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Introduction

Acute kidney injury (AKI) is common in hospitalized children
and is associated with increased morbidity and mortality
across pediatric populations [1–21]. AKI also represents a
significant public health burden, substantially increasing
healthcare costs across the age spectrum [22–24]. Recent ep-
idemiologic data clearly shows that a large proportion of hos-
pitalized children present with AKI at admission, suggesting
that AKI events frequently begin in the community [1, 6]. As
the impact of AKI in children has become clear, it is critical to
focus on strategies that improve the process of care by devel-
oping care pathways with defined quality metrics/indicators
and by disseminating these tools to optimize AKI care to
improve outcomes in children at risk of AKI.

The 22nd Acute Disease Quality Initiative (ADQI) con-
vened multidisciplinary experts from across the globe in San
Diego, California, to provide a framework to improve the
quality of care in adults at risk for AKI. Briefly, this group
identified and discussed best practices in “prevention, identi-
fication, and care of patients with AKI” across the spectrum of
healthcare settings (community, hospitalization, and outpa-
tient follow-up care). Their comprehensive recommendations
were published in 2019 [25], providing much-needed guid-
ance to support the delivery of high-quality AKI care through
the establishment of clinical care pathways and guidelines.
These pathways are designed to measure key quality indica-
tors and to share strategies for progressive, systematic im-
provements of these metrics. At the heart of this discussion
is an understanding of the principles of quality improvement
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and their application to improving the care of patients with
AKI laid out by the 22nd ADQI report (Fig. 1.)

The 22nd ADQI Conference was focused on AKI disease
and the process of care in adults only. Although many of the
approaches and processes of care recommendations provided
by the 22nd ADQI consensus document may apply to pediatric
AKI care, there are many unique aspects (including ascertain-
ment, risk profiling, diagnostic approach, quality indicators,
and strategies of care) that differ in children. Thus, pediatric-
specific AKI pathways and some pediatric-specific quality met-
rics are needed to help improve AKI care in children.

To provide an interpretation of and framework for the pediat-
ric community to apply the 22nd ADQI Conference recommen-
dations, a multidisciplinary group of pediatric AKI experts (ne-
phrologists, nurse practitioners, neonatologists, and intensivists)
convened by videoconference and by email on several occasions.
The overarching goal of this activity was to assist the pediatric
community in improving AKI care by providing pediatric-
specific interpretations and guidance in the mobilization of the
consensus statements put forth by the 22nd ADQI report.

This report reflects consensus expert opinions. For each do-
main, we first list the questions and statements from the 22nd
ADQI report, then provide a summative, consensus pediatric
opinion to each statement. This manuscript addresses the five
areas highlighted by the 22nd ADQI report: (a) community
health standards for AKI, (b) primary prevention of AKI during
hospital encounters, (c) secondary prevention of AKI, (d) kid-
ney support therapy quality indicators, and (e) tertiary preven-
tion of short- and long-term AKI-related complications.

Community healthcare standards for AKI

Question 1: At the community level, what are the
roles and responsibilities of clinicians and healthcare
systems in AKI risk monitoring and mitigation?

22nd ADQI consensus statement A Healthcare systems and
healthcare professionals should identify populations and

patients at risk of AKI and implement monitoring and preventive
interventions to decrease the incidence of AKI.

22nd ADQI consensus statement B We suggest that a
minimum set of baseline risk factors and acute exposures be
considered for AKI risk stratification.

Pediatric patients can develop AKI in the community, on
general care wards, or in the ICU. There are very little pediatric
data on community-acquired AKI, yet a significant amount of
pediatric AKI begins in the community. Data on the incidence of
AKI in the non-ICU population are also limited, though several
studies have demonstrated high rates of AKI in these patients
associated with exposure to nephrotoxic medications [24,
26–28]. The Assessment of Worldwide AKI and Renal angina
Epidemiology (AWARE) study, a multicenter study of over
5000 pediatric patients receiving care in intensive care units,
showed that 15% of patients had AKI on the day of admission
to the PICU [1]. The total rate of AKI at any point in the first
7 days was 27%. These data suggest that most cases of AKI in
the PICU occur before ICU admission [1] and highlight the
principle that AKI awareness and prevention must start in the
community and on non-ICU wards.

Developing strategies aimed at primary prevention before
hospitalization may be critical to improving outcomes in pe-
diatric AKI. Furthermore, because many pediatric patients
who suffer AKI episodes have underlying chronic diseases,
it is of paramount importance that strategies for primary pre-
vention target not only outpatient pediatricians but also pedi-
atric subspecialists and hospitalists. Pediatric populations at
risk for AKI are outlined in Table 1 [1–4, 6, 7, 10, 16–18,
22, 27, 29–31]. Examples of procedures and disease states
which are associated with AKI are outlined in Table 2 [1, 2,
10, 11, 18, 24, 30, 32–35]. Indeed, most pediatric patients in
high-income countries with AKI do not have primary kidney
disease [1–6, 16, 22]. Rather, most have a variety of co-
morbidities managed by primary care physicians and non-
nephrology subspecialists in the ambulatory setting.
Pediatric nephrologists should help educate primary care and

Fig. 1 Comprehensive quality
improvement methodology. The
seven steps that need to be taken
for a successful quality
improvement project (Define,
Measure, Analyze, Implement,
Control; PDSA, Plan, Do, Study,
Act.) (25)
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subspecialty pediatricians on the spectrum of issues related to
AKI (prevention, recognition, follow-up, etc.).

The Global Snapshot, conducted by the International
Society of Nephrology “0by25” AKI initiative, was a world-
wide cross-sectional, observational study to evaluate AKI in
hospitalized patients [36]. Of the pediatric patients with AKI,
53% of the children developed AKI while hospitalized and
47% in the community. Notably, the etiology of AKI in
low- and middle-income countries was more likely to be due
to dehydration, hypotension, infection, and primary kidney
diseases. Therefore, strategies to prevent AKI at the commu-
nity level may differ by region.

Question 2: How should AKI high-risk populations be
monitored?

22nd ADQI consensus statement A We suggest populations/
patients at high risk for developing AKI should have a Kidney

Health Assessment (KHA) at least every 12 months to define
and modify their AKI risk profile.

22nd ADQI consensus statement BWe suggest that high-risk
patients have another KHA at least 30 days before AND
again 2–3 days after a planned exposure that carries AKI
risk. The KHA can be tailored to the clinical context and
clinician/healthcare system judgment.

22nd ADQI consensus statement CWe suggest that clinicians
review a patient’s KHA immediately after an unplanned acute
exposure that carries AKI risk.

The 22nd ADQI report suggests that at-risk patients should
have a KHA yearly and before or during an illness/procedure
known to carry a high risk of AKI. The components of this
assessment include the ABCDD, including (1) AKI history,
(2) Blood pressure determination, (3) Creatinine measure-
ment, (4) Drug list review, and (5) Dipstick of urine.

Although we agree in principle with performing a KHA, we
suggest that the KHA be modified to a pediatric KHA (pKHA)
such that it includes an AKI history, Blood pressure measure-
ment according to the American Academy of Pediatrics (AAP)
guidelines [37], serum Creatinine measurement and Drug list
review (or ABCD evaluation; Fig. 2). The group believes that
the urinalysis should not be mandatory in otherwise asymptom-
atic pediatric patients given concerns regarding high false-
positive rates in the pediatric population, particularly with regard
to orthostatic proteinuria [38, 39]. In addition, many pediatric
patients are incontinent and unable to provide a reliable clean-
catch urine sample. Performance of a urinalysis may be consid-
ered by healthcare providers based on AKI or kidney history, as
clinically indicated.

The group agrees that a pKHA assessment should be per-
formed in patients at high-risk for AKI at least every 1–2 years,
given the relatively low rates of chronic kidney disease (CKD)
in children. This is less frequent than the recommendation of
yearly evaluations in the 22nd ADQI report. The group agrees
that the pKHA assessment should be undertaken before high-
risk procedures, surgeries, and exposure to nephrotoxic med-
ications. This assessment would then be utilized to help deter-
mine if appropriate preventive measures should be imple-
mented (e.g., hydration before high-risk events). The group
agrees with the recommendation that a repeat pKHA should
occur 48–72 h after high-risk procedures, surgeries, expo-
sures, and more often as clinically indicated.

Question 3: How can AKI preventive strategies be
implemented within high-risk populations?

22nd ADQI consensus statement A KHA should be followed
by a kidney health response (KHR) after acute exposure to
risk factors of AKI.

Table 1 Populations at
risk for acute kidney
injury

Population

Stem cell transplant

Active or past treatment of oncologic
disease

Congenital heart disease

Undergoing cardiopulmonary bypass

Single ventricle physiology

History of heart transplant

Solid organ Transplant

Children receiving daily nephrotoxins

History of AKI

Cystic fibrosis

History of ECMO

Underlying kidney disease

History of severe prematurity

Chronically malnourished

Table 2 Examples of high-risk procedures and states

High-risk procedures

- Cardiopulmonary bypass
- ECMO
- Radiologic studies and procedures utilizing iodinated contrast
- Major surgical procedures
- Cancer treatment

High-risk states

- Dehydration
- Decreased oncotic pressure
- Hypotension
- High nephrotoxic medication exposure
- High-risk medical history as noted above
- Admission to intensive care unit
- Diarrheal illnesses
- High-risk infections (e.g., typhoid, cholera, dengue fever, malaria)
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22nd ADQI consensus statement B We suggest raising
awareness of the definition, signs, symptoms, and acute
exposures associated with AKI among clinicians and
high-risk patients/populations.

22nd ADQI consensus statement C We suggest enhanced
coordination between all stakeholders to monitor the rate,
causes, and outcomes of AKI to identify variations in care
and outcomes across and between the populations.

The expert panel strongly agrees with these strategies to
prevent AKI and feel that they are broadly applicable to pedi-
atrics. The 22nd ADQI report consensus statement under-
scores the fact that the KHA is a snapshot of the current state
of kidney health, and assessment and evaluation of the chang-
es over time are invaluable to making an appropriate “kidney
health response.” The KHR focuses on “the 4Ms”: (1)
Medication adjustment, (2) Minimize exposures, (3)
Message care team and patient, and (4) Monitor.

The 22nd ADQI report highlights the importance of
coordination between healthcare staff to mitigate AKI risk
in high-risk populations. Coordination of care is most es-
sential when there are potential benefits and risks to in-
terventions. This recommendation is particularly applica-
ble to the increasingly complex pediatric patients co-
managed by multiple subspecialists at tertiary care cen-
ters. Examples of situations where coordination may be
essential include implementation of protocols designed to
prevent tumor lysis-associated AKI in pediatric oncology
patients [40, 41], balancing risks and benefits of contrast

administration during cardiac procedures in children with
congenital heart disease, and choice of antibiotics in pa-
tients exposed to multiple nephrotoxic medications. We
recognize that these decisions are often complex and re-
quire input from multidisciplinary care team members. At
a minimum, communication and strategies to help identify
high-risk patients and mitigate AKI when possible likely
reduce the incidence of AKI. Table 1 provides examples
of populations that may benefit from such protocols.

In the absence of proven treatments for established AKI,
preventive strategies are the foundation for AKI care in chil-
dren. Coordinated multidisciplinary efforts to build awareness
and to educate the primary care and subspecialty pediatric
community on issues related to pediatric AKI (definition,
signs/symptoms, high-risk exposures, high-risk populations,
prevention, recognition, follow-up, etc.) are greatly needed.
We propose that the pediatric nephrology community should
actively lead this effort.

The involvement and engagement of general pediatri-
cians, pediatric hospitalists, non-nephrology subspecialists,
and pediatric intensivists will be central to efforts designed
to decrease the burden of AKI. Furthermore, on an individ-
ual level, pediatric nephrologists should make themselves
available for consultation before high-risk procedures in
high-risk populations to optimize pre-exposure care.
Community primary and subspecialty clinical care pro-
viders who care for children at risk for AKI should have
access to appropriate blood pressure monitoring systems
that fit all sized patients and have the ability to obtain urine
and blood testing.

Fig. 2 Pediatric Kidney Health
Assessment and Response

736 Pediatr Nephrol (2021) 36:733–746



Primary prevention of AKI during a hospital
encounter

Question 1: How and when should the risk for AKI be
identified among hospitalized patients?

22nd ADQI consensus statement A All patients at hospital
admission should be screened for the risk of AKI. Screening
should occur at the earliest possible time throughout the
patient’s hospital stay.

22nd ADQI consensus statement B All patients at risk for AKI
should at least have an assessment of serum creatinine, urine
dipstick analysis, and urine output measurement.
Complementary diagnostic tests depending on local
availabilities, risk factors, clinical context, and clinician
judgment should be considered.

22nd ADQI consensus statement C All hospitalized patients
should have periodic risk reassessment using appropriate
clinical or electronic models before and after risk exposure
or change in clinical status.

Once children are admitted to the hospital, there should be a
transition in AKI management to early recognition and the im-
plementation of mitigation strategies to improve outcomes. In
hospitalized children, the timely recognition of AKI and the early
implementation of AKI mitigation strategies are critical to im-
proving outcomes. The expert panel agrees with the 22nd ADQI
statement that during each pediatric hospital admission, a child
should undergo an assessment to determine risk factors for AKI
development during that admission. The appropriate timing of
risk assessments depends on the environment but can occur in
the emergency department, pre-operative surgical area, and near
or around the time of transfer to the ICU. The risk factors inherent
to comorbid disease and the admitting diagnosis are outlined in

Tables 1 and 2. These include but are not limited to intravascular
volume depletion, nephrotoxic medication exposure, hypoten-
sion, sepsis or suspected infection, oncologic disease, specific
perioperative patients, vasoactive support, a history of transplan-
tation requiring immunosuppression, and receipt of extracorpo-
real membrane oxygenation (ECMO). Scoring systems can be
devised in a simple, pragmatic manner, specific to the healthcare
context, to stratify patients by level of risk. An example of a risk
methodology is the renal angina prodrome—operationalized in
the pediatric intensive care unit, whereby the identification of risk
factors at the time of ICU admission, combined with a few bio-
logical measures in the first 12 h of ICU admission (Table 3), are
used to predict who will develop severe AKI at 72 h of ICU
admission. Derived initially in a multicenter PICU study and
validated in the Assessment of Worldwide AKI, Renal Angina,
and Epidemiology (AWARE) study, the renal angina index
(RAI) demonstrates a higher negative predictive value for no
AKI and higher specificity for severe AKI than isolated markers
of kidney function without context (Table 3) [29, 42, 43]. The
electronic medical record (EMR) can be utilized to provide a
RAI score at ICU admission to risk-stratify patients. Similarly,
in hospitalized children at high-risk for nephrotoxin-associated
AKI, the EMR has been leveraged to identify patients at risk for
AKI in both the general care ward and ICU settings [26–28]. The
development of risk stratification systems mobilizing the EMR
across a variety of settings in pediatric hospitals (emergency
department, perioperative cardiac intensive care, general pediat-
ric wards, etc.) and the incorporation of these into the EMR
should be a future priority.

If the assessment suggests high risk for AKI, we agree with
the 22nd ADQI report that a serum creatinine should be mea-
sured and urine output monitored. Although the 22nd ADQI
report recommended a urinalysis in adult patients at high AKI
risk, the expert panel did not firmly recommend urinalysis for all
pediatric patients due to the concerns about high false-positive
rates previously mentioned. A urinalysis should be considered in

Table 3 Renal angina index [42]
Risk level

Renal angina rules in at ≥ 8

Patient type Risk level Score

Sepsis or ICU admission Moderate 1

Diabetes or stem cell transplant High 3

Ventilation or ionotropy Very high 5

X

Injury level

SCr/baseline Cr Percent fluid overload Score

Decreased or no change < 5% 1

> 1–1.49 times 5–10% 2

> 1.5–1.99 times 10–15% 4

≥ 2 times > 15% 8
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the appropriate clinical scenario where it is likely to provide
actionable data and/or assist with differential diagnosis. The
22ndADQI report did not comment on trending of fluid balance.
Based on the mounting evidence surrounding the negative im-
pact of fluid overload in critically ill patients, we feel strongly that
all pediatric patients at risk for AKI should have a careful assess-
ment of their current fluid status. A fluid evaluation can be done
using signs and symptoms of intravascular volume depletion/
fluid overload and can be enhanced with careful evaluation of
daily fluid balance and weights during the hospitalization.
Evaluation of cumulative fluid balance (as opposed to only
reporting the fluid balance for the past 24 h) should be part of
the daily assessment in critically ill children at risk for AKI.

The group also felt strongly that pediatric AKI assessments
in high-risk groups should be performed at admission and
daily, while the patient remains at risk for AKI.
Reassessments of changes in serum creatinine, urine output,
and fluid balance should be done daily and more often if
necessary. The frequency of assessments should be tailored
to the individual patient and disease, with repetition as a pa-
tient’s condition changes and risk escalates.

Just as in the identification of patients at high risk for AKI, the
EMRcan also be leveraged for the timely diagnosis ofAKIwhen
it occurs. Some centers have incorporated an EMR alert for the
presence of AKI in hospitalized patients that then provides rec-
ommendations on management (e.g., in the form of a care bun-
dle) as outlined in this document. The goals of these alert systems
are not only to enhance provider awareness but also to reduce
AKI severity and duration. However, the benefits of these AKI
alert tools remain to be determined [44, 45].

Question 2: What core preventivemeasures should be
considered as a target for quality improvement
projects?

22nd ADQI consensus statement A Early correction or
mitigation of context-specific modifiable risk factors of AKI
should be considered for all high-risk patients.

A pediatric-specific AKI care bundle should be developed
and used to correct or mitigate risk factors in children across
the hospital spectrum. Such a bundle would be centered
around the identification of AKI, mitigation of risk factors,
and monitoring for preventable complications (Table 4). We
recognize that different strategies and bundles may be re-
quired for different patient populations (i.e., cardiac vs. oncol-
ogy) and clinical scenarios. Working with subspecialty teams
who understand and can balance the pros and cons of inter-
ventions in the context of holistic patient care will be essential
to the implementation of such bundles.

The pediatric consensus group identified core measures in-
cluding optimizing hemodynamics, reducing the number of
avoidable nephrotoxic exposures, placement of an indwelling

bladder catheter to monitor urine output as indicated, and opti-
mization of intravascular oncotic pressure. Furthermore, we
would advocate that serialmeasurement of volume status (ideally
daily weights, but fluid balance at a minimum), and tracking of
cumulative fluid balance should be a mandatory part of the daily
evaluation in children with and at high-risk for AKI [46, 47].
Finally, the group believes the expertise ofmultidisciplinary team
members, including clinical pharmacists, dietitians, and nurses, is
a critical component to mitigate the consequences of AKI.

Question 3: What are the quality indicators for
assessing risk of AKI?

22nd ADQI consensus statement A The quality indicators for
AKI prevention in the hospital should include (1) proportion
of patients screened for AKI risk among all admissions, (2)
proportion of identified AKI high-risk patients among all
screened patients, (3) proportion of AKI high-risk exposures
(e.g., medication, contrast, surgery) among all hospitalized
population and all high-risk patients, (4) proportion of
patients who received an appropriate intervention around a
high-risk exposure, and (5) proportion of patients who
eveloped AKI among all admissions (in different
subpopulations) and all high-risk patients.

22nd ADQI consensus statement B The quality indicators
should be reviewed and utilized to identify areas of
improvement and action. The frequency of reporting should
be defined according to local resources and regulatory
requirements.

The expert panel feels that these statements are broadly
applicable to pediatric patients and strongly encourage their
incorporation into programs. In fact, many of these quality
improvement metrics were first developed and used in pedi-
atric programs. Pediatric providers have been leaders in the
development of quality improvement projects to reduce harm

Table 4 An example of the components which may be found in a
pediatric AKI bundle

Evaluation of potentially modifiable risk and complications of AKI

- Cardiopulmonary bypass
- Monitor intake/output, weights, kidney function panel, cumulative

volume status at least daily
- Evaluate medications for nephrotoxic potential
- Evaluate and treat the underlying AKI cause
- Hypotension/low cardiac output/ low renal perfusion
- Low oncotic pressure/low serum albumin
- Bladder obstruction
- Evaluation of nutrition/electrolyte composition of fluid intakes
- Multidisciplinary approach: pharmacy, dietitian, bedside nurses
- Notify nephrology for progressive kidney dysfunction, severe

electrolyte problems, or progressive fluid overload
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from nephrotoxic medications. The Nephrotoxic Injury
Negated by Just-in-time Action (NINJA) project utilizes the
EMR to identify patients exposed to a nephrotoxic medication
burden and trigger serum creatinine surveillance. Multiple
studies have clearly shown that this results in sustainably de-
creased rates of AKI, decreased costs, and improved outcomes
[26–28, 48]. Today, there are over 40 pediatric hospitals that
are using these metrics to track quality improvement efforts to
reduce hospital-acquired nephrotoxic medication associated
with AKI as part of the Solutions for Patient Safety collabo-
rative. The NINJA project represents a prime example of how
the EMR can be mobilized to identify patients at high-risk of
AKI. An example of a written notification provided utilizing
the NINJA mechanism is provided as Supplemental Figure 1.
These quality improvement metrics for nephrotoxic
medication-associated AKI can be applied to other cohorts
and could serve to develop an institutional AKI dashboard.

Multicenter pediatric studies have demonstrated that there
are significant differences in AKI epidemiology across insti-
tutions [1, 10]. It is essential to understand the baseline rates of
these metrics at the institutional level before implementing
interventions designed to improve outcomes. The stated met-
rics can be utilized to monitor practices, determine the effec-
tiveness of interventions, identify benchmarks for care, and
develop institutional quality improvement goals centered
around AKI reduction.

Further development, validation, and use of such metrics
utilizing the comprehensive quality improvement methodolo-
gy outlined in Fig. 1 incorporating the tools provided by the
EMR are needed to help identify opportunities for care im-
provement. Such an endeavor could take the form of an insti-
tutional AKI “dashboard” with the following potential met-
rics: (1) proportion of admitted patients evaluated to determine
their risk for AKI during hospitalization, (2) proportion of
screened patients identified as high risk, (3) proportion of
high-risk exposures in high-risk patients, (4) number of at-
risk patients who develop AKI, (5) AKI duration (days with
AKI) in those who develop AKI, (6) incidence of AKI after
24 h of admission, (7) incidence of nephrotoxic-associated
AKI, and (8) progression of AKI from hospital admission.

Secondary prevention of AKI

Question 1: What are the key considerations for
developing quality programs that evaluate
contributors to an episode of AKI?

22nd ADQI consensus statement A We propose that for each
patient diagnosed with AKI during hospitalization, the goal is
recovery to baseline kidney function in the shortest period of
time with minimum number of complications. This is best
achieved by timely and accurate diagnosis and management

of AKI and prevention of complications. These goals might be
achieved by using a Recognition–Action–Results framework.

22nd ADQI consensus statement B Quality improvement
surrounding the diagnostic evaluation of AKI should attempt
to maximize the proportion of patients who undergo a
context-appropriate and timely evaluation while avoiding
unnecessary testing.

We agree with the statements as they relate to the secondary
prevention of pediatric AKI. The secondary prevention of AKI
encompasses a two-pronged approach aimed at the mitigation of
AKI severity and the prevention of AKI complications. At the
heart of quality improvement strategies is a deep understanding
of the contextual setting of AKI. Secondary preventive measures
that are designed to halt AKI progression include strategies de-
signed to alleviate potentially reversible causes of AKI, such as
hypovolemia, low oncotic pressure, urinary obstruction, and
intra-abdominal hypertension. Strategies designed to reduce
AKI during high-risk events (e.g., limiting nephrotoxic medica-
tions in patients with AKI, optimization of hemodynamics)
should also be implemented. After the timely diagnosis of
AKI, quality improvement measures aimed at reducing the se-
verity and duration of AKI episodes should focus on potentially
modifiable factors and limiting consequences (e.g.,
hyperkalemia, fluid overload, acidosis).

The development, implementation, and dissemination of a
“Pediatric Preventive AKI Bundle” is a meaningful goal for
the pediatric critical care nephrology community. The efforts
to develop context-specific AKI bundles have been successful
in adults [49–54], but data is just now becoming available in
the pediatric community [55]. These bundles would focus on
education, risk assessment, timely diagnosis, interventions,
mitigating consequences, and therapeutic monitoring.
Leveraging the EMR may allow clinicians timely recognition
of AKI and evaluation of critical metrics.

Evaluation of context-specific tests should start with under-
standing the pre-test probability of AKI based on risk factors at
presentation, such that the patients who are most likely to benefit
from screening will be evaluated. The specific risk factors and
tests for different scenarios represent opportunities for quality
improvement utilizing the methodology outlined in Fig. 1.

Question 2: What are the key considerations for
developing quality improvement programs focused
on limiting the duration and severity of AKI?

22nd ADQI consensus statement A Quality improvement
programs should include the implementation and reporting
of the proportion of patients that receive timely and
diagnosis-appropriate interventions. Adherence with the
locally agreed upon preventive interventions should be
audited and shared with clinicians periodically.
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We agree that quality improvement programs should not
only establish the process for care (which patients and which
tests) but should also capture consistency in the application of
standardized care processes. These include measures of the
frequency of AKI assessment (e.g., percent of high-risk pa-
tients for whom a serum creatinine is measured), timely diag-
nosis, and appropriate interventions of strategies designed to
reduce AKI. The dissemination of the data to key stakeholders
is essential for quality improvement.

Question 3: What are the key considerations for
developing quality improvement programs focused
on reducing the complications of AKI?

22nd ADQI consensus statement A Quality indicators for
prevention of avoidable AKI-related complications include
monitoring, reporting the context-specific adverse events (to
patient advocates, clinicians, administrators, and regulatory
bodies), and implementation of risk reduction strategies.

Emerging data suggest that the consequences of AKI, such
as fluid overload, electrolyte, and acid/base perturbations, and
hypertension, are common and associated with poor outcomes
in pediatric and adult cohorts [46, 47, 56–58]. There have
been multiple pediatric studies demonstrating the negative
impact of fluid overload and AKI [46, 47, 58–60]. Quality
improvement programs designed to limit pediatric fluid over-
load in the context of a patient who is at risk for AKI should be
prioritized. The new pediatric sepsis guidelines recommend
early use of vasopressors and limiting “maintenance” fluids
in pediatric patients with septic shock [61–64]. Strategies to
reduce other consequences of AKI should be studied as they
may lead to an improvement in outcomes.

Kidney replacement therapy quality
indicators

Question 1: How should the quality of acute kidney
replacement therapy be monitored, evaluated, and
reported?

22nd ADQI consensus statement A Quality indicators should
integrate structure, process, and outcome indicators for each
therapeutic modality.

The pediatric expert panel agrees with the 22nd ADQI report
that the systematic incorporation of quality indicators into acute
kidney care programs is an essential part of all programs. The
paradigm of kidney replacement therapy (KRT) in pediatrics has
evolved, shifting from being a heroic therapy to standard of care
for moderate to severe AKI. Kidney replacement therapies in-
clude peritoneal dialysis (PD), hemodialysis (HD), slow

continuous ultrafiltration (SCUF), and continuous kidney re-
placement therapy (CKRT). Patient and provider characteristics,
as well as institutional resources, determine which therapy is
selected.While there remains controversy regarding themodality
and timing of therapy, there is now a consensus within the com-
munity that programs should use quality improvement method-
ologies to ensure safe and high-quality care [25].

Pediatric CKRT (previously termed continuous renal replace-
ment therapy) should be viewed as any other complex, high-risk
procedure. Pediatric programs must have outlined policies and
procedures, clearly defined roles and responsibilities for all team
members, assure adequate training, develop procedure checklists,
utilize timeouts for initiations (Supplemental Figure 2), and per-
form continuous quality improvement assessments.All programs
should integrate structural, process, and outcome measures with-
in the context of a quality improvement framework. Programs
should focus on themost important elements that will capture the
strengths and weaknesses within the program. These may in-
clude processes to optimize the initiation of therapy, assess the
efficiency of therapy, evaluate provider skills, and evaluate pa-
tient safety [65]. As with any procedure in critical care, quality
improvement in CKRT should seek to optimize the timing of the
initiation, evaluate safety events, and optimize the efficiency of
therapy.

Question 2: What are the minimum structure quality
indicators that should be implemented for acute KRT?

22nd ADQI consensus statement A Structural quality
indicators should specifically target clinician, nursing, and
allied health professionals’ capacity and expertise for
providing acute KRT and identify a responsible team to
implement and report quality metrics for acute KRT services.

Developing a sound infrastructure for an acute KRT program
is the foundation for providing seamless, high-quality care across
all modalities of acute KRT. The pediatric expert panel agrees
that all pediatric acute KRT programs must have a set of
physician/nursing champions with allocated administrative time
to enable them to develop andmaintain the programs [65], which
at a minimum, includes the development and periodic update of
procedures, policies, educational curricula, quality indicators, da-
ta collection, data analysis, and program evaluation [65, 66]. This
group must also incorporate a team of multidisciplinary experts
with specific skills and expertise in the pediatric environment.
The teammake-up should include physicians, advanced practice
providers (e.g., nurse practitioners/physician assistants), clinical
nurse specialists, bedside nurses, a dietitian, and a clinical phar-
macist with training in pharmacokinetics, pharmacodynamics,
and medication dosing in patients with kidney failure and on
KRT. The pharmacist also serves a critical role in pharmacy-
related solution-related logistic issues (e.g., dialysis solutions
and anticoagulation). Furthermore, the delivery of KRT for
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critically ill pediatric patients requires a partnership between ne-
phrologists and intensivists due to the complexity of the proce-
dure, disease processes, and goals of care.Measures that evaluate
the effectiveness of the team structure and its function should be
implemented.

Each program must develop and maintain competent and
well-trained providers who can provide safe and effective
care. Physicians and advanced practice providers should have
specific education and experience in prescribing acute KRT,
while nursing personnel should have training in the skills and
knowledge necessary for KRT delivery. Programs should es-
tablish minimum education and competency requirements
which incorporate minimum standards and specific measures
for monitoring the educational curriculum. All staff should
have skills and knowledge assessed and reinforced over time.
Programs with low procedure frequency should consider other
educational opportunities such as modules and simulation-
based education to develop and maintain the skill set specific
to care delivery.

Question 3: What are the minimum process quality
indicators that should be implemented for the
provision of acute KRT?

22nd ADQI consensus statement A Process quality indicators
should incorporate methodologies that lead to standardized
protocols and procedures, allowing for increased efficiency
and consistency in care and safety, and should be specific to
each KRT modality.

The pediatric expert panel agrees with the importance of
process indicators, which are essential to the safe delivery of
care. This is especially true in pediatric patients, given the
challenges posed by the breadth of patient sizes. The standard-
ization and elimination of practice variation should be devel-
oped with key stakeholders using current evidence and iden-
tified best practices. The process of protocol development and
maintenance should be iterative in nature with regularly
scheduled evaluations of established practices. Agreed upon
policies, protocols, and procedures should guide practices
along the continuum of KRT care from consultation to discon-
tinuation of therapy (e.g., timing, prescribing, initiation, vas-
cular access insertion/care, dialysis dosing, anticoagulation,
medication modifications, nutrition).

Process quality measures should focus on adherence to insti-
tutional standard practice guidelines, such as placement/
maintenance of vascular access, timing of therapy, prescription,
anticoagulation, nutrition, filter life, and medication manage-
ment. Appropriate vascular access is critical to providing ade-
quate acute kidney support therapy [67]. Weight-based guide-
lines should be utilized to recommend the size and location of
vascular access [68]. In institutions with interventional radiology
or pediatric surgical teams, a cuffed, tunneled catheter should be

considered if the duration of therapy is expected to be greater
than 2–3 weeks in the absence of a contraindication (e.g., infec-
tion) [68]. We recommend that quality improvement initiatives
assess adequate delivery of therapy, including vascular access
measures (i.e., proportion of catheters/treatment, number of cath-
eter revisions, CLABSI, adherence to placement guidelines).

We also recommend that quality initiatives assess filter life.
Filter life assessment provides insights into the process of care
and understanding the reasons for treatment interruptions.
Programs should measure filter life (time from the filter start to
filter end) and categorize the reason for filter discontinuation. The
two classifications commonly utilized as quality measures to
describe filter discontinuation are “planned” (filter hours that
are greater than or equal to the institutional standard) and “un-
planned” (filters discontinued before the institutional standard).
Filter changes due to changing patient conditions or procedures
that require disconnection from the circuit are labeled as planned.
Unplanned filter changes (e.g., clotted filters) provide insight into
potential programmatic issues and evaluation/root cause analysis
may identify opportunities (educational, protocol modifications)
to optimize therapy delivery [66].

The optimal timing for the initiation of acute KRT re-
mains an active area of research. We recommend that qual-
ity initiatives should include measurement of fluid overload
status and AKI staging at the time of therapy initiation [47,
58]. The initiation of acute KRT should be done according
to the established practices associated with all critical pro-
cedures. These practices include performing a “time-out”
using a checklist to review the prescribed procedure,
CKRT prescription, vital sign goals, and the first and second
treatments for vital sign changes. Additionally, at each pe-
diatric CKRT initiation procedure, a provider (physician,
physician assistant, or nurse practitioner from critical care
and nephrology) should be present due to the dynamic and
complex patient conditions. Supplemental Figure 2 pro-
vides such an example of a time-out outlining the personnel,
roles, responsibilities, and process surrounding the proce-
dure of CKRT initiation.

Question 4: What are the minimum outcome
indicators that should be implemented for the
provision of acute KRT?

22nd ADQI consensus statement AOutcome quality indicators
should include patient-centered outcomes, including clinician
and patient satisfaction, mortality, and quality of life among
survivors; dialysis liberation rates; and health-economic
outcomes.

Institutions should track metrics that evaluate outcome
measures. Pediatric-specific metrics should include parental
understanding, parental satisfaction, and pediatric-specific
quality of life.
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Tertiary prevention of AKI short-
and long-term complications

Question 1: How should the appropriate post-
AKI/acute kidney disease care be measured?

22nd ADQI consensus statement AHealthcare systems need to
quantitate the proportion of patients who need post-AKI/acute
kidney disease (AKD) follow-up, as well as those who receive
any post-AKI/AKD follow-up, and evaluate quality of care for
those who received post-AKI/AKD follow-up.

Programs should seek to optimize follow-up as the final step
in the care of pediatric patients following an episode of AKI.
Efforts should be made to ensure that follow-up visits are sched-
uled prior to discharge. The communication of clinical informa-
tion to outpatients is a critical component to the follow-up of
children with AKI. At the most basic level, problem lists should
be updated and reviewed for accuracy with the specific inclusion
of episodes of AKI and risk factors for AKI. This ensures pro-
viders can recognize those at risk for future episodes of AKI,
especially those who have had multiple episodes of AKI.
Follow-up care may require the development of specific AKI
follow-up clinics at busier pediatric institutions. At a minimum,
the following groups warrant consideration for follow-up by pe-
diatric nephrologists: those with a history of severe AKI (stage 2,
stage 3, or kidney support therapy), persistent AKI (AKI lasting
≥ 3 days [69, 70]), cohorts with other risk factors for CKD (e.g.,
congenital heart disease, solid organ transplants, stem cell

transplants, oncologic disease, severe prematurity), and patients
who have suffered multiple episodes of AKI.

Question 2: What are the key elements of an
appropriate post-AKI/AKD care bundle?

22nd ADQI consensus statement A Quality indicators should
at least include structure (needed personnel and resources),
process for follow-up (who and by whom, what, where, when,
why, and how), and outcome indicators (CKD progression,
continued or new need for dialysis, mortality, etc.).

`To ensure adequate follow-up, acute kidney support pro-
grams should have the initial follow-up performed by a pediatric
nephrologist within 3 months of the discharge, as recommended
by the KDIGO guidelines [68]. This follow-up should include
kidney function and blood pressure measurements. Additional
testing such as urine dipstick, urinalysis, or kidney ultrasound
can be considered on a case-by-case basis. Patients and their
families should be educated about AKI and their subsequent risk.
(Supplemental Figure 3 presents an example of supplemental
patient educational material.) The duration of subsequent
follow-up should be determined based on the presence of and
risk for subsequent CKD, availability of local resources, and
willingness for primary care physicians to follow patients at risk
for CKD. There remains a glaring need for research studies to
assess long-term AKI outcomes and to determine the optimal
timing, duration, and process for AKI follow-up across different
healthcare contexts. Programs should track the rates of follow-up

Fig. 3 Pathway for the application of the 22nd ADQI Consensus Statements to pediatric clinical care
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and the accuracy of problem lists as quality indicators. As pro-
grams increasingly incorporate telemedicine, it will be critical to
consider and research technologies (remote laboratory testing
and blood pressure measurement) and strategies to optimize the
follow-up of children with AKI.

Summary statement

In summary, the authors of this interpretation of the 22nd
ADQI Consensus Statements have attempted to provide a per-
spective and pathway for its application to pediatric clinical
care, summarized in Fig. 3. As the experts in the field of
pediatric critical care nephrology, we strongly recommend
consideration of each unique aspect of the 22nd ADQI report.
Beyond this, we strongly suggest the need for a formalized
review of the available evidence specific to pediatric epidemi-
ology, diagnostics, extracorporeal therapies, and kidney sup-
port, bio-pathophysiology, and education to provide the basis
for dedicated quality improvement initiatives in children.
Quality improvement offers tremendous opportunities for re-
search, education, and practice improvement for pediatric pa-
tients at risk for AKI and its sequelae.

Supplementary Information The online version contains supplementary
material available at (https://doi.org/10.1007/s00467-020-04828-5).
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