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Abstract

Background Acute kidney injury (AKI) is independently associated with increased morbidity and mortality across the life
course, yet care for AKI remains mostly supportive. Raising awareness of this life-threatening clinical syndrome through
education and advocacy efforts is the key to improving patient outcomes. Here, we describe the unique roles education
and advocacy play in the care of children with AKI, discuss the importance of customizing educational outreach efforts to
individual groups and contexts, and highlight the opportunities created through innovations and partnerships to optimize
lifelong health outcomes.

Methods During the 26th Acute Disease Quality Initiative (ADQI) consensus conference, a multidisciplinary group of
experts discussed the evidence and used a modified Delphi process to achieve consensus on recommendations on AKI
research, education, practice, and advocacy in children.

Results The consensus statements developed in response to three critical questions about the role of education and advocacy
in pediatric AKI care are presented here along with a summary of available evidence and recommendations for both clinical
care and research.

Conclusions These consensus statements emphasize that high-quality care for patients with AKI begins in the community
with education and awareness campaigns to identify those at risk for AKI. Education is the key across all healthcare and
non-healthcare settings to enhance early diagnosis and develop mitigation strategies, thereby improving outcomes for chil-
dren with AKI. Strong advocacy efforts are essential for implementing these programs and building critical collaborations
across all stakeholders and settings.

Keywords Acute kidney injury - Advocacy - Education - Education Design Research (EDR)

Introduction

Understanding of pediatric acute kidney injury (AKI) con-
tinues to advance, with increasing recognition of different
phenotypes and underlying pathophysiology. Management

Extended author information available on the last page of the article

of AKI remains mostly supportive, aimed at early identifica-
tion and interventions to mitigate progression. Lack of AKI
awareness among healthcare workers and insufficient knowl-
edge in the public of risk factors, signs, symptoms, and com-
plications of AKI impede early identification. Inappropriate
resources in different clinical settings and limited govern-
mental/institutional support challenge the ability to improve
AKI care through education and/or quality improvement.
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The 26th Acute Disease Quality Initiative (ADQI) consen-
sus conference was convened to improve clinical care and
identify the research agenda in pediatric AKI. This article
addresses the roles education and advocacy play in improv-
ing care and outcomes related to AKI in children. We ask
and answer three key questions:

Question 1: What unique roles do education and advocacy
play in advancing AKI care for children?

Question 2: How do we customize AKI education and
advocacy efforts for diverse groups and settings?
Question 3: What innovations and partnerships will raise
awareness, overcome barriers, and advocate for optimal
lifelong outcomes in AKI?

Methods

The 26th ADQI consensus conference was held over 3 days
in Napa, USA, in November 2021, and included an inter-
disciplinary group of clinicians and researchers from North
and South America, Africa, Asia, and Europe. The first
ADQI conference with a completely pediatric focus, this
group included 47 multidisciplinary experts from pediatric
nephrology, pediatric and adult critical care, pharmacy, epi-
demiology, health services research, pediatric nephrology
nursing, nutrition, and patients, as previously described [1].
This meeting followed the established ADQI process [2].
A detailed description of the ADQI methodology is avail-
able at www.adqi.net. The broad objective of ADQI is to
provide expert-based statements and a summary of current
knowledge for use by clinicians and researchers according
to ADQI’s professional judgment and to identify evidence
gaps to establish research priorities.

The Education and Advocacy workgroup sought to
develop consensus statements to enhance education efforts
and to provide a framework for advocacy to improve out-
comes of children with and at risk for AKI. The workgroup
included clinicians and researchers, as well as an AKI sur-
vivor, and an expert in advocacy and social determinants of
health. The consensus-building process employed an objec-
tive review of articles identified through a PubMed search.
The results of this consensus conference are not based on a
formal systematic review process; rather, a modified Delphi
method was used to reach consensus, using evidence-based
literature when possible, with the goal of addressing the
key questions and articulating a research agenda to address
knowledge gaps. A summary of the consensus conference has
been previously published [1]. We describe our workgroup’s
consensus findings, as well as detailed recommendations to
be used as a framework for the advancement of pediatric AKI
care through educational and advocacy approaches.

@ Springer

Results

A critical recommendation of the consensus panel was a
need to improve pediatric AKI education and advocacy
efforts:

Given the adverse immediate and lifelong outcomes
for children with AKI, education and advocacy are
essential, starting with the patient and family and
expanding across health care teams, systems, and
communities.

We thus sought to answer three questions developed
during the ADQI consensus conference.

Question 1: What unique roles do education
and advocacy play in advancing AKI care
for children?

Consensus statements

la. Given the significant short- and long-term risks
to patients, and the high burden of AKI on healthcare
systems, greater education about AKI is necessary
for all members of the healthcare system.

1b. In the absence of easily recognizable signs and
symptoms and the lack of specific treatment for AKI,
education and advocacy are essential to improve
understanding (awareness) and recognition of AKIL

Despite three decades of intensified research, AKI-
related morbidity and mortality rates remain unacceptably
high. AKI may lack clinical signs or symptoms and can
occur in any patient. Therefore, a critical step in address-
ing the AKI epidemic is robust education aimed at improv-
ing awareness of the impact of AKI and recognition of risk
factors. The first contact with the healthcare system for a
patient with AKI is generally in the primary care setting,
emergency room, or inpatient wards by non-nephrologists.
The healthcare professional may be a medical student,
resident, attending physician, advanced practice provider,
nurse, community health care worker, or pharmacist. Each
of these levels of direct patient care offers opportunities
to improve AKI recognition and mitigate AKI risks [3].

AKI awareness remains variable across different health-
care settings, contributing to disparities in outcomes [4].
AKI often goes unrecognized in the community and out-
side the intensive care setting in the hospital [5]. Commu-
nity-acquired AKI occurred in 1.5% of emergency room
encounters and 37% of AKI was missed by the emergency
or inpatient clinician in those admitted [6]. In a survey
evaluating AKI education and knowledge among nursing
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staff in rural South Africa, only 37.8% reported confidence
in managing a patient with AKI; 97% reported wanting
additional training. Similarly, 61% of nurses across 11
districts reported never receiving training on AKI, and
one-third of health care workers were unaware of dialysis
availability at the National Referral Hospital in Malawi
[7]. Given how frequently AKI goes unrecognized, devel-
oping AKI education specific to non-nephrologists is a
critical step for improving AKI care [8].

Improving awareness and early identification of AKI
must focus on improving clinical care. In Malawi, fol-
lowing a nurse-led educational intervention that included
a comprehensive classroom and ward-based teaching on
AKI, there was a significant improvement in the healthcare
workers’ attitudes towards detecting or managing patients
with suspected AKI with concomitant improvements in
care processes (e.g., completion of fluid charts and record-
ing of urine output) [9]. The use of checklists, standard-
ized screening, and care protocols (“‘care bundles”) in both
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inpatient and outpatient settings enhance detection and iden-
tification of patients with or at risk for AKI [10]. Clinical
assessment tools deployed in three low-resource countries
predict KDIGO stage 3 AKI [11]. Educational interven-
tions at teaching hospitals in the UK, designed to increase
understanding of AKI, demonstrated increased physician
awareness based on self-reported management of patients
and comparison of AKI knowledge assessed on pre- and
post-education questionnaires [12]. In another UK study,
electronic alerts deployed at a teaching hospital not only
raised awareness of AKI but improved outcomes, leading to
less progression to higher stages of AKI, fewer emergency
re-admissions, and a reduction in mortality [13]. A pediatric
multi-center intervention to raise awareness of the impact of
nephrotoxic medications on the development of AKI led to
decreased AKI rates [14]. More studies are needed, particu-
larly in the pediatric age group.
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constituents who participate in AKI prevention, early rec-
ognition, and treatment (Fig. 1). These constituents include
patients and family members, community members, physi-
cians within and outside of nephrology, allied healthcare
professionals, industry affiliates, government, and non-gov-
ernmental organizations. Each has unique skills, vantage
points, and priorities within the healthcare team that can be
harnessed in mitigating pediatric AKI. Champions within
each of these groups can highlight the relevance of AKI to
their own constituents to advocate for and obtain the human
and financial resources needed to grow and sustain these
efforts.

Research recommendations

1. Future work should emphasize strong AKI-related advo-
cacy efforts among all constituents.

2. Future work should focus on the recognition and
improvement of clinical care at the bedside through
more accurate detection and identification of patients
with or at risk for AKI.

3. Future work should seek to bring knowledge of AKI and
its risks to the general population.

Question 2: How do we customize AKI education
and advocacy efforts for diverse groups
and settings?

Consensus statement

2. Given the complexity of the healthcare system
and multiple stakeholders involved, AKI education
requires a comprehensive, multi-disciplinary approach
with AKI champions embedded at every level, with
appropriate consideration of local context.

AKI education may be accomplished through numerous
methods, tailored for a variety of learners, at the micro (e.g.,
teaching individual learners, training program curriculum,
teaching modules, alert systems for clinicians) and macro
(e.g., healthcare system, community-wide educational pro-
grams, governmental policy) level. Recognizing the integral
role that families provide in child health and development,
and that most AKI develops in the community, AKI educa-
tion programs should center on children and their families.
Educating and empowering patients and families allow them
to participate in AKI prevention at home, reducing the bur-
den of undetected AKI in children. During illness, patients
and families may not be aware of an AKI event or the associ-
ated long-term risks [15, 16]; patient and family education
can yield healthy lifestyle modification and may improve
follow-up, limiting repeat AKI events. Patients and fami-
lies require diverse, adaptable, and multifaceted educational
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tools in a variety of primary languages, levels of health lit-
eracy, and cultural contexts. With increasing recognition of
diminished health-related quality of life in AKI survivors
[17, 18] and worse neurodevelopmental outcomes among
pediatric AKI survivors [19-22], there is a need for evidence
on how to provide appropriate psychosocial support to AKI
survivors, tailored to the unique developmental needs of the
child.

AKI affects the outcomes of many conditions and ill-
nesses managed primarily by non-nephrologists (e.g., con-
genital heart disease undergoing surgical care, oncologic
disease, and critical illness in neonates). Complex health-
care systems with highly specialized care teams can lead
to overly routinized thinking that may limit recognition of
off-target clinical concerns like AKI. Such siloed approaches
could be overcome with focused education to enhance col-
laboration. Educational and advocacy efforts can be tailored
to each discipline and for clinicians, bedside nurses, and
other interdisciplinary team members (e.g., ICU dietitians
and pharmacists) to optimize relevance for each. In lower
income settings and rural areas, community health extension
workers may be the first point of contact for patients, and
much of the initial recognition and management of AKI is
undertaken by them.

We recommend developing clear and consistent objec-
tives for AKI education along with methods to evaluate their
efficacy. These objectives should be developed with commu-
nity engagement incorporating suggestions from the public,
patients and caregivers, and community healthcare workers.
For practitioners, AKI education must be a core competency
[8, 23]. In the UK, the Academy of Royal Medical Colleges
has codified the knowledge, skills, and behaviors required
for safe and effective care of a patient with AKI [24]. This
approach can be adapted for education of all healthcare pro-
fessionals at all levels and should be integrated as part of
continuing medical education. The Latin American Society
of Nephrology and Hypertension created two online courses,
one for nephrologists and one for primary care physicians,
to improve AKI awareness [25]. Learning objectives for
the two courses were specific to the needs of each target
audience. There was a mean knowledge gain of 36% seen
with pre- and post-course tests. Both groups expressed high
rates of satisfaction with the activity and commitment to
improve their clinical practice. With the implementation of
educational programs will come the need to monitor knowl-
edge gain, improvement in quality of care, and differences
in patient outcomes.

While we recognize the importance of AKI education,
there are limited data on how most effectively to structure
such programs. Developing meaningful educational pro-
grams requires thoughtful preparation, innovative design,
and a robust iterative review process. These are key prin-
ciples in Education Design Research (EDR), a pragmatic
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and participatory approach for solving educational problems
within the authentic, complex educational setting [26, 27].
For AKI education, given its broad and diverse spectrum
of participants and stakeholders, local problem analysis is
imperative. Identifying participants and examining barri-
ers (e.g., time and competing priorities) to enhance aware-
ness and knowledge is a necessary first step. This can be
done with qualitative surveys, needs assessments, literature
reviews, reviews of societal guidelines, and assessment of
existing educational programs. Once this process is com-
plete, design and implementation of educational systems
can occur alongside continuous evaluation and iteration of
each program. Online simulation modules for nursing stu-
dents to recognize patient deterioration [28] and using vir-
tual patients and concept mapping software to teach clinical
reasoning skills to medical students are examples of EDR
implementation [29]. EDR is also utilized outside of medical
education programs highlighting the ability to apply these
principles in diverse settings.

The nephrology community can learn from successful
initiatives for other conditions (e.g., diabetes, HIV) where
education has been shown to improve outcomes including
clinical, financial, and patient quality of life. A multisector
model with public/private partnership, community support,
and use of local resources has shown success in achieving
various Millennium Development Goals (MDGs) by increas-
ing awareness and intervention [30]. Following the MDGs,
the Sustainable Development Goals (SDGs) were estab-
lished to provide a more holistic set of goals that promote
healthy and sustainable societies; these have been applied
to kidney health [31]. Multisector models with public/pri-
vate partnerships that engage United Nations agencies, gov-
ernments, businesses, and local community partners have
been successful in achieving various MDGs by increas-
ing awareness and intervention. The nephrology commu-
nity must engage international partners working on global
health targets to integrate AKI prevention in the programs.
These efforts should be driven by the nephrology community
through organizations like the International Pediatric Neph-
rology Association and the International Society of Neph-
rology through programs such as the AKI 0 by 25 program
and engaging stakeholders at the policy level, including the
World Health Organization.

Lessons from other health programs can inform the
design of an AKI-focused curriculum [32]. Traditionally
such programs were designed and taught by those from high-
resource countries, with limited input from and considera-
tion of diverse global perspectives and practices. Recently,
the Synthesis and Translation of Research and Innovations
from Polio Eradication (STRIPE) consortium described its
collaborative process of developing content and curriculum
for an international course, along with recommendations
for future similar efforts [33]. The course designed by the

STRIPE consortium has an online component (massive open
online course (MOOC)) along with in-person courses taught
by local experts that could reach students in a variety of
public health contexts across the world.

While MOOC:s are effective in reaching a global audi-
ence, their production can be resource intensive. With
trainees increasingly using social media platforms for free
open-access medical education [34], efforts are needed to
develop online AKI educational resources that increase
access to evidence-based information appropriate for pedi-
atric populations. Nephrology-specific educational resources
in the form of games, online journal clubs, and interactive
learning are making education available globally 24 h a day
[35, 36]. Such platforms can be harnessed to increase access
to education outside of traditional classrooms, conferences,
and local institutions.

Research recommendations

1. Future work should begin with a thorough, in-depth
problem analysis and evaluation of the educational
problem which is key to successful implementation and
future systematic change of education programs.

2. Future work should include creating AKI education
programs that are applicable to various settings and
resources and adaptable to local needs and knowledge

gaps.

Question 3: What innovations and partnerships will
raise awareness, overcome barriers, and advocate
for optimal lifelong outcomes in AKI?

Consensus statement

3. AKI awareness, prevention, and mitigation requires
coordinated efforts to develop effective tools that will
preempt and screen for AKI and provide guidance for
care acutely and long-term. In partnership with indus-
try, government, non-governmental organizations, and
professional societies, these tools must leverage cur-
rent and advancing technology to yield efficient and
equitable care regardless of local resources.

While AKI-related education may increase awareness,
timely recognition of AKI is dependent on the availability
of diagnostic tools for AKI risk and recovery. Effective-
ness of tools may depend on clinical context and available
resources; increasing partnerships between industry, gov-
ernmental, and non-governmental stakeholders will focus
attention and resources to improve AKI diagnosis. A sur-
vey of global health information registries in 154 countries
showed that while 57% of countries had transplant regis-
tries (range 15-100% by ISN region), 8% of countries had
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AKI registries and 4% had programs in place to detect AKI
[37]. Partnerships to establish AKI registries with support
from governmental and non-governmental stakeholders will
facilitate data collection and inform local needs in address-
ing priority AKI populations. AKI advocates are needed to
reach out to these entities through effective campaigns and
persuade them to allocate resources to these efforts. Toolkits
created and shared by content experts would support these
local efforts [8].

In low-resource settings, inadequate training, shortage of
healthcare workers, and lack of awareness by health care
teams, governments, and the public are major barriers to
recognizing AKI and understanding its significance as a
health problem [38]. Government buy-in is crucial to ensure
adequate resources to support the education of healthcare
workers and the provision of diagnostic aids and basic thera-
pies. Programs in low and lower middle-income countries
can lose trained staff who leave to work in higher-resourced
areas [39]. Appropriate support from the local government
may encourage trained staff to remain in their own countries
with the confidence that they may be able to develop suc-
cessful programs.

Partnership with industry can be leveraged across multi-
ple domains, whether it is the development and distribution
of newer diagnostic tools, or harnessing information tech-
nology to educate, monitor or follow up patients with AKI.
Limited diagnostic and treatment facilities in health centers
are reported as a significant barrier in global AKI care [38].
Lack of laboratory infrastructure leads to substantial ineq-
uities in access to AKI diagnostics and further accentuates
adverse healthcare outcomes from delayed diagnosis of AKI.
Access to creatinine testing may be limited or unavailable
in outpatient, rural, or low-income settings. Point of care
creatinine can serve where central laboratory testing facili-
ties may not be available [11]. Biomarkers of structural kid-
ney injury could help identify children in need of additional
monitoring in-hospital and also risk-stratify children who
may benefit from additional clinical monitoring to assess
kidney recovery [40]. Urine neutrophil gelatinase-associated
lipocalin (NGAL) has been adapted to a urine dipstick test
which correlates well with reference assays and has been
used for diagnosis of pediatric AKI in Africa [41, 42]. Point-
of-care tests that can be used in community settings to iden-
tify children based on creatinine or alternative indicators of
AKI (e.g., saliva urea nitrogen, urine NGAL dipsticks) have
potential to overcome barriers related to accessible, afford-
able, and equitable AKI diagnostics.

Increasing global interconnectedness raises opportuni-
ties to leverage technology to support equitable diagnosis of
AKI. Technological approaches to facilitate AKI diagnosis
and follow-up must be adapted based on the availability and
integration of health information technology within health
systems. Telemedicine can establish linkages across settings,
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both within and between countries, to ensure that patients
in remote, rural, or low-income settings have access to spe-
cialized care and appropriate follow-up without necessarily
requiring in-person referral [11]. This could improve clinical
care, optimize follow-up, and expand education to health
care workers in more remote settings.

In settings where advanced health information technology
is limited, there is often relatively easier access to mobile
health technology where apps could be used to integrate
AKI risk assessment as part of the triage process for the
sick child. A precision public health approach has been used
to improve post-discharge outcomes in children following
sepsis events in Uganda [43]. The program, called Smart
discharges, uses risk prediction to identify at-risk children,
counsel parents at discharge about potential complications
and when to seek care, and connect high-risk children to
community health centers and healthcare workers for follow-
up. It can be used as a stand-alone mobile application or
be integrated into existing electronic health platforms. Such
a program can be adapted to include AKI risk factors and
danger signs and represents an opportunity to leverage part-
nerships to improve AKI risk prediction, identification, and
follow-up care in settings where formal systems are lacking.

In resource-sufficient settings that utilize electronic health
records, clinical decision support systems could be adapted
to prompt AKI assessment based on presenting signs and
automated to detect AKI events and recommend additional
monitoring and follow-up.

Research recommendations

1. Future work should be focused on using iterative testing
to refine diagnostic and therapeutic innovations.

2. Future work should expand connections between health-
care, industry, government and other groups to bring
AKI prevention, diagnosis, and care to all communities.

Conclusions

AKI is an increasingly important public health concern.
These consensus statements emphasize that high-quality
care for patients with AKI begins in the community with
education and awareness campaigns to identify patients
at risk for AKI (Fig. 2). Education is the key across all
healthcare and non-healthcare settings to improve early
diagnosis and implement mitigation strategies, thereby
improving outcomes for children with AKI. More research
is needed to design educational programs with clear and
consistent objectives for AKI learning along with methods
to address and evaluate the efficacy of implementation of
these objectives. Education is essential but not sufficient;
collaboration between health care teams, medical systems,
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Fig.2 Education to improve acute kidney injury (AKI) awareness
and recognition in children rests on the foundation of advocacy and
must engage key stakeholders in developing multidisciplinary, con-
text-appropriate, and customized approaches to improve AKI care

and institutional organizations is necessary to develop AKI
identification tools which leverage modern technology and
are adaptable to any clinical venue, community, or resource
environment. To realize these programs, strong advocacy
efforts with clear messaging relevant to various stakeholders
are needed to overcome financial, time, infrastructure, and
human resource limitations. Developing strong communities
of AKI champions may be the key to overcoming short-
and long-term effects of this potentially devastating clinical
syndrome and improving outcomes for children around the
world.
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