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Abstract
Learning health systems (LHS) align science, informatics, incentives, and culture for continuous improvement and innovation. 
In this organizational system, best practices are seamlessly embedded in the delivery process, and new knowledge is captured 
as an integral byproduct of the care delivery experience aimed to transform clinical practice and improve patient outcomes. 
The objective of this review is to describe how building better health systems that integrate clinical care, improvement, and 
research as part of an LHS can improve care within pediatric nephrology. This review will provide real-world examples of 
how this system can be established in a single center and across multiple centers as learning health networks.

Keywords Learning health systems · Learning health networks · Systems science · Quality improvement · Patient-centered 
outcomes

Introduction

With the constant expansion of electronic health records 
(EHRs), the amount of clinical data available is staggering. 
Ideally, the clinician can access the right information for 
the right patient at the right time, and patients are empow-
ered to partner with clinicians in their care. Edward Wagner 
and colleagues described an ideal process in the Chronic 
Care Model with the community and health system work-
ing together so that a prepared and proactive practice team 
has productive interactions with an informed and activated 

patient [1, 2]. This is particularly relevant in pediatric 
chronic disease management.

In 2007, the National Academy of Medicine (formerly the 
Institute of Medicine) first described the learning health sys-
tem (LHS)—a system in which science, informatics, incen-
tives, and culture are aligned for continuous improvement 
and innovation, with best practices seamlessly embedded in 
the delivery process and new knowledge captured as an inte-
gral byproduct of the delivery experience [3]. In the report 
Best Care at Lower Cost: The Path to Continuously Learn-
ing Health Care in America [4], the National Academy of 
Medicine describes a continuous LHS as comprising several 
key characteristics:

• Real-time access to knowledge—the system continu-
ously and reliably captures, curates, and delivers the best 
available evidence to guide, support, tailor, and improve 
clinical decision-making and care safety and quality.

• Digital capture of the care experience—the system 
captures data from the care experience for real-time gen-
eration and application of knowledge for care improve-
ment.

• Engaged, empowered patients—the system is anchored 
on patient needs and perspectives and promotes the inclu-
sion of patients, families, and other caregivers as vital 
members of the team.
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• Incentives aligned for value—the system incentivizes 
continuous improvement, identifies and reduces waste, 
and rewards high-value care.

• Full transparency—the system monitors the safety, 
quality, processes, prices, costs, and outcomes of care, 
and makes this information available for care improve-
ment and informed choices and decision-making by clini-
cians, patients, and their families.

• Leadership-instilled culture of learning—the system 
is stewarded by leadership committed to a culture of 
teamwork, collaboration, and adaptability in support of 
continuous learning as a core aim.

• Supportive system competencies—the system con-
stantly refines complex care operations and processes 
through ongoing team training and skill building, sys-
tems analysis and information development, and creation 
of the feedback loops for continuous learning and system 
improvement.

One key feature of data collection in the LHS framework 
that distinguishes it from traditional models of data col-
lection for research is the purpose for a robust data collec-
tion system. The data collected in an LHS enables learning 
cycles that occur at various speeds and levels of scale to 
transform this data into knowledge and apply knowledge 
to improve clinical performance and outcomes. It can take 
years and even decades to go through the traditional research 
system of grant preparation, award, planning, performing the 
research, data analysis, publication of results, and implemen-
tation trials to understand how to spread the new knowledge. 
The LHS model strives to be nimbler—aiming to identify 
and address areas of concern in “real-time” through frequent 
assessment and continuous process improvement.

How might the LHS approach benefit pediatric neph-
rology? Consider one of the most common conditions the 
nephrologist cares for: chronic kidney disease (CKD). The 
Kidney Disease Improving Global Outcomes (KDIGO) 2012 
Clinical Practice Guidelines for the Evaluation and Man-
agement of CKD is a 163-page document that includes a 
litany of recommendations [5]. During a routine follow-up 
visit for CKD care, the nephrologist must evaluate cardio-
vascular health (blood pressure control, last 24-h ABPM, 
last echocardiogram), bone health (calcium, phosphorous, 
hyperparathyroidism), acid–base status, appropriate growth 
and nutrition, and infectious complications. Assessing and 
responding to any of these problems individually may seem 
straightforward but treating them all simultaneously creates 
a complexity of clinical care that the current healthcare sys-
tem does not support. Indeed, despite many effective thera-
pies, 30% of patients have either uncontrolled casual prehy-
pertension or uncontrolled hypertension [6]. In a multicenter 
study of pediatric transplant centers, six cardiovascular risk 
factors recommended by the Kidney Disease Outcomes 

Quality Initiative were assessed only 57% of the time, and 
only 10% of patients had all six documented in the patient’s 
chart [7]. Thus, one of the greatest challenges to improving 
long-term outcomes for children with kidney disease is not 
a lack of effective medical therapies, but rather the lack of 
effective healthcare delivery systems to monitor the patient 
condition in real time and implement effective therapies reli-
ably in clinical practice.

The objective of this review is to describe how building 
better health systems that integrate clinical care, improve-
ment, and research as part of an LHS could improve care 
within pediatric nephrology. This review will describe gen-
eral strategies and provide examples for putting this frame-
work into practice both within a single practice and across 
practices through a learning health network (LHN). Since 
pediatric nephrology is a largely academic pursuit and most 
full-time positions are part of an academic practice [8], this 
model for the integration of clinical practice and research 
applies to every nephrologist.

Building a learning health system

Focus on what matters most

The goal of the LHS is to achieve better health by focusing 
on the decisions that matter most to all stake holders includ-
ing patients and caregivers, clinicians, researchers, and 
administrators by integrating the activities of clinical care, 
quality improvement, operations, and research. This is done 
by building a community with a shared understanding of 
and commitment to rigorously applying a theory for change 
and proven methodology (e.g., the chronic care model [1, 
2], the model for improvement [9], research methods [10], 
etc.), by leveraging technology to support clinical opera-
tions, and by developing strategies to measure impact and 
identify research questions. These elements together allow 
stakeholders within a center or across centers to apply a con-
tinuous learning system to change systems of care resulting 
in better health.

Measuring impact

To track improvement over time, it is necessary to define rel-
evant measures for the patient population. Measures should 
be centered on improved patient outcomes and determined 
using evidence-based guidelines and available research. Data 
used to calculate measures come directly from the interac-
tion between patients/families and the clinician at the point 
of care, where a large amount of data is recorded both in 
structured (i.e., discrete; specifically entered to be organized 
and accessed at another time) and unstructured (i.e., narra-
tive, text; not entered in such a way to be easily retrieved) 
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formats. Data recorded in unstructured formats must be 
converted into structured data before it can be utilized for 
reporting. Once key outcomes have been identified and oper-
ationally defined, processes that affect this outcome can be 
identified, measured, and tested under the hypothesis that 
this process will affect the given clinical outcome [9, 11]. 
For example, if the outcome of interest is to improve blood 
pressure control, one hypothesis could be that the clinic team 
must appropriately measure and classify the patient’s blood 
pressure, providing the physician with accurate information 
for medical decision-making. Since systems of care do not 
exist in isolation and any change can have unintended conse-
quences, balancing measures should also be identified [11]. 
In this example, documenting how long it takes to check a 
patient in after changing how blood pressure is measured 
would be a possible balancing measure to determine how 
the new intervention affects patient flow.

Figure 1 is an example of a model developed by our team 
in 2011 to guide outcomes improvement work for patients 
with a kidney transplant. It defines clinical outcome meas-
ures for kidney transplant patients and the specific pro-
cesses in place that affect these clinical outcomes, which 
are themselves affected by processes that can be measured 
and reported. Continuing with the blood pressure exam-
ple, consider what processes drive this outcome. There 
are three process measures the team hypothesized would 

affect this outcome: measurement and documentation—is 
the blood pressure being measured and documented in the 
EHR; assessment—are clinicians appropriately reviewing 
the blood pressure and documenting the classification of the 
blood pressure during the visit; treatment—is the patient 
being treated with either diet/exercise, antihypertensive 
medication, or is their antihypertensive medication adher-
ence being addressed. These processes are all tracked and 
reported back to the transplant team. The hypothesis is that 
if each of the described processes is happening reliably, then 
the number of patients with controlled blood pressure will 
increase.

For each outcome, process, or balancing measure, it 
is important to identify the appropriate analysis to detect 
improvement over time. This may be a run chart [12] or 
any number of statistical process control charts [11, 13]. A 
run chart is a graphical display of data plotted over some 
type of order—most often over time—but could also include 
sequential patients, visits, or procedures [12]. While run 
charts are used to study variation over time to understand 
the impact of changes on a given measure, statistical pro-
cess control charts are used to distinguish between common 
cause (causes inherent in the system of interest) and special 
cause (causes not part of the system of interest) variation 
[11]. The chart should be selected based on the type of data 
being collected, the frequency of events, and the desired 
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Fig. 1  Clinical outcome measures with process measures that affect 
the outcome and the foundational care processes in place that support 
these processes. In this example, “hypertension” is the clinical out-
come of interest. Each clinical outcome measure will have an associ-
ated operational definition that details what the goal is. Each outcome 
will have associated process measures; in this example, for appropri-
ate hypertension management, blood pressure needs to be measured 

and documented appropriately, classified and assessed, and treated (if 
necessary). Each of these processes have subprocesses. For example, 
the clinician attempts to classify and assess the blood pressure (cor-
rectly or incorrectly). This figure is simplified to show only the pro-
cess measures for “hypertension,” but process measures exist for each 
outcome measure
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sensitivity to detect change. Once the appropriate chart is 
selected, the measure should be operationally defined, and 
a data collection strategy should be specified. Ideally, data 
capture should be as seamless as possible and embedded in 
usual clinical care [11]. This may require figuring out how 
to structure unstructured data. For instance, the EHR can be 
configured to allow data from biopsies or ambulatory blood 
pressure monitors to be entered as structured data elements 
rather than uploaded as scanned documents. Another exam-
ple is integrating “outside labs” from external laboratories 
into the institution’s EHR—which is especially relevant 
for pediatric nephrologists due to the large regional catch-
ment areas served by any given nephrology program. The 
upfront resources and effort required to develop systems to 
input data as structured rather than unstructured elements 
provide long-term benefits of efficiency as these data can 
then automatically populate clinical notes, letters, and other 
communications in addition to being extracted for analysis.

When determining the outcomes of interest for an LHS 
registry, it is important to address priorities of all stakehold-
ers. For instance, in order for an LHS to be successful it must 
be designed to assist clinicians in accomplishing their pur-
pose of providing the best comprehensive care to patients, 
rather than detracting from it with a large burden of data 
entry and extra work. In like manner the interests of patients/
families, administrators, and researchers must be addressed 
when prioritizing what data is worth capturing and work-
ing to improve. While patient satisfaction scores may not 
be as helpful for researchers, they tend to be valuable for 
administrators and patients. Quality of life, while challeng-
ing to measure, is typically one of the most important fac-
tors for patients and families. Given the amount of time and 
expertise that is needed to create meaningful data systems 
with high-quality, valid data, ensuring that all stakeholders 
are represented can create “buy-in” at all levels and align 
the various stakeholders to a common vision of continuous 
process improvement.

Integrating activities with a structured theory

Improvement work is supported by a foundation of processes 
described in the Chronic Care Model [1, 2]—care coordi-
nation, pre-visit planning, population management, and 
patient/family self-management support—interventions nec-
essary for improvement work to be successful and sustain-
able in any context. Care coordination aims to achieve high-
quality specialty care and successful transitions by ensuring 
care is timely, safe, effective, patient-centered, efficient, and 
equitable [14]. Pre-visit planning enables the patient and 
clinician to conduct the face-to-face visit more effectively 
by gathering and organizing information ahead of time so 
they can devote more attention during the visit to interpret-
ing, discussing, and responding to this information together 

with the patient [15]. Population management allows a prac-
tice or healthcare system to identify patients between visits 
who are not meeting clinical goals or are at risk for clini-
cal decline and to apply the necessary resources to address 
this gap in care and prevent adverse clinical outcomes [16]. 
Self-management is the interaction of health behaviors and 
related processes that patients and families engage in to care 
for their chronic condition [17].

The model for improvement provides a framework for 
developing, testing, and implementing change using three 
fundamental questions: (1) What are we trying to accom-
plish? (2) How will we know that a change is an improve-
ment? (3) What changes can we make that will result in an 
improvement [9]? Once the team has identified the outcome 
in need of improvement, a driver diagram should be created 
to display the theory for improvement by identifying drivers 
of the outcome and interventions thought to affect the driv-
ers [9]. An example of a driver diagram that guided our work 
to decrease rejection episodes in our population is displayed 
in Fig. 2. Often the outcome of interest is the primary out-
come measure and process measures are developed for each 
key driver. Plan-Do-Study-Act (PDSA) cycles [9] or planned 
experimentation [10] are then used to test interventions at 
the point of care for their impact on key drivers (process 
measures) and the clinical outcome (outcome measures). It 
is essential that a rigorous process is applied to make sure a 
measurement system is in place prior to initiating interven-
tions, such that the team can answer whether a change is 
resulting in improvement.

Applying the continuous learning system to change 
systems of care

Creating an infrastructure to manage, learn from, and pre-
sent the outcomes and measures in a meaningful way to cli-
nicians, researchers, patients, and families is a foundational 
step of the LHS. One way to conceptualize this includes 
an afferent or “sensing” arm that collects patient data from 
the clinical setting, a data processing unit that analyzes and 
processes these data, and an efferent or “effector” arm that 
is the execution and application of the knowledge generated 
and applied to the right patient, in the right setting, at the 
right time (Fig. 3). The afferent arm collects the outcome, 
process, and balancing measures and other relevant clinical 
data identified by the team.

The foundation of the data processing unit is the patient 
registry. Once in the registry, applications can process the 
data and provide several outputs, including (1) pre-visit 
planning and population management reports that provide 
clinical decision support and identify gaps in care for indi-
vidual patients and the population [18], and (2) quality and 
outcome reports that identify trends in care and outcomes 
for individual patients or the population over time. These 
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reports both facilitate clinical care and allow a center to 
understand how their clinical practice and quality improve-
ment efforts are affecting their processes and outcomes. The 
registry database can also support the research operations 
of a practice by (1) identifying patients eligible for research 
studies based on study selection criteria and (2) generating 
high quality data for observational and comparative effec-
tiveness research. The efferent arm is the application of this 
new knowledge back to the point of care. This is done by 
applying the principles and strategies previously described 
by the chronic care model (i.e., pre-visit planning and popu-
lation management) and model for improvement. To keep 
the LHS constantly progressing, the team requires structure 
and discipline to regularly review the data that is being col-
lected and applying frequent tests of change on the system 
of care to achieve continuous improvement.

Creating the learning health system—a case 
study

Our kidney transplant team developed an LHS to moni-
tor the kidney transplant population according to 7 health 
domains—kidney function, chronic kidney disease, car-
diovascular health, rejection, growth, infection, and malig-
nancy—according to pass/fail criteria based on KDIGO 
and Transplantation Society guidelines [5, 19] (Fig. 4). 
Using these domains, the EHR was configured to cap-
ture necessary data in structured formats to automatically 
populate a population level outcomes dashboard to fol-
low the outcomes of interest and identify areas in need of 
improvement (Fig. 5). Figure 5 graphically displays each 
outcome measure over time (x-axis) and the percentage of 

Fig. 2  Key driver diagram 
developed to guide improve-
ment work to decrease acute 
rejection rates for pediatric 
kidney transplant patients

Decrease Acute
Rejection by
Addressing

Adherence Barriers

Identify barriers

Patient-centered,
shared decision making

for barrier specific
interventions

Screen for adherence
risk

Optional electronic
adherence monitoring

with feedback

Tablet computer integrated with
the EHR

Defined roles among team
members

Patient-centered, timely barriers
assessment tool

Aids created for barriers specific
interventions

Clearly defined roles of provider to
address specific barriers

AIM

KEY DRIVERS INTERVENTIONS

Individualized adherence reports
created and reviewed with patient

Automated adherence risk score
created and reported at PVP

Patient engagement
through a system of

coproduction

Fig. 3  Figure describing the 
continuous cycle of discovering 
new knowledge and applying 
this directly to the patients to 
create change in the system of 
care

Clinical Care

Data Processing

Afferent
“Sensing”
Arm

Efferent
“Effector”
Arm

• Registry management
• Perform research
• Identify gaps in care

• Outpatient
• Inpatient
• Between clinic visits

• Collect patient data
• Process measurement
• Outcomes measurement

• Provide processed and
actionable data to
patient & care team

• Apply research findings
through new care
processes

• Quality improvement



 Pediatric Nephrology

1 3

the population that has achieved the desired state for this 
outcome measure (y-axis). A real-world example using this 
data for improvement is our work on cholesterol screening 
and treatment according to published guidelines. Differ-
ent lab monitoring guidelines were created for patients 
based on dyslipidemia risk. Using the data from the EHR, 
a regular reporting and feedback structure to the transplant 
team, and quality improvement methods over a 4-year 
period, the percent of cholesterol levels checked accord-
ing to guidelines increased from 84 to 95%, the number of 
dyslipidemia patients on statin therapy increased from 52 
to 88%, and patients with an LDL < 130 mg/dL increased 
from 65 to 83% [20]. This improvement in the population 
LDL cholesterol was done without any new medications or 
therapies; rather, the existing guidelines and recommenda-
tions were applied reliably in clinical practice. A similar 
approach was used to develop a Medication Adherence 
Promotion System to reduce rejection in our population 
[21]. This system identifies patients at risk for rejection 
[22] by systematically assessing for and addressing barri-
ers to immunosuppression medication adherence [23] and 
has increased the number of patients rejection-free for the 
prior year from 80 to > 90% [21]. Table 1 summarizes the 
published measures and improvement of these two initia-
tives. A similar approach has led to improvement in the 
percentage of patients with normal hemoglobin, proteinu-
ria, and vitamin D (Fig. 5).

In our practice, these clinical outcomes were combined 
to create a composite “ideal” outcome (Fig. 3) [19]. In this 
cross-sectional study, patients were assessed at 1-, 3-, 5-, and 
10-year transplant anniversaries according to an outcome 
measure consisting of 15 criteria in the aforementioned 
health domains. At 1 year, an ideal outcome was achieved 
for 63% of patients, 37% at 3 years, 40% at 5 years, and 
26% at 10 years [19]. The composite ideal outcome can 
also be applied to the population to track changes over 
time (Fig. 6). During this 5-year period, our kidney trans-
plant program was actively pursuing improvement projects 
focused on blood pressure control, reducing acute rejections, 
and appropriately managing chronic kidney disease. This 
approach allows for measurement and monitoring of indi-
vidual and population data over time to measure the health 
and outcomes at all relevant levels—the individual patient, 
the population, and the system supporting the work. Future 
work is planned to continue to incorporate patient-reported 
outcomes and value of care (quality and cost).

Learning health networks in pediatric 
nephrology

One of the challenges faced by pediatric nephrologists is that 
kidney disease is uncommon in children, making it difficult 
to produce generalizable knowledge through research from 

Fig. 4  Composite Ideal Outcome for kidney transplant patients. This 
figure illustrates one way to map the ideal outcome for a transplant 
patient. This composite outcome is comprised of relevant health 
domains (shaded boxes) with the measure(s) associated with each 
domain and future states (dashed line boxes). Abbreviations: CKD, 
chronic kidney disease; Ca, calcium;  CO2, bicarbonate; Hgb, hemo-

globin;  PO4, phosphorus; UPC, urine protein/creatinine ratio; GFR, 
glomerular filtration rate; BKV, BK virus; CMV, cytomegalovirus; 
EBV, Epstein-Barr virus; UTI, urinary tract infection; BMI, body 
mass index; HDL, high-density lipoprotein cholesterol; LDL, low-
density lipoprotein cholesterol
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a single center [24]. The LHS model can also be applied 
across multiple care centers in an LHN. Nearly all pedi-
atric chronic diseases are considered rare according to the 
National Institutes of Health definition of a prevalence of 
fewer than 200,000 affected individuals in the USA [25]. 
In addition, due to small cohorts and a historical lack of 
well-defined treatment pathways, there is substantial varia-
tion in care practices and clinical outcomes between centers 
[25]. These limitations can be overcome with LHNs through 
shared data models and reliance agreements with a single-
center institutional review board. Marsolo and colleagues 
describe a model network architecture that integrates the 
clinical data from different EHR platforms into an enhanced 
registry to support care for patients with inflammatory bowel 
disease in ImproveCareNow [26]. They describe the many 
facets of creating and maintaining an effective registry, 

including regulatory and legal considerations, working with 
multiple EHR vendors, and creating structured data in the 
EHR so it can be extracted, analyzed, and shared to inform 
measures, clinical decision support, and automating registry 
reports [26].

The LHN is aligned with the single-center LHS approach: 
focusing on the health of patients, measuring impact, inte-
grating activities with a structured theory, and striving for 
continuous learning to change systems of care. Distinct 
advantages arise with a multicentered, network approach—
specifically they allow for collective action by many indi-
viduals and teams to answer questions and solve problems 
that otherwise could not be answered at the level of a single 
center. Additionally, single centers that lack the resources 
to establish an LHS on their own, may benefit from shared 
resources in an LHN such as a registry, data processing, QI 

Fig. 5  Example of population level clinical outcomes for kidney 
transplant patients. Each graph shows a given outcome measure over 
time (x-axis) and the percentage of the population that achieved the 
goal for this outcome measure (y-axis). Abbreviations: BMI, body 
mass index; CM, cytomegalovirus; UTI, urinary tract infection; GFR, 

glomerular filtration rate; Chol, cholesterol; LDL, low-density lipo-
protein; HDL, high-density lipoprotein; TG, triglycerides; SBP, sys-
tolic blood pressure; Ca, calcium; UPC, urine protein/creatinine ratio; 
HgB, hemoglobin;  PO4, phosphorus;  CO2, bicarbonate
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knowledge and training, and access to other centers’ data. To 
establish clinical and research priorities within a network, it 
is imperative to engage all stakeholders: patients and fami-
lies, clinicians, researchers, and administrators. Once estab-
lished, the network then provides the structure to align the 
research agenda with clinical questions that underlie patient 
and clinician uncertainty about what works best for which 
patients and under what circumstances [25, 27].

LHNs differ from other large research networks and 
patient registries in that the primary objective of the LHS is 
to improve patient outcomes by direct, rather than indirect 
impact on clinical care processes. This is done by democ-
ratizing the decision-making and prioritization of which 
areas to direct time, effort, and resources. The distributive 
nature of learning throughout the individual centers involved 
in LHNs allows for multiple ways to address a problem 
or improve an outcome, and this data is shared openly 
and freely to the rest of the network. This sharing of suc-
cesses and failures allows the network to progress faster to 
achieve its goals than would occur using traditional research 
methods.

LHNs focused on a variety of chronic conditions have 
proven to improve patient outcomes across inpatient care, 
outpatient care, and perioperative care [28, 29]. Britto and 
colleagues describe multiple real-world examples, including 
improved rate of remission for patients with inflammatory 
bowel disease (chronic disease management), decreased 
mortality for infants with single ventricle congenital heart 
disease (perioperative/inpatient care), decreased catheter-
associated urinary tract infection for admitted patients 
(patient safety), and more [29]. LHNs can also provide 
individual centers with data analysis and population man-
agement services that they might not have the resources or 
information systems support to create and manage on their 
own. Furthermore, being part of an LHN allows a program 
to compare its outcomes to those of peer institutions and 
potentially garner support from program administration to 
more fully engage in improvement activities.

The following are several examples of LHNs in pediatric 
nephrology along with their goals and selected successes.

The Standardizing Care to improve Outcomes in Pedi-
atric End stage renal disease (SCOPE) Collaborative [30] 
was launched in 2011 using a model to combine rigorous 
quality improvement methodologies and real-time, transpar-
ent reporting of process and outcome measures [31]. This 
model has led to impressive clinical outcomes improvement, 
including reduction of peritonitis rates in children on perito-
neal dialysis through a standardized follow-up care bundle. 
In this effort, mean monthly peritonitis rates across 24 cent-
ers decreased from 0.63 episodes per patient year before 
launch of the standardized bundle to 0.42 at 36 months 
after launch [32]. Additionally, the SCOPE collaborative 
has reported epidemiologic data to describe exit site and Ta
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tunnel infection rates for children on peritoneal dialysis [33] 
and risk factors for early onset peritonitis [34] and fungal 
peritonitis [35]—data that is critical in the work to improve 
such outcomes.

The Improving Renal Outcomes Collaborative (IROC) 
[36, 37] was started in 2016 with the vision to partner with 
patients who have kidney disease and their families to 
improve health, longevity, and quality of life. IROC provides 
member centers with structured quality improvement train-
ing and a central registry for patient demographic and medi-
cal data that is used to generate pre-visit planning and popu-
lation management reports. IROC’s initial efforts focused 
on improving blood pressure measurement, documentation, 
treatment, and control according to established guidelines. 
Prior to this project, only 11% of transplant clinic visits from 
17 participating centers documented an appropriately meas-
ured blood pressure—a number that increased to more than 
85% within 20 weeks [38]. As a response to the COVID-19 
pandemic, IROC centers were able to rapidly organize and 
deploy network-wide calls for clinicians and patients/fami-
lies to learn how practices were being impacted and sharing 
of best practices learned by centers that were earliest and 
most significantly impacted [39]. IROC also established a 
COVID-19 testing registry that was supported by the exist-
ing patient registry to report the largest cohort of COVID-19 
testing and outcomes for pediatric kidney transplant patients 
[39].

The Nephrotoxic Injury Negated by Just-In-Time Action 
(NINJA) program, originally created at a single institu-
tion and found to decrease acute kidney injury (AKI) by 
identifying patients at high risk for AKI [40], has since 
spread to form a multicenter learning network. This col-
laborative recently reported that across 9 pediatric centers, 
AKI rates for inpatients decreased from 1.7 to 1.3 episodes 
per 1000 patient days (23.8% reduction) and AKI rates per 

nephrotoxic medication exposure decreased from 23.6 to 
15.0% (36.7% reduction) [41]. Through this work, nephro-
toxic AKI was selected as one of 12 preventable hospital-
acquired conditions by the Children’s Hospitals’ Solutions 
for Patient Safety—perhaps the largest LHN in pediatrics 
consisting of 145 Children's Hospitals collaborating to elim-
inate serious harm to patients [42].

The Pediatric Glomerular Disease Learning Network 
(GLEAN) was recently created. This group has previously 
described using EHR data to rapidly and accurately identify 
children with glomerular disease using a computable phe-
notype [43]. This development is an important step in iden-
tifying the cohort of interest and will not only enhance and 
accelerate comparative effectiveness and health outcomes 
research for patients with glomerular disease but also can 
be applied to structured outcomes improvement and can be 
applied to other cohorts of patients with rare diseases [43].

Challenges for the learning health system/
network

One of the most pressing issues at the network level is how 
to handle the vast amounts of data that exist across various 
institutions and that are being uploaded to multiple patient 
registries. At present, none of the LHNs or large patient reg-
istries in pediatric nephrology utilize automated electronic 
data transfer—where the data that is being collected and 
tracked is automatically retrieved from an individual center 
EHR and uploaded to the patient registry of interest. This 
leaves much of the work for data upload to be manually 
entered at the center level, which is a major limitation to 
greater engagement with these networks. To address this, 
some networks have developed processes to allow for bulk 
upload of EHR data or other third-party data into central 

Fig. 6  Ideal outcome for a 
kidney transplant program. 
This figure illustrates how these 
measures can be displayed over 
time for population manage-
ment. During this 5-year period 
our kidney transplant program 
was actively pursuing improve-
ment projects focused on blood 
pressure control (brown), reduc-
ing acute rejection (red), and 
appropriately managing chronic 
kidney disease (purple)
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registries; however, manual manipulation and formatting of 
data elements is still required. An additional data challenge 
is that many institutions participate in more than one of these 
networks and/or patient registries which leads to entering 
or uploading similar data on the same patients to multiple 
different registries, each with their own formatting and data 
entry requirements. There is a need for implementation of 
a common data model that organizes the relevant data into 
standard structures that can be shared across networks and 
registries to ease the administrative burden of participation 
in multiple networks/registries. An additional hurdle is the 
majority of EHR content is unstructured and locked into 
proprietary systems which is problematic when trying to 
collect and analyze this data across different systems [44]. 
While the technology exists to overcome these barriers, one 
of the greatest challenges is that this also requires legal and 
regulatory agreements between networks, hospitals, and 
organizations to allow handling of protected health infor-
mation. Alignment and streamlining of network priorities 
will be required for this to occur.

An additional consideration is the role of the pediatric 
nephrologist’s participation in one or many of such networks. 
The currency of academia is grant funding and publica-
tions. With many academic positions on either a “research,” 
“clinical,” or “educational” track there can be a lack of time 
to fully engage with the structured quality improvement 
methods that are needed to successfully improve the local 
health care system while also fulfilling academic require-
ments. Participation in these networks can be encouraged 
by formal recognition of the time and effort needed for suc-
cessful work to be completed and by including this work 
as a pathway in the reappointment, promotion, and tenure 
process at the institutional level. Benefits of participating 
in an LHN include opportunities to address many academic 
requirements through leading or participating in multicenter 
clinical studies or leading a multicenter QI effort.

Finally, to develop robust LHSs and LHNs, they must be 
funded appropriately. Providing the highest quality and most 
efficient care is the explicitly stated mission of nearly all aca-
demic institutions and payors, including government entities, 
yet when funding priorities are established, the development 
of LHSs and LHNs is often considered “additional” work 
that must be funded through extramural grant support rather 
than through operational budgets. Staff are often expected to 
engage in LHS and LHN work without the aforementioned 
formal recognition or protected time to do so. However, if 
the vision of better health and patient experience at lower 
cost is to be achieved through LHSs, institutions must sup-
port quality and outcomes improvement work with necessary 
recourses as part of their primary missions rather than just a 
means to academic productivity or recognition. For instance, 
the pediatric nephrologist cannot be expected to add “addi-
tional work” to existing commitments; rather, institutions 

must provide dedicated effort, staff, and other resources to 
develop LHSs that ultimately improve the efficiency and 
quality of care. The emphasis needs to shift from participa-
tion as “additional” work, to acknowledging that the work of 
LHSs and LHNs is “central” to the business and mission of 
all healthcare organizations and payors. Payors—both pri-
vate and public—stand to gain the greatest financial benefit 
from improved health of populations. As such, they should 
be willing to invest the financial capital to establish robust 
LHSs and LHNs.

Summary and future directions

As LHSs continue to emerge and prove successful at improv-
ing patient outcomes, this creates an opportunity for a new 
field of expertise. Engaging patients and colleagues, imple-
menting quality improvement, and performing research 
through learning networks requires a unique skillset. To 
address the need for future experts in the field, thought lead-
ers in the field have developed a set of 33 core competencies 
for LHS researchers that encompass 7 competency domains 
[45], including (1) systems science, (2) research questions 
and standards of scientific evidence, (3) research methods, 
(4) informatics, (5) ethics of research and implementation 
in health systems, (6) improvement and implementation sci-
ence, and (7) engagement, leadership, and research manage-
ment. Distinguishing features of this field from traditional 
clinical research are the real-world milieu of LHS research, 
the embeddedness of the researcher within the health sys-
tem, and engagement of all stakeholders [45]. The PEDSNet 
Scholars Program was created to prepare and equip research-
ers with these needed skills [46]. Founded in 2018, this pro-
gram is a grant awarded to junior faculty under the Agency 
for Healthcare Research and Quality – Patient-Centered 
Outcomes Research Institute (AHRQ-PCORI) Institutional 
Mentored Career Development Program (K12).

Participating in an LHN provides a number of benefits 
for physicians—including allowing for peer-to-peer com-
parison and benchmarking on best results, opportunities to 
formally test what works and what does not and quickly 
spread the result within the network, and access to coach-
ing from peers and individuals with expertise in quality 
improvement methods. Participation in these networks can 
be used to fulfill Maintenance of Certification requirements 
for pediatricians [47]. Additionally, there are opportunities 
for patient-clinician collaboration on projects that is not 
fostered by the traditional clinic interaction [48, 49]. For 
example, in IROC the Community Engagement Workgroup 
(comprising patients with a kidney transplant and their par-
ents) developed a list of questions about acute rejection that 
were answered by the physicians within the network. The 
answers were collated and used to create two versions of 
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educational materials—an illustrated comic book for chil-
dren and a comprehensive packet for adults. These resources 
have since been translated into Spanish and made available 
to all participating centers within the network. The Com-
munity Engagement Workgroup has their own leadership 
and meeting structure and can set priorities consistent with 
the wants and needs of its members.

In summary, the LHS and multicenter LHNs attempt 
to align, organize, and empower what have traditionally 
been disparate (and potentially adversarial) components 
of the health care system into an organization focused on 
improving patient health and clinical outcomes. This is 
done through a reorganization of the older, hierarchical 
model of healthcare delivery into a more distributed leader-
ship and accountability model. While tech companies have 
been quick to adapt to this more distributed model (e.g., 
Wikipedia, AirBnB, Uber, etc.) there is work to be done in 
healthcare. Reshaping the culture of medicine will be impor-
tant to achieve this. In the ideal LHS, clinicians and health 
systems, public health and social services, businesses and 
community organizations, and individuals and families are 
not only seamlessly linked but are active contributors to and 
beneficiaries of the learning culture [50]. This is done by 
harnessing and relying on the inherent motivations of all 
stakeholders toward the shared goal of improving health and 
clinical outcomes.
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