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Abstract

Background: Acute kidney injury (AKI) in critically ill children is associated with increased risk for short- and long-term
adverse outcomes. Currently, there is no systematic follow-up for children who develop AKI in intensive care unit (ICU).
Obijective: This study aimed to assess variation regarding management, perceived importance, and follow-up of AKI in the
ICU setting within and between healthcare professional (HCP) groups.

Design: Anonymous, cross-sectional, web-based surveys were administered nationally to Canadian pediatric nephrologists,
pediatric intensive care unit (PICU) physicians, and PICU nurses, via professional listservs.

Setting: All Canadian pediatric nephrologists, PICU physicians, and nurses treating children in the ICU were eligible for the
survey.

Patients: N/A.

Measurements: Surveys included multiple choice and Likert scale questions on current practice related to AKI management
and long-term follow-up, including institutional and personal practice approaches, and perceived importance of AKI severity
with different outcomes.

Methods: Descriptive statistics were performed. Categorical responses were compared using Chi-square or Fisher’s exact
tests; Likert scale results were compared using Mann-Whitney and Kruskal-Wallis tests.

Results: Surveys were completed by 34/64 (53%) pediatric nephrologists, 46/113 (41%) PICU physicians, and 82 PICU
nurses (response rate unknown). Over 65% of providers reported hemodialysis to be prescribed by nephrology; a mix of
nephrology, ICU, or a shared nephrology-ICU model was reported responsible for peritoneal dialysis and continuous renal
replacement therapy (CRRT). Severe hyperkalemia was the most important renal replacement therapy (RRT) indication
for both nephrologists and PICU physicians (Likert scale from 0 [not important] to 10 [most important]; median = 10, 10,
respectively). Nephrologists reported a lower threshold of AKI for increased mortality risk; 38% believed stage 2 AKI was
the minimum compared to 17% of PICU physicians and 14% of nurses. Nephrologists were more likely than PICU physicians
and nurses to recommend long-term follow-up for patients who develop any AKI during ICU stay (Likert scale from 0 [none]
to 10 [all patients]; mean=6.0, 3.8, 3.7, respectively) (P < .05).

Limitations: Responses from all eligible HCPs in the country could not obtained. There may be differences in opinions
between HCPs that completed the survey compared to those that did not. Additionally, the cross-sectional design of
our study may not adequately reflect changes in guidelines and knowledge since survey completion, although no specific
guidelines have been released in Canada since survey dissemination.

Conclusions: Canadian HCP groups have variable perspectives on pediatric AKI management and follow-up. Understanding
practice patterns and perspectives will help optimize pediatric AKI follow-up guideline implementation.
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Abrégé

Contexte: Linsuffisance rénale aigué (IRA) chez les enfants gravement malades est associée a un risque accru d’issues
défavorables a court et a long terme. En ce moment, il n’existe aucun suivi systématique pour les enfants qui développent
une IRA pendant un séjour a I'unité des soins intensifs (USI).

Objectif: Cette étude visait a évaluer les variations dans la prise en charge de I'lRA, de son importance pergue et de son
suivi, tant au sein des groupes de professionnels de la santé (PS) qu’entre les différents groupes de PS.

Conception: Des sondages transversaux a remplir de fagon anonyme en ligne ont été menés a I'échelle nationale aupres
de néphrologues pédiatriques canadiens, de médecins des unités de soins intensifs pédiatriques (USIP) et de membres du
personnel infirmier des USIP ayant été répertoriés a partir de listes professionnelles.

Cadre: Tous les néphrologues pédiatriques canadiens, médecins et membres du personnel infirmier qui traitent des enfants
en US| étaient admissibles a répondre au sondage.

Patients: S/O.

Mesures: Les sondages comportaient des questions a choix multiples et des questions de type échelle de Likert qui portaient
sur les pratiques actuelles de la gestion et de suivi a long terme de I'IlRA, notamment sur les approches institutionnelles et
personnelles de pratique et sur I'importance pergue de la gravité de I'IRA avec différents résultats.

Méthodologie: Des statistiques descriptives ont été réalisées. Les réponses catégorielles ont été comparées a I'aide du
chi-carré ou de tests exacts de probabilité de Fisher; les résultats des échelles de Likert ont été comparés a l'aide de tests
de Mann-Whitney et de Kruskal-Wallis.

Résultats: Les sondages ont été complétés par 53 % des néphrologues pédiatriques (34/64), 41 % des médecins d’'USIP
(46/113) et par 82 membres du personnel infirmier d’USIP (taux de réponse inconnu). Plus de 65 % des prestataires de soins
ont déclaré que ’hémodialyse était prescrite par le service de néphrologie, alors que la dialyze péritonéale et la thérapie de
remplacement rénal continu (TRRC) étaient confiées a la fois a la néphrologie, a 'USI ou a un modéle partagé néphrologie-
USI. L’hyperkaliémie grave était l'indication la plus importante de la TRR pour les néphrologues et les médecins en USIP
(échelle de Likert de O [pas important] a 10 [le plus important]; médiane = 10, 10, respectivement). Les néphrologues ont
signalé un seuil inférieur d'IRA pour 'augmentation du risque de mortalité; 38 % d’entre eux estimaient que I'IRA de stade
2 était le seuil minimum, contre 17 % des médecins en US| et 14 % du personnel infirmier. Les néphrologues étaient plus
susceptibles que les médecins et le personnel infirmier des USIP de recommander un suivi a long terme pour les patients qui
développent une IRA pendant leur séjour en US| (échelle Likert de 0 [aucun] a 10 [tous les patients]; moyennes respectives
= 6,0; 3,8 et 3,7 [p < 0,05]).

Limites: |l n’a pas été possible d’obtenir les réponses de tous les PS admissibles au pays. Des différences d’opinions sont
possibles entre les PS qui ont répondu au sondage et ceux qui ne I'ont pas fait. De plus, la conception transversale de notre
étude pourrait ne pas refléter adéquatement les changements apportés aux lignes directrices et aux connaissances depuis la
fin de cette enquéte, bien qu'aucune ligne directrice particuliere n’ait été publiée au Canada depuis la diffusion du sondage.
Conclusion: Les divers groupes de professionnels de la santé canadiens ont des points de vue différents en ce qui concerne
la prise en charge et le suivi de I'IRA chez les enfants. La compréhension des modéles de pratique et des perspectives
permettra d’optimiser la mise en ceuvre de directives de suivi de I'IRA pédiatrique.
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Introduction

Understanding of acute kidney injury (AKI) in children has
rapidly evolved over the past 10 years.' In 2012, the Kidney
Disease Improving Global Outcomes (KDIGO) organization
unified previous definitions of AKI into a single diagnostic
standard for adults and children.? The development of a con-
sensus definition for AKI allowed for comparative studies
and enhanced our knowledge of incidence, outcomes, and
risk factors for AKI in children.? AKI is a common complica-
tion in hospitalized children? and even more common in the
pediatric intensive care unit (PICU). Kaddourah et al® found
that the overall rates of AKI and severe AKI (KDIGO stage 2
or 3) during the first week of PICU admission were 27% and
12%, respectively. AKI is known to be associated with poor
hospital outcomes among critically ill children,* including
increased mortality rate, longer length of stay, and prolonged
mechanical ventilation.> Acute kidney injury has also been
shown to be an independent risk factor for chronic kidney
disease (CKD) and kidney replacement therapy (KRT) in
adults.®

The association of pediatric AKI with long-term kidney
outcomes is unclear, but current evidence suggests that chil-
dren admitted to the PICU with stage 2 or worse AKI are at a
higher risk for developing CKD or hypertension within 7
years after hospital discharge.”!" Collectively, these data
suggest that critically ill children who develop AKI, particu-
larly those with more severe AKI, should be monitored for
long-term complications. The KDIGO guideline proposes
that patients with AKI during a hospitalization should be fol-
lowed beginning at 3 months after discharge to evaluate for
resolution of AKI and potential development of permanent
kidney complications.'>!> However, recommendations in
children, and the extent to which children with AKI are fol-
lowed for long-term complication developments remain
unclear.

As the understanding of pediatric AKI outcomes contin-
ues to evolve, it is important to begin translating recent
knowledge into practice. Acute kidney injury is a complex
disorder mostly affecting patients with non-primary kidney
disorders.'* Critically ill children with AKI are commonly
cared for by a broad scope of healthcare providers during the
acute phase of illness (e.g., nephrologists, PICU physicians
and nurses) whose beliefs and perspectives about AKI are
likely to impact how AKI is managed and what type of fol-
low-up, if any, will be instituted. In order to inform on devel-
opment and implementation of pediatric-specific AKI
management and follow-up guidelines, which also consider
current entrenched practices and beliefs, it is vital to investi-
gate the current perspectives and knowledge base of the
healthcare providers involved.

This study aims to identify evidence-practice gaps in
pediatric AKI by surveying Canadian pediatric nephrolo-
gists, PICU physicians, and PICU nurses on AKI manage-
ment, perceived importance of AKI as a long-term risk factor

for adverse kidney outcomes, and AKI follow-up recommen-
dations. We hypothesized that significant variation exists in
reported AKI management and beliefs, within and between
healthcare professional (HCP) groups.

Materials and Methods
Study Design and Survey Development

We distributed a national, cross-sectional, anonymous, web-
based survey to 3 provider groups in Canada: (1) pediatric
nephrologists, (2) PICU physicians, and (3) PICU nurses.
Individuals treating infants, children and adolescents less
than 18 years old in an ICU setting were eligible to partici-
pate in the survey. Providers who only treat adults or neo-
nates (<1 month old) were not eligible.

Three initial survey drafts (one for each participant group)
were developed and then reviewed and edited by members of
the Pediatrics Committee of the Can-SOLVE CKD Network
(a national nephrology research network).!> Three PICU
physicians, and two PICU nurses additionally provided feed-
back on face validity. After several rounds of revisions, each
survey was piloted by 1 or 2 providers in each target group to
evaluate completion time, flow, and ease of administration.
Final survey drafts were reviewed and finalized by two study
team members. The nephrologist version was developed first
and evaluated as above first; as this survey was disseminated
and analyzed, the PICU physician and nurse versions were
developed and evaluated. Ethics board approval was granted
by the SickKids Research Ethics Board. Consent was pre-
sumed based on agreement to participate in the survey.

Survey Contents

Surveys included 58 to 77 items (Supplemental Content),
depending on the provider-specific version. The survey was
broken into 4 sections: (1) demographics (e.g., region of
practice; years of practice) and center data (e.g., estimated
admissions per year; presence of electronic medical record
(EMR) information); (2) questions regarding renal replace-
ment therapy (RRT) and diuretics (AKI management in the
PICU setting); (3) perceptions of AKI importance; and (4)
AKI follow-up practices. Questions in Section 4 directly
asked providers’ opinions on which AKI patients in the PICU
should be followed up and which long-term kidney outcomes
are most important to ascertain. Within surveys, we utilized
KDIGO definitions to stage AKI (e.g., explicitly defining
Stage 1 AKI as 50% serum creatinine (SCr) rise from base-
line and providing an example [50 pmol/L rising to 75
pmol/L, not requiring dialysis]).

Questions were presented in closed response format,
including categorical measurements (yes, no, I don’t know,
and “different answer” [for AKI practice and knowledge
questions]) or on a 10-point Likert scale (ranging from not
important at all to most important; not likely at all to
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definitely). All 3 versions were designed to be extremely
similar in form and content but adapted to provider groups.
Surveys contained HCP-specific questions as deemed appro-
priate (i.e., only PICU physicians and PICU nurses were
asked to report the number of yearly ICU admissions at their
center). Slight wording differences were based on feedback
from the specialty-specific providers described above.

Survey Dissemination

We initially contacted relevant Canadian stakeholder groups
to distribute surveys to members. The pediatric nephrology
version of the survey was disseminated through the Canadian
Association of Pediatric Nephrologists (CAPN) and admin-
istered in electronic format via SurveyMonkey™, which was
the survey platform available and used by our group at the
time. The PICU nurse survey version was disseminated
through the Canadian Association of Critical Care Nurses
(CACCN); hospital site directors were also contacted to
assist in dissemination. Pediatric intensive care unit physi-
cians were emailed directly through an existing and updated
email list provided by stakeholders. Pediatric intensive care
unit physician and nurse versions of the survey were pro-
vided electronically via REDCap™ because this platform
became easily available to us and was our (and the primary
institution’s) preferred survey platform (more versatile for
analysis and modification). Two email reminders were sent 2
weeks apart for each survey version. Survey dissemination
details are described in supplementary Figure 1.

Statistical Analysis

Categorical responses were compared between groups using
Chi-square or Fisher’s exact tests as appropriate. Likert scale
interval variables were compared between and within groups
using Mann-Whitney and Kruskal-Wallis tests as appropri-
ate. Within-HCP and between-HCP (e.g., PICU vs. nephrol-
ogy) group responses were evaluated. Analyses were
performed using STATA SE statistical software package
(15.1, StataCorp LLC, College Station, TX); p-value <0.05
was considered statistically significant.

Results

Survey Responses

Forty-six of the 64 pediatric nephrologists contacted,
responded (supplementary Figure 1); 34 completed the sur-
vey (supplementary Figures 1 and 2). Fifty-four of 113 PICU
physicians contacted, responded (supplementary Figure 1);
46 completed the survey (supplementary Figures 1 and 2).
One hundred thirty-six PICU nurses responded to the survey
and 82 completed the survey (supplementary Figures 1 and
2). The response rate for PICU nurses was unknown (supple-
mentary Figure 1).

Provider and Center Characteristics and Practices

Pediatric nephrologist and PICU nurse respondents were
represented from 7 of the 10 Canadian provinces; PICU phy-
sician respondents were from 8 of 10 provinces. Majority of
PICU physicians (70%, 33/47) and PICU nurses (63%,
79/125) reported that their center used an EMR to provide
care for ICU patients. No pediatric nephrologists and only
9% (4/47) of PICU physicians reported their unit had an
institutional guideline for timing of acute RRT initiation
(Table 1). PICU nurse responses on presence of acute RRT
initiation guidelines in their unit were 36% (37/102) yes,
29% (30/102) no, and 34% (35/102) reporting they did not
know (Table 1).

The majority of pediatric nephrologists (88%, 28/32)
and PICU physicians (77%, 34/44) reported that their insti-
tution did not have an AKI follow-up guideline or protocol
(Table 1). However, 81% (26/32) of pediatric nephrologists
reported that their nephrology services had a common prac-
tice for arranging post-AKI follow-up of patients in the
ICU. Among PICU nurses, 20% (15/76) and 33% (25/76)
reported that their ICU did and did not have an AKI follow-
up guideline, respectively, and 47% (36/76) reported that
they did not know (Table 1).

AKI management

Renal replacement therapy (RRT prescription and type). Over
65% of all providers reported that only nephrologists were
primarily responsible for prescribing and managing acute
hemodialysis (HD) (supplementary Figure 3A). The majority
of pediatric nephrologists (66%, 23/35) and 42% (41/92) of
PICU nurses reported that only nephrologists were primar-
ily responsible for acute peritoneal dialysis (PD) prescription
(supplementary Figure 3B). An equal distribution of PICU
physicians reported that acute PD was prescribed and man-
aged by the nephrology service (30%, 12/40) vs. the ICU
(37.5%, 15/40) vs. both services (32.5%, 31/40) (supplemen-
tary Figure 3B).

Regarding continuous renal replacement therapy (CRRT)
prescription and management, 43% (15/35) of pediatric
nephrologists reported a shared care nephrology-ICU model,
but 20% (7/35) reported that the ICU and 34% (12/35)
reported the nephrology service were primarily responsible
(supplementary Figure 3C). Fifty-nine percent (24/41) of
PICU physicians reported that the ICU was primarily respon-
sible; PICU nurses reported that either the ICU (39%, 38/98)
or the nephrology service (42%, 41/98) were mostly respon-
sible (supplementary Figure 3C).

Indication for RRT. Severe hyperkalemia (potassium >8
mEq/L) was rated as the most important RRT indication for
both nephrologists and PICU physicians (Table 2). Similarly,
both nephrology and PICU physicians rated fluid overload,
to be more important than severe hypocalcemia with hyper-
phosphatemia, severe acidosis, or severe protracted oliguria,
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Table I. Provider and Center Characteristics of Survey Respondents.

Pediatric nephrologists PICU physicians PICU nurses
Characteristics Category n/total® (%)° n/total® (%)° n/total® (%)°
Years of practice 0-10 13/38 (34) 18/47 (38) 57/126 (45)
11-20 17/38 (45) 15/47 (32) 39/126 (31)
>20 8/38 (21) 14/47 (30) 30/126 (24)
Region of practice® East 23/38 (61) 23/47 (49) 74/124 (60)
West 15/38 (39) 24/47 (51) 50/124 (40)
Number of yearly ICU admissions at center 1-300 N/A? 3/47 (6) 3/125 (2)
301-600 N/A 11/47 (23) 10/125 (8)
601-900 N/A 16/47 (34) 4/125 (3)
901-1200 N/A 14/47 (30) 9/125 (7)
>1200 N/A 3/47 (6) 4/125 (3)
I don’t know N/A 3/47 (6) 95/125 (76)
From center using electronic medical records Yes N/A 33/47 (70) 797125 (63)
No N/A 14/47 (30) 45/125 (36)
| don’t know N/A 0/47 (0) 17125 (1)
From center using guideline for initiating acute Yes 0/35 (0) 4/47 (9) 37/102 (36)
RRT for AKI No 35/35 (100) 42/47 (89) 30/102 (29)
| don’t know N/A 1/47 (2) 35/102 (34)
From center using guideline for follow-up of Yes 1/32 (3) 4/44 (9) 15/76 (20)
patients who had AKI No 28/32 (88) 34/44 (77) 25/76 (33)
| don’t know 3/32 (9) 6/44 (14) 36/76 (47)

Note. Abbreviations: PICU = pediatric intensive care unit; ICU = intensive care unit; N/A = not applicable; RRT = renal replacement therapy; AKI =
acute kidney injury.

2Some respondents did not answer all questions (incomplete), therefore the total number (N) may add up differently depending on the question.
®Reported percentages were rounded up, therefore may not total to 100%.

“Area of practice categorizes general geographic area of respondents. East includes Manitoba, Ontario, Quebec and Maritime Provinces. West includes
British Columbia, Alberta, and Saskatchewan.

9INJ/A refers to not assessed. Those questions were not included in the nephrologist-specific version of the survey.

Table 2. Pediatric Nephrologists’ and PICU Physicians’ Responses Regarding Importance of Various Indications in Decision-Making for
Renal Replacement Therapy Initiation Using A 10-Point Likert Scale (0 Being Not Important, 10 Being Most Important).

Pediatric nephrologists (N = 35) PICU physicians (N = 47)

Median Median P value
Hyperkalemia 8 (7-9) 7 (6-8) .006*
(potassium > 6.5 mEq/L)
Severe Hyperkalemia 10 (10-10) 10 (9-10) .040*
(potassium > 8 mEq/L)
Severe hypocalcemia with hyperphosphatemia 8 (6-9) 8 (6-8) .746
Severe acidosis 8 (7-9) 8 (6-8) 242
Fluid overload 9 (8-10) 8 (6-9) .001*
Severe protracted oliguria 8 (6-9) 8 (5-9) 591
Rate of acute rise in serum creatinine 6 (4-7) 5(3-7) .258

Note. Abbreviations: PICU = pediatric intensive care unit; mEg/L = milliequivalents per liter.
225th to 75th percentile shown in brackets beside median value. Median responses were calculated and analyzed using Mann Whitney test. A P value <.05
was considered statistically significant and indicated with an asterisk (*). Above questions were not included in the PICU nurse version of the survey.

for RRT initiation decision-making (Table 2). Fluid overload
(edema) was significantly more important for decision-mak-
ing on RRT for pediatric nephrologists compared to PICU
physicians (P < .05). Rate of rise in SCr was rated low-
est in importance for deciding on acute RRT initiation for

both nephrology and PICU physicians (Table 2). Nearly all
pediatric nephrologists (97%, 34/35) and PICU physicians
(96%, 45/47) indicated that furosemide (Lasix) was their
first choice of diuretics for managing fluid overload (edema)
or oliguria.
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A AKI association with increased risk for PICU mortality
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Figure |. Pediatric nephrologists,” PICU physicians’ and PICU
nurses’ beliefs regarding the minimum acute kidney injury (AKI)
severity that independently contributes to increased risk for (A)
PICU mortality, (B) longer PICU stay, and (C) prolonged invasive
mechanical ventilation.

Note. Abbreviations: PICU = pediatric intensive care unit; AKI = acute
kidney injury; RRT = renal replacement therapy.

Importance of acute kidney injury

Nephrology consultation for AKI. Perceived indications for
nephrology consultation for AKI varied within and between
HCP groups. Forty-three percent of nephrologists (15/35)
reported that their ICU requests nephrology consultation if
the ICU suspects a need for RRT within the next few days
(supplementary Figure 4A). Thirty percent of PICU physicians
(14/46) reported that they never consult nephrology for AKI
(supplementary Figure 4A). Pediatric intensive care unit nurses
responses varied: 18% (15/82) believed they consult nephrol-
ogy when SCr doubles, 25% (20/82) believed they consult

nephrology if they suspect that the patient may require RRT
in the next few days, and 34% (28/82) responded they did not
know (supplementary Figure 4A). Supplementary Figure 4B
contrasts beliefs and what was reported to be done, in terms
of nephrology consultation. Nephrologists believed their ICU
should consider consultation with nephrology at earlier stages
of AKI (supplementary Figure 4B). The majority of pediatric
nephrologists (24/34, 71%) believed that by the time they receive
a consultation request for AKI from the ICU, there are some
patients on whom they should have been consulted earlier.

AKI association with hospital outcomes. There was discor-
dance and variation regarding the minimum AKI severity
threshold which contributes to increased risk of poor hospital
outcomes. The majority of PICU physicians (26/46, 57%) and
PICU nurses (37/82, 45%) believed that severe AKI requiring
acute RRT is the minimum AKI threshold for increased risk of
PICU mortality (Figure 1A). However, an equal distribution of
nephrologists reported believing that the minimum threshold
for increased PICU mortality risk was either stage 2 AKI or
severe AKI requiring acute RRT (Figure 1A). The majority
of nephrologists (18/34, 52%) believed that stage 2 AKI was
the minimum threshold for risk of longer PICU stay (Figure
1B); PICU physician responses for this question were distrib-
uted across the spectrum of AKI severity (Figure 1B). PICU
nurse responses on minimum AKI threshold association with
longer PICU stay were skewed toward more severe AKI, but
a large proportion reported uncertainty (do not know) (Figure
1B). Pediatric nephrologists and PICU physicians believed
that more severe AKI (stage 2 or worse) was the minimum
AKI severity threshold associated with longer invasive ven-
tilation, with nephrologists’ responses skewing more toward
stage 2 AKI, compared to PICU physicians (Figure 1C). PICU
nurses believed that more severe AKI requiring RRT was most
strongly associated with prolonged invasive ventilation; again
many were uncertain (responding do not know) (Figure 1C).

Acute kidney injury follow-up

Perceptions on need for AKI follow-up. HCP beliefs on
who should be followed up for possible long-term kidney
dysfunction varied within and between groups, especially
for patients with early-stage AKI (Figure 2). Most HCPs
reported believing that patients with stage 1 AKI do not
require follow-up for long-term kidney dysfunction (Figure
2A). However, the proportion of PICU nurses (26%, 20/76)
believing that patients with stage 1 AKI require follow-up
was significantly higher compared to PICU physicians (7%,
3/44) (Figure 2A, P < .05). Majority of pediatric nephrolo-
gists and PICU nurses believed that patients with stage 2
AKI require long-term follow-up; PICU physicians’ beliefs
were equally distributed between for and against need for
follow-up of stage 2 AKI (Figure 2B). The majority of HCPs
believed that patients with stage 3 AKI should be followed
up for long-term kidney dysfunction (Figure 2C); nearly all
HCPs believed that patients requiring RRT should be fol-
lowed up (Figure 2D).
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A Follow-up for patients who had stage 1 AKI
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Figure 2. Pediatric nephrologists,” PICU physicians,” and PICU nurses’ acute kidney injury (AKI) follow-up beliefs for patients who had
(A\) stage | acute AKI, (B) stage 2 AKI, (C) stage 3 AKI, and (D) acute renal replacement therapy (dialysis).

Note. Abbreviations: PICU = pediatric intensive care unit; AKI = acute kidney injury.

Table 3. Pediatric Nephrologists’ and PICU Physicians’ Responses Regarding Importance of Monitoring and Detecting Potential Long-Term
Kidney Outcomes or Measures of Chronic Kidney Disease Using A 10-Point Likert Scale (0 Being Not Important, 10 Being Most Important).

Pediatric nephrologists (N = 32)

PICU physicians (N = 43-44)

Median Median P value
eGFR <90 mL/min/[.73 m? 7 (6-8)* 6 (3-7) .005*
eGFR <60 mL/min/1.73 m? 9 (7.5-10) 8 (7-9) .023*
Mild proteinuria or microalbuminuria 9 (8-10) 6 (5-7) <.001*
Long-term hypertension 9 (8.5-10) 8 (8-10) .032%
Long-term requirement 10 (9-10) 10 (9-10) .593

for chronic dialysis

Note. Abbreviations: PICU = ediatric intensive care unit; eGFR = estimated glomerular filtration rate; mL = milliliter; min = minute; m> = square metre.
225th to 75th percentile shown in brackets beside median value. Median responses are calculated and analyzed using Mann Whitney test. A P value <.05
was considered statistically significant and indicated with an asterisk (¥). Above questions were not included in the PICU nurse version of the survey.

Organizing and performing AKI follow-up. Pediatric
nephrologists’ beliefs on who would be most effective at
organizing post-AKI follow-up of kidney function after dis-
charge varied; 31% (10/32), 50% (16/32), and 16% (5/32)
believed the ICU, the nephrology service or other HCPs,
respectively, would be most effective (supplementary Fig-
ure 5). Most PICU physicians (82%, 36/44) and PICU nurses
(70%, 53/76), believed that the nephrology service would be
most effective at organizing long-term follow-up after AKI
(supplementary Figure 5).

Pediatric nephrologists’ perspectives on which HCP types
should perform follow-up for long-term kidney dysfunction
varied with AKI severity (supplementary Figure 6A). For
patients with stage 1 AKI, 60% (6/10) and 40% (4/10)
believed nephrologists and general practitioners, respec-
tively, should follow these patients long-term (supplemen-
tary Figure 6A). All nephrologists agreed that patients
requiring RRT should be followed up by a nephrologist (sup-
plementary Figure 6A). There was substantial variation in
nephrologists’ perspectives on the duration of long-term
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Table 4. Pediatric Nephrologists, PICU Physicians, and PICU Nurses’ Responses Regarding Likelihood in Current Practice to Inform A
Family That They Should Have Follow-Up of Their Long-Term Renal Function Using A 10-Point Likert Scale (0 Being Not Likely at All, 10
Being Definitely).

Pediatric nephrologists PICU physicians PICU nurses

(N = 32) (N = 43) (N =74)

Median Median Median P value
Any form of AKI 6 (5-8)° 4 (2-6) 4 (0-6) .0004*
Stage | AKI 6 (4.5-7) 3 (2-5) 3 (0-5) .0002*
Stage 2 AKI 8 (6.5-8) 5(2-7) 4 (0-6) .0001*
Stage 3 AKI 9 (7.5-10) 8 (5-8.5) 5.5 (0-8) .0001*
Require acute RRT 10 (10-10) 10 (8-10) 8 (2-10) .0001*

Note. Abbreviations: PICU =ediatric intensive care unit; AKI = acute kidney injury; RRT = renal replacement therapy.
225th to 75th percentile shown in brackets beside median value. Median responses are calculated and analyzed using Kruskal Wallis equality of
populations rank test. A P value <.05 was considered statistically significant and indicated with an asterisk (*).

follow-up required for patients with AKI (supplementary
Figure 6B). Most nephrologists believed that patients with
severe AKI (stage 3 or requiring RRT) should be followed up
for life (supplementary Figure 6B).

Regarding follow-up of patients whose kidney function
returns to normal by hospital discharge, all nephrologists
agreed that some of these patients require long-term follow-
up. However, 41% (18/44) of PICU physicians and 51%
(39/76) of PICU nurses believed that these patients do not
need specific follow-up.

AKI associations with long-term kidney outcomes. In general,
nephrologists and PICU physicians agreed on the potential
long-term kidney outcomes or CKD measures which were
important to detect (Table 3). Both HCP groups ranked in
increasing order of importance estimated glomerular filtration
rate (eGFR) <90 mL/min/1.73 m? (least important to detect),
followed by mild proteinuria/microalbuminuria, eGFR <60
mL/min/1.73 m?, long-term hypertension, and chronic dialy-
sis (Table 3). On average, nephrologists rated all outcomes,
except for chronic dialysis, to be more important to detect,
compared to PICU physicians (P < .05, Table 3).

Regarding what to inform families of children with AKI,
nephrologists reported that they are more likely to inform
families that post-AKI long-term follow-up is required for
all levels of AKI severity, compared to PICU physicians and
PICU nurses (P < .05, Table 4). Pediatric intensive care unit
physicians indicated they were more likely to inform fami-
lies of need for follow-up than PICU nurses, for almost all
levels of AKI severity (P < .05, Table 4). Pediatric nephrolo-
gists were significantly more likely to report informing
patients of need for long-term follow-up, if they required
RRT, compared to PICU physicians (P < .05, Table 4).

Discussion

To our knowledge, this is the first study utilizing a national
survey to assess the multi-dimensional perspectives of dif-
ferent healthcare providers that commonly treat children

with AKI in the PICU. Overall, our survey demonstrated
widespread variation in RRT initiation indication, perceived
importance of AKI as it relates to long term complications,
and recommended AKI follow-up.

We found differences in opinions regarding relevant fac-
tors for deciding on RRT initiation between nephrologists
and PICU physicians that could be explained by the lack of
institutional guidelines for timing of acute RRT. Both HCP
groups agreed that severe hyperkalemia was the most impor-
tant indication. However, nephrologists rated hyperkalemia,
severe hyperkalemia, and fluid overload higher in terms of
importance in decision-making than PICU physicians.
Standardized RRT guidelines may be beneficial to begin
evaluating the role of early RRT initiation on impacting out-
comes in critically ill children, particularly with severe sep-
sis or multiorgan dysfunction early in PICU admission.'®!7
Future research and implementation science should attempt
to harmonize fluid and RRT management of AKI across
healthcare provider stakeholders with a goal of optimizing
outcomes and unifying care processes.

Our survey identified contrasting beliefs concerning
nephrology consultation for AKI. Most PICU physicians
reported that they either never consulted nephrology for AKI
or only consulted if they believed the patient required RRT
soon. A significant number of PICU nurses also reported that
they did not know when nephrology should be consulted for
AKI. However, majority of nephrologists reported that some
of the ICU consults they received for AKI in the past should
have been conducted earlier, highlighting the need to further
consolidate AKI management between HCP groups. Early
consults with nephrology have shown potential benefit by
lowering risk of progression to AKI stage 3 through interven-
tions such as early fluid adjustment.'® Hospitals may con-
sider implementing an AKI alert system using existing EMR
infrastructure to generate automated consultations with the
nephrology division, which has shown to be associated with
improved rate of recovery from AKIL'" Ultimately, these
findings also suggested that the role of the nephrologist in
assisting in the care of children with AKI when RRT is not
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required, is unclear to other healthcare providers. Future
research should study this, together with evaluation of care
bundles or clinical pathways in patients developing varying
levels of AKI severity.

HCPs differed in their beliefs about the association
between AKI and the hospital outcomes we queried, taken
directly from the literature. In general, nephrologists believed
the association between AKI (especially early-stage AKI)
and hospital outcomes was stronger than PICU physicians
and nurses. A significant proportion of PICU nurses reported
they did not know if there was an association between AKI
and hospital outcomes despite existing literature identifying
AKI as an independent risk factor for PICU mortality, longer
length of stay, and prolonged mechanical ventilation in criti-
cally ill children.*> AKI in children admitted to the PICU has
been shown to be associated with a two-fold longer PICU
stay, and a mortality rate tenfold higher in AKI than non-AKI
patients.?’ In order to improve interdisciplinary care, future
knowledge translation efforts should focus on raising aware-
ness and educating PICU providers on adverse outcomes
associated with AKI.

The study also revealed significant differences in AKI
follow-up beliefs between providers. Almost all agreed that
patients with severe AKI (stage 3 or requiring RRT) needed
to be followed up. However, respondent answers varied for
patients with early-stage AKI (stage 1 or 2), highlighting
existing knowledge gaps regarding the long-term outcomes
of these patients. Our survey revealed opposing AKI follow-
up perspectives in patients whose kidney function returns to
normal at ICU discharge. Nephrologists believed that patients
with AKI, but with normal kidney function at discharge,
should still be followed up, whereas many PICU practitio-
ners disagree. This discrepancy highlights the need for future
research to examine whether these patients are truly at risk
for long-term kidney dysfunction in order to propose evi-
dence-based guidelines to aid in decision- making. Moreover,
more detailed study on which degree of AKI severity is most
likely to be associated with later kidney or other outcomes,
followed by knowledge translation of these findings, should
be performed. Such data will provide HCP the data needed to
make decisions for their own patients and for institutions/
systems to justify resources required to ensure appropriate
long-term AKI follow-up.

Our study has several limitations. The use of different sur-
vey platforms for the nephrologist vs. the two PICU versions
of the survey might have potentially affected how responses
were provided, simply by having a different visual appear-
ance. However, we believe that this issue had a minor effect as
most questions required only a selection and both platforms
allowed for completion on computer or phone. We had a lower
response rate from PICU physicians and were unable to calcu-
late a response rate for PICU nurses; the number of PICU
nurses notified and eligible for our survey was unknown.
However, the respondents spanned at least 7 of the 10 prov-
inces in Canada. Therefore, we believe our respondents are

representative of the spectrum of healthcare providers we
were interested in surveying as there are no pediatric nephrol-
ogy departments in New Brunswick, PEI, and Newfoundland
and Labrador. Additionally, information from all eligible
HCPs in the country was not obtained; there may be differ-
ences in opinions on AKI between providers that completed
the survey and those that did not. We chose to not obtain data
on the specific healthcare facility of practice to maintain ano-
nymity of responses and encourage healthcare providers to
feel comfortable responding to the survey. This led to a lack of
ability to understand within-center variation in responses
which could potentially provide insight on the validity of cen-
ter-specific responses regarding practice. However, even if
within-center responses differed across individuals, we do not
feel that this substantially changes our main findings which
suggest important areas of practice variation. Finally, the
cross-sectional design of our study may not adequately reflect
changes in guidelines and knowledge since survey comple-
tion; however, no specific guidelines or overt implementation
strategies have been performed in our country since these sur-
vey disseminations. We were unable to determine the impact
of the difference in perceptions on patient outcomes. However,
other than commentaries on existing adult AKI guidelines,?!-*
no concrete pediatric AKI follow-up guidelines have been
published in the literature.

Conclusion

Recently, a multi-disciplinary group of pediatric AKI experts
convened to publish a commentary on an international AKI
quality improvement goals consensus document published
for adults (the 22" Acute Disease Quality Initiative consen-
sus conference).® The pediatric commentary highlights “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 AKIL."*' We believe
that understanding the HCP beliefs and existing variations in
care processes will help optimize the feasibility and success
of future educational and implementation endeavors to
improve pediatric AKI care. We found that AKI management,
perceived importance, and follow-up beliefs vary across HCP
groups in Canada. Such variability may adversely impact the
ability to develop and implement robust AKI management
and follow-up guidelines. Factors associated with variation
and motivating factors for current perspectives should be
explored, to maximize relevance of guideline development
for stakeholders and maximize knowledge translation strate-
gies. Future work should include developing educational
tools targeting areas of highest knowledge and practice
uncertainty. Findings from this survey study may aid in
addressing provider beliefs and developing realistic, feasi-
ble, and pragmatic intervention trials for AKI management
and follow-up in children.
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