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Abstract 

Objective  To determine whether and how often the information to measure a set of key performance indicators 
(KPIs) in juvenile idiopathic arthritis (JIA) is found in data collected routinely in a Pediatric Rheumatology Clinic.

Methods  A retrospective electronic chart review and administrative data analysis was conducted for a cohort of 140 
patients with JIA at a tertiary Pediatric Rheumatology Clinic between 2016–2020. The set of KPIs include measuring 
patient outcomes (joint assessment, physician’s global assessment of disease activity, assessment of functional ability, 
composite disease activity measurement), access to care (waiting time between referral and first visit, visit with the 
rheumatologist within the first year of diagnosis, annual follow-up visits with the rheumatologist), and safety (tubercu-
losis screening, and laboratory monitoring). Documentation was assessed as a binary variable indicating whether the 
required information was ever found. Documentation frequency for each KPI was assessed with counts and percent-
ages of the number of times the required information was documented for each clinic visit. Compliance with the 
safety KPI definitions was assessed using administrative databases.

Results  Data for each KPI were found at least once in the cohort and documentation varied in frequency and consist-
ency. Access to care and safety KPIs were documented more frequently than patient outcome KPIs. A joint assessment 
was documented at every visit for 95% of patients, 46% for an assessment of pain, and none for a physician’s global 
assessment of disease activity, an assessment of functional ability, or a composite disease activity measurement.

Conclusion  Although feasible to measure, there is an opportunity for improving the consistency of documentation. 
Having an active system of monitoring KPIs and tools to simplify measurement is a key step in the process toward 
improved patient care outcomes. Streamlining the collection of KPI data can increase the likelihood of compliance. 
Next steps should involve replicating this study in various centres.
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Introduction
Juvenile idiopathic arthritis (JIA) is one of the most com-
mon chronic childhood rheumatic diseases [1]. Approxi-
mately 0.1% of children in Canada have JIA [2]. Without 
prompt diagnoses and treatment, patients with JIA expe-
rience persistent joint pain, swelling, and stiffness which 
leads to permanent disfigurement and disability. 

The Understanding Childhood Arthritis Network 
(UCAN) CURE team is a multicentre, international pre-
cision health program which examines biology-based 
treatment strategies for JIA. The UCAN CURE team 
developed a set of 10 key performance indicators (KPIs), 
consistent with current Canadian and international clini-
cal guidelines, (and can be) used to assess the quality of 
care for JIA [3]. These indicators provide measurable 
parameters to assess processes, structures, and outcomes 
[4] that reflect the quality of care that a patient receives. 
KPIs provide data to support interventions which reduce 
“unwarranted variability” in practice and care[3, 5]. The 
UCAN CURE process KPIs are grouped into three cat-
egories: measurement of patient outcomes, access to 
care, and safety (Table 1). The access to care KPIs (visits 
during the first year of diagnosis, annual follow up visits, 
and waiting times for rheumatological consultation) were 
previously examined and gaps in waiting times for older 
JIA patients were identified [6, 7], but there have been no 
studies assessing the feasibility of measuring the full set 
of 10 JIA KPIs using routinely collected and readily avail-
able clinical data.

Evaluating the feasibility of measuring and reporting 
these KPIs will identify if these KPIs can be easily moni-
tored using standard documentation in routine clinical 
visits. Having KPIs that are easily measured using readily 
collected data and then reported is a critical step toward 
transparency and accountability in delivering high qual-
ity patient care and improving patient outcomes. Meas-
uring improvements for change in the quality of patient 
care can provide relevant information to induce qual-
ity improvements [8]. The objective of this study was to 
determine whether the required information to measure 
the set of JIA KPIs is found in data routinely collected in 
a Pediatric Rheumatology Clinic captured in the central-
ized electronic data capture system, and report on the 
frequency of documentation for each KPI.

Patients and methods
Cohort selection
Patients were identified from the Alberta Children’s Hos-
pital (ACH) Pediatric Rheumatology Clinic, a tertiary 
practice and academic centre including seven pediatric 
rheumatologists providing care for pediatric patients 
up to (and including) the age of 17. The clinic provides 
multidisciplinary care; patients can access care from 

pharmacists, physiotherapists, registered nurses, rheu-
matologists, and social workers.

This project leveraged a dataset collected in a previ-
ous research study [9, 10], which identified a JIA cohort 
from the ACH using an administrative data algorithm 
[11] for JIA and confirmed diagnosis by cross-referenc-
ing JIA diagnosis in Calgary’s acute care electronic stor-
age system – Sunrise Clinical Manager (SCM). When 
the diagnosis was unclear, the research team consulted 
a pediatric rheumatologist and patients were excluded 
if their diagnosis was secondary to another disease. The 
previous study chose the highest sensitivity case ascer-
tainment algorithm to validate JIA diagnosis between 
2011 and 2019. This two-step process was applied to 
increase the probability of all relevant patients being 
included in the cohort. As one visit would not adequately 
reflect a pattern of care for routinely collected data, each 
patient required a minimum of two clinic visits for inclu-
sion into the cohort. Data collected within SCM consists 
of a summary of the clinic visit: consultation notes, nurs-
ing notes and pharmacy notes.

Of the 392 JIA patients at the ACH Pediatric Rheu-
matology Clinic, a subset of 140 patients met the inclu-
sion criteria of having a JIA diagnosis and first visit with 
a pediatric rheumatologist at the clinic between January 
1st, 2016, and December 31st, 2018. This period of diag-
nosis was chosen to provide the most recent KPI perfor-
mance levels as well as sufficient time for follow-up to 
capture reporting patterns. Patients were followed from 
January 1st, 2016, to March 13th, 2020. Additional data 
were collected to complete the information required for 
each KPI listed in Table 1.

Ethics approval was obtained from The Conjoint 
Health Research Ethics Board, University of Calgary 
(REB19-0471).

Data sources
Sunrise clinical manager
This study aims to measure the data captured on the 
centralised electronic system (Sunrise Clinical Manager 
(SCM)). Additional data may be captured outside of this 
system as part of routine research and clinical care, thus 
this is not a measurement of physician performance. 
Data for each KPI were extracted from AllScripts Sunrise 
Clinical Manager (SCM), the Calgary-wide electronic 
storage system used for medical records [12]. This sys-
tem was chosen because it was the data source used in 
Calgary during the time of the study, and is the centrally 
accessible digitized summary of the in-clinic visits. SCM 
provides summary documents and clinical notes for each 
clinic visit, and the official record of the clinic visit. Infor-
mation from the clinic visits is dictated by the physician 
(or other clinicians) and the visit letter is entered into 
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SCM. There is also a central paper medical record at the 
hospital, which also receives the dictated letter, and may 
contain other non-clinic visit related information on the 
patient. In terms of in-clinic paper records, some other 
information may be stored that is not in SCM, for exam-
ple of referral letters or some patient reported outcome 
measurements collected during routine clinical visits. 
SCM represents the official record of the clinical visit. 
This study focussed on the readily available electronic 
SCM data as the source document for clinic health visits, 
and did not consider other in-clinic paper records.

Administrative databases
The safety KPIs (#9 and #10) required information 
around tuberculosis (TB) screening and laboratory 
monitoring in addition to that found in SCM. This data 
was obtained from administrative databases: the Con-
solidated Laboratory Repository, Practitioner Claims, 
and the National Ambulatory Care Reporting System 
(NACRS). These three databases were used to determine 
whether patients had documentation in the datasets and 
the dates they were screened for TB (KPI #9). Practi-
tioner Claims uses codes from the International Classifi-
cation of Disease (ICD)-9; relevant codes were 795.7 and 
V74 and Health Service Code 98.8. NACRS uses ICD-10 
codes; this study used code Z11.1 and Canadian Classifi-
cation of Health Interventions (CCI) code 2ZZ08M. The 
Consolidated Laboratory Repository database was used 
to identify if patients on a biologic had a TB blood test 
and if patients on methotrexate and leflunomide had the 

relevant laboratory tests. Alberta’s Consolidated Labo-
ratory Repository undergoes testing and data validation 
procedures before it is released for use by researchers 
[13].

There is an electronic source for referral letters, namely 
Clinibase, however, in this study, it was not used as it was 
only available after 2019 and all patients in this research 
were diagnosed between 2016 and 2018.

Analysis
Data were first assessed and recorded as a binary (yes/
no) variable based on the presence of data for each KPI 
being documented at least once in the cohort and then by 
the number of patients who had data for the respective 
KPI documented. The documentation frequencies were 
reported based on the operational definitions described 
in Table 1. For KPI definitions requiring a validated tool, 
data on the named tool was collected and then verified 
as a “validated tool” or not. The last visit at the clinic 
was defined as the earliest date when the patient either 
left the province, transitioned to adult care, or the March 
13th, 2020, study cut-off date. For KPI #6, benchmarks for 
waiting times for a rheumatologist consultation of 7 days 
for systemic JIA and 4 weeks for the other JIA subtypes 
[7, 14] were used.

Results
Cohort description
As shown in Table 2, 57% of the JIA cohort were female 
and oligo-arthritis was the most frequent JIA subtype 

Table 2  Cohort demographics

No missing data points. All values rounded to the nearest whole number
a Median (Q1, Q3), [min, max]
b Pediatric rheumatologist (PR)
c Symptom onset: time between initial symptoms and first visit with pediatric rheumatologist
d Follow-up period: time between first visit at clinic and censored end of follow-up

Total Cohort (n = 140)

Patient Characteristics
  Female, n (%) 80 (57%)

JIA Subtype Groups
  Systemic, n (%) 5 (4%)

  Oligo-arthritis (persistent, extended, not specified), n (%) 57 (41%)

  Polyarticular arthritis, n (%) 45 (32%)

  Enthesitis-related arthritis, n (%) 24 (17%)

  Other (psoriatic, undifferentiated, unknown), n (%) 9 (6%)

Clinical Characteristics
  Age at diagnosis (years)a 11 (6, 14), [1, 18]

  Time between first PRb visit and diagnosis date (days)a 36 (0, 103), [-10, 596]

  Symptom onsetc (months)a 4 (2, 13), [0, 137]

  Follow-up periodd (years)a 3 (2, 3), [0, 4]
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(41%). The median age at diagnosis was 11  years old. 
The median time between first visit with the pediat-
ric rheumatologist and diagnosis date was 36  days. 
The shortest time between first pediatric rheuma-
tologist visit and diagnosis date was 10  days prior to 
the first visit (two patients were diagnosed through 
hospital admissions before their first visit with the 
pediatric rheumatologist). The median time between 
symptom onset and first visit with the rheumatolo-
gist was four months and the average follow-up period 
(time between the first visit and the last visit at the 
clinic) was three years.

Documentation
All KPIs were documented at least once in the cohort. 
The safety KPIs were the most frequently captured elec-
tronically, followed by the access to care and then meas-
urement of patient outcomes KPIs (Table  3). For the 
measurement of patient outcomes KPIs, 56 patients had 
a Childhood Health Assessment Questionnaire (CHAQ) 
score documented in at least one visit. No other assess-
ment of functional ability was found in the SCM records. 
The explicit clinical juvenile arthritis disease activity 
score (cJADAS) was also not found in SCM; however, 
58 patients had the components required to calculate 

Table 3  Documentation of UCAN CURE KPIs in SCM and the administrative databases

a  ‘Documented’ – means data required for each KPI is found in at least one visit in the entire JIA cohort. If the data were found to be documented, this is shown in the 
table as ‘Yes’. If data were not found, this is shown in the table as ‘No’. If the KPI is not relevant to be reported separately for the respective visit type, it is shown in the 
table as N/A
b The CHAQ was the only assessment of functional ability found
c The cJADA score was never explicitly found, only the components required to calculate the cJADAS (joint count, physician’s global assessment, parent/patient 
assessment of well-being)
d n = 137 because 3 patients did not have a follow-up visit after diagnosis date
e n = 56 because this is only applicable to those prescribed biologics. Documentation of tuberculosis screening in any of the data sources used. One patient’s 
screening was not documented in SCM but was documented in the Consolidated Laboratory Repository
f Disease modifying anti-rheumatic drugs (DMARDs)
g n = 102 because this is only applicable to those prescribed the DMARDs methotrexate and leflunomide
h n = 99 because this is only applicable to patients who had a visit after being prescribed the DMARDs methotrexate and leflunomide

KPI Documenteda in at least 
one visit for each patient, 
n (%)

Measurement of Patient Outcomes KPIs
  1. Rheumatological Joint Assessment in SCM 140 (100%)

  2. Physician’s Global Assessment of Disease Activity in SCM 66 (47%)

  3. Assessment of Functional Ability 56 (40%)

    Assessment of Functional Ability using CHAQ in SCM 56 (40%)

    Other Assessment of Functional Ability in SCMb 0

  4. Composite disease activity measurement 58 (41%)

    All Components of cJADAS present in SCM 58 (41%)

    cJADAS in SCMc 0

  5. Assessment of arthritis-related pain in SCM 140 (100%)

Access to Care KPIs
  6. Waiting time between referral date and first visit in SCM 24 (17%)

  7. Presence of visit dates for first year of diagnosis in SCM [n = 137]d 137 (100%)

  8. Presence of visit dates for follow-up visits in SCM [n = 137]d 137 (100%)

Safety KPIs
  9. Tuberculosis Screening [n = 56]e 54 (96%)

    Tuberculosis Screening in SCM [n = 56]e 53 (95%)

    Tuberculosis Screening in Consolidated Laboratory Repository [n = 56]e 5 (9%)

    Tuberculosis Screening in Practitioner Claims [n = 56]e 18 (32%)

    Tuberculosis Screening in NACRS [n = 56]e 4 (7%)

  10. Laboratory Monitoring for DMARDsf [n = 102]g 102 (100%)

    Labs Ordered in SCM [n = 99]h 91 (92%)

    Lab Results in SCM [n = 99]h 91 (92%)

    Laboratory Tests in Consolidated Laboratory Repository [n = 102]g 102 (100%)
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the cJADAS (joint count, physician’s global assessment 
(PGA), and parent/patient assessment of well-being) 
documented in at least one visit. The most documented 
of the five measurement of patient outcomes KPIs were 
rheumatological joint assessment and assessment of 
arthritis-related pain. There was no specific validated 
tools documented for the joint or pain assessments. The 
PGA was documented in at least one visit for 47% of the 
patients. For the three access to care KPIs, visit dates for 
first year diagnosis and follow-up visits were the most 
frequently documented. Of the two safety KPIs, labora-
tory monitoring for patients on the DMARDs metho-
trexate and leflunomide was documented in all patients; 
however, TB screening was documented in 96% of the 
patients. Although this information is a low first hurdle 
for KPI reporting, it gives the opportunity to assess the 
documentation frequencies found in the next section.

Documentation frequencies
Measurement of patient outcomes KPIs
Rheumatological joint assessment was the most docu-
mented KPI, occurring at almost every visit for every 
patient (95%) and was only missed in one patient chart 
at the first visit (Table 4). This documentation frequency 
is considerably higher than the PGA of disease activity 
(only 15% of visits). The CHAQ was the only method of 
assessment for functional ability found in SCM and was 
documented in at least one visit for less than half the 
cohort. The assessment of arthritis-related pain had one 
of the highest documentation frequencies for the num-
ber of total and first visits with documentation (Table 4). 
Documentation of this KPI dropped over time as the per-
centage of patients with documentation at every visit was 

less than half that for the first visit. The data were not able 
to determine if a validated tool to assess pain and a joint 
assessment were used as no named tools were specified.

Access to care KPIs
For 24 patients, the time from referral date to first visit 
at the clinic was mentioned in the documentation found 
in SCM either numerically or with a qualitative descrip-
tion where a date was not able to be determined or 
calculated (Table 5). Of these patients, 18 had a quanti-
tative timeframe mentioned and only one patient had 
an explicit referral date reported. For the remaining 17 
patients, when the referral date was not explicit, refer-
ences within the documentation were used to determine 
the date of referral; when only the month and not the day 
was reported, the 15th day of the month was used for the 
referral date. The cohort size for systemic JIA patients 
was too small to report independently. There were 14 sys-
temic and non-systemic JIA patients that met the respec-
tive benchmarks of seven-days for systemic JIA and 
four-weeks for the other JIA non-systemic subtypes. For 
patients with non-systemic JIA, waiting time for rheuma-
tologic consultation, defined as the 50th and 90th percen-
tile, was 24 days and 45 days respectively.

The KPI for visits during the first year of diagnosis, 
defined as 12 months after diagnosis, had a sample size of 
137 because three patients did not have a visit date after 
their date of diagnosis (two patients transitioned to adult 
care and one patient was lost to follow-up after diag-
nosis). Of these patients who had at least one visit after 
diagnosis, 100% saw the pediatric rheumatologist in the 
first 12 months after diagnosis.

Table 4  Documentation frequency of measurement of patient outcomes KPIs found in SCM

a The CHAQ was the only assessment of functional ability found in SCM
b The cJADAS was never explicitly found, only the components required to calculate the score (joint count, physician’s global assessment, parent/patient assessment 
of well-being)

KPI Number of visits with 
documentation, n (%)
[n = 1360]

Number of first visit with 
documentation, n (%)
[n = 140]

Number of patients with 
documentation at every 
visit
[n = 140]

Measurement of Patient Outcomes KPIs
  Rheumatological Joint Assessment in SCM 1351 (99%) 139 (99%) 133 (95%)

  Physician’s Global Assessment of Disease Activity in SCM 205 (15%) 1 (1%) 0

  Assessment of Functional Ability 150 (11%) 1 (1%) 0

    Assessment of Functional Ability using CHAQ in SCM 150 (11%) 1 (1%) 0

    Other Functional Ability Assessment in SCMa 0 0 0

  Composite disease activity measurement 169 (12%) 1 (1%) 0

    All Components of cJADAS present in SCM 169 (12%) 1 (1%) 0

    cJADAS in SCMb 0 0 0

  Assessment of arthritis-related pain in SCM 1186 (87%) 124 (89%) 65 (46%)
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Patient-centric years, defined by the anniversary of the 
JIA diagnosis date, were used to calculate annual follow-
up visits with the pediatric rheumatologist after the first 
12-month period. Over each patient’s follow-up period, 
77% (105 of the 137) had a visit during each eligible inter-
val. To be included in the denominator, patients must 
have visited a pediatric rheumatologist after their date of 
diagnosis. In the 12- to 24-month and 24- to 36-month 
intervals after diagnosis, 96% and 83% of patients had at 
least one follow-up visit. In the 36- to 48-month inter-
val after diagnosis, 67% of patients had at least one visit 
with a rheumatologist. The lower performance of the 36- 
to 48-month interval after diagnosis is likely due to the 
12-month window for some patients [n = 36] extending 
past the study’s ultimate cut-off date of March 13th, 2020.

Safety KPIs
In the cohort, 56 patients were on a biologic with 71 
biologic starts documented in SCM. This is because 
some of the 56 patients on a biologic had taken multiple 
biologics over the course of their follow-up period, thus 
increasing the number of ‘starts’. Documentation for 
TB testing in either SCM, the consolidated laboratory 
repository, NACRS, or Practitioner Claims was found 
for 96% of the patients. Of the 56 patients, 53 patients 
had a documented TB test for a biologic start in SCM 
(Table  6). Screening for TB can take many different 
forms such as a blood test, skin test, or chest x-ray. We 
found that documentation in SCM did not include the 

date the TB test was completed; therefore, an analy-
sis was reported separately for documentation in each 
applicable data source and then the number of patients 
who had a TB test documented within 12 months prior 
to receiving their first course of biologic therapy. Since 
a time-component was required for the KPI definition 
and a time-component for when the TB test occurred 
was not able to be determined using SCM, this analysis 
was reported separately. In total, five patients met the 
TB screening KPI (screening within 12 months prior to 
first biologic), two patients were found with documen-
tation in NACRS, and three patients were found with 
documentation in Practitioner Claims.

In the cohort, 102 patients were on the DMARDs 
methotrexate or leflunomide with a documented labo-
ratory monitoring test (Table  6). Documentation in 
SCM required the patient to have a visit during the 
follow-up period after being prescribed a DMARD, 
thus the sample size for documentation in SCM was 99 
patients. During the first month the patient received 
methotrexate or leflunomide, 59% of eligible patients 
were monitored for toxicity by clinical laboratory 
methods in the Consolidated Laboratory Repository. 
Focusing on the first two-years of eligible intervals, the 
percentages of patients who received methotrexate and 
leflunomide and were monitored for toxicity are high, 
ranging from 76 to 90% after the first month. The high 
level of testing is in accordance with the mean duration 
a patient was on the drug (22 months).

Table 5  Documentation frequency of access to care KPIs

a Includes approximate date used for eligible date of referral reported and complete date of referral reported. When no specific date was reported and only month/
year, 15th of the month was used
b Benchmark is 7 days for systemic JIA and 4 weeks for other types of JIA and denominator is n = 140

KPI N (%)

Access to Care KPIs
Waiting times for rheumatologist consultation for patients with new onset JIA

  Number of patients with a qualitative or quantitative documentation for waiting times [n = 140] 24 (17%)

  Number of patients with an eligible date of referral reported [n = 24]a 18 (75%)

  Number of patients that met benchmark of time from referral to first visit in days, [n = 18]b 14 (78%)

    50th percentile in days, [n = 18] 24

    Non-systemic JIA patients in days, [n = 16] 24

    90th percentile in days, [n = 18] 46

    Non-systemic JIA patients in days, [n = 16] 45

Patients newly diagnosed with JIA with at least 1 visit to a pediatric rheumatologist in the first year of diagnosis

  Number of patients with new onset JIA (incident JIA) with at least one visit to a pediatric rheumatologist in the first year of diagnosis 
[n = 137]

137 (100%)

  Patients seen in yearly follow-up by a pediatric rheumatologist

  Number of patients with JIA seen by their pediatric rheumatologist at least once every year over their follow-up period [n = 137] 105 (77%)

    12 to 24 months after diagnosis [n = 128] 123 (96%)

    24 to 36 months after diagnosis [n = 89] 74 (83%)

    36 to 48 months after diagnosis [n = 36] 24 (67%)
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Discussion
The access to care and safety KPIs were documented 
more frequently than the measurement of patient out-
comes KPIs. In terms of overall documentation for the 
patient outcomes KPIs, the joint and pain assessment 
KPIs (#1 and #5) were documented more than 80% of 
the time which is in line with benchmarks proposed by 
Lovell et  al.[15] and can be easily used in future analy-
ses. Although the current documentation frequencies for 
each of the 10 JIA KPIs are sufficient to develop bench-
marks of care, there is a significant opportunity for better 
clinical documentation and more consistent data collec-
tion for KPIs during clinical visits, which aligns with cur-
rent clinical guidelines for JIA management [3].

A joint assessment was the most frequently docu-
mented KPI in this study. The standardized layout of the 
SCM form which includes physical examination having 
its own section with a description of a joint assessment 
likely facilitated this finding. It is unknown whether the 
frequent documentation of this KPI will continue with 

the transition to Epic (a new comprehensive electronic 
health record (EHR) being implemented across Alberta)
[16, 17].

The data for patient outcomes KPIs (physician’s global 
assessment (PGA), assessment of functional ability, and 
measurement of clinical disease activity) were minimally 
documented in SCM. As noted earlier, Childhood Health 
Assessment Questionnaire (CHAQ) and other patient 
reported outcome measurements are currently docu-
mented in clinic paper charts. Moving to Epic’s electronic 
system may provide an opportunity to increase the fre-
quency of documented CHAQ and PGA values if the 
assessments can be completed electronically rather than 
requiring a transfer of information from paper forms to 
the EHR.

In a prospective UK JIA study, data for cJADAS 10 
(active joint count > 10 is given 10 points) were available 
for 96%, 77%, 94%, 87% and 80% at baseline, 6-month, 
year 1, year 2, and year 3 follow-ups respectively [18]. 
However, the UK study excluded patients if no cJADAS 

Table 6  Documentation frequency of safety KPIs in SCM and the administrative databases

a Does not include patients who began methotrexate or leflunomide at last visit and denominator is entire cohort. bMention of laboratory tests ordered includes 
documentation reporting specific tests, non-specific tests, and ordering no tests
c Mention of laboratory test results includes documentation reporting specific tests, missing/pending/not yet available tests, non-specific tests, and documentation 
that no recent tests were completed

KPI N (%)

Safety KPIs
Tuberculosis Screening

Number of patients with documentation of a TB test for a biologic start in SCM, Practitioner Claims, NACRS, or Consolidated Laboratory 
Repository [n = 56], n (%)

54 (96%)

    SCM [n = 56] 53 (95%)

    Practitioner Claims [n = 56] 18 (32%)

    NACRS [n = 56] 4 (7%)

    Consolidated Laboratory Repository [n = 56] 5 (9%)

  Number of patients screened for TB within 12 months prior to receiving a first course of therapy using a biologic DMARD [n = 56] 5 (9%)

    Practitioner Claims [n = 18] 3 (17%)

    NACRS [n = 4] 2 (50%)

    Consolidated Laboratory Repository [n = 5] 0

Laboratory monitoring for DMARDs

  Number of patients on methotrexate and leflunomide with documentation of toxicity monitoring in the Consolidated Laboratory 
Repository [n = 102]

102 (100%)

    0–1 month [n = 102] 60 (59%)

    1–4 months [n = 101] 85 (84%)

    4–8 months [n = 94] 85 (90%)

    8–12 months [n = 88] 77 (88%)

    12–16 months [n = 79] 70 (89%)

    16–20 months [n = 68] 53 (78%)

    20–24 months [n = 55] 42 (76%)

  Number of patients who received methotrexate and leflunomide and monitored for toxicity by clinical laboratory methods in the Con-
solidated Laboratory Repository during every eligible interval [n = 102]

29 (28%)

  Number of patients on methotrexate or leflunomide with mention of laboratory tests orderedb in SCM at every eligible visit [n = 99]a 22 (22%)

  Number of patients on methotrexate or leflunomide with mention of laboratory test resultsc in SCM at every eligible visit [n = 99]a 33 (33%)
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score could be calculated at any point. This could explain 
the large difference in data availability between the UK 
study and the present study.

In a previous study on rheumatoid arthritis (RA), a 
disease activity performance measure was defined as the 
“percent of RA patients with ≥ 50% of total number of 
outpatient encounters per year with assessment of dis-
ease activity using a standardized measure”, and 100% of 
the patients met this measure [19]. This contrasts dra-
matically to this study with only 12% of all JIA clinic visits 
documenting the cJADAS in SCM. It is possible that the 
higher levels of reporting disease activity by any accepta-
ble composite measure (such as Disease Activity Score 28 
or the Clinical Disease Activity Index) in the previous RA 
study was due to the use of the data platform Rheum4U, 
developed for inflammatory disease patients and imple-
mented in both clinics in the study, with a patient plat-
form to collect the patient reported outcomes. These 
higher levels could mean that the data are not routinely 
documented unless part of a specific RA registry where 
patient outcome data are explicitly recorded. The ease 
of monitoring when the required data for each KPI are 
entered into a platform that retrieves data for arthritis 
patients from selected electronic health records (EHR) 
systems such as Epic should be a key priority for the 
implementation of performance measures.

Epic is one of the EHRs commonly used with the Rheu-
matology Informatics System for Effectiveness (RISE) 
registry in the United States [20]. The registry automati-
cally collects data from EMR and helps clinicians monitor 
quality of care by tracking performance at the patient-
level on various measures as well as allow clinicians 
to compare themselves to their peers nationally [21]. 
A study using the RISE registry for RA found a perfor-
mance rate for disease activity of 55.2% [22] and another 
found a performance of 53.6% in a random sample of RA 
patients [23] with the same KPI definition of documen-
tation in ≥ 50% of outpatient encounters per year. The 
documentation of these KPIs in our context,could be 
improved with a streamlined transition of data from the 
paper chart to the electronic note. This could be facili-
tated through standardized headers for each clinician 
note, requiring data to be entered before the form can be 
completed, and having the software automatically calcu-
late scores for various assessment such as the cJADAS.

The assessment of arthritis-related pain had a high 
documentation frequency for the total number of visits 
in the cohort but dropped in frequency for every visit for 
every patient. This could be because there was no stand-
ard section for pain similar to the physical examination 
section for joint assessment. Pain assessment is typically 
written at the start of the note where anything that has 
occurred since the last clinic visit is described and it is 

possible that the pain information does not get trans-
ferred to SCM if the patient’s pain was not significant in 
that visit. A specific section for pain in the SCM notes 
would be a step toward improved documentation pat-
terns. Adoption of standardized measurements for pain 
in JIA could also help in this regard. In addition to the 
pain visual analog scale in the CHAQ, there are other 
available validated tools for pediatric use in JIA, such as 
the SUPER-KIDZ tool and the Iconic Paint Assessment 
Tool (IPAT) [24].

Documentation of the access to care KPIs was highly 
compliant except for the waiting times KPI. In SCM, the 
waiting time from referral was only mentioned in 17% 
of the cohort. After 2019, another database (Clinibase) 
contained the referral letters for each patient however as 
noted earlier our cohort was diagnosed between 2016–
2018. Visits during the first year of diagnosis and annual 
visits demonstrate strong compliance as all applicable 
patients had a visit during the first year after diagnosis 
and 77% of patients had annual follow-up visits. It is pos-
sible that performance is higher if some visits were not 
entered into SCM.

Of the two safety KPIs, tuberculosis (TB) screening was 
documented in SCM more consistently than the KPI for 
laboratory monitoring for DMARDs. The TB screening 
KPI was documented in SCM for 95% of eligible patients. 
A noted limitation with the SCM data is that the dates of 
TB tests were not recorded; consequently, it could not be 
determined if TB testing occurred prior to the patient’s 
biologic therapy unless documented in the administra-
tive databases. The Consolidated Laboratory Repository 
contains the tests for patients who received a TB screen-
ing blood test. This is typically only done for patients who 
recently had vaccinations or had prior TB exposure. This 
would explain the small number of patients who have this 
test reported in the Consolidated Laboratory Repository. 
The TB skin test is an ACR recommended screening test 
for latent TB and is the predominately used test for TB 
screening in Calgary [25]. NACRS or Practitioner Claims 
were used to identify TB screening; however, it has been 
consistently found that using ICD codes to identify TB 
screening and diagnoses has a relatively lower positive 
predictive value compared to other communicable dis-
eases such as meningococcal meningitis and pneumococ-
cal meningitis [26]. A TB skin test can also be performed 
in the Infectious Disease Clinic at the hospital may not 
appear in the NACRS data. A more accurate method 
of identifying TB screening should be a focus moving 
forward.

Although the laboratory monitoring KPI for patients 
on methotrexate and leflunomide was well documented 
in SCM, the Consolidated Laboratory Repository con-
tained more accurate data. Even so, this study was unable 
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to determine the exact biologic start date without patient 
interaction documented. Accuracy for start and stop 
dates could be improved by using the Pharmaceutical 
Information Network database to track the date the pre-
scription was dispensed, patient feedback on their start 
and stop dates, or having more explicit description head-
ers in the clinic visit note. The lower compliance levels for 
laboratory testing demonstrates that there is an opportu-
nity for improvement in compliance and documentation 
of this KPI.

Quality measurement is dependent upon the availabil-
ity of relevant data. This was cited as the greatest factor 
that facilitated or impeded the use of quality measures by 
the National Quality Forum report [27]. Data infrastruc-
tures need to be able to “talk to each other” and EHRs 
need to be “sufficiently robust” to generate the required 
information for “measure construction” [27]. It has been 
shown that performances in practices are the highest 
when the EHR system has rheumatology-specific tem-
plates in the software as it enables the collection and 
monitoring of key measures [28]. EHRs should be used to 
guide which process-related quality indicators are easily 
assessed in clinical care [29]. An important next step in 
the implementation of these KPIs is to align the measures 
across Canada and have them endorsed by the Canadian 
Rheumatology Association. Implementing nationally 
aligned and endorsed measures with a system similar 
to RISE or Rheum4U in Epic would provide the highest 
likelihood of physician uptake and potential for quality 
improvement.

There are four data sources for performance measure-
ment in health care: administrative data, chart review 
(paper and electronic documents), surveys of patients/
families/staff, and data generated and extracted from 
EHRs [30]. Measurement using administrative data 
necessitates the assumption that the diagnosis and pro-
cedure coding is accurate and medication that was pre-
scribed matches the medication taken [30]. Chart reviews 
are labour intensive and used to validate measures from 
administrative data and EHRs [30]. The use of electronic 
health records provides an “opportunity to access patient-
centric clinical data and the ability to efficiently measure 
quality performance outcomes measures” [30]. Techno-
logical advances have enabled data extraction from both 
discrete and free-text fields in EHRs [30]. Calgary’s new 
system, Epic, has the potential to capture the required 
data from a variety of data locations and consolidate to a 
single electronic database system, increasing the ease of 
monitoring KPIs by physicians and decision makers.

In addition to the previously mentioned RISE registry in 
the U.S., there are other international efforts being made 
to link clinical registries to electronic health records, 
and generate core minimal datasets. The CAPTURE-JIA 

(Consensus derived, Accessible (information), Patient-
focused, Team-focused, Universally-collected (UK), 
Relevant to all and containing Essential data items) elec-
tronic dataset is in the pilot phase for determining the 
feasibility of data collection and moving towards a core 
national dataset in the UK [31, 32]. In the EU there are 
also endeavors in generating core minimal datasets that 
look at core elements of datasets to “facilitate better co-
operative use of such data sets for research and health 
system administration.”[33] For example, a core dataset in 
juvenile dermatomyositis was developed for clinical set-
tings that can later be incorporated into larger registries 
at the national and international level [34]. Local efforts 
of standardized data collection for minimal core datasets 
should align with international efforts to allow for global 
research collaboration to improve disease understanding. 
The glossaries accompanying these minimal core data-
sets can also be helpful in clinician training for those less 
familiar of the standardisation of data collection for the 
accompanying disease [34].

Strengths and Limitations
This study used a retrospective cohort which minimized 
the risk of the Hawthorne effect as no clinicians were 
able to change their behaviour in response to the study. 
A standardized data collection form was used, and dou-
ble data extraction occurred in 10% of the patients to 
minimize any discrepancies. The Alberta Children’s Hos-
pital Pediatric Rheumatology Clinic is a tertiary centre, 
where clinicians are involved in research and are likely 
aware of quality measures and the value of documenting 
their JIA management with respect to clinical guidelines. 
Although this represents a strength in the data being 
more completely documented, it limits the generaliz-
ability of the results to other centres. There is a possibil-
ity that the data required for the KPIs is being collected 
but is not being documented in SCM. There may also be 
a potential concern that data are being documented in 
the clinical notes but not in a standardized format lead-
ing to data not being captured in the data collection form 
for this research. Referrals to multidisciplinary teams and 
outpatient services were not documented or captured in 
this study. It is important that ensuring transparency and 
accountability in delivering high quality patient care fol-
lows all access to medical services beyond the pediatric 
rheumatologist. This is something that should be imple-
mented in future research on KPIs in JIA.

Further research is required to assess the feasibility 
and performance of these KPIs in other practice settings 
since there may be differences in how documentation 
of patient data are captured and stored. This objective 
of this research was to assess the data that were cap-
tured electronically in SCM and the readily available 
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administrative databases. The interpretations from this 
research are based on the extent to which the required 
data are documented accurately in SCM. The study does 
not address, infer, or imply any evaluation of physician 
performance.

As health systems transition to electronic health 
records like Epic, efforts should be made to guide consist-
ent data collection. It is important to understand the doc-
umentation patterns in relevant and routinely collected 
data to assess the feasibility of measuring predetermined 
KPIs. If KPIs are not measurable, they will be challenging 
to implement, limiting the potential for quality improve-
ment and practice change. Individuals and systems need 
the tools to enact change and having an active system of 
monitoring KPIs that are feasible to measure is a key step 
in the process toward improved patient care outcomes. 
Effective monitoring of quality of care by streamlining 
and integrating the collection of data required to measure 
KPIs can help increase the likelihood of clinician uptake.

Future steps should involve prospective studies at cen-
tres where new electronic automated systems have been 
implemented and reviewing the documentation fre-
quency results with similar experts to those involved in 
the development of the KPIs (Modified Delphi Panel) to 
determine if another step to update and confirm the KPIs 
is necessary before finalizing them [35]. Then, dissemi-
nation of the KPIs to clinicians involved in JIA patient 
care should occur to bring awareness to what data needs 
explicit documentation to allow for measurability and 
monitoring through engagement with Canadian rheu-
matologists. The final step to monitor these KPIs is to 
generate an algorithm to monitor, measure, and publicly 
publish the KPI levels at various JIA care centres to make 
them easily accessible for decision-makers.

Conclusion
The results from this research could help drive quality 
improvement efforts through the dissemination to cli-
nicians involved in JIA patient care to bring awareness 
to what data needs explicit documentation to allow for 
measurability and monitoring. By understanding what 
data are currently and consistently being captured in 
SCM that contains free-text fields rather than data-dis-
crete fields, this research provides a focus to clinicians in 
rheumatology clinics about what data needs more to be 
captured electronically more consistently This research 
also applies to other sites that use AllScripts or other 
electronic medical records.
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