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Abstract

Objectives: To evaluate post-discharge health resource use in pediatric survivors of septic shock 

and determine patient and hospitalization factors associated with health resource use.

Design: Secondary analyses of a multicenter prospective observational cohort study.

Setting: Twelve academic pediatric intensive care units.

Patients: Children ≥1 month and <18 years old hospitalized for community-acquired septic 

shock who survived to 1-year.

Interventions: None

Measurements and Main Results: For 308/338 (91%) patients with baseline and ≥ 1 post-

discharge survey, we evaluated readmission, emergency department (ED) visits, new medication 

class, and new device class use during the year after sepsis. Using negative binomial regression 

with bidirectional stepwise selection, we identified factors associated with each outcome. Median 

age was 7 years (IQR 2, 13), 157 (51%) had a chronic condition, and nearly all patients had 

insurance (private [n=135; 44%] or government [n=157; 51%]). During the year after sepsis, 128 

(42%) patients were readmitted, 145 (47%) had an ED visit, 156 (51%) started a new medication 

class, and 102 (33%) instituted a new device class. Having a complex chronic condition was 

independently associated with readmission and ED visit. Documented infection and higher sum of 

PELOD-2 hematologic score were associated with readmission whereas younger age and having 

a non-complex chronic condition were associated with ED visit. Factors associated with new 

medication class use were private insurance, neurologic insult, and longer PICU stays. Factors 

associated with new device class use were pre-admission chemotherapy or radiotherapy, pre-sepsis 

Functional Status Scale score, and ventilation duration ≥10 days. Of patients who had a new 

medication or device class, most had a readmission (56% and 61%) or ED visit (62% and 67%).

Conclusions: Children with septic shock represent a high-risk cohort with high resource needs 

after discharge. Interventions and targeted outcomes to mitigate post-discharge resource use may 

differ based on patients’ pre-existing conditions.
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Introduction

In the United States, more than 72,000 children are hospitalized with severe sepsis 

annually and hospitalization rates are increasing (1). Although survival rates have improved 

to 75-95%, retrospective studies using administrative databases suggest high rates of 

morbidities, hospital readmission, outpatient health resource use, and device acquisition 

(2–9). However, administrative data lack granular clinical information related to risk factors 

and outcomes, which may be enhanced by prospective clinical studies.
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The prospective cohort study, Life After Pediatric Sepsis Evaluation (LAPSE), was 

originally conducted to characterize mortality, health-related quality of life morbidity, and 

risk factors for poor outcomes in children with community-acquired septic shock (10, 11). In 

this study, we leveraged the rich clinical data from the survivors in the LAPSE cohort to 1) 

characterize post-discharge health resource use including hospital readmission, emergency 

department (ED) visits, new devices, and new medications and 2) identify patient and 

hospitalization risk factors associated with these outcomes. We hypothesized risk factors for 

readmission would be related to patient (e.g., chronic conditions) and hospitalization (e.g., 

duration of organ failure) factors.

Methods

The LAPSE study was conducted at twelve academic Pediatric Intensive Care Units 

(PICU) across the United States and a central or site-specific Institutional Review Board 

approved the study (Supplemental Digital Content (SDC), eText 1). Parents provided written 

permission for participation and patients with appropriate developmental capacity provided 

assent.

The LAPSE protocol has been previously published (10, 11). Briefly, PICU patients 

(2013-2017) were continuously screened by research coordinators, and patients with 

evidence of septic shock were eligible for participation. Septic shock was defined as 

infection (documented or suspected) with onset within 48 hours of hospital admission, at 

least 2 systemic inflammatory response syndrome criteria (necessitated inclusion of either 

abnormal leukocyte count or differential or abnormal body temperature), need for fluid 

resuscitation and vasoactive-inotropic support within 72 hours of hospital admission and 

48 hours of PICU admission. Sepsis care was not protocolized. Patients were categorized 

as having pre-existing complex chronic condition(s), non-complex chronic condition(s), 

or no chronic conditions based on the Pediatric Medical Complexity Algorithm using 

data collected within the pediatric health information system during the 3 years prior to 

index PICU admission (12). Baseline functional status was assessed using the Functional 

Status Scale (FSS) (13). Organ dysfunction was quantified by the Pediatric Logistic Organ 

Dysfunction-2 (PELOD-2) score (14). Neurologic insult was collected through chart review 

by trained research staff and defined as pathologic breathing pattern, stereotypic or flaccid 

posturing, seizure activity or abnormal electroencephalogram, new anoxic-ischemic injury 

on brain imaging, treatment for increased intracranial pressure, neurologic injury suspected 

by care provider, autonomic storming, or cardiopulmonary arrest or chest compressions. 

Health resource use data were collected at admission reflective of pre-admission baseline, 

Day 7, and Months 1, 3, 6, and 12 after enrollment by parent/guardian survey conducted 

centrally by the Seattle Children’s Research Institute.

For the current study, we included only participants who survived to 1 year after 

enrollment and had completed the baseline and at least one post-discharge health resource 

use survey. We evaluated surveys reflective of post-discharge status only. The primary 

outcomes were evaluated separately and included number of hospital readmissions, ED 

visits, new medication classes and new device classes during the year after discharge. 

Outpatient medications were classified based on Anatomic Therapeutic Category level 2 
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and individually reviewed (AM) to ensure classifications reflected most frequent use in 

children. When available data were insufficient to determine classification, the medication 

was excluded (SDC, eTable 1). New devices were individually reviewed (AM) and classified 

based on morbidity domain: respiratory, activity of daily living assistance, feeding, infusion/

access, urinary catheters, neurologic, communication, dialysis, or other. We identified 

the Area Deprivation Index (ADI), a validated measure of national percentile ranking 

of neighborhoods by socioeconomic disadvantage based on patients’ zip codes (15, 16). 

Percentile rankings are block grouped from 1-100 with higher numbers indicating higher 

disadvantage.

Statistical Analysis

Missing survey data were not imputed. Categorical data are reported as counts and 

percentages and continuous measures summarized using medians and interquartile ranges 

(IQR). To assess for potential bias, we compared the characteristics between children 

included in this investigation and those eligible for follow-up but excluded due to missing 

data. Negative binomial regression was performed to evaluate associations between patient 

and hospitalization characteristics with each of the four outcomes, with estimates reported as 

rate ratios (RR) and 95% confidence intervals (CI). Univariable analyses were performed to 

identify candidate variables for multivariable analyses. Variables were selected if they were 

available for >90% of the cohort and demonstrated potential associations with the outcome 

of interest, defined as p<0.20. Four outcome-specific multivariable models were developed 

using bi-directional stepwise selection with entry and exit criteria set at p≤0.20 and p≤0.05, 

respectively. We also compared the overlap of new medication class or device class with 

readmission and ED visit. All analyses were completed using SAS v9.4 (SAS Institute Inc., 

Cary, NC).

Results

The clinical cohort in the LAPSE study was 389 patients of whom 35 (9%) died during the 

hospitalization and 16 (4%) died during the one-year follow-up (SDC, eFigure 1). Of the 

338 survivors, 308 (91%) completed a baseline survey and at least one post-discharge survey 

and were included in this analysis (SDC, eTable 2). Children (n=30) who were excluded 

from the analysis due to missing data had a higher ADI representing higher socioeconomic 

disadvantage (85 [IQR 66, 94] versus 32 [IQR 15, 68], p=.006) and higher initial illness 

severity (day 1 PELOD score 10 [8, 11] versus 8 [6, 11], p=0.04) (SDC, eTable 3).

The median age of our cohort was 7 years (IQR 2, 13) (Table 1). One hundred forty (45%) 

patients had a complex chronic condition, 17 (6%) had a non-complex chronic condition, 

and 150 (49%) did not have a chronic condition. Fifty patients (16%) had an immune-related 

comorbidity, most often chemotherapy or radiation within the prior 3 months, malignancy, 

steroid use, or neutropenia (SDC, eTable 4). Nearly all patients had insurance, 135 (44%) 

had private insurance and 157 (51%) had government insurance. The range of disadvantage 

varied (median ADI 32 [IQR 15, 68]).

During the year after sepsis, 128 (42%) patients required hospital readmission including 

54 (18%) who had ≥ 3 readmissions. The median number of readmissions for readmitted 
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patients was 2.0 [IQR 1.0, 5.0]. Most patients (n=87, 68%) who experienced a readmission 

did so within 3 months (Figure 1). Similarly, 145 (47%) children had an ED visit during the 

year after discharge including 61 (20%) who had ≥ 3 visits. The median number of visits for 

patients who had an ED visit was 2.0 [IQR 1.0, 4.0]. Most patients (n=100, 69%) who had 

an ED visit did so within 3 months.

Factors associated with hospital readmission or ED visit in univariable analyses are reported 

in SDC, eTable 5. In multivariable analysis, having a complex chronic condition was 

independently associated with both hospital readmission (RR 1.96 [1.20, 3.21]) and ED visit 

(RR 1.86 [1.28. 2.70]) (Table 2). Whereas having a documented infection (RR 1.75 [1.09, 

2.84]) and higher sum of PELOD-2 hematologic score (RR 1.03 [95% CI: 1.00, 1.06]) were 

associated with readmission, younger age (RR 0.95 [0.92, 0.98]) and having a non-complex 

chronic condition (RR 2.29 [95% CI 1.11, 5.13] were associated with ED visits.

During the post-discharge year, 156 (51%) patients reported a new medication class with 

a median of 2.0 (IQR 1.0, 3.0) new medication classes amongst these patients (Table 3). 

Most frequently, new medications were over the counter drugs such as vitamins (n=36, 

12%) and those used to treat gastric acid-related disorders (n=24, 8%) and constipation 

(n=21, 7%) (SDC, eTable 1). New prescription medications during the year following 

admission were most commonly antiepileptics (n=29, 9%), systemic antibiotics (n=27, 

9%), and antithrombotic medications (n=17, 6%). Most patients (n=118, 76%) reporting 

a new medication class did so within 3 months (Figure 1). Use of a new device class after 

discharge was reported in 102 (33%) patients with median 1.0 (IQR 1.0, 2.0) new device 

classes reported amongst these patients. Most commonly, new device classes were devices 

related to respiratory (n=41, 13%), activities of daily living (n=40, 13%), and feeding (n=25, 

8%) impairments (Table 4 and SDC, eTable 6). Most patients (n=80, 78%) reporting a new 

device class did so within 3 months.

Factors associated with use of a new medication class or device class after discharge are 

reported in SDC, eTable 7. Factors independently associated with use of a new medication 

class were private insurance (RR 1.65 [95% CI 1.18, 2.31]), experiencing a neurologic insult 

during the PICU stay (RR 1.47 [95% CI: 1.24, 2.46]), and longer PICU stays (RR 1.01 [95% 

CI: 1.00, 1.02]) (Table 5). Factors independently associated with use of a new device class 

were chemotherapy or radiotherapy within the 3 months prior to admission (RR 2.48 [95% 

CI: 1.34, 4.54]), pre-sepsis FSS (1.05 [95% CI: 1.01, 1.09]), and duration of ventilation ≥10 

days (1.52 [95% CI: 1.04, 2.22]).

Children who required either a new medication class or new device were more likely to 

also require hospital readmission or ED visit (SDC, eTable 8). Of patients who had a new 

medication class after discharge, the majority required hospital readmission (n=87, 56%) 

or an ED visit (n=96, 62%). Of patients who had a new device class after discharge, the 

majority required hospital readmission (n=62, 61%) or an ED visit (n=68, 67%).
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Discussion

Using prospectively collected data, we determined that children who survive septic 

shock have high health resource needs after discharge. Approximately half of our cohort 

experienced a hospitalization or ED visit during the post-discharge year, half reported use 

of a new medication class, and one-third reported use of a new device class. Nearly all 

new health resource use was reported during the initial three months following discharge, 

identifying this period as particularly resource intensive. Patients who experienced post-

discharge encounters (hospitalizations or ED visits) were primarily characterized by pre-

existing factors such as chronic conditions and younger age. As such, these outcomes may 

be less likely to be modifiable or interventions may need to be tailored based on the patients’ 

pre-existing conditions. In contrast, having a new medication class was associated with 

PICU length of stay which may be a modifiable factor. Factors associated with a new 

device class were related to both patient and hospitalization characteristics. Finally, our 

data suggest a connection between new therapeutic needs (new medications and devices) 

and post-discharge encounters (hospital readmissions and ED visits). The interconnectedness 

of these outcomes suggests that there exists an identifiable post-discharge phenotype of 

patients who may benefit from close follow-up and novel interventions during the immediate 

post-discharge period.

Critical illness represents a period of extreme health vulnerability that can extend beyond the 

patient’s hospitalization (17, 18). In a study evaluating more than 4,000 hospitalizations for 

pediatric sepsis derived from an administrative database, nearly one in five patients required 

readmission within 30 days (5). Similar to our data, patients with chronic conditions suffered 

higher rates of readmission. The most common reasons for readmission within 30 days were 

maintenance chemotherapy, complications of a medical device, and sepsis. In a separate 

study, it is reported that 5% of children with severe sepsis acquired a new device (7). 

Accordingly, children experiencing sepsis with a pre-existing chronic condition, particularly 

those who require a new medical device after discharge are at high risk for rehospitalization. 

This finding is important as improved education or augmentation of post-discharge care may 

decrease readmission rates in this vulnerable cohort. Providing this post-ICU care in an 

equitable and family-centered manner may be facilitated by a model overlaid on the patient’s 

prior medical home (19).

The four health resource use outcomes in our study occurred predominantly during the 

months immediately after discharge. Readmissions during this period are often considered 

to be potentially preventable through improved care provision and coordination (20, 

21). The high proportion of patients who required new medications/devices represent an 

opportunity for care coordination and optimization. Adult intensivists are testing care 

coordination interventions that span the post-ICU inpatient and immediate post-discharge 

periods to ensure patients are receiving adequate treatment and therapies to enhance 

recovery and decrease hospital readmission (22–24). In a randomized pilot trial targeting 

patients at increased risk of readmission, intensivists tested a 10-component strategy 

initiated at the time of ICU discharge through the 30 days after discharge versus usual 

care (22). This multidisciplinary strategy involving inpatient education targeting post ICU 

recovery, outpatient support providing families with direct access to medical advice, and a 
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comprehensive post-discharge clinic evaluation resulted in a significant reduction in hospital 

readmissions and a longer time to readmission. Inpatient interventions appeared most 

effective as <15% of patients in the intervention group accessed post-discharge resources. 

Pediatric sepsis patients may benefit from a similar approach.

Alternatively, intervention strategies could target prevention during the PICU stay. Our data 

suggest that new devices were most frequently related to feeding or respiratory morbidities 

or impairments in activities of daily living (e.g., mobility). Risk factors associated with 

acquiring a new device class after discharge were pre-existing functional impairments, 

treatment with chemotherapy or radiotherapy and mechanical ventilation durations longer 

than 9 days. Trials of PICU-specific interventions (e.g., rehabilitation or ventilation 

strategies) targeting a high-risk cohort identified by these factors may be effective in 

decreasing morbidities requiring new device acquisition, an important and patient-centered 

long-term outcome (17, 25–27).

A key component to designing an effective interventional study is prognostic enrichment 

which requires identifying the population at highest risk of experiencing the study’s primary 

outcome (28). As suggested by our study, patients with pre-existing medical complexity are 

a targetable cohort due to their increased risk of experiencing a post-discharge encounter. 

While this is relevant from a clinical perspective as these patients may benefit from closer 

post-ICU follow-up care, this finding does not identify a pathway for intervention as the 

pre-illness state is not modifiable. Additionally, previous research suggests that less than 

15% of readmissions after pediatric sepsis were likely to be preventable through appropriate 

outpatient care, suggesting that hospital readmission may not be a modifiable long-term 

outcome for pediatric sepsis trials (5).

In contrast, our data demonstrate that several ICU-specific factors including duration of 

mechanical ventilation, neurologic insults such as delirium or ICU length of stay were 

associated with the post-discharge outcomes of new medication and device classes. As 

we develop a more comprehensive understanding of the biological mechanisms linking 

these risk factors to post-discharge outcomes, these associations may allow for predictive 

enrichment of interventional trials (28). For example, treatments targeting prevention of 

neurologic injury (e.g., delirium prevention) or liberation from mechanical ventilation or 

the ICU may decrease post-discharge health resource needs related to new medications or 

devices (29, 30). Conversely, our data also suggest that post-discharge medication use may 

be a less objective outcome due to its association with private insurance and the potential 

confounder that patients with private insurance may have enhanced access to healthcare.

Our study has several key limitations. We relied on parental report to obtain pre-admission 

and post-discharge health resource use data. As such, there is risk for recall bias or 

misrepresentation of medications or devices. We are limited in our ability to characterize 

the unplanned nature of the post-discharge encounters as we did not collect the reason for 

hospital readmission. Similarly, we did not collect post-discharge follow-up appointments, 

thus, we are unable to evaluate the relationship between post-discharge care and our study’s 

outcomes. Importantly, half of the children in our cohort had pre-existing conditions and 

post-discharge health resource use may have been related to their underlying diagnosis and 
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not directly related to sepsis. Additionally, children who were excluded from this analysis 

were more likely to live in more disadvantaged neighborhoods, limiting the generalizability 

of our findings. Finally, some patients did not have survey data from all post-discharge 

timepoints. By including patients with at least one post-discharge survey, we identified a 

minimum event rate, although we may not have accurately identified the total event rate.

Conclusions

Children experiencing septic shock are at high risk of hospital readmission, ED 

encounters, and need for new medications and devices, especially in the months following 

hospitalization. Our study provides further evidence that pediatric septic shock patients 

represent a high-risk cohort even after discharge from the hospital and identifies particularly 

high-risk sub-populations. Additional work is needed to understand which interventions 

during or following hospitalization reduce healthcare use with special attention to children 

with chronic conditions.
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At the Bedside Box

1. This study augments growing literature that identifies children who survive 

sepsis as a cohort at high risk of post-discharge health resource needs 

including post-discharge encounters, new medications, and device classes.

2. Post-ICU care should consider targeting patients based on pre-existing 

medical conditions and duration of ICU-level support and recognize that the 

months immediately following discharge are particularly resource intensive 

time periods for these patients and their families.

3. Patients who require treatment with an additional class of medications or new 

device class constitute a cohort at high risk of post-discharge encounters and 

likely represent a post-discharge phenotype appropriate for targeted post-ICU 

care.
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Figure 1. 
Cumulative proportion of patients who had a hospital readmission, emergency department 

visit, new medication class, or new device class at each survey timepoint during the post-

discharge year.
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Table 4.

Device classes at baseline and new during follow up

Device class Baseline New at follow-up

Respiratory 85 (27%) 41 (13%)

ADL-Assistance 59 (19%) 40 (13%)

Feeding 103 (33%) 25 (8%)

Infusion/Access 58 (19%) 19 (6%)

Urinary Catheters 28 (9%) 5 (2%)

Neurologic 20 (7%) 3 (1%)

Communication 12 (4%) 3 (1%)

Dialysis 6 (2%) 0 (0%)

Other 42 (14%) 10 (3%)

The table includes 12-month survivors with at least one post-discharge survey, N=308.
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