient disease course. Further, limitations in available start dates for the various treatment modalities limited our ability to understand the relationships between treatments and their impact on disease control. Presumably, if a patient had well-controlled disease then joint injections and/or other treatment modifications would not be needed and so perceived underutilization of treatments could stem from our inability to determine disease activity and disease outcomes in relationship to treatment in this population.

In July 2015, PR-COIN transitioned to a new registry platform, creating some discontinuity in data. We therefore chose to analyze data only from the initial registry. Furthermore, in 2015 the production and availability of TH in the United States was discontinued; thus, comparing use of IACI before and after this time period could create limits in interpretation of IACI use and efficacy. We would predict a decline in IACI use in general after 2015. Another shortcoming, inherent to secondary analysis of existing data, is the fact that there may be additional confounding covariates that are not accounted for in the current data set.



4.2 Future directions

The PR-COIN network has continued to grow and expand since the period evaluated in this analysis and now encompasses over 8,500 patients with JIA. Transition to a new registry platform occurred in late 2022, with aspirations for more complete EMR integration. There are improvement efforts underway which will allow for more robust, detailed, and equitable data collection. As the network continues to focus on patient outcomes, standardization, and guideline-based care practices, this will allow for deeper examination of the relationship between treatment selection and duration of treatment in relation to clinical outcomes. In light of PR-COIN's focus on patient engagement, it will be important to consider how demonstration of treatment efficacy may influence treatment decisions. For example, patients and parents might wish to avoid systemic therapies when working to obtain disease control. Thus, a better and more direct understanding of the effectiveness of IACI compared to other treatments could influence a patient's acceptance of and adherence to recommended treatments. Further, a comparative analysis of historical and current IACI use practices may allow for deeper understanding of treatment practice changes over time and any potential relationship to patient disease outcomes.




5 Conclusion

In summary, this study highlights that the PR-COIN registry is a suitable representation of the North American JIA population, and analysis of registry data is able to provide meaningful insights on disease treatments utilized in patients with JIA. Within the registry from 2011 to 2015 we found that patients with persistent oligoarticular disease, ANA positivity, and use of other systemic medications were more likely to receive IACI. Utilization patterns also varied by treatment center. Overall, prevalence of IACI use was lower than might be expected, in particular for those with oligoarticular disease, though the timing of our study in relation to published guidelines needs to be considered. Our findings highlight variability in treatment and that there are likely multiple factors contributing to treatment decisions throughout the disease course. Ultimately, understanding how these treatment decisions impact outcomes and whether standardization results in better outcomes is imperative. PR-COIN is well situated to shed light on this moving forward.
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Any biologic use 1,495 (46.1%)
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