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Clinical phenotypes of acute kidney injury are associated with
unique outcomes in critically ill septic children
Rajit K. Basu 1, Richard Hackbarth2, Scott Gillespie3, Ayse Akcan-Arikan4, Patrick Brophy5, Sean Bagshaw6, Rashid Alobaidi7 and
Stuart L. Goldstein8

BACKGROUND: Assessment of acute kidney injury (AKI) in septic patients remains imprecise. In adults, the classification of septic
patients by clinical AKI phenotypes (severity and timing) demonstrates unique associations with patient outcome vs. broadly
defined AKI.
METHODS: In a multinational prospective observational study, AKI diagnosis in critically ill septic children was stratified by duration
(transient vs. persistent) and severity (mild vs. severe by creatinine change and urine output). The outcomes of interest were
mortality and intensive care unit resource complexity at 28 days.
RESULTS: Seven hundred and fifty-seven septic children were studied (male 52.7%, age 4.6 years (1.5–11.9)). Mortality (overall
12.1%) was different between severe AKI and mild AKI (18.3 vs. 4.4%, p < 0.001) as well as intensive care unit (ICU) complexity
(overall 34.5%, 45 vs. 21.7%, p < 0.001). Patients with Persistent AKI had fewer ICU-free days (17 (7, 21) vs. 24 (17, 26), p < 0.001) and
higher ICU complexity (52.8 vs. 22.9%, p= 0.002) than transient AKI, even after exclusion of patients with early mortality. AKI
phenotypes incorporating temporal and severity data correlate with unique survival (range 4.4–21.6%) and ICU-free days (range of
15–25 days)
CONCLUSIONS: The outcome of septic children with AKI changes by clinical phenotype. Our findings underscore the importance of
prognostic enrichment in sepsis and AKI for the purpose of trial design and patient management.
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IMPACT:

● Although AKI occurs commonly in patients with sepsis (S-AKI), outcomes for children with S-AKI varies based on the severity
and timing of the AKI.

● Existing S-AKI pediatric data utilize a broad singular definition of kidney injury. Increasing the precision of AKI classification
results in a new understanding of how S-AKI associates with patient outcome.

● A refined classification of S-AKI identifies subgroups of children, making possible a targeted and a personalized medicine
approach to S-AKI study and management.

INTRODUCTION
Sepsis is the most common cause of acute kidney injury (AKI).1–6 In
both resource-rich and resource-limited settings, sepsis and AKI
individually are associated with poor patient outcome, increasing
the utilization of hospital and intensive care unit (ICU) resources
(including length of stay (LOS)) and the probability of death.2,4

Sepsis with AKI (S-AKI) appears to be associated with worse
outcomes over either syndrome alone. Compared to sepsis or AKI
in isolation, patients with S-AKI have increased hospital and ICU
LOS, increased overall costs, higher rates of mortality, and in
survivors, increased rates of long-term disability and reduced
quality of life.1,2,4,5,7–12 The available data in pediatrics, although
less in terms of overall size of patients reported, are consistent

with adult data—AKI in the context of sepsis appears to be a
negative prognostic condition. The importance of AKI in sepsis is
not just tied to mortality, but also to chronic kidney disease and
neurologic disability in surviving children.5,9,13–16

Adoption of AKI definition criteria has facilitated the delineation
of AKI epidemiology in the context of critical illness. Most datasets
have reported AKI incidence and prevalence using broad inclusion
criteria with regards to timing and disease severity. For the
purpose of describing epidemiology, the majority of data report
AKI (alone or concurrent with other illnesses) as any degree of AKI
incurred in the first 7 days of ICU course—and this adjudication
denoted in a binary fashion as the presence of AKI is analyzed for
association with patient outcome.2,3,5,14 Recent consensus
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statements recommend, however, adjudicating the impact of AKI
with patient outcome after stratification by severity stage and
duration of injury.17–20 Specifically, this stratification involves
staging AKI severity by both creatinine changes from baseline and
urine output stage using the Kidney Disease: Improving Global
Outcomes (KDIGO) staging criteria and, simultaneously, delinea-
tion of the timing of AKI by duration (transient or persistent after
48 h of initial confirmation of injury).17 Application of these
definitions in pediatric patients has not occurred. Specifically,
there are no reports in septic children describing how staging AKI
by severity or duration of injury impacts the associations with
patient outcome, although several adult population analyses
suggest that such stratification demonstrates unique associations
with patient outcome depending on the type of AKI.1,4

We previously completed a broad-scale, multinational assess-
ment of AKI in critically ill children (NCT01987921).14,21 Interroga-
tion of this population offers us the opportunity to explore the
relationship between clinical phenotype of S-AKI and outcome in
children. In this report, we describe the stratification of S-AKI by
temporal and severity phenotypes, as delineated by consensus
guideline statements.

METHODS
Population
We have previously described the population of patients enrolled
and studied in the Assessment of Worldwide AKI, Renal Angina
and Epidemiology in Children (AWARE, NCT01987921). Briefly, in
one calendar year, 32 unique centers across the world enrolled
children and young adults consecutively over a 3-month time
span who met the inclusion and exclusion criteria. The most
significant inclusion criterion was expected to stay >48 h. Patients
aged 3 months to 25 years were included. The most significant
exclusion criterion was pre-existing chronic kidney disease. The
primary purpose of AWARE was to delineate the epidemiology
and outcomes of AKI in critically ill children, adolescents, and
young adults across all admission criteria and illness
(NCT01987921).21

Sepsis
Sepsis was denoted on the day of ICU admission (Day 0) using the
pediatric Surviving Sepsis Guidelines Criteria and was adjudicated
by the site investigator representing each center participating
in AWARE.

Sepsis-associated AKI
AKI was staged across the first 7 days of the ICU course. Broadly
classified S-AKI, henceforth known as “Any AKI,” was identified by
the maximum KDIGO stage in the first 7 days using change from
baseline creatinine or urine output classification.6,20

S-AKI clinical phenotypes
AKI classifications, or clinical phenotypes, were created by
adjudicating for injury severity and injury as outlined by
consensus recommendations. The severity of AKI was staged
using the worse of serum creatinine change from baseline or urine
output on the day of staging. Under stage 1 was denoted “No
AKI,” stage 1 was termed “Mild AKI,” stages 2 and 3 was termed
“Severe AKI.” The duration of AKI was adjudicated using a
temporal phenotype after 48 h. Transient AKI was defined as AKI
detected from Days 0 to 2 with subsequent return to AKI stage 0
on Day 3 (i.e., 72 h). AKI lasting beyond 48 h (≥72 h) was termed
Persistent-AKI. Patients with de novo AKI after 48 h were not
counted in this analysis. Combining the severity and temporal
classifications allowed separation into more granular phenotypes:
Mild-transient, Mild-persistent, Severe-transient, and Severe-
persistent AKI.

Exposures
Due to the heterogeneity of the centers participating in AWARE
and the pragmatic nature of the study, severity of illness (SOI)
scores tabulated were the scores used by the individual site itself.
Three different SOI scores were used in this study: Pediatric Risk of
Mortality-3 (PRISM-3), pediatric logistic organ dysfunction (PELOD)
score, and Pediatric Index of Mortality-2 (PIM-2). To control for the
inherent variation between the different SOI scores used, patients
were tiered into quartiles based on their respective SOI scores; an
SOI score >75th percentile and corresponding mortality risk score
for any of the three severity measures were used to normalize
illness severity and tabulated as a binary metric across the
population. The primary condition necessitating ICU admission
was delineated into broad classifications as per the initial protocol
for the AWARE study. Comorbid conditions outside sepsis and a
transplant history were detailed but interpreted as a binary
function in this analysis. Examples of the comorbid conditions can
be found in the description of the AWARE protocol and detailed in
the primary epidemiologic report.14,21 Transplant history was a
separate exposure variable and included solid organ or bone
marrow transplantation.

Outcomes
The primary outcome of interest was mortality censored at
28 days. Secondary outcomes were also censored at 28 days and
included the use of mechanical ventilation, continuous renal
replacement (CRRT), extracorporeal membrane oxygenation
(ECMO), ICU-free days (28 days minus LOS), and ventilator-free
days (28 days minus the duration of mechanical ventilation). For
each of ICU- and ventilator-free days, mortality was defaulted to 0.
A composite assessment of ICU was also included (denoted as
complex ICU course) and defined as a composite of mortality, <14
ICU-free days, <21 ventilator-free days, use of CRRT, or use of
ECMO. CRRT was separated from AKI severity to understand the
contribution of this support therapy with outcome in the setting
of AKI. A patient qualified as having a “complex ICU course” by
experiencing any one of these individual metrics. We performed
separate analyses excluding patients with early mortality within
48 h) to further refine temporal phenotypic associations with
outcome.

Statistical analysis
All analyses were performed in SAS v.9.4 (Cary, NC) and R v.3.6
(Vienna, Austria), and statistical significance was evaluated at the
0.05 threshold, unless otherwise noted. Patient demographics and
clinical and outcome characteristics were summarized by relevant
sepsis and AKI categories using medians and interquartile ranges
for continuous variables and frequencies and percentages for
discrete characteristics. Omnibus differences in continuous data
between study groups were tested using Kruskal–Wallis tests;
concurrently, categorical data were tested for overall differences
using χ2 tests of independence or Fisher’s exact tests, as
appropriate. When omnibus tests were significant, pairwise tests
were carried out on study groups of interest, and the significance
level was adjusted to the corresponding Bonferroni threshold (e.g.,
0.05/3 pairwise comparisons= 0.017). Pairwise differences in
outcome characteristics, such as ventilation use, CRRT, and ECMO,
were further assessed after adjustment for SOI scores, with
adjusted p values calculated using generalized linear regression
procedures: linear regression for continuous outcomes and logistic
regression for discrete. The primary outcome for this study was 28-
day mortality. Complex ICU course was also computed by the
individual components listed earlier. Treating each outcome
dichotomously, binary logistic regression was employed for each
case to determine significant bivariable associations. Informed by
these bivariable results, stepwise regression procedures were
employed to build the final models. In each multivariable
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regression case, the primary exposure was S-AKI status. Finally,
time-to-event procedures, in the form of competing risks analyses
(CRAs), were performed to model the probability over time of each
of two mutually exclusive endpoints: (1) 28-day mortality and (2)
28-day ICU discharge; the remaining patients being alive without
ICU discharge. Results from these analyses are reported via
cumulative incidence curves and 95% confidence intervals and
reported at 28 days follow-up. S-AKI status differences between
cumulative incidence curves for each endpoint were tested using
Gray’s tests.

RESULTS
Population
A total of 4898 patients were identified from the original data for
sepsis and AKI classifications (Supplementary Table 1). A total of
757 (15.5% of overall patient cohort) patients classified with sepsis
at the time of enrollment are discussed in this analysis. In the
septic population, 40.6% (307) were classified as Any AKI in the
first 7 days of ICU course. Compared to No AKI, patients with Any
AKI had lower weight at ICU admission (p= 0.016), but there were
no other significant demographic differences. On ICU admission,
however, patients with Any AKI were sicker than No-AKI patients,
carrying a higher incidence of shock as an ICU admitting diagnosis
and a more frequent history of transplant (both p < 0.001). Any-AKI
patients had a higher mortality rate (12.1 vs. 4.7%, p < 0.001) and
increased utilization of ICU technology such as mechanical
ventilation (p= 0.017) and CRRT (p < 0.001). After adjustment for
significant bivariable associations, the classification of Any AKI
remained independently associated with higher odds of mortality
relative to No AKI (Table 1). In addition, overall ICU complexity was
increased for patients with Any AKI compared to No AKI in the
setting of sepsis (Supplementary Table 2).

Severity of AKI is associated with outcome in Severe AKI
Of the 307 patients with Any AKI, 45% (138) were classified as Mild
AKI, while 55% (169) were denoted as Severe AKI (Table 2). Severe-
AKI patients were sicker than Mild- and No-AKI patients (who
demonstrated no difference in SOI scores), but other demographic
characteristics between the groups were similar. After adjustment
for SOI, Severe AKI (but not Mild AKI) was significantly associated
with 28-day mortality compared to No AKI (18.3 vs. 4.7%, p=
0.001) (Supplementary Table 3). Severe-AKI patients also had a
higher incidence of complex ICU course (p < 0.001), with
significantly fewer mechanical ventilation free days (p < 0.001),
fewer ICU-free days (p < 0.001), and a higher utilization of CRRT (p
< 0.001). After correction for illness severity, mortality rate was not
significantly different between Severe- and Mild-AKI patients, but
the incidence of CRRT utilization (16.6 vs. 0.7%, p= 0.006), 28-day
ICU-free days (197,22 vs. 23,17,23 p= 0.007), and complex ICU
outcome (45 vs. 21.7%, p < 0.001) remained significantly different.

Duration of AKI is associated with outcome in Severe AKI
Duration of injury data was available on 724 (95.6%) of the septic
patients. In these patients, 37.8% (274) had Any AKI. Transient AKI
was present in 60.6% (166), while 39.4% (108) had Persistent AKI
(Table 3). No-AKI patients were demographically similar to the
Transient-AKI patients and demonstrated similar SOI. In contrast,
the Persistent-AKI patients were significantly sicker than No AKI
(but not Transient AKI). After adjustment for covariates including
illness severity, Persistent-AKI patients demonstrated a higher
incidence of complex ICU outcome (52.8 vs. 16.9%, p < 0.001) with
fewer mechanical ventilation-free days (p < 0.001), fewer ICU-free
days (p < 0.001), and higher CRRT utilization (p < 0.001) vs. No-AKI
patients (Supplementary Table 4). In addition, the patients with
Persistent AKI had a higher incidence of complex ICU course than
the Transient-AKI patients (52.8 vs. 22.9%, p= 0.001) and fewer
ICU-free days (p < 0.001). After exclusion of the 17 patients with

death within 48 h, the comparison of outcome and ICU resource
utilization between Transient AKI and Persistent AKI demonstrated
significant differences in CRRT utilization (p= 0.005), and 28-day
mechanical ventilation and ICU duration (p= 0.002 and <0.001,
respectively) (Supplementary Tables 5 and 6 and Supplementary
Figs 1 and 2).

S-AKI sub-phenotypes demonstrate unique associations with
outcome
A combination of AKI stage and duration classifications facilitated
a further sub-phenotypic analysis; 274 patients with data were
available. Of the 274 septic patients with Any AKI, 33.6% had Mild-
transient, 11.7%24 had Mild-persistent, 27% had Severe-transient
AKI, and 27.7% had Severe-persistent AKI (Supplementary Table 7).
The rate of death varied across the clinical AKI sub-phenotypes
(4.4–21.6%) (Fig. 1). Complex ICU course demonstrated a similarly
disparate range of incidences across the sub-phenotypes
(15.2–54%), compared to No AKI (16.9%). The patients with
Severe-persistent AKI were sicker than the Mild-transient AKI and
demonstrated worsened outcome and unadjusted and adjusted
for SOI score. Despite no difference in illness severity or mortality
rate compared to Mild-transient, patients with Mild-persistent
had a higher incidence of mechanical ventilation (p= 0.005),
fewer ICU-free days (p < 0.001), and more complex ICU courses
(p < 0.001). Similarly, patients with Severe-persistent AKI were
demographically similar to Severe-transient AKI patients and had
no difference in SOI or mortality but had fewer ICU-free days
(187,25 vs. 24,7,23 p= 0.005) and more complex ICU courses
(although not significantly different after SOI adjustment).
Compared to the classification of Any AKI, both mortality rate

and ICU-free days varied between AKI sub-phenotypes. Mortality
varied significantly between AKI sub-phenotype (Fig. 1 and
Supplementary Table 8). While the cumulative probability of ICU
discharge at 28 days was 85.1% for Any-AKI patients, the
cumulative probabilities of 28-day ICU discharge ranged from
76.1 to 93.2% based on sub-phenotype (Fig. 2). Significant
differences existed between Mild-transient AKI and all other AKI
sub-phenotypes (Supplementary Tables 9 and 10). A correction to
study AKI managed with CRRT vs. Severe AKI demonstrated
significant bivariate associations between SOI (shock diagnosis
primarily) and ICU complexity, including mortality, 28-day ICU
duration, and mechanical ventilation use (p < 0.001 for all)
(Supplementary Table 11). Finally, ICU resource utilization based
on mortality and discharge were analyzed excluding early
mortality (see Transient vs. Persistent-AKI results) and demon-
strated significantly worse outcomes for the Mild-persistent and
Severe-persistent AKI phenotypes (Supplementary Table 12),
including for Severe-persistent compared to Severe-transient AKI
(Supplementary Table 13).

DISCUSSION
Sepsis and AKI affect a significant proportion of critically ill
patients. Recent epidemiologic data indicate 33–50% of critically ill
patients suffer from sepsis and ~25% suffer from AKI.2,6,14 Across
epidemiologic datasets—from neonates to adults, these patients
have worse outcomes than those without sepsis or AKI,
respectively. The prevailing data suggest patients with concurrent
sepsis and AKI (S-AKI) suffer a higher utilization of ICU technology,
prolonged hospital and ICU course, and increased rates of
mortality. The data from our multinational cohort of critically ill
children and young adults reinforce that patients with S-AKI suffer
worse outcomes. However, our analysis is unique from the existing
data. Our data demonstrate that not all S-AKI is equivalent. This is
the first report in a large population of pediatric population, to our
knowledge, to incorporate contemporary recommendations for
clinical adjudication of AKI diagnosis. Although our findings
validate the findings in adult septic patients,1,2,4,10,25 we

Clinical phenotypes of acute kidney injury are associated with unique. . .
RK Basu et al.

1033

Pediatric Research (2021) 90:1031 – 1038



demonstrate unique downstream sequelae based on AKI duration
and severity. Significant differences in the associations with
mortality and ICU resource utilization exist between mild forms
of S-AKI and severe forms of AKI. Similarly, transient forms of S-AKI
and persistent forms of S-AKI are clinically unique in the long-term
disposition of patients.
Improving the precision of AKI diagnosis has been an area of

focus.22,23,26–28 Although stratification systems to stage AKI by
creatinine and urine output have been in place for nearly two
decades (and continue to undergo refinement), very little
evidence of published data demonstrates the incorporation of
stage-based AKI severity into the adjudication of AKI with other
injury complexes. That is, while AKI-focused epidemiology has
reported extensively on the association between AKI severity
stages and outcome, descriptions of AKI in the context of common
ICU illnesses such as sepsis, traumatic brain injury, or acute
respiratory distress syndrome have not, to our knowledge,
incorporated AKI severity staging.7,29–32 Our data show that
patients with mild AKI in the context of sepsis actually do not
have a worsened outcome compared to septic patients without
AKI. However, when separated by a duration of AKI, the
patients with mild AKI that persists have fewer ICU-free days

(adjusted, p < 0.001). Septic patients with severe persistent forms
AKI have uniquely worse outcomes than septic patients with Mild-
persistent AKI. Unlike persistent S-AKI phenotypes, transient forms
of AKI, even when severe, are associated with better patient
outcome. The granularity of outcomes associated with the sub-
phenotypes should be considered adjacent to the umbrella
diagnosis of AKI (Any AKI). Without adjudication for the severity
or temporal classifications of AKI, our data indicate roughly one in
ten with S-Any AKI (12.9%) die and one in seven (14.9%) remain in
the ICU at 28 days. After adjudication for S-AKI sub-phenotypes,
these proportions change. In the severe sub-phenotypes of S-AKI,
between one in five to one in four (17.1–22.5%) are dead at
28 days and a slightly higher percentage (20–23.9%) remain in the
ICU. Conversely, in the mild sub-phenotypes of S-AKI, only 1 in 25
may die (4.6% for Mild-transient S-AKI) and only 1 in 15 (6.8%) may
remain in the ICU at 28 days. After excluding patients who die
within 72 h, transient AKI demonstrates a mortality of 5.2% or 1 in
20. Further, the use of CRRT to manage the multiple sequelae of
AKI complicates the understanding of AKI impact. In our analysis of
Severe AKI, separation of patients receiving CRRT indicates a
significant proportion of AKI-associated outcomes and ICU
resource utilization may be driven by the integration of CRRT as

Table 1. 28-Day mortality in septic patients (N= 757).

Category, N (row %) Alive
N= 699 (92.3%)

Dead
N= 58 (7.7%)

Bivariable Multivariablea

OR (95% CI) P value OR (95% CI) P value

Age at ICU admission (years)b 4.5 (1.4, 12.3) 6.1 (1.7, 13.7) 1.13 (0.92, 1.40) 0.239

Gender

Male 365 (91.5%) 34 (8.5%) 1.30 (0.75, 2.23) 0.349

Female 334 (93.3%) 24 (6.7%) Reference

Weight at ICU admission (kg)b 16.1 (9.9, 38.3) 17 (9.1, 35) 0.99 (0.93, 1.04) 0.637

Any comorbid conditions 587 (91.4%) 55 (8.6%) 3.50 (1.08, 11.4) 0.038

Admission diagnosis

Shock 402 (89.7%) 46 (10.3%) 2.83 (1.47, 5.44) 0.002

Medical cardiac 17 (73.9%) 6 (26.1%) 4.63 (1.75, 12.2) 0.002 6.62 (1.43, 30.5) 0.016

Respiratory failure 319 (90.4%) 34 (9.6%) 1.69 (0.98, 2.91) 0.059

Post-surgical/minor trauma 54 (94.7%) 3 (5.3%) 0.65 (0.20, 2.15) 0.482

CNS dysfunction 140 (89.2%) 17 (10.8%) 1.66 (0.91, 3.00) 0.097

Pain/sedation management 13 (86.7%) 2 (13.3%) 1.89 (0.42, 8.56) 0.412

PRISM-III 5 (0, 11) 149, 22 1.13 (1.07, 1.18) <0.001

PIM-2 11, 4 74, 40 1.06 (1.03, 1.08) <0.001

PELOD 112, 12 20.511, 32 1.10 (1.05, 1.16) <0.001

Any severity score >75th percentile

Yes 85 (76.6%) 26 (23.4%) 8.16 (3.68, 18.1) <0.001 6.12 (2.58, 14.5) <0.001

No 240 (96.4%) 9 (3.6%) Reference Reference

History of transplant 49 (87.5%) 7 (12.5%) 1.82 (0.79, 4.23) 0.163

AKI status

Any AKI 270 (87.9%) 37 (12.1%) 2.80 (1.60, 4.89) <0.001 2.67 (1.23, 5.77) 0.013

No AKI 429 (95.3%) 21 (4.7%) Reference Reference

Mechanical ventilation use 299 (87.9%) 41 (12.1%) 2.94 (1.64, 5.29) <0.001 2.72 (1.02, 7.23) 0.045

28-Day MV durationb 4.52, 8 52, 12 1.09 (0.88, 1.36) 0.437

CRRT use 15 (48.4%) 16 (51.6%) 17.4 (8.04, 37.5) <0.001

ECMO use 9 (75%) 3 (25%) 4.18 (1.10, 15.9) 0.036

28-Day ICU LOSb 4 (3, 8) 4.5 (2, 12) 1.14 (0.94, 1.38) 0.186

ICU intensive care unit, AKI acute kidney injury, PRISM-III Pediatric Risk of Mortality-3, PIM-2 Pediatric Index of Mortality-2, PELOD pediatric logistic organ
dysfunction, CNS central nervous system, MV mechanical ventilation, CRRT continuous renal replacement therapy, ECMO extracorporeal membrane
oxygenation.
aMultivariable ROC= 0.81 and sample size= 360, due to list-wise deletion.
bOR increments in units of 5.
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part of management. This may suggest distinct phenotypes
between Severe-AKI cohorts (those that require CRRT and those
who do not), an opportunity for a further and broader investiga-
tion. Our data suggest that for a more robust understanding of the
downstream associations of AKI in the context of other illnesses,
AKI in the context of sepsis should not be simply classified as
present or absent at any time in the first 7 days of the ICU course.
Therapeutic options for AKI are altogether missing. Best practice

recommendations for AKI management continue to be focused
solely on supportive care and mitigation of inciting agents and
potential ongoing AKI risk.24,33–35 Previous trials testing potential
AKI therapy have failed to demonstrate consistent efficacy at
resolving AKI or reducing the severity of injury. Although these
trials suffered from a number of limitations, a potentially major
source of confounding and barrier to answering whether these
interventions were effective are the diagnosis of AKI itself. Most
trials included AKI as a catchment diagnosis so that, for instance, a
trial in our cohort of nearly 750 septic patients would include Mild-
transient AKI together with Severe-persistent AKI. This is

problematic as our data show that these patients are different.
A previous post hoc analysis of these data validated the renal
angina index scoring system to identify the varying degrees of risk
for the prediction of Severe-persistent AKI and for targeting
biomarker testing.26,29,30,36–40 Predictive and prognostic enrich-
ment in S-AKI that we are describing has been mirrored in recent
biomarker-based predictive models in children.29,41,42 Diagnostic
refinement of AKI using risk stratification, biomarkers, and clinical

Table 2. Study characteristics by sepsis and maximum AKI severity
(N= 757).

Category, N (%) No AKI (1)
N= 450 (59.5%)

Mild AKI (2)
N= 138 (18.2%)

Severe AKI (3)
N= 169 (22.3%)

Demographics/clinical

Age at ICU admission (years) 3.8 (1.4, 11.9) 5.6 (1.7, 12.9) 6.7 (1.3, 13.1)

Male gender 235 (52.2%) 69 (50%) 95 (56.2%)

Weight at ICU admission (kg) 15.1 (9.7, 34) 20 (10.5, 43.4) 20 (9.8, 48.6)

Any comorbid conditions 377 (83.8%) 120 (87%) 145 (85.8%)

Admission diagnosis

Shock 239 (53.1%) 85 (61.6%) 124 (73.4%)

Medical cardiac 13 (2.9%) 3 (2.2%) 7 (4.1%)

Respiratory failure 218 (48.4%) 58 (42%) 77 (45.6%)

Post-surgical/minor trauma 34 (7.6%) 7 (5.1%) 16 (9.5%)

CNS dysfunction 99 (22%) 28 (20.3%) 30 (17.8%)

Pain/sedation
management

8 (1.8%) 4 (2.9%) 3 (1.8%)

History of transplant 17 (3.8%) 17 (12.3%) 22 (13%)

PRISM-III 4 (0, 10.5) 5 (0, 10) 10 (7, 17.5)

PIM-2 1.5 (1, 4) 1 (1, 3) 3 (1, 18)

PELOD 10 (1, 12) 1110,12 12 (11, 21)

Any severity score >75th
percentile

65 (28.4%) 13 (22%) 33 (45.8%)

Outcomes

Mechanical ventilation use 182 (43.3%) 59 (43.4%) 99 (59.6%)*

CRRT use 2 (0.4%) 1 (0.7%) 28 (16.6%)*,^

ECMO use 6 (1.3%) 1 (0.7%) 5 (3%)

28-Day mortality 21 (4.7%) 6 (4.4%) 31 (18.3%)*

28-Day MV-free days 24 (19, 26) 23 (19, 25) 19 (0, 24)*

28-Day ICU-free days 24 (20, 25) 23 (17, 25) 19 (7, 24)*,^

Complex ICU course 76 (16.9%) 30 (21.7%) 76 (45%)*,^

ICU intensive care unit, AKI acute kidney injury, PRISM-III Pediatric Risk of
Mortality-3, PIM-2 Pediatric Index of Mortality-2, PELOD pediatric logistic
organ dysfunction, CNS central nervous system, MV mechanical ventilation,
CRRT continuous renal replacement therapy, ECMO extracorporeal mem-
brane oxygenation, severity score based on sepsis sample (N= 757).
After adjustment for severity of illness (Supplementary Table 3), p value
<0.017 was considered at the Bonferroni threshold (0.05/3) for: *No vs.
Severe and ^Mild vs. Severe. In the appendix, column number in this table
is used for reference columns of statistics. The >75th percentile for severity
of illness scores data shown are the number of patients with an available
SOI score >75th percentile for that entire subgrouping (e.g., No AKI—
28.4%= 65 of 229 with an SOI score in that group were >75th percentile).
Available SOI scores in each group for this table: No AKI: 229 (50.9%), Mild
AKI: 59 (42.7%), and Severe AKI: 72 (42.6%).
aOf 757 sepsis patients, N= 33 were excluded due to No AKI within first
48 h of observation.

Table 3. Study characteristics by sepsis and AKI duration (N= 724).

Category, N (%)a No AKI (1)
N= 450
(62.2%)

Transient
AKI (2)
N= 166
(22.9%)

Persistent
AKI (3)
N= 108
(14.9%)

Demographics/clinical

Age at ICU admission
(years)

3.8 (1.4, 11.9) 5.5 (1.4, 12.4)6.8 (1.2, 14.3)

Male gender 235 (52.2%) 92 (55.4%) 59 (54.6%)

Weight at ICU
admission (kg)

15.1 (9.7, 34) 19.4 (9.9, 45) 20 (9.9, 48.6)

Any comorbid
conditions

377 (83.8%) 145 (87.4%) 92 (85.2%)

Admission diagnosis

Shock 239 (53.1%) 118 (71.1%) 73 (67.6%)

Medical cardiac 13 (2.9%) 5 (3%) 4 (3.7%)

Respiratory failure 218 (48.4%) 61 (36.8%) 55 (50.9%)

Post-surgical/
minor trauma

34 (7.6%) 15 (9%) 7 (6.5%)

CNS dysfunction 99 (22%) 36 (21.7%) 16 (14.8%)

Pain/sedation
management

8 (1.8%) 6 (3.6%) 0 (0%)

History of transplant 17 (3.8%) 19 (11.5%) 16 (14.8%)

PRISM-III 4 (0, 10.5) 7.5 (2, 13) 10 (7, 14)

PIM-2 1.5 (1, 4) 1 (1, 5) 3 (1, 6)

PELOD 10 (1, 12) 11 (10, 12) 12 (11, 22)

Any severity score
>75th percentile

65 (28.4%) 20 (32.8%) 21 (38.9%)

Outcomes

Mechanical
ventilation use

182 (43.3%) 68 (42.2%) 72 (66.7%)*

CRRT use 2 (0.4%) 7 (4.2%) 21 (19.4%)*,^

ECMO use 6 (1.3%) 2 (1.2%) 4 (3.7%)

28-Day mortality 21 (4.7%) 20 (12.1%) 15 (13.9%)

28-Day MV-free days 24 (19, 26) 23 (11, 26) 19 (3, 23)*

28-Day ICU-free days 24 (20, 25) 24 (17, 26) 17 (7, 21)*,^

Complex ICU course 76 (16.9%) 38 (22.9%) 57 (52.8%)*,^

ICU intensive care unit, AKI acute kidney injury, PRISM-III Pediatric Risk of
Mortality-3, PIM-2 Pediatric Index of Mortality-2, PELOD pediatric logistic
organ dysfunction, CNS central nervous system, MV mechanical ventilation,
CRRT continuous renal replacement therapy, ECMO extracorporeal mem-
brane oxygenation, severity score based on sepsis sample (N= 757).
After adjustment for univariates (Supplementary Table 4), p value <0.017
considered at the Bonferroni threshold (0.05/3) for: *No vs. Persistent and
^Transient vs. Persistent. In the appendix, column number in this table is
used for reference columns of statistics. The >75th percentile for the
severity of illness scores data shown are the number of patients with an
available SOI score >75th percentile for that entire subgrouping (e.g., No
AKI—28.4%= 65 of 229 with an SOI score in that group were >75th
percentile. Available SOI scores in each group for this table: No AKI: 229
(50.9%), Transient AKI: 61 (36.7%), and Severe AKI: 54 (50%).
aOf 757 sepsis patients, N = 33 were excluded due to No AKI within first
48 h of observation.
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classifications may facilitate the separation of S-AKI populations
for targeted therapeutic trial design. In pediatric populations,
characterization of the unique aspects of illness in children
incorporated into management and trial design facilitates the
ability to compare populations of equal risk (for the determination
of management efficacy of a given treatment option, for instance).
Given the poor patient outcomes in S-AKI, we believe this
approach should be explored further.
Our study is notable for its unique strengths and limitations. As

stated previously, we believe this is the first large data set to
explore the ramifications of a refined diagnostic approach to AKI
in the setting of sepsis. The data come from one of the largest and
most geographically diverse populations of critically ill children
and young adults in the published literature. The analysis,

however, is a post hoc analysis and therefore subjected to the
limitations inherent with a retrospective analysis. Our associative
findings cannot be construed as causal as the AWARE study was
designed as a prospective observational study for AKI epidemiol-
ogy and not interventional, particularly for sepsis. The definition of
sepsis used was based on existing pediatric sepsis criteria and we
acknowledge that the recently updated criteria have been
released. We did not include any biological markers or laboratory
data in our definition of AKI subtype classification, although a
separate analysis of our data is currently in process for this
purpose. In our analyses between sub-phenotypes, to facilitate a
correction for illness severity, we created a metric of >75%
percentile of severity score to normalize the center-specific illness
severity scores used. Missing SOI scores may have affected the
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Fig. 1 28-Day mortality cumulative incidence based on sepsis-AKI sub-phenotype. Cumulative incidence plots of mortality as calculated
using a broad-based diagnosis No AKI vs. Any AKI, b AKI stratified by severity, c AKI stratified by duration, and d AKI was sub-phenotyped by
the combination of severity and duration.
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significance of associations after adjustment as many of the
unadjusted differences were statistically significant with large
effect sizes or absolute differences in percentages, duration of
time (e.g., LOS, MV duration), but lost significance after adjust-
ment. However, the initial trial was conducted on a pragmatic
basis and the individual centers were allowed the freedom to
enter (or not) the SOI score of choice for their given institution.
This flexibility facilitated the capture of what was at the time the
largest to date prospective data set of critically ill children.
Finally, the composite outcome of “complex ICU outcome” has not
been previously been validated, although the individual

parameters included are all included in the standard reports of
ICU outcomes.

CONCLUSION
In summary, the outcome of septic patients with kidney injury
varies by the phenotype of AKI. Sub-phenotypic classification of
AKI by severity and temporal characteristics is imminently feasible
and novel stratification and diagnostic techniques may be able to
identify these subtypes early in the ICU course. The identification
of unique clinical AKI targets is, therefore, possible. Our data
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suggest further exploration of the sub-phenotypic approach to AKI
is warranted.
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