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Objectives: Acute kidney injury is common in critically ill children;
however, the frequency of septic shock—associated acute kidney
injury and impact on functional status are unknown. We evaluated
functional outcomes of children with septic shock—associated
acute kidney injury.

Design: Secondary analysis of patients with septic shock from the
prospective Life after Pediatric Sepsis Evaluation study. We defined
acute kidney injury using Kidney Disease Improving Global Out-
comes criteria, comparing patients with absent/Stage 1 acute
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kidney injury to those with Stage 2/3 acute kidney injury (severe
acute kidney injury). Our primary outcome was a composite of
mortality or new functional morbidity at day 28 of hospitalization
or discharge. We also assessed poor long-term outcome, defined
as mortality or a persistent, serious deterioration in health-related
quality of life at 3 months.

Setting: Twelve academic PICUs in the United States.

Patients: Critically ill children, 1 month to 18 years, with com-
munity-acquired septic shock requiring vasoactive-inotropic
support.

Interventions: None.

Measurements and Main Results: More than 50% of patients
(176/348) developed severe acute kidney injury; of those, 21.6%
(38/176) required renal replacement therapy. Twice as many
patients with severe acute kidney injury died or developed new
substantive functional morbidity (38.6 vs 16.3%; p < 0.001). After
adjustment for age, malignancy, and initial illness severity, severe
acute kidney injury was independently associated with mortality
or new substantive morbidity (adjusted odds ratio, 2.78; 95% Cl,
1.63-4.81; p < 0.001). Children with severe acute kidney injury
had poorer health-related quality of life at 3 months (adjusted
effect size 2.46; 95% Cl, 1.44-4.20; p = 0.002). Children with
severe acute kidney injury required longer duration of mechanical
ventilation (11.0 vs 7.0 d; p<0.001) and PICU stay (11.7 vs 7.1 d;
p<0.001).

Conclusions: Among children with septic shock, severe acute
kidney injury was independently associated with increased risk of
death or new substantive functional morbidity. Survivors of sepsis
with severe acute kidney injury were more likely to have persis-
tent, serious health-related quality of life deterioration at 3 months.
(Pediatr Crit Care Med 2020; 21:e686-e695)

Key Words: acute kidney injury; critical care outcomes; health-
related quality of life; recovery of function; renal replacement
therapy; sepsis
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of pediatric critical care admissions (1, 2). Acute kidney

injury (AKI) is diagnosed in up to one-quarter of children
admitted to PICUs and is associated with increased mortality
and length of stay (3, 4). One previous study found that se-
vere AKI occurred in 21% of PICU patients with sepsis (5).
The prevalence of sepsis in children is increasing, and with
the decrease in sepsis-related mortality, functional outcomes
and long-term health-related quality of life (HRQL) among
survivors have become a focus of pediatric critical care out-
comes investigators (6). Most prior research has focused on
reducing AKI-associated mortality and/or improving hospital
outcomes. With improvements in clinical care, the majority of
children with AKI now survive their hospitalization. However,
approximately half demonstrate residual impairment in kidney
function, which may include an increased risk of hypertension,
proteinuria, and chronic kidney disease (CKD) (7, 8).

With an increased recognition of the long-term kidney-
related sequalae of AKI, the impact of AKI on HRQL is increas-
ingly important. HRQL is recognized as a patient-centered and
clinically meaningful outcome. Recognition of impairments on
HRQL is the first step toward improving quality of life. Research
investigating functional outcomes and HRQL among children
with AKI has solely focused on short-term HRQL and found
that AKI is associated with poor short-term outcomes (5, 9).

The Life After Pediatric Sepsis Evaluation (LAPSE,
RO1HDO073362) investigation was a prospective descriptive co-
hort outcome study that enrolled children with community-
acquired septic shock in 12 academic PICUs (10, 11). LAPSE
described the trajectory of HRQL among critically ill children
surviving septic shock by comparing baseline and serial fol-
low-up assessments over the year following the sepsis event.
We used data from the LAPSE study to assess the association
between severe AKI and poor short-term functional outcomes,
defined as a composite of mortality or new functional mor-
bidity 28 days following admission for septic shock or hospital
discharge, whichever occurred first. We also assessed poor long-
term outcome, defined as mortality or a persistent, serious de-
terioration in HRQL at 3 months. We hypothesized a priori
that among children with septic shock, severe AKI would be
associated with poor functional status and HRQL outcomes.

In the United States, sepsis accounts for approximately 8%

MATERIALS AND METHODS

LAPSE was a prospective, descriptive cohort study which assessed
the long-term mortality and morbidity of children 1 month to 18
years old following an encounter of septic shock. The details of en-
rollment and data collection have been previously published (10,
11). Patients at each site were screened upon admission for septic
shock, and initial and daily clinical data were collected for the du-
ration of PICU admission. Institutional review boards (central or
local) approved the LAPSE Protocol for each site. Study proce-
dures were conducted only after informed, documented permis-
sion from the parent or guardian. In addition, developmentally
appropriate subjects provided assent for their own study partici-
pation around the time of PICU discharge. All children with pre-
existing kidney-related comorbidities were excluded.
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Baseline clinical data included patient demographics, illness
severity assessment (12), baseline organ dysfunction (13), infec-
tion-related data, and baseline measurements of functional status
and HRQL (14-16). Chronic comorbid conditions were classi-
fied according to the Pediatric Medical Complexity Algorithm
(17). Information related to vasoactive-inotropic infusions and
ventilator settings were recorded bid while patients remained in
the PICU (18, 19). Laboratory monitoring and clinical care in-
cluded hemodynamic resuscitation, renal replacement therapy
(RRT), extracorporeal life support, and nutritional management
and occurred at the discretion of the responsible attending physi-
cian and were not mandated by study protocol.

AKI Definition

Many of the hospitalized children enrolled in the study were pre-
viously healthy and therefore did not have a creatinine measure-
ment to use as baseline. In these children, baseline kidney function
was assumed to be normal. As has been used in previous studies
of AKI in critically ill children, we estimated a baseline serum
creatinine value for each patient by assuming a normal glomer-
ular filtration rate of 120 mL/min/1.73 m? and back-calculating a
creatinine using the bedside Schwartz equation (creatinine [mg/
dL] = 0.413 x height [cm]/120) (5,9, 20, 21). Preexisting kidney
disease was determined based on chronic comorbidity reporting
at the time of study entry. Children without a recorded height as
well as without serum creatinine or urine output measurements
were also excluded from this secondary analysis.

AKI was defined using Kidney Disease Improving Global
Outcomes (KDIGO) criteria and classified using both cre-
atinine and urine output criteria.(Supplemental Table 1,
Supplemental Digital Content 1, http://links.lww.com/PCC/
B378) (22, 23). The outcome of AKI could have occurred at
any point during the first 28 days of hospital admission, based
on KDIGO criteria. We defined severe AKI as stage 2 or 3 AKI
(serum creatinine level >2 times the calculated baseline or
urine output <0.5mL/kg/hr for 212 hr) as these stages are asso-
ciated with increased morality in studies of children (3, 8, 21).
When serum creatinine and urine output criteria resulted in
different stages, we chose the higher stage. Participants were
then divided into two groups. Children with no AKI and Stage
1 AKI were categorized as having absent or mild AKI. Children
with Stage 2 and Stage 3 AKI were categorized as having severe
AKI. These two groups were used for all analyses.

Outcomes

Functional status was longitudinally assessed using Pediatric
Overall Performance Category and Pediatric Cerebral Perfor-
mance Category scores and the Functional Status Scale (FSS)
obtained at study entry (reflecting baseline presepsis status dur-
ing the month prior to PICU admission), study day 7, and study
day 28 or hospital discharge (whichever occurred first) (24, 25).
Similarly, participating families completed serial parent-proxy
assessments of their child’s HRQL using the Pediatric Quality
of Life Inventory 4.0 Generic Core Scales (PedsQL) or PedsQL
Infant Scales or the Stein-Jessop Functional Status Scale (FSII-
R) at study entry (reflecting baseline presepsis status) (15, 26),
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study day 7, and 1, 3, 6, and 12 months following PICU admis-
sion (16, 27). Both scales employ a 0-100 point range (15, 26).

Our primary outcome was short-term functional status,
using a composite of new substantive morbidity or death. We
defined new substantive functional morbidity as a FSS increase
of 3 or more points from baseline to day 28/hospital discharge
(14). FSS is a standardized pediatric scale created to assess
adaptive status, that includes mental status, sensory, commu-
nication, motor functioning, feeding, and respiratory domains
(15). A score change of 3 or more is considered clinically sig-
nificant (14). As a secondary outcome, we assessed poor long-
term HRQL outcome, defined as death or persistent, serious
HRQL deterioration greater than or equal to 25% below base-
line at 3 months following PICU admission.

Statistical Analysis

To characterize the LAPSE cohort by AKI status, patient fac-
tors were summarized using counts and percentages for cat-
egorical variables and the median and interquartile range for
continuous variables in both the absent/mild AKI group and
the severe AKI group. The association between categorical
variables compared across AKI status was evaluated using the
likelihood-ratio test, whereas ordinal variables were evaluated
using the Wilcoxon rank-sum test (Tables 1, 2, and 3)

Associations between AKI status and binary outcomes such as
in-hospital mortality and reduced HRQL or mortality were inves-
tigated using logistic regression. Factors considered confounding
were specified in each model as covariates were determined a priori
and included the following: age (<1, 1 to 11, 212 yr), malignancy,
and Pediatric Risk of Mortality (PRISM) III (excluding the creati-
nine component) (12). Reported statistics for these models include
the adjusted odds ratio and corresponding 95% CI. Associations
with AKI status and ordinal outcomes such as APedsQL™ and
AFSII-R were modeled separately using linear regression with the
same covariates as specified for the logistic models. The adjusted
estimated effect size and 95% CI are reported for these models.
Changes from baseline for continuous measures at different time
points are denoted with the symbol delta (A) (Table4). Summaries
and analyses were performed using SAS 9.4 (SAS Institute;
Cary, NC)

To account for subjects lost to follow-up and to reduce the po-
tential bias ignoring such loss may have had on analyses, clinical
data for all subjects surviving to hospital discharge and completed
HRQL data were used to estimate missing longitudinal HRQL
data (33% at month 3) (28). The imputation methods used in
this secondary LAPSE investigation and the detailed method-
ology for imputing and analyzing datasets with missing data have
been published (10, 11). In summary, 10 multiples of imputed
datasets were created independently using observed data values
and a sequence of regression models to replace missing HRQL
values. By independently creating 10 imputed datasets, random
perturbation of the imputed values was intentionally introduced.
Each imputed dataset was analyzed separately, and the results
were combined using the MIANALYSE procedure. A complete-
case sensitivity analysis was performed disregarding data from
subjects without complete 3-month follow-up.
€688
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RESULTS

AKI Frequency

From January 1, 2014, to June 30, 2017, 838 patients were
screened; 632 were eligible, 570 (90%) were approached, and
392 (69% of those approached) were enrolled into the LAPSE
study. Of the 392 patients enrolled in LAPSE, 348 patients met
inclusion criteria for this AKI secondary study and were in-
cluded in this analysis (Fig. 1). No patients had chronic kid-
ney-related morbidity at study entry. Patients were excluded
for not having an available height necessary to estimate base-
line kidney function (n = 44) as well as insufficient serum
creatinine and urine output measurement to determine AKI
(n = 3). Of those, 172 had absent/mild AKI, and 176 (50.6%)
had severe AKI. RRT was provided to 38 of those (21.6%) with
severe AKI. Of those with severe AKI, 93 (52.8%) were diag-
nosed with AKI based on changes in serum creatinine, and 28
(15.9%) on urine output decline alone, whereas the remainder
55 (31.3%) met both serum creatinine and urine output crite-
ria. There were no significant differences with respect to sex,
age, race, or ethnicity between patients with and without se-
vere AKI (Table 1). Additionally, there were no significant
difference between patients with and without severe AKI in
the occurrence of medical complexity or immune-related co-
morbid conditions (Table 1).

Failure to return to baseline creatinine by hospital discharge
or 28 days was common in all subjects; however, it was shown
to occur even more frequently in patients with severe AKI
(68.0% vs 47.2%, p < 0.001) (Table 2).

Severe AKI and Higher lliness Severity and
Complexity

Patients with severe AKI had higher median PRISM III scores
(excluding creatinine) (12.0 vs 8.0; p < 0.001) (Table 1). Chil-
dren with severe AKI had longer PICU stays (11.7 vs 7.1 d;
p < 0.001) and longer duration of mechanical ventilation
(10.0 vs 6.0 d; p < 0.001) (Table 2). Those with severe AKI
were treated more often with blood products (65.3 vs 44.8%;
Pp<0.001),and corticosteroids (74.4 vs 61.0%; p = 0.007) (Table 3).

AKI and In-Hospital Death/Substantive Functional
Morbidity

AKI was associated with the death or new substantive func-
tional morbidity, which occurred among 39% of those with
severe AKI compared with 16% of those with absent/mild AKI
(p < 0.001) (Table 2). In-hospital death occurred in 15.3%
of the severe AKI group and 4.1% of the no/mild AKI group
(p < 0.001). New substantive functional morbidity occurred
in 27.5% of survivors with severe AKI versus 12.7% of those
with no/mild AKI (p = 0.001). Among the 38 patients requir-
ing RRT, 36.8% died (14/38), and new substantive functional
morbidity occurred in 29.2% (7/24)

In multivariable regression modeling, severe AKI remained
independently associated with death or new substantive func-
tional morbidity after adjustment for age, history of malig-
nancy, and severity of illness (adjusted odds ratio, 2.78; 95%
CI, 1.63-4.81; p < 0.001 (Table 4). Those with severe AKI had
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TABLE 1. Demographics and Baseline Characteristics of Subjects With and Without
Severe Acute Kidney Injury

AKI Group
Absent/Stage 1 AKI Stage 2/3 AKI
Demographic and Baseline Characteristics (n=172) (n=176)
Male, n (%) 94 (64.7) 92 (62.3) 0.6572
Age (yr), median (IOR) 5.7 (1.7-11.8) 74 (1.5-13.8) 0.243°
Race, n (%) 0.3842
White 110 (64.0) 98 (55.7)
Black or African American 30 (174) 39 (22.9)
Multiracial 6 (3.5) 6 (3.4)
Other 12 (7.0) 18 (10.2)
Unknown or not reported 14 (8.1) 15 (8.5)
Ethnicity, n (%) 0.961=
Hispanic or Latino 49 (24.4) 492 (23.9)
Not Hispanic or Latino 129 (75.0) 131 (74.4)
Unknown or not reported 1(0.6) 3(1.7)
Weight at PICU admission (kg), median (IQR) 19.1 (11.2-370) 23.8 (9.8-49.9) 0.193°
Height at PICU admission (cm), median (IQR) 111.0 (80.3-1370) 1170 (75.5-150.5) 0.390°
Pediatric Risk of Mortality Score (excluding creatinine), median (IQR) 8.0 (4.0-14.0) 12.0 (8.0-18.5] <0.001°
Medical complexity algorithm category, n (%) 0.322=
No chronic comorbid conditions 84 (48.8) 88 (50.0)
Chronic comorbid conditions (noncomplex) 12 (7.0) 6 (3.4)
Chronic comorbid conditions (complex) 78 (44.9) 81 (46.0)
Immune-related comorbid conditions, n (%)
Malignancy 13 (76) 8 (4.5) 0.236
Subject immunocompromised 33 (19.2) 32 (18.2) 0.8102
Solid organ transplant 0 (0.0 2(1.1) 0.0982
Bone marrow or stem cell transplantation 2(1.9 1 (0.6) 0.5452
Sickle cell disease 2(1.9 1(0.6) 0.5452
Functional Status Scale at baseline, n (%) 0.337°
Good (6-7) 103 (59.9) 94 (53.4)
Mildly abnormal (8—9) 11 (6.4) 23 (13.1)
Moderately abnormal (10—15) 36 (20.9) 40 (22.7)
Severely abnormal (16-21) 19 (11.0) 15 (8.5)
Very severely abnormal (=22) 3(1.7) 4(2.3)
Criteria for AKI diagnosis, n (%)
No AKI diagnosis N/A 0 (0.0)
Serum creatinine N/A 93 (52.8)
Urine output N/A 28 (15.9)
Serum creatinine and urine output N/A 55 (31.3)

AKI = acute kidney injury, IQR = interquartile range, N/A = not applicable.
3Likelihood ratio test.
®Wilcoxon rank-sum test.
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TABLE 2. Comparison of Outcomes in Subjects With and Without Severe Acute

Kidney Injury
AKI Group
Absent/Stage 1 AKI Stage 2/3 AKI
Outcomes (n=172) (n=176)
In-hospital mortality, n (%) 7 (4.1) 27 (15.3) <0.001=
New substantive morbidity, n (%) 21 (12.9) 50 (28.4) <0.001=
In-hospital mortality or new substantive morbidity, n (%) 28 (16.3) 68 (38.1) <0.001=
Cardiopulmonary arrest or chest compressions, n (%) 7 (4.1) 26 (14.8) <0.0012
Return to renal baseline, n (%) 117 (68.0) 83 (472) <0.001=
Ventilator-free days, median (IOR) 21.0 (17.0-24.0) 170 (2.5-22.0) <0.001®
Vasoactive-inotropic-free days, median (IQR) 26.0 (24.5-27.0) 24.0 (19.0-26.0) <0.001®
Hospital length of stay (d), median (IQR) 14.1 (7.8-20.7) 20.6 (11.8-35.2) <0.001®
PICU length of stay (d), median (IQR) 7.1 (4.3-12.0) 11.7 (72-21.7) <0.001®
Survived to hospital discharge
Total, n 165 149
New substantive FSS morbidity, n (%) 21 (12.7) 41 (275) 0.0012
Ventilator-free days, median (IQR) 22.0 (18.0-24.0) 19.0 (11.0-23.0) <0.001"
Vasoactive-inotropic free days, median (IQR) 26.0 (25.0-27.0) 24.0 (21.0-26.0) <0.001®
FSS (day 28/hospital discharge), n (%) 0.004>
Good (6-7) 76 (46.1) 45 (30.2)
Mildly abnormal (8-9) 21 (12.7) 25 (16.8)
Moderately abnormal (10—-15) 38 (23.0) 43 (28.9)
Severely abnormal (16-21) 21 (12.7) 26 (174)
Very severely abnormal (=22) 6 (3.6) 8 (b.4)
Unknown 3(1.8) 2(1.3)
AFSS (baseline to day 28/hospital discharge), median (IOR) 0.0 (0.0-1.0) 0.0 (0.0-3.0) <0.001®
HRQL outcomes, n (%)
Total 161 165
Substantively reduced HRQL or mortality at day 28 52 (32.1) 76 (46.1) 0.0152
Substantively reduced HRQOL or mortality at 3 mo 36 (22.4) 71 (43.0) <0.001=
HRQL Outcomes excluding day 28 deaths, n (%)
Total 153 136
Substantively reduced HRQL or mortality at day 28 45 (29.6) 592 (38.2) 0.1602
Substantively reduced HRQL or mortality at 3 mo 28(18.3) 42 (30.9) 0.0152

AKI = acute kidney injury, FSS = Functional Status Scale, HROL = health-related quality of life, IQR = interquartile range.
2Likelihood ratio test.

®Wilcoxon rank-sum test.

°Return to renal baseline considered a last serum creatinine that was within 0.3 mg/dL of the initial value.

an almost four-fold increased odds of death (adjusted odds  discharge (indicating a deterioration of functional status)
ratio, 3.78; 95% CI, 1.61-10.02; p = 0.002). Despite a similar ~ with an adjusted effect of 1.01 in linear regression modeling
ESS at baseline, children with severe AKI demonstrated a larger ~ (adjusted effect 1.01; 95% CI, 0.17-1.86; p = 0.019) (Fig. 2).
increase in their score comparing baseline and day 28/hospital
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TABLE 3. Comparison of Therapies Used for Patients With and Without Severe Acute

Kidney Injury

Therapy

Vasoactive-inotropic use, n (%)
Vasoactive-inotropic use (d), median (IQR)
Mechanical ventilation (d), median (IQR)

Sum of Vasoactive-Inotropic Scores, median (IQR)
Blood product use, n (%)

Immunomodulating medication given, n (%)

Extracorporeal membrane oxygenation or ventricular assist device, n (%)

Renal replacement therapy, n (%)
Treatment for increased intracranial pressure, n (%)
Plasma exchange, n (%)
Corticosteroid use, n (%)
Neuromuscular blockade, n (%)
Parental nutrition, n (%)
Indewelling catheter use, n (%)
Central venous
Urinary

Arterial

AKI Group
Absent/Stage 1 AKI Stage 2/3 AKI
(n=172) (n =176)
157 (91.3) 172 (97.7) 0.006®
2.0 (1.0-3.0) 4.0 (2.0-8.0) <0.001°
6.0 (4.0-10.0) 10.0 (6.0-18.0) <0.001°
19.5 (7.0-53.5) 54.8 (209-1274) < 0.001®
77 (44.8) 115 (65.3) <0.001=
28 (16.3) 40 (22.7) 0.128#
3(1.7) 20 (11.4) <0.001=
0 (0.0) 38(21.6) <0.001=
3(1.7) 9(.1) 0.0782
3(1.7) 19(10.8) <0.001=
105 (61.0) 131 (74.4) 0.007
120 (69.8) 135 (76.7) 0.143=
58 (33.7) 96 (54.5) <0.001=
161 (93.6) 171 (97.2) 0.1102
143 (83.1) 159 (90.3) 0.046°
130 (75.6) 1565 (88.1) 0.0022

AKI = acute kidney injury, IQR = interquartile range.
3Likelihood ratio test.
®Wilcoxon rank-sum test.

AKI and Long-Term HRQL

Children with septic shock complicated with severe AKI exhib-
ited an increased likelihood of poor long-term HRQL out-
comes. Those with severe AKI were 2.5 times more likely to
have persistent, serious deterioration in their HRQL or have
died by 3 months following ICU admission (adjusted odds
ratio 2.46; 95% CI, 1.44-4.20; p = 0.001) (Table 4). This differ-
ence was also evident at the 1 month post discharge (adjusted
odds ratio 1.77; 95% CI, 1.06-2.94; p = 0.029).

In the subgroup of patients surviving 3 months and assessed
with the PedsQL™ (n = 179), physical summary scores were
lower in the severe AKI group (adjusted effect —8.83; 95%
CI, —17.04 to —0.62; p = 0.035). There were no statistically
significant differences in emotional, social, or psychosocial
summary scores in this subgroup (Table 4). In the subgroup
of surviving patients assessed using FSII-R (n = 110), there
were no statistically significant differences seen at 3 months
(p=0.061).

DISCUSSION
Severe AKI occurred in over half of children with commu-
nity-acquired septic shock in this prospective cohort and was

Pediatric Critical Care Medicine

independently associated with decreases in short-term func-
tional status and long-term HRQL outcomes. Children with
severe AKI in the setting of septic shock had more than twice
the odds of death or new substantive functional morbidity
at 28 days/hospital discharge than children with absent/mild
AKI. Those with severe AKI who survived also had persistent,
serious deterioration of HRQL at 3 months and an increased
prevalence of persistent abnormal kidney function. This is
the first study to assess the association of AKI with long-term
HRQL outcomes in critically ill children with severe AKI. This
study indicates that the increased risk of both short- and long-
term morbidity is additive among children with both septic
shock and severe AKI.

There is growing evidence suggesting that children with
AKI have poor HRQL outcomes; however, this is the first study
to assess these outcomes beyond hospital discharge (5, 9).
Although patients with severe AKI in this study received more
intensive treatment and presented with higher illness severity,
the association of severe AKI and poor HRQL outcomes per-
sisted after adjustment for these factors in our primary analysis.
Similar to findings of previous studies of HRQL, this differ-
ence was driven by changes in physical functional status (9).
Evidence from other studies of AKI demonstrate that AKI
€691
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TABLE 4. Association of Severe Acute Kidney Injury With Outcomes

Outcomes

QOutcomes (clinical cohort, n = 348)
In-hospital mortality
In-hospital mortality or new substantive morbidity*
New substantive morbidity? (among hospital survivors)

A Functional Status Scale at day 28 or hospital discharge?
(among hospital survivors)

Outcomes (HRQL cohort, n = 326)
Reduced HRQL or mortality at Month 1
Reduced HRQL at month 1 (among survivors®)
Reduced HRQL or mortality at month 3
Reduced HRQL at month 3 (among survivors®)
Outcomes (PedsQL™ month 3 survival cohort®, n = 179)
Psychosocial summary score
Emotional function domain score
Social function domain score
Physical summary score
APedsQL™
Outcomes (FSII-R month 3 survival cohort®, n = 110)
AFSII-R

Adjusted OR Adjusted Effect

(95% CI) (95% CI) P
3.78 (1.61-10.02) 0.002
2.78 (1.63-4.81) < 0.001
2.31(1.25-4.3b) 0.007

1.01 (0.17-1.86) 0.019
1.77 (1.06-2.94) 0.029
1.66 (0.90-2.72) 0.117
2.46 (1.44-4.20) 0.001
1.96 (1.05-3.63) 0.035
-3.35 (-8.86 t0 2.16) 0.234
-4.12 (-10.84 to 2.69) 0.229
-2.73 (-10.51 to 5.04) 0.490
-9.00 (-17.12 to -0.87) 0.030
-4.64 (-11.31 t0 2.04) 0.174
-9.79 (-19.96 t0 0.39) 0.061

FSII-R = Stein-Jessop Functional Status Scale, HRQL = health-related quality of life, OR = odds ratio, PedsQL = Pediatric Quality of Life Inventory 4.0 Generic

Core Scales.

“There were five patients surviving hospitalization without Functional Status Scale at day 28 or hospital discharge.
“Patient survival was verified for all Life After Pediatric Sepsis Evaluation subjects regardless of survey completion.
All models control for age (<1, 1 to <12 yr, 212 yr), malignancy, and Pediatric Risk of Mortality Ill (without creatinine component).

is a systemic disease with wide-ranging targets, including
impacts to the neurologic system (29, 30). Animal models of
AKI following ischemia and reperfusion have shown marked
neurologic changes evidenced by inflammatory changes and
microvascular dysfunction (29). These changes were partic-
ularly notable in the hippocampus, an area essential for be-
havioral regulation and learning (30). The findings of this
study add credence to the ongoing work evaluating functional
patient outcomes in critically ill patients with concomitant
AKI (31).

We also note that a large percentage of patients in both
groups (both those with and without severe AKI) were dis-
charged from the PICU with an abnormal creatinine. This sug-
gests that a number of patients may have residual impairment
in their kidney function. Previous studies of pediatric AKI sur-
vivors have shown that those with AKI may develop CKD that
is apparent as early as 6-12 months after AKI (7, 8). The early
findings of CKD can be subtle and include hypertension, pro-
teinuria, and mild changes in glomerular filtration rate. Early
detection of these abnormalities allows earlier intervention
and can slow progression of CKD (32, 33). Previous studies
suggest that although up to 25% of patients leave the PICU
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with an abnormal creatinine, only a minority return for fol-
low-up with nephrology (34). Frequently AKI is not listed as
a discharge diagnosis, and families and the care team often are
not aware of the kidney injury that has occurred (21, 35). This
underscores the importance of long-term kidney-related fol-
low-up for these patients.

There are several limitations of this study. First, this was
a secondary analysis of an existing cohort and therefore
depended on existing data. Accordingly, determination of AKI
relied on urine output and serum creatinine data collected
as part of usual clinical care. Second, as baseline creatinine
data were not available, we calculated a baseline based on an
assumption of normal renal function. Although we recog-
nize this as a limitation, this is a strategy that has been used
in many studies of pediatric AKI (5, 21, 24, 36). To decrease
the likelihood of misclassification due to unknown baseline
kidney status, we categorized patients into dichotomous AKI
outcomes. Additionally, it is possible that despite our best
attempts to control for potential confounders, children with
severe sepsis may be at greater risk for AKI and demonstrate
poor functional outcomes due to the underlying severity of
their critical illness. Finally, LAPSE had ~30% loss to follow-up
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Enrolled in LAPSE
N=392

Despite these limitations,
this cohort outcome study has
several strengths that provide
additional knowledge to the

No creatinine or urine output measured
n=3

No height measured:

field. These include a moder-
ate-sized prospectively enrolled
cohort, including patients

n=44

Y

Discharge Status Cohort: n=348

from 12 tertiary PICUs across
the United States. Therefore,

our findings are likely to be

No HRQL survey:
n=21

generalizable among pedi-
atric academic centers where
most patients with severe AKI

Y

HRQL Cohort: n=327

Incorrect age for
PedsQL survey
n=1

A 4 h 4

in the setting of sepsis receive
care. Other studies examin-
ing long-term HRQL among
children surviving sepsis have
been hampered by lack of
baseline HRQL and functional
status measures, small cohort
numbers, and variable time to

PedsQL cohort
n=204

FSII-R cohort
n=122

follow-up. Children in LAPSE
were assessed for chronic co-
morbid conditions and under-

Died within 3-Month
follow-up
n=25

A 4 A 4

went baseline functional status

Died within 3-Month and HRQL evaluations.

follow-up
n=12

CONCLUSIONS

PedsQL 3-Month
Survival Cohort
n=179

FSII-R 3-Month survival
cohort
n=110

In conclusion, over half of the
children in this community-
acquired septic shock cohort
developed severe AKI. This is

much higher than previously

Figure 1. Life After Pediatric Sepsis Evaluation (LAPSE) flow diagram. FSII-R = Stein-Jessop Functional
Status Scale, HRQOL = health-related quality of life, PedsQL = Pediatric Quality of Life Inventory 4.0 Generic

Core Scales.

by 3 months following discharge. Multiple imputation tech-
niques were used for missing data to account for subjects lost
to follow-up and to reduce the potential bias ignoring such loss
may have had on analyses.

o
o
- O Very severely abnormal (22+)
o O Severely abnormal (16-21)
@ 7 E Moderately abnormal (10-15)
B Mildly abnormal (8-9)
_ o | B Good (6-7)
£ ©
Q
<4
& g9 -
o _|
&
o -
Baseline Discharge
(AKl vs. No AKI)  (AKI vs. No AKI)

Figure 2. Distribution of Function Status Scale in subjects with and
without severe acute kidney injury (AKI).

Pediatric Critical Care Medicine

reported in this clinical pop-
ulation. Severe AKI is an inde-
pendent risk factor for death
or clinically substantive de-
crease in functional status at PICU discharge, as well as late
mortality or persistent serious HRQL deterioration 3 months
after PICU admission for the sepsis encounter.

Previous studies of patients with severe AKI have focused
on kidney outcomes, such as the risk of developing CKD or hy-
pertension. This observation remains important, as we report
a large percentage of patients with septic shock failed to return
to their baseline creatinine by PICU discharge. However, we
also note a strong association between AKI and new clinically
substantive morbidity among children surviving septic shock,
further underscoring the importance of long-term follow-up
not only for functional morbidity and HRQL outcomes among
survivors but also for kidney function, as well as other organ
systems potentially impacted by sepsis-associated AKI.

ACKNOWLEDGMENTS
The Life After Pediatric Sepsis Evaluation (LAPSE) Investi-
gators thank all subjects and families for participating in the

€693

www.pccmjournal.org

Copyright © 2020 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.

Unauthorized reproduction of this article is prohibited



Starr et al

LAPSE investigation. Following is a summary of LAPSE Per-
formance Sites, Principal Investigators (PIs), Coinvestigators
(ClIs), Research Coordinators (RCs), and Allied Research Per-
sonnel (AP). Children’s Hospital of Michigan, Detroit, MI:
Kathleen L. Meert, PI; Sabrina Heidemann, CI; Ann Pawluszka,
RC; Melanie Lulic, RC. Children’s Hospital of Philadelphia,
Philadelphia, PA: Robert A. Berg, PI; Athena Zuppa, CI; Caro-
lann Twelves, RC; Mary Ann DiLiberto, RC. Children’s National
Medical Center, Washington, DC: Murray Pollack, PI; David
Wessel, PI; John Berger, CI; Elyse Tomanio, RC; Diane Hes-
sion, RC; Ashley Wolfe, RC. Children’s Hospital of Colorado,
Denver, CO: Peter Mourani, PI; Todd Carpenter, CI; Diane
Ladell, RC; Yamila Sierra, RC; Alle Rutebemberwa, RC. Nation-
wide Children’s Hospital, Columbus, OH: Mark Hall, PI; Andy
Yates, CI; Lisa Steele, RC; Maggie Flowers, RC; Josey Hensley,
RC. Mattel Children’s Hospital, University of California Los
Angeles, Los Angeles, CA: Anil Sapru, PL; Rick Harrison, CI,
Neda Ashtari, RC; Anna Ratiu, RC. Children’s Hospital of Pitts-
burgh, University of Pittsburgh Medical Center, Pittsburgh,
PA: Joe Carcillo, PI; Michael Bell, CI; Leighann Koch, RC; Alan
Abraham, RC. Benioff Children’s Hospital, University of Cali-
fornia, San Francisco, San Francisco, CA: Patrick McQuillen,
PI; Anne McKenzie, RC; Yensy Zetino, RC. Children’s Hos-
pital of Los Angeles, Los Angeles, CA: Christopher Newth,
PI; Jeni Kwok, RC; Amy Yamakawa, RC. CS Mott Children’s
Hospital, University of Michigan, Ann Arbor, MI: Michael
Quasney, PI; Thomas Shanley, CI; CJ Jayachandran, RC. Cin-
cinnati Children’s Hospital, Cincinnati, OH: Ranjit Chima PI;
Hector Wong, CI; Kelli Krallman, RC; Erin Stoneman, RC;
Laura Benken, RC; Toni Yunger, RC. Seattle Children’s Hos-
pital, Seattle Children’s Research Institute (LAPSE Follow-up
Center), University of Washington, Seattle, WA: Jerry J Zim-
merman, PI; Catherine Chen, RC; Erin Sullivan, RC; Courtney
Merritt, RC; Deana Rich, RC; Julie McGalliard, AP; Wren Haa-
land, AP; Kathryn Whitlock, AP; Derek Salud, AP. University
of Utah (LAPSE Data Coordinating Center), Salt Lake City,
UT: ] Michael Dean, PI; Richard Holubkov, CI; Whit Coleman,
RC; Samuel Sorenson, RC; Ron Reeder, AP; Russell Banks, AP;
Angie Webster, AP; Jeri Burr, AP; Stephanie Bisping, AP; Teresa
Liu, AP; Emily Stock, AP; Kristi Flick, AP. Texas A&M Univer-
sity, College Station, TX: James Varni, AP.

Drs. Hingorani and Zimmerman are co-senior authors.

Supplemental digital content is available for this article. Direct URL cita-
tions appear in the printed text and are provided in the HTML and PDF
versions of this article on the journal's website (http://journals.lww.com/
pccmjournal).

Supported, in part, by the Eunice Kennedy Shriver National Institute of
Child Health and Human Development, National Institutes of Health, De-
partment of Health and Human Services, RO1THD073362, and supported,
in part, by the following cooperative agreements: UG1HD0500986,
UG1HD049981, UG1HD049983, UG1HD063108, UG1HD083171,
UG1HDO083166, UG1HD083170, U10HD050012, U10HDO063106,
and UOTHD049934.

Dr. Starr disclosed that this investigation was funded by the Eunice Ken-
nedy Shriver National Institute of Child Health and Human Development
(NICHD), National Institutes of Health (NIH), Department of Health and
Human Services, T32DK007662, RO1HD073362, and was supported,
in part, by the following cooperative agreements: UG1HD0500986,

€694

www.pccmijournal.org

UG1HD049981, UG1HD049983, UG1HD063108, UG1HD083171,
UG1HD083166, UG1HD083170, U10HD050012, U10HD0631086,
and U0O1HDO049934. Drs. Starr, Banks, Reeder, Pollack, Meert, McQuil-
len, Mourani, Chima, Sorenson, Varni, Hingorani, and Zimmerman received
support for article research from the NIH. Drs. Banks’, McQuillen's, Soren-
son's, and Zimmerman's institutions received funding from the NICHD.
Drs. Banks and Sorenson disclosed government work. Drs. Reeder's, Pol-
lack’s, Meert's, and Mourani's institutions received funding from the NIH.
Dr. Varni holds the copyright and the trademark for the Pediatric Quality of
Life Inventory 4.0 Generic Core Scales and receives financial compensa-
tion from the Mapi Research Trust, which is a nonprofit research institute
that charges distribution fees to for-profit companies that use the Pediatric
Quality of Life Inventory. Dr Varni provided consultation on original study
design and final article edits but played no role in data acquisition or anal-
ysis. Dr. Zimmerman's institution received funding from Immunexpress,
and he received funding from Elsevier and the Society of Critical Care
Medicine. Dr. Fitzgerald disclosed that she does not have any potential
conflicts of interest.

For information regarding this article, E-mail: mcstarr@iu.edu

REFERENCES

1. Ruth A, McCracken CE, Fortenberry JD, et al: Pediatric severe sepsis:
Current trends and outcomes from the Pediatric Health Information
Systems database. Pediatr Crit Care Med 2014; 15:828-838

2. Balamuth F, Weiss SL, Neuman M|, et al: Pediatric severe sepsis in
U.S. children’s hospitals. Pediatr Crit Care Med 2014; 15:798-805

3. Kaddourah A, Basu RK, Bagshaw SM, et al; AWARE Investigators:
Epidemiology of acute kidney injury in critically ill children and young
adults. N Engl J Med 2017; 376:11-20

4. Schneider J, Khemani R, Grushkin C, et al: Serum creatinine as strati-
fied in the RIFLE score for acute kidney injury is associated with mor-
tality and length of stay for children in the pediatric intensive care unit.
Crit Care Med 2010; 38:933-939

5. Fitzgerald JC, Basu RK, Akcan-Arikan A, et al; Sepsis PRevalence,
OUtcomes, and Therapies Study Investigators and Pediatric Acute
Lung Injury and Sepsis Investigators Network: Acute kidney injury in
pediatric severe sepsis: An independent risk factor for death and new
disability. Crit Care Med 2016; 44:2241-2250

6. Farris RW, Weiss NS, Zimmerman JJ: Functional outcomes in pedi-

atric severe sepsis: Further analysis of the researching severe sepsis

and organ dysfunction in children: A global perspective trial. Pediatr

Crit Care Med 2013; 14:835-842

Mammen C, Al Abbas A, Skippen P, et al: Long-term risk of CKD

in children surviving episodes of acute kidney injury in the inten-

sive care unit: A prospective cohort study. Am J Kidney Dis 2012;

59:523-530

8. Askenazi DJ, Feig DI, Graham NM, et al: 3-5 year longitudinal fol-
low-up of pediatric patients after acute renal failure. Kidney Int 2006;
69:184-189
9. Richardson KL, Watson RS, Hingorani S: Quality of life following

hospitalization-associated acute kidney injury in children. J Nephrol
2018; 31:249-256

10. Zimmerman JJ, Banks R, Berg RA, et al; Life After Pediatric Sepsis
Evaluation (LAPSE) Investigators: Trajectory of mortality and health-
related quality of life morbidity following community-acquired pedi-
atric septic shock. Crit Care Med 2020; 48:329-337

11. Zimmerman JJ, Banks R, Berg RA, et al; Life After Pediatric Sepsis
Evaluation (LAPSE) Investigators: Critical illness factors associated
with long-term mortality and health-related quality of life morbidity fol-
lowing community-acquired pediatric septic shock. Crit Care Med
2020; 48:319-328

12. Pollack MM, Patel KM, Ruttimann UE: PRISM Ill: An updated
Pediatric Risk of Mortality score. Crit Care Med 1996; 24:743-752

13. Leteurtre S, Duhamel A, Salleron J, et al; Groupe Francophone de
Réanimation et d'Urgences Pédiatriques (GFRUP): PELOD-2: An
update of the PEdiatric logistic organ dysfunction score. Crit Care
Med 2013; 41:1761-1773

14. Pollack MM, Holubkov R, Funai T, et al; Eunice Kennedy Shriver
National Institute of Child Health and Human Development
Collaborative Pediatric Critical Care Research Network: Pediatric

~

September 2020 * Volume 21 « Number 9

Copyright © 2020 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.

Unauthorized reproduction of this article is prohibited


http://journals.lww.com/pccmjournal
http://journals.lww.com/pccmjournal
mailto:mcstarr@iu.edu

20.

21.

22.

23.

24,

25.

intensive care outcomes: Development of new morbidities during pe-
diatric critical care. Pediatr Crit Care Med 2014; 15:821-827

. Stein RE, Jessop DJ: Functional status II®. A measure of child health

status. Med Care 1990; 28:1041-1055

. Varni JW, Limbers CA, Burwinkle TM: Parent proxy-report of their

children’s health-related quality of life: An analysis of 13,878 parents’
reliability and validity across age subgroups using the PedsQL 4.0
Generic Core Scales. Health Qual Life Outcomes 2007; 5:2

. Simon TD, Cawthon ML, Stanford S, et al; Center of Excellence

on Quality of Care Measures for Children with Complex Needs
(COE4CCN) Medical Complexity Working Group: Pediatric medical
complexity algorithm: A new method to stratify children by medical
complexity. Pediatrics 2014; 133:e1647-e1654

. McIntosh AM, Tong S, Deakyne SJ, et al: Validation of the vasoac-

tive-inotropic score in pediatric sepsis. Pediatr Crit Care Med 2017,
18:750-757

. Khemani RG, Thomas NJ, Venkatachalam V, et al; Pediatric Acute

Lung Injury and Sepsis Network Investigators (PALISI): Comparison
of SpO2 to PaO2 based markers of lung disease severity for children
with acute lung injury. Crit Care Med 2012; 40:1309-1316

Schwartz GJ, Brion LP, Spitzer A: The use of plasma creatinine con-
centration for estimating glomerular filtration rate in infants, children,
and adolescents. Pediatr Clin North Am 1987; 34:571-590
Zappitelli M, Parikh CR, Akcan-Arikan A, et al: Ascertainment and ep-
idemiology of acute kidney injury varies with definition interpretation.
Clin J Am Soc Nephrol 2008; 3:948-954

Sutherland SM, Byrnes JJ, Kothari M, et al: AKl in hospitalized chil-
dren: Comparing the pRIFLE, AKIN, and KDIGO definitions. Clin J
Am Soc Nephrol 2015; 10:554-561

Kellum JA, Lameire N; KDIGO AKI Guideline Work Group: Diagnosis,
evaluation, and management of acute kidney injury: A KDIGO sum-
mary (Part 1). Crit Care 2013; 17:204

Pollack MM, Holubkov R, Glass P, et al; Eunice Kennedy Shriver
National Institute of Child Health and Human Development
Collaborative Pediatric Critical Care Research Network: Functional
status scale: New pediatric outcome measure. Pediatrics 2009;
124:e18-e28

Fiser DH, Long N, Roberson PK, et al: Relationship of pediatric overall
performance category and pediatric cerebral performance category
scores at pediatric intensive care unit discharge with outcome meas-
ures collected at hospital discharge and 1- and 6-month follow-up
assessments. Crit Care Med 2000; 28:2616—-2620

Pediatric Critical Care Medicine

Copyright © 2020 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

Online Clinical Investigations

Aspesberro F, Fesinmeyer MD, Zhou C, et al: Construct validity and
responsiveness of the pediatric quality of life inventory 4.0 generic
core scales and infant scales in the PICU. Pediatr Crit Care Med
2016; 17:€272-e279

Varni JW, Limbers CA, Newman DA, et al: Longitudinal factorial in-
variance of the PedsQL 4.0 Generic Core Scales child self-report
Version: One year prospective evidence from the California State
Children’s Health Insurance Program (SCHIP). Qual Life Res 2008;
17:1153-1162

Liu M, Taylor JM, Belin TR: Multiple imputation and posterior simula-
tion for multivariate missing data in longitudinal studies. Biometrics
2000; 56:1157-1163

Yap SC, Lee HT: Acute kidney injury and extrarenal organ dysfunc-
tion: New concepts and experimental evidence. Anesthesiology
2012;116:1139-1148

Liu M, Liang Y, Chigurupati S, et al: Acute kidney injury leads to in-
flammation and functional changes in the brain. / Am Soc Nephrol
2008; 19:1360-1370

Curley MA, Zimmerman JJ: Alternative outcome measures for pediatric
clinical sepsis trials. Pediatr Crit Care Med 2005; 6:S150-S156
Wiihl E, Trivelli A, Picca S, et al; for the ESCAPE Trial Group: Strict
blood-pressure control and progression of renal failure in children. N
Engl J Med 2009; 361:1639-1650

Fathallah-Shaykh SA, Flynn JT, Pierce CB, et al: Progression of pedi-
atric CKD of nonglomerular origin in the CKiD cohort. Clin J Am Soc
Nephrol 2015; 10:571-577

Alkandari O, Eddington KA, Hyder A, et al: Acute kidney injury is
an independent risk factor for pediatric intensive care unit mortality,
longer length of stay and prolonged mechanical ventilation in critically
ill children: A two-center retrospective cohort study. Crit Care 2011;
15:R146

Sutherland SM, Ji J, Sheikhi FH, et al: AKI in hospitalized children:
Epidemiology and clinical associations in a national cohort. Clin J Am
Soc Nephrol 2013; 8:1661-1669

Basu RK, Wong HR, Krawczeski CD, et al: Combining functional
and tubular damage biomarkers improves diagnostic precision for
acute kidney injury after cardiac surgery. J Am Coll Cardiol 2014;
64:2753-2762

€695

www.pccmjournal.org

Unauthorized reproduction of this article is prohibited



