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Objectives: To evaluate the physical and psychosocial domains of 
health-related quality of life among children during the first year 
following community-acquired septic shock, and explore factors 

associated with poor physical and psychosocial health-related 
quality of life outcomes.
Design: Secondary analysis of the Life After Pediatric Sepsis 
Evaluation.
Setting: Twelve academic PICUs in the United States.
Patients: Children greater than or equal to 1 month and less than 
18 years old who were perceived to be without severe develop-
mental disability by their family caregiver at baseline and who sur-
vived hospitalization for community-acquired septic shock.
Interventions: Family caregivers completed the Pediatric Quality 
of Life Inventory for children 2–18 years old or the Pediatric Quality 
of Life Inventory Infant Scales for children less than 2 years old at 
baseline (reflecting preadmission status), day 7, and months 1, 3, 6,  
and 12 following PICU admission. Higher Pediatric Quality of Life 
Inventory Physical and Psychosocial Health Summary Scores in-
dicate better health-related quality of life.
Measurements and Main Results: Of 204 children, 58 (28.2%) 
had a complex chronic comorbid condition. Children with com-
plex chronic comorbid conditions had lower baseline phys-
ical health-related quality of life (62.7 ± 22.6 vs 84.1 ± 19.7;  
p < 0.001) and psychosocial health-related quality of life 
(68.4 ± 14.1 vs 81.2 ± 15.3; p < 0.001) than reference norms, 
whereas children without such conditions had baseline scores sim-
ilar to reference norms. Children with complex chronic comorbid 
conditions recovered to their baseline health-related quality of life, 
whereas children without such conditions did not (physical health-
related quality of life 75.3 ± 23.7 vs 83.2 ± 20.1; p = 0.008 and psy-
chosocial health-related quality of life 74.5 ± 18.7 vs 80.5 ± 17.9;  
p = 0.006). Age less than 2 years was independently associated 
with higher month 12 physical health-related quality of life, and ab-
normal neurologic examination and neurologic injury suspected by 
a healthcare provider during the PICU course were independently 
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associated with lower month 12 physical health-related quality of 
life. Treatment of increased intracranial pressure and medical de-
vice use at month 1 were independently associated with lower 
month 12 psychosocial health-related quality of life.
Conclusions: Physical and psychosocial health-related quality of 
life were reduced among children during the first year following 
community-acquired septic shock compared with reference norms, 
although many recovered to baseline. Risk factors for poor health-
related quality of life included neurologic complications during 
the hospitalization and dependence on a medical device 1 month 
postadmission. (Pediatr Crit Care Med 2020; 21:869–878)
Key Words: child; chronic comorbid conditions; health-related 
quality of life; pediatric; sepsis; septic shock

Sepsis is a major cause of death in PICUs (1, 2). Sepsis-
induced organ failures and functional disabilities may 
lead to impaired health-related quality of life (HRQL) 

among survivors. HRQL is a multidimensional construct that 
includes physical, mental, emotional, and social domains that 
focus on the impact of health status on quality of life (3, 4). 
Studies of adults with severe sepsis report a rapid decline in 
HRQL during the ICU course, partial recovery prior to hos-
pital discharge, and gradual progression toward baseline over 
the next year (5–7). Sepsis in adults may not affect all dimen-
sions of HRQL to the same degree; deficits in physical func-
tioning appear most prolonged.

Studies in children suggest many have reduced HRQL after 
PICU admission (8–13), particularly after severe sepsis (14–16).  
However, most studies of HRQL in critically ill children lack 
baseline assessments with which to compare changes over 
time (17). Children admitted to PICUs often have chronic co-
morbid conditions and potential for altered baseline HRQL. 
Comparison to population norms rather than baseline may 
under- or over-estimate the change in HRQL attributable to 
critical illness. Studies also suggest that preexisting comorbidi-
ties are risk factors for reduced HRQL after PICU admission 
(8, 11, 13); however, how preexisting comorbidities impact 
the trajectory of change in HRQL has not been well investi-
gated. Understanding dimensional and temporal changes in 
HRQL among children with severe sepsis would allow clini-
cians to tailor rehabilitation and follow-up care to the needs 
of survivors.

Life After Pediatric Sepsis Evaluation (LAPSE) was a mul-
ticenter, prospective, observational cohort study that lon-
gitudinally evaluated HRQL among children surviving 
community-acquired septic shock (18, 19). For children per-
ceived to be without severe developmental disability by their 
family caregiver prior to the sepsis event, HRQL was assessed 
using the Pediatric Quality of Life Inventory 4.0 Generic Core 
Scales (PedsQL) (20–23) or PedsQL Infant Scales (23, 24) at 
baseline (reflecting preadmission status) and over the course 
of the ensuing year. About one-third of these children had a 
preexisting complex chronic comorbid condition (18, 19). 
Mortality was 9.7% during the hospitalization and 2.2% 

during follow-up. At 1 year, about one-third of survivors had 
not regained their premorbid global HRQL. Our objective is 
to evaluate the physical and psychosocial domains of HRQL 
among children during the first year following community-
acquired septic shock and explore factors associated with poor 
physical and psychosocial HRQL outcomes. We hypothesize 
that the trajectories of physical and psychosocial HRQL will 
differ between children with and without preexisting complex 
chronic comorbid conditions.

MATERIALS AND METHODS

Design and Setting
This study is a secondary analysis of the LAPSE investigation 
(18, 19). Twelve academic PICUs in the United States recruited 
children between January 1, 2014, and June 30, 2017. Details 
of LAPSE were previously published (18, 19). The study was 
approved by the institutional review boards at all study sites 
and the data coordinating center. Parental permission was 
obtained for all participants.

Participants
Children eligible for LAPSE were greater than or equal to 1 
month and less than 18 years old and had documented or sus-
pected community-acquired infection or sepsis. Eligible chil-
dren also had body fluid cultures and/or polymerase chain 
reaction (PCR) testing, displayed greater than or equal to 2 
systemic inflammatory response syndrome criteria including 
abnormal leukocyte count/differential and/or abnormal body 
temperature and were treated with antimicrobials, vasoactive 
inotropes, and invasive or noninvasive mechanical ventilation 
(18, 19). Exclusion criteria included inability to be enrolled 
within 48 hours of PICU admission; additional exclusion crite-
ria have been published (18, 19). LAPSE enrolled 392 children. 
Family caregivers were asked to select the HRQL instrument 
they believed would be most meaningful for their child based 
on whether they subjectively perceived their child to have a 
severe physical or mental developmental delay or disability at 
preadmission baseline. Family caregivers of 226 subjectively 
perceived their child to be without severe developmental disa-
bility at preadmission baseline and completed PedsQL or Ped-
sQL Infant Scales. Caregivers who perceived their children to 
have severe disabilities at baseline completed the Stein-Jessop 
Functional Status Scale (25) and were excluded from this re-
port. Death occurred prior to hospital discharge for 22 chil-
dren without severe baseline disability, leaving 204 available 
for follow-up.

Independent Variables
At study enrollment, data collected included child dem-
ographics, illness severity, organ dysfunction, presence of 
chronic comorbid conditions, immune deficiency, and docu-
mented versus suspected infection. Illness severity was assessed 
using Pediatric Risk of Mortality (PRISM) scores (26) and 
organ dysfunction using Pediatric Logistic Organ Dysfunction 
(PELOD)–2 scores (27). Chronic comorbid conditions were 
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determined using data from the Pediatric Health Information 
System (28) and the Pediatric Medical Complexity Algorithm 
(29) and categorized as none/noncomplex versus complex 
chronic comorbid condition. Documented infection was cul-
ture or PCR positive.

Data collected during the PICU course (truncated at day 
28) included Vasoactive-Inotropic Scores (VISs) (30) and use 
of mechanical ventilation assessed at 08:00 and 20:00 daily. 
Additional daily data included the presence of abnormal 
neurologic findings on physical examination (i.e., anisocoria 
or absence of pupillary response, pathologic breathing pat-
tern, stereotypic or flaccid posture, and autonomic storm-
ing), seizure activity and/or abnormal electroencephalogram, 
new anoxic-ischemic injury on brain imaging, treatment for 
increased intracranial pressure, neurologic injury suspected 
by a healthcare provider, PELOD-2 scores, cardiac arrest, 
and treatment with red cell transfusion, Extracorporeal Life 
Support (ECLS), or renal replacement therapy (RRT). Medical 
device use at month 1 (26–42 d following PICU admission) 
and length of stay in PICU and hospital were recorded.

Outcomes
Family caregivers completed the parent-proxy form of the 
PedsQL (20–23) for children 2–18 years old or the PedsQL In-
fant Scales (23, 24) for children less than 2 years old at study 
entry (reflecting preadmission status), and 6–14 (day 7), 26–42 
(month 1), 83–120 (month 3), 176–213 (month 6), and 358–
395 (month 12) calendar days following PICU admission. The 
parent-proxy form of the PedsQL is a 23-item measure that 
encompasses four domains of HRQL including physical, emo-
tional, social, and school functioning. The PedsQL Infant Scales 
include a 36-item version for 1–12 month old infants and a 
45-item version for 13–24 month old infants. Both infant ver-
sions cover the domains of physical symptoms and physical, 
emotional, social, and cognitive functioning. Physical Health 
Summary Scores (referred to hereafter as physical HRQL) and 
Psychosocial Health Summary Scores (referred to hereafter as 
psychosocial HRQL) are determined for both the PedsQL and 
the PedsQL Infant Scales. All scores are linearly transformed to 
a 0–100 scale with higher scores indicating better HRQL. Ref-
erence norms are available (21). Using parent proxy-report 
for the PedsQL, the minimal clinically important difference 
(MCID) between scores has been determined to be 4.50 for the 
total score, 6.92 for physical HRQL, and 5.49 for psychosocial 
HRQL (21). The MCID is the smallest difference in score that 
individuals perceive to be beneficial and that would mandate, in 
the absence of adverse side effects or excessive costs, a change in 
management. HRQL assessments were facilitated by researchers 
at the study sites during the hospitalization and by the Seattle 
Children’s Research Institute after the child’s discharge.

Statistical Analyses
Clinical characteristics were summarized using counts and 
percentages for categorical variables and medians and quar-
tiles for interval variables. Longitudinal measures of PedsQL 
and the PedsQL Infant Scales were combined and summarized 

utilizing mean and sd by complex chronic comorbid condi-
tion status. The relationships between individual time points 
and baseline values were assessed with paired t tests, and rela-
tionships with reference values were assessed with one-sample  
t tests. To account for potential bias due to significant loss to 
follow-up, multiple imputation was used to impute missing 
data. PedsQL scores were imputed for 2% of children at base-
line, 17% at day 7, 32% at month 1, 39% at month 3, 48% at 
month 6, and 47% at month 12. Details regarding the imputa-
tion methods were previously published (18, 19, 31). Briefly, a 
sequence of regression models was used to generate 10 imputed 
datasets. Each imputed dataset contained the observed data 
along with data drawn from a posterior predictive distribution 
replacing missing values. Each imputed dataset was analyzed 
separately and results were combined using the MIANALYSE 
procedure (a procedure used for analyzing multiply imputed 
data) in SAS software (Version 9.4; SAS Institute, Cary, NC).

The distributions of potential predictors were examined 
prior to modeling PedsQL physical HRQL and psychosocial 
HRQL summary scores. Univariable linear regression models 
for each of the candidate predictor variables were built to de-
termine which were associated with each summary score at 
two time points, month 3 and month 12. Baseline summary 
scores were controlled for in all models. This step was taken 
to account for the difference in baseline summary scores be-
tween subjects and isolate the effect of covariates of subjects 
with similar baseline characteristics. All variables were consid-
ered for inclusion in the multivariable models. The final mul-
tivariable models were selected using bi-directional stepwise 
regression methods with a conservative criterion of p value of 
less than 0.2 to enter the model and p value of less than 0.1 to 
stay in the final model. Both baseline summary scores for the 
individual domains and complex chronic comorbid condition 
status were forced predictors. p values for both the univariable 
and multivariable analyses were based on a likelihood ratio test 
with a two-sided alternative, with values less than 0.05 con-
sidered significant. CIs were based on the profile likelihood 
method, with equal tails. Analyses were performed using SAS 
9.4 (SAS Institute, Cary, NC).

RESULTS
Of 204 children, 114 (55.9%) were male, 69 (33.8%) were less 
than 2 years old, 129 (63.0%) were white, and 48 (23.7%) His-
panic (Table 1). Fifty-eight children (28.2%) had a complex 
chronic comorbid condition. Infection at the time of study 
eligibility was documented for 87 (42.6%) and suspected for 
117 (57.4%). A new abnormal neurologic examination finding 
during the PICU course occurred in 52 (25.5%) and seizures 
or abnormal electroencephalogram in 31 (15.2%); most of 
these occurred within the first week of the PICU stay (Sup-
plemental Fig. 1, Supplemental Digital Content 1, http://links.
lww.com/PCC/B318; legend, Supplemental Digital Content 5, 
http://links.lww.com/PCC/B322). Thirty-nine (19.1%) had at 
least one medical device in use at month 1; of these, all had at 
least one chronic device (Supplemental Table 1, Supplemental 
Digital Content 2, http://links.lww.com/PCC/B319).

http://links.lww.com/PCC/B318
http://links.lww.com/PCC/B318
http://links.lww.com/PCC/B322
http://links.lww.com/PCC/B319
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TABLE 1. Clinical Characteristics of Children with Community-Acquired Septic Shock at 
Baseline and On-Study

Characteristic n = 204

Baseline

 Male 114 (55.9%)

 Age

  0–12 mo 44 (21.6%)

  13–24 mo 25 (12.3%)

  2–4 yr 32 (15.7%)

  5–7 yr 22 (10.8%)

  8–12 yr 34 (16.7%)

  13–17 yr 47 (23.0%)

 Race

  White 129 (63.0%)

  Black or African American 48 (23.5%)

  Other 28 (13.5%)

 Ethnicity

  Hispanic 48 (23.7%)

 Chronic comorbid conditionsa

  None/noncomplex 147 (71.8%)

  Complex 58 (28.2%)

 Immunocompromised 34 (16.7%)

 Nature of infection at time of eligibility

  Documented 87 (42.6%)

  Suspected 117 (57.4%)

 Pediatric Risk of Mortalityb 10.0 (5.0–16.5)

On-study

 Red cell transfusion administered 101 (49.5%)

 Sum of Pediatric Logistic Organ Dysfunction-2 in PICUc 48.5 (29.5–80.5)

 Maximum Vasoactive-Inotrope Score in PICUd

  Low 150 (73.5%)

  High 54 (26.5%)

 Abnormal neurologic examination findinge 52 (25.5%)

 Seizure activity and/or abnormal electroencephalogram 31 (15.2%)

 New anoxic-ischemic brain injury on CT/MRI 7 (3.4%)

 Treatment for increased intracranial pressure 8 (3.9%)

 Neurologic injury suspected by care provider 26 (12.7%)

 Extracorporeal Life Support in PICU 12 (5.9%)

 Renal replacement therapy during PICU stay 15 (7.4%)

 Cardiopulmonary arrest or chest compressions 11 (5.4%)

 Medical device use at month 1 39 (19.1%)

 Number of mechanical ventilator days 7.0 (4.0–11.0)

 PICU length of stay, d 8.2 (5.1–13.9)

 Hospital length of stay, d 15.4 (9.3–25.3)
a Assessed according to the Pediatric Medical Complexity Algorithm and determined using International Classification of Diseases, 9th and 10th Edition 
diagnosis codes up to 3 yr prior the ICU sepsis admission.

b Pediatric Risk of Mortality data were collected during a modified period of 2 hr prior PICU admission through 4 hr post PICU admission.
c Sum of Pediatric Logistic Organ Dysfunction-2 refers to the summation of daily scores while in the ICU (truncated at 28 calendar days following ICU admission).
d Maximum Vasoactive-Inotrope Score (VIS) is defined as being high if the VIS was > 20 at some point during the child’s PICU stay (truncated at 28 calendar 
days following ICU admission).

e Abnormal neurologic examination findings include anisocoria or absence of pupillary response, pathologic breathing pattern, stereotypic posturing, flaccid 
posture, and autonomic storming.

Data are summarized as n (%) and median (interquartile range).
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For children without a complex chronic comorbid condi-
tion, baseline physical and psychosocial HRQL were similar 
to reference norms (Table 2). Summary scores significantly 
declined from baseline by day 7 following PICU admission. 
This decline was followed by a gradual increase in scores with 
most improvement occurring by month 3 and lesser degree of 
improvement between month 3 and month 12. Physical and 
psychosocial HRQL were significantly less than baseline at all 
subsequent time points.

For children with complex chronic comorbid conditions, 
baseline physical and psychosocial HRQL were significantly 
less than reference norms (Table 3). Physical and psychosocial 
HRQL significantly declined from baseline by day 7, followed 
by a gradual increase and return to baseline by month 3 and 
month 1, respectively. Figure 1 displays physical and psycho-
social HRQL at baseline and month 12 by chronic comorbid 
condition versus reference norms.

Univariable associations between child characteris-
tics and physical HRQL at months 3 and 12 are shown in 

Supplemental Table 2 (Supplemental Digital Content 3, 
http://links.lww.com/PCC/B320). Higher PRISM score, 
higher sum of PELOD-2 scores in PICU, longer duration 
of mechanical ventilation, longer PICU and hospital stays, 
and medical device use at month 1 were associated with 
lower month 3 physical HRQL scores, and age less than 2 
years was associated with higher month 3 physical HRQL 
scores. Abnormal neurologic examination findings, neuro-
logic injury suspected by provider, and medical device use 
at month 1 were associated with lower month 12 physical 
HRQL scores.

Univariable associations between child characteristics 
and psychosocial HRQL at months 3 and 12 are shown in 
Supplemental Table 3 (Supplemental Digital Content 4, http://
links.lww.com/PCC/B321). Age less than 2 years was associated 
with higher month 3 psychosocial HRQL scores. Treatment for 
increased intracranial pressure, neurologic injury suspected by 
provider, and medical device use at month 1 were associated 
with lower month 12 psychosocial HRQL scores.

TABLE 2. Pediatric Quality of Life Inventory Over Time for Children Without Complex 
Chronic Comorbid Conditionsa

Total or Domain Referenceb

Time Point

Baseline  
(n = 147)

Day 7  
(n = 147)

Month 1  
(n = 147)

Month 3  
(n = 145)

Month 6  
(n = 145)

Month 12  
(n = 145)

Total Pediatric Quality 
of Life Inventory 
score

82.3 ± 15.6 81.5 ± 16.0;  
p = 0.562c

48.9 ± 23.2;  
p ≤ 0.001c;  
p ≤ 0.001d

63.5 ± 19.5;  
p ≤ 0.001c;  
p ≤ 0.001d

71.4 ± 18.8;  
p ≤ 0.001c;  
p ≤ 0.001d

73.6 ± 19.2;  
p ≤ 0.001c;  
p ≤ 0.001d

74.9 ± 18.5;  
p ≤ 0.001c;  
p = 0.002d

Physical Health 
Summary Score

84.1 ± 19.7 83.2 ± 20.1;  
p = 0.580c

49.1 ± 32.8;  
p ≤ 0.001c;  
p ≤ 0.001d

59.3 ± 30.0;  
p ≤ 0.001c;  
p ≤ 0.001d

69.0 ± 26.1;  
p ≤ 0.001c;  
p ≤ 0.001d

74.0 ± 26.6;  
p ≤ 0.001c;  
p = 0.005d

75.3 ± 23.7;  
p ≤ 0.001c;  
p = 0.008d

 Physical function  84.6 ± 20.9 40.7 ± 35.5;  
p ≤ 0.001d

58.4 ± 30.9;  
p ≤ 0.001d

67.5 ± 27.8;  
p ≤ 0.001d

73.7 ± 27.5;  
p = 0.002d

74.8 ± 25.9;  
p = 0.006d

 Physical symptoms  
(< 2 yr old only)

 82.1 ± 13.2 74.6 ± 16.0;  
p = 0.004d

80.8 ± 12.4;  
p = 0.627d

81.2 ± 19.9;  
p = 0.774d

80.2 ± 20.5;  
p = 0.551d

80.4 ± 19.2;  
p = 0.652d

Psychosocial Health 
Summary Score

81.2 ± 15.3 80.5 ± 17.9;  
p = 0.623c

49.2 ± 23.0;  
p ≤ 0.001c;  
p ≤ 0.001d

65.3 ± 18.0;  
p ≤ 0.001c;  
p ≤ 0.001d

72.6 ± 17.8;  
p ≤ 0.001c;  
p ≤ 0.001d

73.2 ± 19.0;  
p ≤ 0.001c;  
p ≤ 0.001d

74.5 ± 18.7;  
p = 0.001c;  
p = 0.006d

 Emotional function 81.2 ± 16.4 78.7 ± 19.8;  
p = 0.138c

59.8 ± 26.9;  
p ≤ 0.001c;  
p ≤ 0.001d

65.6 ± 23.8;  
p ≤ 0.001c;  
p ≤ 0.001d

73.0 ± 20.9;  
p = 0.002c;  
p = 0.028d

72.5 ± 21.6;  
p ≤ 0.001c;  
p = 0.006d

72.3 ± 24.1;  
p = 0.001c;  
p = 0.032d

 Social function 83.1 ± 19.7 83.9 ± 20.8;  
p = 0.618c

62.2 ± 33.1;  
p ≤ 0.001c;  
p ≤ 0.001d

72.6 ± 25.3;  
p ≤ 0.001c;  
p ≤ 0.001d

78.8 ± 21.6;  
p = 0.088c;  
p = 0.053d

78.9 ± 23.8;  
p = 0.059c;  
p = 0.035d

79.8 ± 22.4;  
p = 0.154c;  
p = 0.102d

 School function  
(≥ 2 yr old only)

78.3 ± 19.6 78.4 ± 22.5;  
p = 0.960c

 53.2 ± 30.2;  
p ≤ 0.001c;  
p ≤ 0.001d

63.3 ± 24.3;  
p ≤ 0.001c;  
p ≤ 0.001d

65.8 ± 26.9;  
p = 0.001c;  
p = 0.002d

73.1 ± 22.6;  
p = 0.237c;  
p = 0.188d

 Cognitive function  
(< 2 yr old only)

 82.1 ± 24.66 54.9 ± 35.8;  
p ≤ 0.001d

67.7 ± 30.4;  
p = 0.022d

71.1 ± 29.4;  
p = 0.043d

79.1 ± 24.7;  
p = 0.544d

74.4 ± 26.6;  
p = 0.129d

a Chronic comorbid condition assessed according to the Pediatric Medical Complexity Algorithm and determined using International Classification of Diseases, 
9th and 10th Edition diagnosis codes up to 3 yr prior the ICU sepsis admission.

b Reference group obtained in Varni et al (21).
c One-sample t test comparing time point to reference value.
d Paired t test comparing time point to baseline value.
Data are summarized as mean ± sd.

http://links.lww.com/PCC/B320
http://links.lww.com/PCC/B321
http://links.lww.com/PCC/B321
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Multivariable models of physical HRQL at months 3 and 12 
are shown in Table 4. Longer hospital stay was independently 
associated with lower month 3 physical HRQL score. Higher 
baseline physical HRQL and age less than 2 years were inde-
pendently associated with higher month 3 physical HRQL score. 
Abnormal neurologic examination findings and neurologic in-
jury suspected by provider were independently associated with 
lower month 12 physical HRQL score. Higher baseline physical 
HRQL and age less than 2 years were independently associated 
with higher month 12 physical HRQL score.

Multivariable models of psychosocial HRQL at months 3 
and 12 are shown in Table 5. Longer hospital stay was inde-
pendently associated with lower month 3 psychosocial HRQL 
score. Higher baseline psychosocial HRQL and age less than 
2 years were independently associated with higher month 3 
psychosocial HRQL score. Treatment for increased intracra-
nial pressure and medical device use at month 1 were inde-
pendently associated with lower month 12 psychosocial HRQL 

score. Higher baseline psychosocial HRQL was independently 
associated with higher month 12 psychosocial HRQL score.

DISCUSSION
HRQL is a multidimensional construct that reflects a person’s 
subjective evaluation of their physical, mental, emotional, and 
social well-being (3, 4). In the case of young children or the 
critically ill, HRQL is often assessed by proxy-report from a 
family caregiver. Parents and health professionals have iden-
tified HRQL as the most important outcome for PICU sur-
vivors (32). Our findings demonstrate that the physical and 
psychosocial domains of HRQL are substantially reduced 
among children surviving community-acquired septic shock 
during the first year following their hospitalization compared 
with reference norms. By month 12 following their hospital-
ization, children in our study were on average 1–3 times the 
MCID lower than reference norms for physical and psychoso-
cial HRQL.

TABLE 3. Pediatric Quality of Life Inventory Over Time for Children With Complex Chronic 
Comorbid Conditionsa

Total or Domain Referenceb

Time Point

Baseline  
(n = 58)

Day 7  
(n = 58)

Month 1  
(n = 58)

Month 3  
(n = 57)

Month 6  
(n = 56)

Month 12  
(n = 55)

Total Pediatric 
Quality of Life 
Inventory score

82.3 ± 15.6 66.3 ± 14.7;  
p ≤ 0.001c

49.8 ± 18.4;  
p ≤ 0.001c;  
p ≤ 0.001d

61.0 ± 20.0;  
p ≤ 0.001c;  
p = 0.076d

67.7 ± 16.3;  
p ≤ 0.001c;  
p = 0.517d

69.4 ± 16.3;  
p ≤ 0.001c;  
p = 0.253d

70.6 ± 20.0;  
p ≤ 0.001c;  
p = 0.139d

Physical Health 
Summary Score

84.1 ± 19.7 62.7 ± 22.6;  
p ≤ 0.001c

51.9 ± 26.9;  
p ≤ 0.001c;  
p = 0.019d

51.0 ± 32.8;  
p ≤ 0.001c;  
p = 0.010d

61.1 ± 25.6;  
p ≤ 0.001c;  
p = 0.719d

64.9 ± 27.3;  
p ≤ 0.001c;  
p = 0.644d

68.2 ± 28.7;  
p = 0.001c;  
p = 0.249d

 Physical function  62.8 ± 23.0 47.6 ± 29.5;  
p = 0.004d

49.1 ± 33.9;  
p = 0.004d

61.6 ± 25.7;  
p = 0.780d

64.8 ± 27.9;  
p = 0.671d

67.8 ± 29.2;  
p = 0.297d

 Physical 
symptoms  
(< 2 yr old only)

 71.6 ± 12.2 74.2 ± 10.3;  
p = 0.439d

79.3 ± 16.7;  
p = 0.091d

76.4 ± 25.0;  
p = 0.427d

83.4 ± 11.4;  
p = 0.016d

84.2 ± 17.8;  
p = 0.090d

Psychosocial Health 
Summary Score

81.2 ± 15.3 68.4 ± 14.1;  
p ≤ 0.001c

48.7 ± 19.8;  
p ≤ 0.001c;  
p ≤ 0.001d

66.4 ± 17.6;  
p ≤ 0.001c;  
p = 0.466d

71.4 ± 14.9;  
p ≤ 0.001c;  
p = 0.148d

71.8 ± 16.4;  
p ≤ 0.001c;  
p = 0.229d

71.8 ± 18.1;  
p ≤ 0.001c;  
p = 0.205d

 Emotional 
function

81.2 ± 16.4 70.2 ± 18.8;  
p ≤ 0.001c

61.2 ± 23.7;  
p ≤ 0.001c;  
p = 0.018d

67.5 ± 23.1;  
p ≤ 0.001c;  
p = 0.360d

74.4 ± 17.5;  
p = 0.010c;  
p = 0.163d

72.5 ± 21.1;  
p = 0.006c;  
p = 0.573d

73.9 ± 20.6;  
p = 0.032c;  
p = 0.313d

 Social function 83.1 ± 19.7 71.0 ± 21.7;  
p ≤ 0.001c

65.3 ± 26.8;  
p ≤ 0.001c;  
p = 0.179d

71.4 ± 24.5;  
p ≤ 0.001c;  
p = 0.910d

76.2 ± 21.0;  
p = 0.030c;  
p = 0.109d

75.9 ± 21.4;  
p = 0.034c;  
p = 0.200d

77.3 ± 23.8;  
p = 0.128c;  
p = 0.125d

 School function  
(≥ 2 yr old only)

78.3 ± 19.6 59.4 ± 19.8;  
p ≤ 0.001c

 58.4 ± 26.9;  
p = 0.002c;  
p = 0.886d

59.3 ± 22.2;  
p ≤ 0.001c;  
p = 0.983d

64.5 ± 23.1;  
p = 0.005c;  
p = 0.448d

64.2 ± 23.8;  
p = 0.001c;  
p = 0.275d

 Cognitive function 
(< 2 yr old only)

 76.7 ± 20.5 57.8 ± 34.5;  
p = 0.085d

64.7 ± 29.7;  
p = 0.120d

74.1 ± 26.2;  
p = 0.775d

77.8 ± 24.3;  
p = 0.863d

69.7 ± 25.4;  
p = 0.305d

a Chronic comorbid condition assessed according to the Pediatric Medical Complexity Algorithm and determined using International Classification of Diseases, 
9th and 10th Edition diagnosis codes up to 3 yr prior the ICU sepsis admission.

b Reference group obtained in Varni et al (21).
c One-sample t test comparing time point to reference value.
d Paired t test comparing time point to baseline value.
Data are summarized as mean ± sd.
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Our findings suggest that the trajectories of HRQL domains 
during the first year after community-acquired septic shock 
differ between children with and without complex chronic 
comorbid conditions. As expected, children without complex 
chronic comorbid conditions had physical and psychosocial 
HRQL scores at baseline that were similar to reference norms. 
Scores declined by day 7 and gradually improved thereafter 
with most improvement occurring by month 3. However, by 
month 12, physical and psychosocial HRQL scores were still 
below baseline suggesting that reduced HRQL was long-lasting 
for these children and related to the sepsis event. sds of month 
12 HRQL domain scores were wide suggesting that some chil-
dren recovered to baseline, although many did not.

Children with complex chronic comorbid conditions had 
physical and psychosocial HRQL scores at baseline that were 
below reference norms. Scores declined further by day 7 and 
gradually recovered to baseline by month 1–3. Children with 
complex chronic comorbid conditions may have lower HRQL 
than reference norms at baseline because of their chronic ill-
ness and associated functional limitations, frequent hospi-
talizations, and school absences (21). Recovery to baseline 
may reflect improvement or stabilization of their underlying 
chronic condition in spite of the sepsis event, or response shift 
on the part of the caregiver providing the proxy report (5, 33). 
Response shift may occur if a caregiver’s internal frame of ref-
erence for HRQL changes after confronting a life-threatening 
event such as septic shock in their child. It is also possible that 
measurement scales have reduced ability to detect differences 
in HRQL at the lower end of the HRQL spectrum. Similar to 
children without complex chronic comorbid conditions, sds of 
month 12 HRQL domain scores were wide.

On multivariable analysis, age was independently associated 
with physical and psychosocial HRQL scores following septic 

shock. Children less than 2 
years old had higher physical 
HRQL at months 3 and 12, and 
higher psychosocial HRQL at 
month 3 compared with older 
children. Caregivers may not 
recognize physical and cogni-
tive deficits in young children 
that contribute to reduced 
HRQL until the children are 
older and fail to develop (34).

Longer hospital stay was 
independently associated 
with reduced physical HRQL 
scores at month 3 consistent 
with other reports (8, 35, 36). 
Abnormal neurologic exami-
nation findings and neurologic 
injury suspected by provider 
were independently associated 
with reduced physical HRQL 
at month 12. Prior research 
has shown that neurodevelop-

mental disabilities are an important predictor of poor HRQL 
following intensive care (37, 38). Reliance on a medical device 
at month 1 following PICU admission was independently as-
sociated with reduced psychosocial HRQL score at month 
12. For children who were still hospitalized at month 1, use 
of a medical device (e.g., central venous catheter) may repre-
sent more prolonged and severe illness. For children who have 
been discharged, use of medical device at home (e.g., wheel 
chair) may interfere with family, school, or social activities. In 
either case, reliance on a medical device appears to contribute 
to lower psychosocial HRQL. Baseline HRQL was also an inde-
pendent predictor of later HRQL.

Several clinical variables often associated with poor out-
comes such as maximum VIS, seizures, new anoxic-ischemic 
brain injury on imaging, ECLS, RRT, and cardiac arrest were 
not associated with reduced physical of psychosocial HRQL in 
our study. This may be related to the association of these vari-
ables with mortality (18, 19). Only children who survived their 
PICU stay were included in this analysis, as only survivors had 
potential for follow-up HRQL assessments.

Strengths of our study include the multicenter, prospective, 
longitudinal design, and use of the PedsQL Scales which are 
reliable and valid over a wide age range. Additional strengths 
include the assessment of chronic comorbid conditions and 
baseline HRQL which allowed us to better elucidate the contri-
bution of septic shock to HRQL at later time points. Limitations 
include the use of proxy-report HRQL measurements (39). A 
caregiver’s report of their child’s HRQL may differ from the 
child’s self-report; however, caregiver report was necessary to 
collect baseline data during the early phase of septic shock, and 
over time in young children. The large number of children lost 
to follow-up is a limitation. Children with missing HRQL data 
were less healthy than those whose caregivers participated in 

Figure 1. Pediatric Quality of Life Inventory Physical and Psychosocial Health Summary Scores at baseline and 
month 12 by chronic comorbid condition versus reference norms. Reference group obtained in Varni et al (21). 
Chronic comorbid condition assessed according to the Pediatric Medical Complexity Algorithm and determined 
using International Classification of Diseases, 9th and 10th Edition diagnosis codes up to 3 yr prior the ICU 
sepsis admission (30).
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TABLE 4. Multivariable Model for Month 3 and Month 12 Physical Health Summary Scores

Clinical Characteristic

Month 3 Physical Domain Month 12 Physical Domain

Effect (95% CI) p Effect (95% CI) p

Age  < 0.001  0.015

 0–12 mo 11.37 (–0.48 to 23.21)  4.58 (–7.18 to 16.34)  

 13–24 mo 19.59 (7.28–31.90)  21.07 (8.30–33.85)  

 2–4 yr –2.32 (–13.37 to 8.73)  –1.01 (–14.88 to 12.87)  

 5–7 yr 7.21 (–5.35 to 19.78)  –6.75 (–21.70 to 8.20)  

 8–12 yr –14.15 (–27.47 to –0.84)  4.78 (–7.46 to 17.02)  

 13–17 yr Reference  Reference  

Chronic comorbid conditionsa,b  0.971  0.967

 Complex 0.16 (–8.12 to 8.43)  0.19 (–8.91 to 9.29)  

 None/noncomplex Reference  Reference  

Hospital length of stay, d –0.27 (–0.38 to –0.16) < 0.001   

Abnormal neurologic examination finding   –11.20 (–21.22 to –1.19) 0.029

Neurologic injury suspected by care provider   –12.70 (–24.87 to –0.53) 0.041

Physical Health Summary Score at baselineb 0.20 (0.02–0.38) 0.026 0.23 (0.01–0.44) 0.037
a Assessed according to the Pediatric Medical Complexity Algorithm and determined using International Classification of Diseases, 9th and 10th Edition 
diagnosis codes up to 3 yr prior the ICU sepsis admission.

b Chronic comorbid conditions and baseline Physical Summary Score and are forced predictors.

TABLE 5. Multivariable Model for Month 3 and Month 12 Psychosocial Health Summary 
Scores

Clinical Characteristic

3 mo Psychosocial Domain 12 mo Psychosocial Domain

Effect (95% CI) p Effect (95% CI) p

Age  0.011   

 0–12 mo 2.52 (–6.67 to 11.72)    

 13–24 mo 5.85 (–3.80 to 15.51)    

 2–4 yr –7.68 (–16.90 to 1.54)    

 5–7 yr 5.20 (–3.77 to 14.18)    

 8–12 yr –8.90 (–18.10 to 0.30)    

 13–17 yr Reference    

Chronic comorbid conditionsa,b  0.245  0.722

 Complex 3.68 (–2.51 to 9.86)  1.25 (–5.68 to 8.17)  

 None/noncomplex Reference  Reference  

Treatment for increased intracranial pressure   –14.28 (–28.05 to –0.52) 0.042

Hospital length of stay, d –0.09 (–0.18 to –0.01) 0.038   

Medical device use at month 1   –7.76 (–14.26 to –1.26) 0.019

Psychosocial Health Summary Score at baselineb 0.23 (0.06–0.40) 0.009 0.29 (0.12–0.47) 0.001
a Assessed according to the Pediatric Medical Complexity Algorithm and determined using International Classification of Diseases, 9th and 10th Edition 
diagnosis codes up to 3 yr prior the ICU sepsis admission.

b Chronic comorbid conditions and baseline Psychosocial Summary Score and are forced predictors.
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follow-up (18, 19); however, imputation was used to avoid po-
tential bias from loss of less healthy children. Only 28% of chil-
dren had complex chronic comorbid conditions which is likely 
due to the exclusion of children with severe developmental dis-
ability. Although abnormal neurologic examination findings 
during the PICU course were associated with reduced month 
12 physical HRQL, the potential etiologies of the abnormal 
neurologic findings were not recorded and their specific tim-
ing was not considered in the analyses. Also, the specific factors 
that led clinicians to suspect neurologic injury in an individual 
child were not recorded. Because LAPSE was an observational 
study, not all children underwent diagnostic tests such as elec-
troencephalogram or brain imaging potentially biasing our 
results. Many variables potentially affecting children’s HRQL 
were not evaluated including social and environmental char-
acteristics such as socioeconomics, parental education, family 
functioning, and access, utilization, and types of rehabilitation 
services. Our subset of LAPSE participants who were without 
severe developmental disability at baseline had a hospital mor-
tality rate of 9.7% and estimated risk-adjusted hospital mor-
tality rate of 12.5% (26, 40) and may not be generalizable to 
other sepsis cohorts.

CONCLUSIONS
Physical and psychosocial HRQL are reduced among children 
during the first year following community-acquired septic 
shock compared with reference norms. Children with complex 
chronic comorbid conditions appear to recover to their base-
line HRQL during this timeframe, whereas children without 
such conditions may not. Most recovery occurs by month 3 
suggesting interventions should occur early. Risk factors for 
poor HRQL included neurologic complications during the 
hospitalization, and dependence on a medical device 1 month 
postadmission.

ACKNOWLEDGMENTS
The Life After Pediatric Sepsis Evaluation (LAPSE) investi-
gators thank all subjects and families for participating in the 
LAPSE investigation. The following is a summary of LAPSE 
Performance Sites, Principal Investigators (PIs), Co-investiga-
tors (CIs), Research Coordinators (RCs), and Allied Research 
Personnel. Children’s Hospital of Michigan, Detroit, MI: Kath-
leen 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); Car-
olann Twelves (RC); Mary Ann DiLiberto (RC). Children’s Na-
tional Hospital, Washington, DC: Murray Pollack (PI); David 
Wessel (PI); John Berger (CI); Elyse Tomanio (RC); Diane 
Hession (RC); Ashley Wolfe (RC). Children’s Hospital of Col-
orado, Aurora, CO: Peter Mourani (PI); Todd Carpenter (CI); 
Diane Ladell (RC); Yamila Sierra (RC); Alle Rutebemberwa 
(RC). Nationwide Children’s Hospital, Columbus, OH: Mark 
Hall (PI); Andrew Yates (CI); Lisa Steele (RC); Maggie Flow-
ers (RC); Josey Hensley (RC). Mattel Children’s Hospital, Uni-
versity of California Los Angeles, Los Angeles, CA: Anil Sapru 

(PI); Rick Harrison (CI), Neda Ashtari (RC); Anna Ratiu (RC). 
Children’s Hospital of Pittsburgh, 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 California, San Francisco, 
San Francisco, CA: Patrick McQuillen (PI); Anne McKenzie 
(RC); Yensy Zetino (RC). Children’s Hospital 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). Cincinnati Children’s 
Hospital Medical Center, Cincinnati, OH: Ranjit S. Chima 
(PI); Hector Wong (CI); Kelli Krallman (RC); Erin Stoneman 
(RC); Laura Benken (RC); Toni Yunger (RC). Seattle Chil-
dren’s Hospital, Seattle Children’s Research Institute (LAPSE 
Follow-up Center), University of Washington, Seattle, WA: 
Jerry J Zimmerman (PI); Catherine Chen (RC); Erin Sullivan 
(RC); Courtney Merritt (RC); Deana Rich (RC); Julie McGal-
liard; Wren Haaland; Kathryn B. Whitlock, Derek Salud. Uni-
versity of Utah (LAPSE Data Coordinating Center), Salt Lake 
City, UT: J Michael Dean (PI); Richard Holubkov (CI); Whit 
Coleman (RC); Samuel Sorenson (RC); Ron Reeder; Russell 
Banks; Andrew Nicklawsky, Angie Webster; Jeri Burr; Stepha-
nie Bisping; Teresa Liu; Emily Stock, Kristi Flick. Texas A&M 
University, College Station, TX: James Varni.

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).

This investigation was funded by the Eunice Kennedy Shriver National 
Institute of Child Health and Human Development, National Institutes of 
Health, Department of Health and Human Services, R01HD073362, and 
was supported, in part, by the following cooperative agreements asso-
ciated with the Collaborative Pediatric Critical Care Research Network: 
UG1HD050096, UG1HD049981, UG1HD049983, UG1HD063108, 
UG1HD083171, UG1HD083166, UG1HD083170, U10HD050012, 
U10HD063106, and U01HD049934.

Drs. Meert’s, Reeder’s, Banks’s, Berg’s, Zuppa’s, Newth’s, Wessel’s, Pol-
lack’s, Hall’s, Sapru’s, Mourani’s, Holubkov’s, Sorenson’s, Varni’s, Whit-
lock’s, and Dean’s institution received funding from the National Institutes 
of Health (NIH). Drs. Meert, Reeder, Banks, Berg, Zuppa, Newth, Wes-
sel, Pollack, Hall, Sapru, Carcillo, McQuillen, Mourani, Chima, Holubkov, 
Sorenson, Varni, Whitlock, Dean, and Zimmerman received support for 
article research from the NIH. Dr. Banks disclosed government work. Dr. 
Newth received funding from Philips Research North America and Ham-
ilton Medical AG. Dr. Hall received funding from La Jolla Pharmaceuticals 
(consultant for service on Data Safety Monitoring Board [DSMB]). Drs. 
Carcillo’s, McQuillen’s, and Zimmerman’s institution received funding from 
the National Institutes of Child Health and Human Development. Dr. Hol-
ubkov received funding from Pfizer (DSMB), Medimmune (DSMB), Phy-
sicians Committee for Responsible Medicine (biostatistical consulting), 
Durect (biostatistical consulting, current), Revance (DSMB, current), and 
Armaron Bio (DSMB, past). Dr. McGalliard disclosed work for hire. Dr. 
Zimmerman received funding from Elsevier Publisher and the Society of 
Critical Care Medicine (travel). The remaining authors have disclosed that 
they do not have any potential conflicts of interest.

For information regarding this article, E-mail: kmeert@med.wayne.edu

REFERENCES
 1. Weiss SL, Fitzgerald JC, Pappachan J, et al; Sepsis Prevalence, 

Outcomes, and Therapies (SPROUT) Study Investigators and 
Pediatric Acute Lung Injury and Sepsis Investigators (PALISI) 

http://journals.lww.com/pccmjournal
http://journals.lww.com/pccmjournal
mailto:kmeert@med.wayne.edu


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

Meert et al

878 www.pccmjournal.org October 2020 • Volume 21 • Number 10

Network: Global epidemiology of pediatric severe sepsis: The sepsis 
prevalence, outcomes, and therapies study. Am J Respir Crit Care 
Med 2015; 191:1147–1157

 2. Kissoon N, Uyeki TM: Sepsis and the global burden of disease in chil-
dren. JAMA Pediatr 2016; 170:107–108

 3. Office of Disease Prevention and Health Promotion: Health-Related 
Quality of Life and Well-Being. 2020. Available at: https://www.healthy-
people.gov/2020/about/foundation-health-measures/Health-Related-
Quality-of-Life-and-Well-Being/. Accessed September 14, 2019

 4. World Health Organization: Constitution of the World Health 
Organization Basic Document. Geneva Switzerland, World Health 
Organization, 1948

 5. Hofhuis JG, Spronk PE, van Stel HF, et al: The impact of severe 
sepsis on health-related quality of life: A long-term follow-up study. 
Anesth Analg 2008; 107:1957–1964

 6. Battle CE, Davies G, Evans PA: Long term health-related quality of life 
in survivors of sepsis in South West Wales: An epidemiological study. 
PLoS One 2014; 9:e116304

 7. Leibovici L: Long-term consequences of severe infections. Clin 
Microbiol Infect 2013; 19:510–512

 8. Morrison AL, Gillis J, O’Connell AJ, et al: Quality of life of survivors of 
pediatric intensive care. Pediatr Crit Care Med 2002; 3:1–5

 9. Colville GA, Pierce CM: Children’s self-reported quality of life after 
intensive care treatment. Pediatr Crit Care Med 2013; 14:e85–e92

 10. Cunha F, Mota T, Teixeira-Pinto A, et al: Factors associated with 
health-related quality of life changes in survivors to pediatric intensive 
care. Pediatr Crit Care Med 2013; 14:e8–e15

 11. Conlon NP, Breatnach C, O’Hare BP, et al: Health-related quality of 
life after prolonged pediatric intensive care unit stay. Pediatr Crit Care 
Med 2009; 10:41–44

 12. Knoester H, Bronner MB, Bos AP, et al: Quality of life in children three 
and nine months after discharge from a paediatric intensive care unit: 
A prospective cohort study. Health Qual Life Outcomes 2008; 6:21

 13. Kyösti E, Ala-Kokko TI, Ohtonen P, et al: Factors associated with 
health-related quality of life 6 years after ICU discharge in a Finnish 
paediatric population: A cohort study. Intensive Care Med 2018; 
44:1378–1387

 14. Syngal P, Giuliano JS: Health-related quality of life after pediatric se-
vere sepsis. Healthcare 2018; 6:113

 15. Buysse CM, Vermunt LC, Raat H, et al: Surviving meningococcal 
septic shock in childhood: Long-term overall outcome and the effect 
on health-related quality of life. Crit Care 2010; 14:R124

 16. Buysse CM, Raat H, Hazelzet JA, et al: Surviving meningococcal 
septic shock: Health consequences and quality of life in children 
and their parents up to 2 years after pediatric intensive care unit dis-
charge. Crit Care Med 2008; 36:596–602

 17. Killien EY, Watson RS, Zimmerman JJ: Inherent value of baseline 
measures when assessing the trajectory of health-related quality 
of life among children surviving critical illness. Intensive Care Med 
2018; 44:1979–1981

 18. Zimmerman JJ, Banks R, Berg RA, et al: Trajectory of mortality and 
health related quality of life morbidity following community-acquired 
pediatric septic shock. Crit Care Med 2019; 48:329–337

 19. Zimmerman JJ, Banks R, Berg RA, et al: Critical illness factors associ-
ated with long-term mortality and health related quality of life morbidity 
following community-acquired pediatric septic shock. Crit Care Med 
2019; 48:319–328

 20. Varni JW, Seid M, Kurtin PS: PedsQL 4.0: Reliability and validity of the 
Pediatric Quality of Life Inventory version 4.0 generic core scales in 
healthy and patient populations. Med Care 2001; 39:800–812

 21. Varni JW, Burwinkle TM, Seid M, et al: The PedsQL 4.0 as a pediatric 
population health measure: Feasibility, reliability, and validity. Ambul 
Pediatr 2003; 3:329–341

 22. 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 PedsQLTM 4.0 
Generic Core Scales. Health Qual Life Outcomes 2007; 5:2

 23. 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:e272–e279

 24. Varni JW, Limbers CA, Neighbors K, et al: The PedsQL™ Infant Scales: 
Feasibility, internal consistency reliability, and validity in healthy and ill 
infants. Qual Life Res 2011; 20:45–55

 25. Stein RE, Jessop DJ: Functional status II®. A measure of child health 
status. Med Care 1990; 28:1041–1055

 26. 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: The Pediatric 
Risk of Mortality score: Update 2015. Pediatr Crit Care Med 2016; 
17:2–9

 27. 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

 28. Children’s Hospital Association: Pediatric Health Information System. 
2020. Available at: https://www.childrenshospitals.org/ Programs-and-
Services/Data-Analytics-and-Research/Pediatric-Analytic-Solutions/
Pediatric-Health-Information-System. Accessed September 14, 2019

 29. 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

 30. McIntosh AM, Tong S, Deakyne SJ, et al: Validation of the Vasoactive-
Inotropic Score in pediatric sepsis. Pediatr Crit Care Med 2017; 
18:750–757

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

 32. Merritt C, Menon K, Agus MSD, et al: Beyond survival: Pediatric 
critical care interventional trial outcome measure preferences of 
families and healthcare professionals. Pediatr Crit Care Med 2018; 
19:e105–e111

 33. Rapkin BD, Schwartz CE: Toward a theoretical model of quality-of-
life appraisal: Implications of findings from studies of response shift. 
Health Qual Life Outcomes 2004; 2:14

 34. Kachmar AG, Irving SY, Connolly CA, et al: A systematic review of risk 
factors associated with cognitive impairment after pediatric critical 
illness. Pediatr Crit Care Med 2018; 19:e164–e171

 35. Aspesberro F, Mangione-Smith R, Zimmerman JJ: Health-related 
quality of life following pediatric critical illness. Intensive Care Med 
2015; 41:1235–1246

 36. Killien EY, Farris RWD, Watson RS, et al: Health-related quality of life 
among survivors of pediatric sepsis. Pediatr Crit Care Med 2019; 
20:501–509

 37. Mestrovic J, Kardum G, Sustic A, et al: Neurodevelopmental disabili-
ties and quality of life after intensive care treatment. J Paediatr Child 
Health 2007; 43:673–676

 38. Bronner MB, Knoester H, Sol JJ, et al: An explorative study on quality 
of life and psychological and cognitive function in pediatric survivors 
of septic shock. Pediatr Crit Care Med 2009; 10:636–642

 39. Upton P, Lawford J, Eiser C: Parent-child agreement across child 
health-related quality of life instruments: A review of the literature. 
Qual Life Res 2008; 17:895–913

 40. 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: Simultaneous 
prediction of new morbidity, mortality, and survival without new mor-
bidity from pediatric intensive care: A new paradigm for outcomes 
assessment. Crit Care Med 2015; 43:1699–1709

https://www.healthypeople.gov/2020/about/foundation-health-measures/Health-Related-Quality-of-Life-and-Well-Being/
https://www.healthypeople.gov/2020/about/foundation-health-measures/Health-Related-Quality-of-Life-and-Well-Being/
https://www.healthypeople.gov/2020/about/foundation-health-measures/Health-Related-Quality-of-Life-and-Well-Being/
https://www.childrenshospitals.org/ Programs-and-Services/Data-Analytics-and-Research/Pediatric-Analytic-Solutions/Pediatric-Health-Information-System
https://www.childrenshospitals.org/ Programs-and-Services/Data-Analytics-and-Research/Pediatric-Analytic-Solutions/Pediatric-Health-Information-System
https://www.childrenshospitals.org/ Programs-and-Services/Data-Analytics-and-Research/Pediatric-Analytic-Solutions/Pediatric-Health-Information-System

