
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

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

e686 www.pccmjournal.org September 2020 • Volume 21 • Number 9

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 

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% CI, 
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% CI, 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

*See also p. 849.
1Division of Nephrology, Department of Pediatrics, Indiana University,  
Indianapolis, IN.

2Division of Nephrology, Department of Pediatrics, Seattle Children’s 
Hospital and University of Washington, Seattle, WA.

3Division of Pediatric Critical Care Medicine, Department of Pediatrics, 
University of Utah, Salt Lake City, UT.

4Department of Anesthesiology and Critical Care Medicine, Children’s 
Hospital of Philadelphia, Philadelphia, PA.

5Division of Pediatric Critical Care Medicine, Department of Pediatrics, 
Children’s National Medical Center, Washington, DC.

6Division of Pediatric Critical Care Medicine, Department of Pediatrics, 
Children’s Hospital of Michigan, Detroit, MI.

7Division of Pediatric Critical Care Medicine, Department of Pediatrics, 
Benioff Children’s Hospital, University of California, San Francisco, San 
Francisco, CA.

8Division of Pediatric Critical Care Medicine, Department of Pediatrics, 
Children’s Hospital of Colorado, Denver, CO.

9Division of Critical Care Medicine, Department of Pediatrics, Univer-
sity of Cincinnati College of Medicine, Cincinnati Children’s Hospital  
Medical Center, Cincinnati, OH.

10Department of Landscape Architecture and Urban Planning, Texas A&M 
University, College Station, TX.

11Division of Pediatric Critical Care Medicine, Department of Pediatrics, 
Seattle Children’s Hospital, Seattle Children’s Research Institute, Uni-
versity of Washington School of Medicine, Seattle, WA.

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

Severe Acute Kidney Injury Is Associated With 
Increased Risk of Death and New Morbidity  
After Pediatric Septic Shock*

Michelle C. Starr, MD, MPH1,2; Russell Banks, MS3; Ron W. Reeder, PhD3;  

Julie C. Fitzgerald, MD, PhD, MSCE4, Murray M. Pollack, MD5; Kathleen L. Meert, MD6;  

Patrick S. McQuillen, MD7; Peter M. Mourani, MD8; Ranjit S. Chima, MD9; Samuel Sorenson, BS3; 

James W. Varni, PhD10; Sangeeta Hingorani, MD, MPH2; Jerry J. Zimmerman, MD, PhD11;  

for the Life After Pediatric Sepsis Evaluation (LAPSE) Investigators

Pediatric Critical Care Medicine

Pediatr Crit Care Med

1529-7535

10.1097/PCC.0000000000002418

21

9

e686

e695

2020

DOI: 10.1097/PCC.0000000000002418

xxx

September

2020

Starr et al



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

Online Clinical Investigations

Pediatric Critical Care Medicine www.pccmjournal.org e687

In the United States, sepsis accounts for approximately 8% 
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, 
R01HD073362) 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.

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.

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 m2 and back-calculating a 
creatinine using the bedside Schwartz equation (creatinine [mg/
dL] = 0.413 × 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 <0.5 mL/kg/hr for ≥12 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), 

http://links.lww.com/PCC/B378
http://links.lww.com/PCC/B378
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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, ≥12 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 ∆PedsQLTM and 
∆FSII-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 (∆) (Table 4). 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.

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 Illness 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%;  
p < 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  

Demographic and Baseline Characteristics
Absent/Stage 1 AKI  

(n = 172)
Stage 2/3 AKI  

(n = 176) p

Male, n (%) 94 (54.7) 92 (52.3) 0.657a

Age (yr), median (IQR) 5.7 (1.7–11.8) 7.4 (1.5–13.8) 0.243b

Race, n (%)   0.384a

 White 110 (64.0) 98 (55.7)  

 Black or African American 30 (17.4) 39 (22.2)  

 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 (%)   0.961a

 Hispanic or Latino 42 (24.4) 42 (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 (11.2–37.0) 23.8 (9.8–49.9) 0.193b

Height at PICU admission (cm), median (IQR) 111.0 (80.3–137.0) 117.0 (75.5–150.5) 0.390b

Pediatric Risk of Mortality Score (excluding creatinine), median (IQR) 8.0 (4.0–14.0) 12.0 (8.0–18.5] < 0.001b

Medical complexity algorithm category, n (%)   0.322a

 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 (44.2) 81 (46.0)  

Immune-related comorbid conditions, n (%)    

 Malignancy 13 (7.6) 8 (4.5) 0.236a

 Subject immunocompromised 33 (19.2) 32 (18.2) 0.810a

 Solid organ transplant 0 (0.0) 2 (1.1) 0.098a

 Bone marrow or stem cell transplantation 2 (1.2) 1 (0.6) 0.545a

 Sickle cell disease 2 (1.2) 1 (0.6) 0.545a

Functional Status Scale at baseline, n (%)   0.337b

 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.
a Likelihood ratio test.
b Wilcoxon rank-sum test.
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an almost four-fold increased odds of death (adjusted odds 
ratio, 3.78; 95% CI, 1.61–10.02; p = 0.002). Despite a similar 
FSS at baseline, children with severe AKI demonstrated a larger 
increase in their score comparing baseline and day 28/hospital 

discharge (indicating a deterioration of functional status) 
with an adjusted effect of 1.01 in linear regression modeling 
(adjusted effect 1.01; 95% CI, 0.17–1.86; p = 0.019) (Fig. 2).

TABLE 2. Comparison of Outcomes in Subjects With and Without Severe Acute  
Kidney Injury

AKI Group  

Outcomes
Absent/Stage 1 AKI  

(n = 172)
Stage 2/3 AKI  

(n = 176) p

In-hospital mortality, n (%) 7 (4.1) 27 (15.3) < 0.001a

New substantive morbidity, n (%) 21 (12.2) 50 (28.4) < 0.001a

In-hospital mortality or new substantive morbidity, n (%) 28 (16.3) 68 (38.1) < 0.001a

Cardiopulmonary arrest or chest compressions, n (%) 7 (4.1) 26 (14.8) < 0.001a

Return to renal baselinec, n (%) 117 (68.0) 83 (47.2) < 0.001a

Ventilator-free days, median (IQR) 21.0 (17.0–24.0) 17.0 (2.5–22.0) < 0.001b

Vasoactive-inotropic-free days, median (IQR) 26.0 (24.5–27.0) 24.0 (19.0–26.0) < 0.001b

Hospital length of stay (d), median (IQR) 14.1 (7.8–20.7) 20.6 (11.8–35.2) < 0.001b

PICU length of stay (d), median (IQR) 7.1 (4.3–12.0) 11.7 (7.2–21.7) < 0.001b

Survived to hospital discharge    

 Total, n 165 149  

 New substantive FSS morbidity, n (%) 21 (12.7) 41 (27.5) 0.001a

 Ventilator-free days, median (IQR) 22.0 (18.0–24.0) 19.0 (11.0–23.0) < 0.001b

 Vasoactive-inotropic free days, median (IQR) 26.0 (25.0–27.0) 24.0 (21.0–26.0) < 0.001b

 FSS (day 28/hospital discharge), n (%)   0.004b

  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 (17.4)  

  Very severely abnormal (≥22) 6 (3.6) 8 (5.4)  

  Unknown 3 (1.8) 2 (1.3)  

 ΔFSS (baseline to day 28/hospital discharge), median (IQR) 0.0 (0.0–1.0) 0.0 (0.0–3.0) < 0.001b

HRQL outcomes, n (%)    

 Total 161 165  

 Substantively reduced HRQL or mortality at day 28 52 (32.1) 76 (46.1) 0.015a

 Substantively reduced HRQL or mortality at 3 mo 36 (22.4) 71 (43.0) < 0.001a

HRQL Outcomes excluding day 28 deaths, n (%)    

 Total 153 136  

 Substantively reduced HRQL or mortality at day 28 45 (29.6) 52 (38.2) 0.150a

 Substantively reduced HRQL or mortality at 3 mo 28 (18.3) 42 (30.9) 0.015a

AKI = acute kidney injury, FSS = Functional Status Scale, HRQL = health-related quality of life, IQR = interquartile range. 
a Likelihood ratio test.
b Wilcoxon rank-sum test.
c Return to renal baseline considered a last serum creatinine that was within 0.3 mg/dL of the initial value.
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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 PedsQLTM (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 

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 

TABLE 3. Comparison of Therapies Used for Patients With and Without Severe Acute 
Kidney Injury

AKI Group  

 Therapy
Absent/Stage 1 AKI  

(n = 172)
Stage 2/3 AKI  

(n = 176) p

Vasoactive-inotropic use, n (%) 157 (91.3) 172 (97.7) 0.006a

Vasoactive-inotropic use (d), median (IQR) 2.0 (1.0–3.0) 4.0 (2.0–8.0) < 0.001b

Mechanical ventilation (d), median (IQR) 6.0 (4.0–10.0) 10.0 (6.0–18.0) < 0.001b

Sum of Vasoactive-Inotropic Scores, median (IQR) 19.5 (7.0–53.5) 54.8 (20.9–127.4) < 0.001b

Blood product use, n (%) 77 (44.8) 115 (65.3) < 0.001a

Immunomodulating medication given, n (%) 28 (16.3) 40 (22.7) 0.128a

Extracorporeal membrane oxygenation or ventricular assist device, n (%) 3 (1.7) 20 (11.4) < 0.001a

Renal replacement therapy, n (%) 0 (0.0) 38 (21.6) < 0.001a

Treatment for increased intracranial pressure, n (%) 3 (1.7) 9 (5.1) 0.078a

Plasma exchange, n (%) 3 (1.7) 19 (10.8) < 0.001a

Corticosteroid use, n (%) 105 (61.0) 131 (74.4) 0.007a

Neuromuscular blockade, n (%) 120 (69.8) 135 (76.7) 0.143a

Parental nutrition, n (%) 58 (33.7) 96 (54.5) < 0.001a

Indewelling catheter use, n (%)    

 Central venous 161 (93.6) 171 (97.2) 0.110a

 Urinary 143 (83.1) 159 (90.3) 0.046a

 Arterial 130 (75.6) 155 (88.1) 0.002a

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

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 

TABLE 4. Association of Severe Acute Kidney Injury With Outcomes

Outcomes
Adjusted OR  

(95% CI)
Adjusted Effect  

(95% CI) p

Outcomes (clinical cohort, n = 348)    

 In-hospital mortality 3.78 (1.61–10.02)  0.002

 In-hospital mortality or new substantive morbiditya 2.78 (1.63–4.81)  < 0.001

 New substantive morbiditya (among hospital survivors) 2.31 (1.25–4.35)  0.007

 Δ Functional Status Scale at day 28 or hospital dischargea  
(among hospital survivors)

 1.01 (0.17–1.86) 0.019

Outcomes (HRQL cohort, n = 326)    

 Reduced HRQL or mortality at Month 1 1.77 (1.06–2.94)  0.029

 Reduced HRQL at month 1 (among survivorsb) 1.56 (0.90–2.72)  0.117

 Reduced HRQL or mortality at month 3 2.46 (1.44–4.20)  0.001

 Reduced HRQL at month 3 (among survivorsb) 1.96 (1.05–3.63)  0.035

Outcomes (PedsQLTM month 3 survival cohortb, n = 179)    

 Psychosocial summary score  –3.35 (–8.86 to 2.16) 0.234

 Emotional function domain score  –4.12 (–10.84 to 2.59) 0.229

 Social function domain score  –2.73 (–10.51 to 5.04) 0.490

 Physical summary score  –9.00 (–17.12 to –0.87) 0.030

 ΔPedsQLTM  –4.64 (–11.31 to 2.04) 0.174

Outcomes (FSII-R month 3 survival cohortb, n = 110)    

 ΔFSII-R  –9.79 (–19.96 to 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.
a There were five patients surviving hospitalization without Functional Status Scale at day 28 or hospital discharge.
b 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, ≥12 yr), malignancy, and Pediatric Risk of Mortality III (without creatinine component).
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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.

Despite these limitations, 
this cohort outcome study has 
several strengths that provide 
additional knowledge to the 
field. These include a moder-
ate-sized prospectively enrolled 
cohort, including patients 
from 12 tertiary PICUs across 
the United States. Therefore, 
our findings are likely to be 
generalizable among pedi-
atric academic centers where 
most patients with severe AKI 
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 
follow-up. Children in LAPSE 
were assessed for chronic co-
morbid conditions and under-
went baseline functional status 
and HRQL evaluations.

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