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ABSTRACT

Introduction The strength of the evidence base for the
comparative effectiveness of three common surgical
modalities for paediatric nephrolithiasis (ureteroscopy,
shockwave lithotripsy and percutaneous nephrolithotomy)
and its relevance to patients and caregivers are insufficient.
We describe the methods and rationale for the Pediatric
KiDney Stone (PKIDS) Care Improvement Network Trial with
the aim to compare effectiveness of surgical modalities in
paediatric nephrolithiasis based on stone clearance and lived
patient experiences. This protocol serves as a patient-centred
alternative to randomised controlled trials for interventions
where clinical equipoise is lacking.

Methods and analysis The PKIDS is a collaborative
learning organisation composed of 26 hospitals that is
conducting a prospective pragmatic clinical trial comparing
the effectiveness of ureteroscopy, shockwave lithotripsy and
percutaneous nephrolithotomy for youth aged 8-21 years with
kidney and/or ureteral stones. Embedded within clinical care,
the PKIDS trial will collect granular patient-level, surgeon-
level and institution-level data, with a goal enrolment of

1290 participants over a 21-month period. The primary study
outcome is stone clearance, defined as absence of a residual
calculus of >4 mm on postoperative ultrasound. Secondary
outcomes include patient-reported physical, emotional and
social health outcomes (primarily using the Patient-Reported
Outcome Measurement Information System), analgesic use
and healthcare resource use. Timing and content of secondary
outcomes assessments were set based on feedback from
patient partners. Heterogeneity of treatment effect for stone
clearance and patient-reported outcomes by participant and
stone characteristics will be assessed.

Ethics and dissemination This study is approved by
the central institutional review board with reliance across
participating sites. Participating stakeholders will review
results and contribute to development dissemination at
regional, national and international meetings.

Trial registration number NCT04285658; Pre-results.

INTRODUCTION
Although the incidence of paediatric kidney
stone disease has risen rapidly in recent

on behalf of the Pediatric KIDney Stone Care Improvement

Strengths and limitations of this study

» Pragmatic trial design embedded within clinical care
allows accumulation of real-world data (strength).

» Observational studies may be subject to biases
based on surgeon or patient preferences for proce-
dural decision making (weakness).

» \Voluminous data collection plans, subject to hetero-
geneity by site and missing data (weakness).

» Patient engagement in trial design adds to the im-
pact of the research to key stakeholders (ie, patients
and caregivers themselves) as well as to address
potential barriers to study recruitment (strength).

years, the evidence base for the comparative
effectiveness of surgical management of this
disease in children is poor." Ureteroscopy,
shockwave lithotripsy and percutaneous
nephrolithotomy are three surgical modalities
currently used in clinical care, each with over-
lapping indications and competing compli-
cation profiles.” Smaller anatomy, different
procedural risks, high prevalence of medical
complexity, and the unique lived experiences
of children all influence treatment decisions
and effectiveness, and therefore limit extrap-
olation from studies conducted in adult
populations.” > The American Urological
Association (AUA) Guidelines for Surgical
Management of Stones developed recom-
mendations based on a systematic review
of literature up to 2015. Notably, only eight
recommendations are paediatric-specific
and none of these eight are guided by high-
quality randomised controlled or observa-
tional trials.” Very few recommendations were
informed by studies that assessed patient-
reported outcomes (PROs), and none were
codesigned by patients and/or caregivers. A
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more recent systematic review, published in 2019, identi-
fied just 13 published articles comparing surgical modal-
ities for nephrolithiasis in children with the highest level
of evidence identified as ‘2b’. Of these 13 articles, 3 were
randomised controlled trials (RCTs); 1 was a prospective
observational trial; and the remainder were retrospective
reviews.

In response to this knowledge gap,” the Pediatric
KIDney Stone (PKIDS) Care Improvement Network was
funded by the Patient-Centered Outcomes Research Insti-
tute to conduct an expansive, 3-year prospective prag-
matic clinical trial of youth undergoing surgery for kidney
and/or ureteral stones.® This PCORnet Designated trial
(the Comparative Effectiveness in Paediatric Kidney
Stone Surgery trial, henceforth referred to as the ‘PKIDS
trial’) will compare stone clearance and patient-selected
experiences after ureteroscopy, shockwave lithotripsy and
percutaneous nephrolithotomy. Embedded in clinical
care across 24 sites, the PKIDS trial harnesses natural vari-
ations in surgical management’” and will generate real-
world evidence to guide shared decision making. Here we
report the design of the PKIDS trial and present a ratio-
nale for developing patient-centred pragmatic studies
that are embedded within clinical care, a framework of
particular importance for studies with unique recruitment
considerations such as those involving surgical interven-
tions where clinical equipoise may not exist, vulnerable
populations and/or rare diseases.

METHODS

Aims

The primary aim of the PKIDS trial is to compare the
effectiveness of stone clearance for all three surgical
modalities in youth with kidney stones and to evaluate
heterogeneity of treatment effect by stone size and loca-
tion. The secondary trial aim will compare patients’ expe-
riences after the same three surgeries, measured using
validated and novel questionnaires, unanticipated health-
care encounters and analgesic medication administra-
tion. We will investigate the heterogeneity of treatment
effect of the patient experience by age and sex. For each
aim, we will evaluate modifiable surgical techniques asso-
ciated with outcomes. The PKIDS trial (current Protocol
V.3.0, version date 3 November 2020) started recruitment
in August 2020 with an anticipated completion date of
June 2022.

Setting

The PKIDS network comprises 26 North American hospi-
tals providing care for youth with kidney stones across
24 unique healthcare systems, spanning broad spec-
trums of location, practice setting and size. A full list of
participating sites can be found at https://wwwresearch-
chopedu/pkids. Each clinical centre is supported by a
site principal investigator. The PKIDS network is a collab-
orative learning health system supported by an advisory
council of specialty physicians in urology, nephrology and
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Care Improvement Network

Executive Committee
CHOP

Children's Hospital Wisconsin
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Figure 1 PKIDS Care Improvement Network organisational

chart. CHOP, Children’s Hospital of Philadelphia; PKIDS,
Pediatric KIDney Stone.

radiology, as well as by key stakeholders and end users
such as patients, members of industry, health insurers
and the National Evaluation System for Health Tech-
nology Coordinating Centre' (figure 1). In addition,
seven PKIDS sites are also members of PEDSnet, a clinical
research network designed to support the generation and
application of knowledge to improve outcomes for paedi-
atric disease.'??

Study design

The PKIDS trial is a pragmatic prospective observational
trial embedded within clinical care, aspiring to maximise
participation and generate knowledge reflective of real-
world experiences. Over a 21-month enrolment period,
the trial will accrue 1290 participants undergoing uret-
eroscopy, shockwave lithotripsy or percutaneous nephro-
lithotomy. Participants are followed up for 3 months after
their surgical intervention (figure 2). Choice of proce-
dure will be determined by decision making between the
surgeon and the patient and caregivers, reflective of the
standard of care at each clinical centre. Each surgical
intervention will be performed by a surgeon familiar with
the procedure, without proscribed technical standardisa-
tion to ensure generalised applicability of results and the
opportunity to identify modifiable parameters to improve
care within each surgical intervention. No treatment deci-
sions within kidney stone care or otherwise are impacted
by trial enrolment. The sample size of 1290 will provide
80% power to detect an expected difference of 80%"* vs
65%" in stone clearance between ureteroscopy and shock-
wave lithotripsy, and to detect a difference of 90%'° vs
65%" in stone clearance between percutaneous nephro-
lithotomy and shock wave lithotripsy at=0.05, accounting
for multiple comparisons and loss to follow-up. Assuming
a 10% loss to follow-up and 10% PRO missingness, 39
patients in each group will have 80% power to detect an
expected difference of 2 points in each of the Patient-
Reported Outcomes Measurement Information System
(PROMIS) measures across treatment options at 0.05,
adjusting for multiple comparisons.
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Figure 2 Comparative effectiveness of Pediatric KIDney
Stone surgery study flowchart. ED, emergency department;
EHR, electronic health record.

Patient and public involvement

Patient and caregiver engagement is central to aspects of a
collaborative learning health system, from design to dissem-
ination to improvement strategies.'” To this end, the PKIDS
Patient and Family Partners (PFP) is composed of seven
members (four parents of children with nephrolithiasis and
three adolescents with nephrolithiasis) who have under-
gone partnership-based research training using Fyreworks
(https://www.fyreworkstraining.com/), an online module-
based platform, and are paid consultant fees as partners on
the research team. The PFP had decision-making authority
on several key aspects of trial design, including the timing
of PRO assessments, choice of specific PRO instruments
and identification of relevant content gaps within these
available PRO instruments. This process was a structured,
iterative process involving both open-ended feedback (for
timing and content gaps) and rank-list prioritisation (for
choice of PRO measures). A summary of key methodolog-
ical choices supported by collaboration with our patient
and caregiver collaborators is highlighted in table 1. Our
PFP continue to be engaged with the PKIDS network and
have helped refine trial procedures and provide the patient
voice throughout the conduct of the trial. The PFP will be
involved in the evaluation of results, dissemination of our
findings and optimising colearning within the improve-
ment phase of this trial.

Study participants
Any youth aged 8-21 years undergoing ureteroscopy,
shockwave lithotripsy or percutaneous nephrolithotomy

Table 1 PKIDS PFP perspectives and corresponding
action items

Patient perspective Network/study action

PRO instrument selection
Timing of PRO assessment

‘I have more anxiety. | have pain and when |
do, | always wonder if it is related to a kidney
stone. | have missed school. It has also
affected my

social life, not always feeling well, I'm not sure
about doing things’.

PRO instrument selection
timing of PRO assessment

‘Procedures and recovery were unpleasant,
it helped to know what | didn’t want to have
happen again and what | hope to have
happen’.

‘Would they be able to get the stone? Would
| need stents again? Would | have to come
back in for another procedure?’

Surgical outcome selection

‘I wanted to help the researchers understand
the patient’s viewpoint, small concerns could
be big ones for a patient. Hope to make

it easier for my future procedures and for
others’.

Expansion of PFP
responsibilities

Symposium keynote speaker
Authorship for academic
publication

PFP, Patient and Family Partners; PKIDS, Pediatric KIDney Stone; PRO, patient-
reported outcome.

at a PKIDS site is eligible for inclusion. The age limit of
8 years is reflective of the lower age limit of self-report
for the paediatric-validated PROMIS measures, while the
limit of 21 years reflects the upper age limit of adoles-
cence defined by the American Academy of Pediat-
rics.”® 1 We will exclude patients for whom obtaining
informed consent delays access to emergent surgical
care (eg, obstructing ureteral stone with fever requiring
emergency surgery), although these patients could be
recruited following initial decompression and prior to
definitive surgical intervention. Additionally, individuals
who are not proficient in either Spanish or English will be
excluded, as well as those rare individuals who are sched-
uled to undergo simultaneous dual-modality surgical
interventions (ie, concomitant shock wave lithotripsy and
ureteroscopy). A recruitment strategy enhanced by auto-
mated electronic health record (EHR) alerts for eligible
patients and bolstered by the pragmatic trial design and
reach of the PKIDS network will ensure a diverse popula-
tion with respect to sex, race, geography and comorbidi-
ties (ie, spina bifida and cystinuria), thereby representing
the broad spectrum of youth with nephrolithiasis in the
USA. For patients who experience multiple stone events
over the 21-month enrolment period, we will restrict
enrolment to one episode requiring kidney stone surgery
to avoid patientlevel clustering.

Outcomes

Stone clearance

Stone clearance, the primary outcome, will be assessed
by ultrasound 6 weeks (+2 weeks) following definitive
stone surgery, reflecting existing standard postopera-
tive imaging practices across the network and allowing
for effective postoperative imaging while minimising
concerns of ionising radiation in children.*’ The radiolog-
ical criteria for defining a stone are (1) hyperechoic focus
with (2) twinkle artefact, an intense Doppler-generated
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Table 2 Patient-facing inventories and administration schedule, based on a single index surgical intervention

Baseline* Week 1 Week 3 Week 6 Week 9 Week 12

Baseline Intake Questionnaire X

PROMIS Pain Interference V.2.0t X X X X X
PROMIS Anxiety V.2.01 X X X X X
PROMIS Psych Stress Experiences V.1.0t X X X X X
PROMIS Sleep Disturbance V.1.0t X X X X X
PROMIS Peer Relationships V.2.01 X X X X X
PROMIS Pain Intensity V.1.0t X X X X X
PROMIS Prescription Pain Med Misuse V.1.0f X
DVSSt X X X X X
QUIKSS X X X X X
Post-Op Patient-Reported Event Capture X X X X X
COVID -19 Anxiety Assessment§ X X X X X

Alternative administration schedules exist for staged surgical intervention, with the postoperative assessments being reset following the final staged

treatment procedure.

*Baseline questionnaires administered within 1 week of study index operation.

TValidated questionnaires in the paediatric population.
FValidated questionnaire in the adult population.

§Single question on a 5-point Likert scale, ‘How concerned are you about COVID impacting your life?’.
DVSS, Dysfunctional Voiding Scoring System; PROMIS, Patient-Reported Outcome Measure Information System; QUIKSS, Questionnaire for Urinary

Issues-Kidney Stone Surgery.

multicolour signal overlying calculi.?! ?2 To reduce vari-
ation inherent to ultrasound, all PKIDS site investi-
gators agreed to adopt with minor modifications the
standardised ultrasound protocol that was developed for
the Urinary Stone Disease Research Network (USDRN)
Prevention of Urinary Stones with Hydration trial (online
supplemental figure 1).?* Stone clearance is defined as
the absence of any stone of >4mm. This cut point was
chosen because ultrasound overestimates stone size by
2mm, and 2mm is a commonly used conservative size
for clinically insignificant stone fragments measured by
CT.**% A flexible window of imaging capture of up to 3
months will be allowable to reduce missingness of data.

Patient-reported outcomes

Secondary outcomes of PROs measuring physical,
emotional and social health will be assessed at baseline
and at prespecified postoperative intervals as described in
table 2. Six PROMIS measures were selected from a prelim-
inary list of 10 based on input from the PFP: pain intensity,
pain interference, anxiety, peer relationships, psycholog-
ical stress experiences and sleep disturbances.?” % Urinary
symptoms are not specifically measured by PROMIS but
are known to be a significant source of burden in patients
with nephrolithiasis.” The Dysfunctional Voiding Scoring
System (DVSS) is a paediatric-specific validated question-
naire assessing urinary symptoms favoured by the PFP
and is designed for direct patient completion with limited
assistance from a parent or guardian.”

Acknowledging the DVSS may not assess certain
urinary symptoms (eg, haematuria and dysuria), the PFP
and content were asked to provide input on key concerns
following recovery from previous kidney stone surgery,

resulting in developmentin the Questionnaire for Urinary
Issues—Kidney Stone Surgery (QUIKSS) (figure 3). Data
collected from QUIKSS will be iteratively evaluated for
reliability and reproducibility throughout the time course
of the trial using DVSS and PROMIS scores as referents,
although we do not at this time plan to fully validate this
instrument.

PRO assessment will be administered via the Research
Electronic Data Capture (REDCap) system in order to
minimise questionnaire burden and to enable near real-
time assessment.”! Participants undergoing staged

Please answer the following questions, thinking about your experience over the past 7 days:
QUIKSS
Never Almost Never Sometimes Often ‘Almost always

1) I had blood in my pee. O O O O O
2)  Ithurtwhen I peed. o o o o %
3) | peed more than usual. (¢] ¢] o (¢] (¢]
4) |had to pee a lot. ¢] o o o o
5) |rushed to the bathroom o o o ¢] ¢]

because | had to pee.
6) | woke up at night to pee. o o o o o
7) I could not pee even when | e} e} o) o o)

tried.
8) | felt there was more urine in my

bladder even after | peed. o o o o o
9) Ifeltlike | had urine leftin my o o o O O

bladder after | peed.
10) | felt like there was more urine in (@] o e] (e} o

my bladder after | stopped

peeing.
11) | peed in my underwear. (@] @] (@] (@] o
12) | had trouble peeing. @] o e] O o
13) | had difficulty peeing. O o e e] o
14) | had problems peeing. @] O e] (@] o

15) Total Score

Figure 3 QUIKKS. QUIKKS, Questionnaire for Urinary
Issues—Kidney Stone Surgery.
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v
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Stone clearance: stone size and stone location
Patient experience: age and sex

Figure 4 Conceptual framework for evaluating the
effectiveness of URS, SWL and PCNL with factors that
influence the impact on choice of surgical intervention and
outcomes. PCNL, percutaneous nephrolithotomy; SWL,
shockwave lithotripsy; URS, ureteroscopy.

surgery will complete PROs 1week after their first proce-
dure. After their second procedure, participants will
complete all assessments at the standard timelines bench-
marked using the second procedure date.

Additional outcomes include healthcare use, such as
clinic visits, acute care evaluations, hospital admissions
and secondary procedures. These outcomes will be ascer-
tained by a patient or caregiver self-report and abstrac-
tion from the EHR.>™ Centers for Disease Control and
Prevention definitions for nosocomial urinary tract infec-
tions and multidrug resistant organisms will be used.*® 57

Confounders and effect modifiers

Many factors influence the selection of surgical interven-
tion such as surgeon preference, local culture, patient
comorbidities or kidneystone characteristics. The directed
acyclic graph (figure 4) diagrams the hypothesised causal
pathway between the interventions and outcomes. There-
fore, we will measure baseline demographic, medical and
kidney-stone specific histories provided by the partic-
ipants and/or caregivers. Patients will complete a base-
line intake questionnaire reflecting their medical history
and prior surgical interventions. This questionnaire was
reviewed for clarity by the PFP group. Medical comorbid-
ities will be assessed via self-report and EHR-based data
abstraction in a structure mirroring the National Surgical
Quality Improvement Program-Paediatric surgical risk
calculator.” Surgeon characteristics (eg, experience, pref-
erences for certain procedures, value placed on partic-
ular outcomes and complications) will be obtained by
questionnaires completed by all participating urologists
prior to study onset. Each site will submit a comprehen-
sive assessment of the characteristics of the health system
in which they practice (eg, surgical volume, presence of a
multidisciplinary stone centre and availability of a partic-
ular surgical equipment).

Analgesic use is an important aspect of the patient
experience, given the current focus on postoperative
opioid use following urological surgery.”” Medication
administration at the time of and following surgery will be
assessed daily for up to 1week postoperatively, based on
the medication log developed for the Study to Enhance
Understanding of Stent-associated Symptoms within the
USDRN.* Additionally, all participants >11 years of age
will receive the PROMIS Prescription Pain Medication
Misuse at the 12-week time point, which is a validated
seven-item instrument intended to identify prescription
pain medicine misuse.*'

The COVID-19 pandemic has led to unprecedented
challenges in healthcare, including shifts in management
for routine medical Conditions,42 limitations on research
activity” and increased levels of pandemic-related stress,**
all three of which may impact various aspects of delivery
of surgical interventions and patients’ experiences. To
this end, PKIDS will evaluate the impact of COVID-19
on three levels: (1) limitations on healthcare access, (2)
limitations on research study conduct and (3) patient-
based anxiety due to COVID-19 (table 2).

Data quality control during enrolment

During enrolment, distributions of each variable to be
included in the analysis will be evaluated, aggregated
across treatment groups and trial sites, to identify any
outlying values that may require reconciliation. To the
extent possible, inaccuracies will be resolved, and the
database will be updated with the correct values. Data
that are clearly incorrect but cannot be validated will be
excluded from the analyses. Data that are unusual but not
impossible and cannot either be verified or corrected will
remain in the analysis. PRO tracking is enabled through
REDCap and will be monitored by individual site study
teams.

Interim analyses

All analyses will be conducted at the completion of the
study as this pragmatic trial is embedded within clinical
care and there would be no anticipated benefit to interim
analyses.

Primary analysis of stone clearance

We will evaluate differences in stone clearance at 6 weeks
after definitive stone surgery across treatments using
logistic regression models weighted by the inverse of
the estimated propensity score (see further). Should
the number of ultrasounds that fall within the intended
window of 4-8weeks provide insufficient power for the
analysis of stone clearance, we will extend the window
to include all ultrasound imaging obtained within 3
months. Random intercepts will be used to account
for the potential correlation among patients within
the same hospital and patients operated on by the
same surgeon.”™*” We will calculate the estimated OR
with 95% CIs in stone clearance between ureteroscopy
and shockwave lithotripsy and between percutaneous
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nephrolithotomy and shockwave lithotripsy, adjusting
for potential confounders. Propensity score methods will
be used to control potential confounders ascertained
prior to surgery, using polytomous (multinomial) logistic
regression based on the confounders at patient, surgeon
and hospital levels. Additionally, we will examine modi-
fiable operative techniques, within each treatment, that
may improve stone clearance.

Primary analysis of PROs

The PROMIS measures will be scored using the Bayesian
expected a posteriori estimation procedure® and cali-
brated into the PROMIS T-scale.* * Weighted generalised
linear mixed effects models will be used to test the differ-
ence in T-scores for each PROMIS measure and degree
of urinary symptoms after surgery across treatments.
We will use random intercepts to account for potential
correlation among patients within the same hospital and
surgeon. Separate models will be built for outcomes at 1,
3 and 6weeks and 3months after surgery. The compar-
ison across treatments will be conducted similarly as in
the primary analysis. We will calculate the SE of measure-
ment (SEM) using PROs at baseline and use contingency
tables to compare the proportion of patients whose score
change exceeds 1 SEM across treatments at each time
point after surgery. The change of PROs for more than
1 SEM is considered an approximation of the clinically
meaningful minimum difference.” >

Heterogeneity of treatment effect for stone clearance

We will test for pairwise interactions between the treat-
ment and stone size and location, respectively, based on
models constructed in the primary analysis. Subsequently,
treatment effects will be estimated within each subgroup
of stone size and location should any interaction be signif-
icant. Additionally, we will examine treatment-specific
modifiable techniques that may improve stone clearance.

Analysis of medication administration, resource use and
complications

These outcomes will be compared across treatments
using weighted zero-inflated negative binomial regres-
sion models. The zero-inflated model can account for the
large number of zero events for most of the patients, and
the negative binomial regression model is more flexible
than Poisson regression model, as it allows conditional
variance of the rate of event to be different from the
conditional mean.

Methods to control confounders, process evaluations, addressing
missing data and secondary analysis

Because of the heterogenous nature of the prospective
clinical trial design, specific a priori plans to control
for cofounding, assess the heterogeneity of surgical
approaches, address data missingness and perform
secondary analysis are described in the online supple-
mental methods.

ETHICS AND DISSEMINATION

Data abstraction, access and storage

All data are stored using encrypted, secured and
regulatory-approved platforms and methods via the
REDCap platform. Data will be available to the funding
agency as well as PKIDS investigators, as approved by the
data coordinating centre and the publications and study
initiation committee of PKIDS.

Regulatory and study oversight

The data coordinating centre (Children’s Hospital of Phil-
adelphia) maintains the central institutional review board
(IRB) approval (IRB # 19-016832), on which all other
sites rely with acknowledgement from individual IRBS for
local context (see online supplemental regulatory infor-
mation). Updates to the trial protocol will be approved by
the central IRB and then communicated to relying sites.
As there are no risks beyond data security and privacy, a
data safety monitoring plan has been implemented in lieu
of an external data safety monitoring board, overseen by
the data coordinating centre. Consent and assent (when
applicable) will be obtained by appropriately trained and
registered study team members. Consent will occur prior
to, up to the day of, surgical intervention via remote or
in-person protocols. Individuals will be offered to opt in
to allow for contact regarding future studies performed
by the PKIDS network.

Dissemination

Results will be reviewed with participating clinicians,
researchers and the PFP, who will contribute to develop-
ment of clinical guidelines to be disseminated at regional,
national and international urological meetings as well
as to be considered by the AUA Guidelines Committee.
Authorship will be determined by the International
Committee of Medical Journal Editors’ guidelines.’®

DISCUSSION

The lack of high-level patientfocused evidence on
the comparative effectiveness of surgical interventions
for paediatric nephrolithiasis impairs shared decision
making about the choice of surgical intervention, intro-
duces uncertainty about intra-operative technical choices
that lead to better outcomes, and precludes development
of effective post-operative management strategies that
improve patient experiences. To bridge these knowledge
gaps, the PKIDS network has initiated a pragmatic clinical
trial co-produced by patients and caregiversand embedded
in clinical care to compare the effectiveness of these proce-
dures. The real-world evidence generated will contribute
substantially improve patient-centred outcomes and facil-
itate shared decision-making processes. Specifically, our
primary aim will elucidate the most effective treatment to
remove stones based on stone size and location, while our
secondary aim will provide comparative data on patient
experiences following surgical interventions. Both aspects
of clinical care will inform treatment recommendations,
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including enhancing shared decision making when stone
clearance outcomes are equal across modalities. Further-
more, PKIDS provides an infrastructure to incorporate
best practices at each of the participating 26 sites and to
rapidly disseminate evidence and reappraise subsequent
outcomes, thus achieving a surgical learning cycle.'”>*

Of interest to the broader scientific community, PKIDS
offers a model of a collaborative learning health network,
which offers several advantages over the traditional model
of RCT5s in the generation and dissemination of knowl-
edge. While RCTs are regarded as yielding the strongest
evidence for efficacy and effectiveness, the methodolog-
ical limitations of RCTs make such efforts impractical to
evaluate the comparative effectiveness in certain clin-
ical situations, such as procedural interventions where
clinical equipoise does not exist, rare disease or high-
intensity situations with potentially vulnerable popula-
tions including children.””® Furthermore, RCTs are
highly structured environments that frequently produce
results not reflective of real-world practice and often have
limited accrual, resulting in trial failure.”®* A prospec-
tive observational trial with extensive characterisation of
providers, patients and health systems that incorporate
principles of learning health systems has the potential to
reflect real-world care, improve enrolment and provide
for a platform of knowledge generation and application.

Patient engagement in research design further
enhances the feasibility and impact of trial design
by creating constructive frameworks for education,
informed consent and trial design.”’ Integrating research
within a collaborative learning health system has been
particularly valuable for paediatric and rare diseases,
empowering colearning across a diverse and experienced
network of collaborators.'” For instance, patient reflec-
tions on the informed consent process during randomis-
ation for high-acuity neonatal trials have suggested lapses
and misunderstanding in the consent process, situations
that were potentially further complicated by placing
burden of consent for a child on the parent(s). These
circumstances pose both practical and ethical dilemmas
to recruitment.”® Embedding a prospective cohort trial
within clinical care may alleviate parental or patient
concerns regarding randomisation, allowing the care
team and patients to focus on clinical care.

Our goal to improve patientcentred outcomes is
reflected by our choice of endpoints. PROs are not
frequently used in comparative effectiveness studies for
kidney stone disease.” We have involved patients and
caregivers in the research process to heighten the rele-
vance and impact of the study results. Stone clearance
is a key clinical outcome for assessing success following
interventions for nephrolithiasis, as residual fragments
may result in symptomatic stone events or need for subse-
quent surgery.” Prior studies in children have been
limited by heterogeneity in definitions of stone clear-
ances as well as imaging modalities to access for residual
fragments. By standardising follow-up imaging processes
and applying an unambiguous a prioristated definition of

stone clearance, we aimed to minimise heterogeneity yet
still generate real-world data. Second, the PKIDS trial, for
the first time, will assess patient experiences after surgery
using a comprehensive patient-prioritised set of outcome
measures of physical, social and emotional health. These
measures were selected by our collaborating patient and
caregiver stakeholders and thus represent outcomes
that matter most to youth following surgery for kidney
stones. These data will provide invaluable information
to improve shared decision making about the choice
of surgical intervention and will also support surgeons’
intraoperative making.

Knowledge dissemination and integration remain major
barriers to improving care following traditional RCTs.
These challenges are even more problematic for surgical
intervention due to procedural learning curves and the
rapid promulgation of technology.” The PKIDS network,
by applying the principles of learning health systems,
can enable rapid knowledge generation and applica-
tion throughout participating institutions by providing
process and outcomes assessments at individual, institu-
tional and network-wide levels, identifying surgical best
practices, and encouraging care improvement via itera-
tive plan—do-study-act cycles.'’ This engagement will be
accomplished by engaging key individuals such as site
investigators and research coordinators at each step in the
study design and conduct, thereby engendering a robust
collaborative culture and an infrastructure for centralised
data management and decentralised implementation.

Our trial design is limited by the non-randomised
design, which may result in unmeasured confounding
and selection bias. We mitigate this risk by deeply
phenotyping patients, surgeons and health systems,
data which are unavailable in administrative datasets or
registries. Furthermore, inverse probability treatment
weighting methodology to balance treatment groups and
multiple planned sensitivity analyses will further reduce
confounding and bias and increase rigour. Additionally,
management of such large volumes of data pose challenges
in terms of both data acquisition and missingness. We
address these challenges through a multimodal approach
to data acquisition that included EHR-based data abstrac-
tion, technical reports of procedures completed by
surgeons and self-report from patients. These procedures
have the dual purpose of decreasing missingness while
reducing the burden on clinician and research team
members. Finally, the PRO schedule is ambitious and
places additional burden on patients and families in the
surgical recovery period. However, we have collaborated
with our PFPs to select highly relevant PROs and to opti-
mise time points of assessment. Additionally, our trial is
powered to accommodate our anticipated questionnaire
drop-out rate.

In conclusion, a prospective pragmatic clinical trial of
the comparative effectiveness of surgeries for paediatric
nephrolithiasis has the potential to generate high-level
evidence and to establish a surgical learning cycle. A
collaborative learning health system model of comparative
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effectiveness research could be applied to other areas of
investigation, particularly in patient populations or inter-
ventions where the traditional research model may be ill-
suited to optimise the timely, patient-centred impact of
study findings.
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