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Background: Although some pediatric sepsis survivors experience worsening health-related quality of life (HRQL), many return to their pre-illness HRQL. Whether children can improve beyond baseline is not known. We examined a cohort of pediatric sepsis survivors to determine if those with baseline HRQL scores below the population mean could exhibit ≥10% improvement and evaluated factors associated with improvement.

Methods: In this secondary analysis of the Life After Pediatric Sepsis Evaluation prospective study, children aged 1 month to 18 years admitted to 12 academic PICUs in the United States with community-acquired septic shock who survived to 3 months and had baseline HRQL scores ≤ 80 (i.e., excluding those with good baseline HRQL to allow for potential improvement) were included. HRQL was measured using the Pediatric Quality of Life Inventory or Stein-Jessop Functional Status Scale.

Findings: One hundred and seventeen children were eligible. Sixty-one (52%) had ≥ 10% improvement in HRQL by 3 months. Lower pre-sepsis HRQL was associated with increased odds of improvement at 3 months [aOR = 1.08, 95% CI (1.04–1.11), p < 0.001] and 12 months [OR = 1.05, 95% CI (1.02–1.11), p = 0.005]. Improvement in HRQL was most prevalent at 3 month follow-up; at 12 month follow-up, improvement was more sustained among children without severe developmental delay compared to children with severe developmental delay.

Interpretation: More than half of these children with community acquired septic shock experienced at least a 10% improvement in HRQL from baseline to 3 months. Children with severe developmental delay did not sustain this improvement at 12 month follow-up.
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INTRODUCTION

All-cause mortality after pediatric critical illness has declined over the past 4 decades with recently reported mortality rates of 2.4% in the United States (1). However, in-hospital mortality does not completely capture the extent of the impact of pediatric critical illness (2). Indeed, children who survive critical illness remain medically vulnerable with evidence of increasing rates of morbidity and mortality after discharge from the hospital through 3 year follow-up (3).

This phenomenon is also apparent among the subset of critically ill children who experience sepsis. In this setting, in-hospital mortality rates are 5–10% in developed nations, but the risk of morbidity and longer term mortality among survivors remain high (4). Both clinicians and families identify survival and health related quality of life (HRQL) to be the most important outcomes after pediatric critical illness with research increasingly focusing on these patient-centered outcomes (5).

Characterization of the trajectory of morbidity and mortality and examination of the associated critical illness risk factors for death and persistent, serious HRQL disability among pediatric sepsis survivors were the objectives of Life After Pediatric Sepsis Evaluation (LAPSE) investigation (1R01HD073362) (4, 6). Consistent with other studies suggesting long-term serious post-sepsis morbidity (7), 37% of the LAPSE cohort experienced a decrease in HRQL from baseline pre-sepsis at 3 months, and 35% remained below their baseline HRQL at 12 months (4). Yet, most survivors recovered to baseline HRQL. In this secondary analysis, we examined whether a subset of these children could not only recover but exhibit improvement in their quality of life. Secondarily, we determined risk factors associated with lack of improvement, providing essential information to guide future development of post-PICU interventions to optimize patient outcomes. We hypothesized that >10% of these children would not only recover but exhibit a ≥10% improvement from baseline pre-sepsis HRQL scores by 3 month follow-up, presuming that ICU and post-ICU medical interventions could effectively treat their pre-existing diseases and/or pathophysiologic processes. The primary objective of this study was to quantify the frequency of ≥10% HRQL improvement and evaluate the factors associated with this degree of improvement 3 months after sepsis in a secondary analysis of the LAPSE dataset. In addition, we evaluated the factors associated with ≥10% improvement after 12 months and described the trajectory of HRQL improvement from 3 to 12 months post-sepsis in these children.



MATERIALS AND METHODS


Design and Setting

This study is a secondary analysis of the LAPSE prospective cohort investigation. Twelve academic pediatric intensive care units (PICUs) in the United States recruited children for the primary study between January 1, 2014 through June 30, 2017. Institutional review boards across all study sites approved the study. Written permission was obtained from parents of all study participants.



Participants

Children were included in the LAPSE study if they were between the ages of 44 weeks gestation and 18 years, had documented or suspected sepsis or infection, and met at least 2 of the 4 criteria for systemic inflammatory response syndrome (including abnormal leukocyte count/differential and/or abnormal body temperature), cardiovascular organ dysfunction necessitating fluid resuscitation and vasoactive-inotropic infusion, and pulmonary organ dysfunction requiring invasive or non-invasive pressure support or mechanical ventilation that was initiated within 72 h of hospital admission and within 48 h of PICU admission. Children were excluded if any of the following conditions applied: unable to be enrolled within 48 h of admission or participate in long term follow up, previously enrolled, wards of the state, limitations of care including do not resuscitate (DNR) orders, thermal or electrical burns, or guardians/parents unable to speak English or Spanish. Further details of inclusion and exclusion criteria have been previously published (4, 6). In the primary study, 389 children were included; LAPSE subjects were included in this secondary analysis if they survived to 3 months and had complete baseline and 3 month HRQL data. LAPSE subjects were excluded if their baseline HRQL scores were >80 [i.e., excluding children with good baseline HRQL (8)], because discerning substantial post-sepsis HRQL improvement in children with good baseline pre-sepsis HRQL is limited due to ceiling effects (9) (i.e., children with good HRQL at baseline pre-sepsis cannot attain substantial improvement in HRQL at 3 months post-sepsis). So, we focused a priori on patients with HRQL scores ≤ 80, a score 20% below the maximum Pediatric Quality of Life inventory (PedsQL™) (10) or Stein Jessop Functional Status Score (FSII-R) (11). Importantly, the longitudinal validity of the PedsQL has been demonstrated, suggesting that exclusion of children with good baseline pre-sepsis HRQL would not result in a bias toward improved HRQL among the population over time (12, 13). Since diagnosis-specific information was not available at the patient level in this dataset, we utilized absence of pre-sepsis severe developmental delay (per parental assessment) as a proxy for childhood conditions with greater potential for HRQL improvement beyond baseline pre-sepsis.



Patient and Hospitalization Characteristics

Patient demographic data and data related to severity of illness [using Pediatric Risk of Mortality (PRISM) (14) and Pediatric Logistic Organ Dysfunction (PELOD-2) (15) scores], chronic comorbidities [using the Pediatric Medical Complexity Algorithm (PMCA) (16) and data from the Pediatric Health Information System1], immunodeficiency status, and baseline function [using Pediatric Cerebral Performance Category (PCPC) (17), Pediatric Overall Performance Category (POPC) (17), and the Functional Status Scale (FSS) (18)] were collected at study enrollment. Pre-sepsis global presence or absence of severe developmental delay was obtained from parental report at study enrollment. The Ten-Item Personality Inventory (19) was utilized to assess personality traits for children aged ≥14 years. Serial assessment of family functioning was achieved utilizing the Family Assessment Device (20), and parental psychosocial status was assessed utilizing the Brief Symptom Inventory (21, 22). Clinical data including PELOD-2 scores, occurrence of cardiac arrest, requirement of ICU related therapies (vasoactive inotropic medications, mechanical ventilation, extracorporeal life support, red cell transfusion, or renal replacement therapy), neurologic insult, and PICU and hospital lengths of stay were obtained from the electronic health record. Neurologic insult was defined as: (1) change in neurologic examination including anisocoria, pathologic breathing pattern, stereotypic or flaccid posture, autonomic storming, (2) seizure activity and/or abnormal electroencephalogram, (3) new anoxic-ischemic injury on brain imaging, or (4) treatment for increased intracranial pressure. Chronic comorbid conditions were defined by PMCA designations as: (1) significant chronic physical, mental, or developmental conditions expected to last at least a year affecting ≥ 2 body systems requiring health care resource utilization above the level needed for a healthy child and treatment/control of the condition and with the potential to be episodically or continuously debilitating; (2) progressive conditions associated with health deterioration and decreased life expectancy in adulthood; or (3) conditions requiring technology dependence for ≥ 6 months (16). These patient and hospitalization data were examined for association with improvement in HRQL following pediatric septic shock.



Health Related Quality of Life Outcomes

Parents of children who did not have severe developmental delay (per parental assessment) completed the PedsQL™, and parents of children with severely delayed development (per parental assessment) completed the FSII-R at study entry to determine the baseline pre-sepsis HRQL status (4, 6, 23). The term “baseline pre-sepsis” reflects the child's baseline status prior to admission for sepsis. Parents subsequently completed serial HRQL assessments at 3 and 12 months following PICU admission. Both instruments are validated, reliable, and internally consistent (10, 11). All scores are reported on a 0–100 scale with higher scores representing better HRQL. The minimal clinically important difference (MCID) is 4.5 points for the PedsQL™ (10). The primary outcome was a 10% improvement in HRQL, because it is a substantial improvement and is well-beyond the MCID for the PedsQL™. Although an MCID has not been established for the FSII-R, we used the same percentage increase from individual baseline FSII-R scores to define improved HRQL.



Statistical Analysis

Patient and hospitalization characteristics were summarized. The association of these characteristics with an improvement in HRQL from baseline to 3 months and baseline to 12 months was evaluated. Associations were evaluated with Fisher's exact-test for categorical variables and the Wilcoxon rank-sum test for continuous variables. Summary statistics reported are counts and percentages [n (%)] for categorical variables and median (Q1, Q3) for continuous variables.

In order to further assess predictors of improved HRQL at 3 months in children, logistic regression models were created. Variables at least marginally associated with improvement in univariable modeling (p < 0.20) were considered as candidates for inclusion in multivariable modeling if available for ≥ 90% of the cohort. A multivariable model was created using bidirectional stepwise selection with a criterion of p < 0.20 to enter and p < 0.05 to stay in the final model. This analytic approach was also taken to investigate predictors of improved HRQL at 12 months. This same approach was taken to investigate predictors of improved HRQL at 3 and 12 months in children with and without severe developmental delay by parental report. Analyses were performed using SAS 9.4 (SAS Institute; Cary, NC). P-values reported were based on two-sided alternatives and considered significant when < 0.05.

The primary analysis of this study was analyzed using a complete case analysis. However, because there was considerable loss to follow-up at 12 months, and more severe cases and worse outcomes at hospital discharge were associated with increased loss to follow-up, a complete case analysis showing the trajectory of quality of life over time would be significantly biased. Multiple imputation techniques were used with the intent to reduce this bias and to present HRQL trajectory from baseline pre-sepsis to the end of study follow-up 12 months later. Imputed datasets were created using a sequence of regression models in IVEware to account for correlations between variables. Imputed datasets contained the observed data along with data drawn from a posterior predictive distribution replacing missing values. This approach allowed us to more fully utilize the observed data while theoretically reducing bias.

Details regarding the imputation methods and statistical software used can be found in previously published LAPSE articles (4, 6). A notable difference is that a more robust number of multiple imputed data sets, n = 50, were generated for this investigation.




RESULTS

Among the 358 children from the primary LAPSE cohort who had complete baseline pre-sepsis HRQL data, 212 (59%) had a baseline pre-sepsis HRQL score ≤ 80; 184 survived to 3 months; and 117 of these children had complete 3 month data and were eligible for inclusion in this study (Figure 1). Overall, 62 completed PedsQL™, and 55 completed FSII-R. On average, children were aged 6.7 years and 46% female (Table 1). The majority of children had a complex medical condition (68%) and some degree of disability (78%). Baseline pre-sepsis HRQL scores were 64.3 (55.4, 75.0) [median (Q1, Q3)]. PRISM and PELOD scores were 10 (6, 16) and 8 (6, 11), and PICU duration of stay was 7.9 (5.0, 12.2) days.


[image: Figure 1]
FIGURE 1. Study Flow Diagram.



Table 1. Patient and hospitalization characteristics at baseline.
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Sixty-one children (52%) exhibited at least 10% improvement from pre-sepsis HRQL at 3 months. Children who improved and those who did not improve by at least 10% were not different with regard to age, sex, guardian education level, annual household income, medical complexity, pre-existing disability, functional status, or immunocompetence status (Table 2). Similarly, they did not differ with regard to severity of illness, need for intensive care unit-related therapies, PICU or hospital duration of stay, or occurrence of neurologic insult experienced during PICU stay. Notably, children with at least 10% HRQL improvement had a lower baseline pre-sepsis HRQL compared to those who did not improve, 60.7 (50.0, 69.2) vs. 70.5 (62.5, 75.9), p < 0.001. Parents of children whose HRQL improved had a lower overall Brief Symptom Inventory scale at day 28, 3.0 (0.0, 10.0) vs. 8.0 (3.0, 18.0), p = 0.02.


Table 2. Patient and hospitalization characteristics by improvement status at 3 and 12 months.
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Among the 117 children, 82 children had HRQL data (46 completed PedsQL™ and 36 completed FSII-R) available at 12 months. Of these, 39 children (48%) demonstrated at least 10% improvement in HRQL from their baseline pre-sepsis (Table 2). Children who exhibited at least a 10% HRQL improvement at 12 months had a lower baseline HRQL [60.7 (50.0, 73.1)] compared to children who did not improve at 12 months [71.4 (59.8, 76.1), p = 0.014] (Table 2).

In adjusted analyses, higher baseline HRQL (PedsQL™ or FSII-R) was associated with decreased odds of improvement in HRQL by 10% at 3 months [aOR = 0.93, 95% CI (0.90–0.96), p < 0.001] or in other words, for every unit decrease in HRQL at baseline, the odds of improved HRQL increased by 8% [aOR = 1.08, 95% CI (1.04–1.11), p < 0.001] (Table 3). Higher baseline pre-sepsis HRQL was also associated with a decreased odds of improved HRQL among children with available data at 12 months [aOR = 0.95 (0.90–0.98), p = 0.005] (Table 3). That is, for every unit decrease in HRQL at baseline, the odds of improved HRQL increased by 5% [aOR = 1.05, 95%CI (1.02–1.1), p = 0.005].


Table 3. Multivariable analyses of improved HRQL.
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Assuming that severe developmental delay would limit potential for HRQL improvement, we compared children with and without severe developmental delay per parental assessment. For children without severe developmental delay, higher baseline PedsQL™ was associated with lower odds of improved HRQL at 3 months [aOR = 0.94, 95% CI (0.89–0.98), p = 0.005] or in other words, for every unit decrease in baseline PedsQL™ the odds of improved PedsQL™ increased by 6% [aOR = 1.06, 95% CI (1.02–1.12), p = 0.005]. Lack of neurologic insult during PICU stay was associated with an increased odds of improved HRQL at 12 months [aOR = 3.57, 95% CI (1.1–15.5), p = 0.037] for children without severe developmental delay. Among children with severe developmental delay, lower baseline FSII-R and shorter PICU duration of stay were associated with an increased odds of improved HRQL at 3 months [aOR = 1.09, 95% CI (1.03–1.16), p = 0.002 and aOR = 1.06, 95% CI (1.01–1.14), p = 0.024, respectively]. Lower baseline FSII-R and male sex were both associated with an increased odds of improved HRQL at 12 months [aOR = 1.12, 95% CI (1.03–1.25), p = 0.005 and aOR = 12.5, 95% CI (2.3–100), p = 0.003, respectively] for children with severe developmental delay.

We also examined the trajectory of HRQL from baseline pre-sepsis to 12 months after sepsis, using multiple imputation to account for children with missing data. The number of children who exhibited at least 10% improvement in HRQL peaked by 3 months. By 12 months, fewer children maintained this degree of improvement, particularly among those with severe developmental delay (Figures 2A,B).


[image: Figure 2]
FIGURE 2. (A) Trajectory of HRQL For Children without Severe Developmental Delay*. The number of children without severe developmental delay who exhibited at least 10% improvement in HRQL peaked at 3 months (32 children) and decreased by 12 months (23 children). (B) Trajectory of HRQL for Children with Severe Developmental Delay*. The number of children without severe developmental delay who exhibited at least 10% improvement in HRQL peaked at 3 months (29 children) and decreased by 12 months (16 children). *Decrease in total frequency over time was due to death.




DISCUSSION

Consistent with our hypothesis, our data demonstrate that a substantial number of patients with community acquired septic shock admitted to a PICU exhibit improvement in HRQL. Specifically, 52% of children with baseline pre-sepsis HRQL scores at least 20% below maximal scores experienced a ≥10% improvement in HRQL from their baseline pre-sepsis to 3 months. A lower pre-sepsis quality of life was associated with increased likelihood of 10% improvement in HRQL at 3 and 12 month follow-up. Improvement in HRQL was most notable at 3 months; children without preexisting severe developmental delay sustained mild improvement during the first year of follow-up whereas those with preexisting severe developmental delay did not.

These data demonstrate that more than half of these pediatric sepsis survivors recovered and exhibited improvement in HRQL by ≥10% above baseline pre-sepsis at 3 months, an increase substantially greater than the MCID. Our analyses also reveal that 48% of these children continued to have ≥10% improvement in HRQL at 12 months. In an era where 90–95% of children with septic shock survive hospitalization, our data demonstrate that not only do children survive but many are resilient and some thrive.

Over the last couple decades, many pediatric and adult post-sepsis investigations have described ongoing morbidity, focusing on the Post-Intensive Care Syndrome (4, 7, 24, 25). In contrast, we hypothesized that >10% of the LAPSE cohort would have ≥10% improvement in HRQL above baseline pre-sepsis. Surprisingly, we found a much larger number of children with such improvement, and we identified factors associated with this degree of improvement. Baseline pre-sepsis HRQL was the factor most strongly associated with ≥10% improvement in HRQL, as lower pre-sepsis quality of life was associated with increased odds of improved HRQL at 3 and 12 months. One possible reason for this finding is that detecting a 10% HRQL improvement among children with pre-sepsis HRQL in the almost “good” range is limited by ceiling effects (9). Another possibility is that children with higher pre-sepsis HRQL were presumed to be more nearly normal, and were thus not discharged with the same degree of support or medical follow-up as children who have a lower pre-sepsis HRQL. Alternatively, these children (or their parents as proxy reporters) may exhibit HRQL response shifts which have been described in cancer survivors and epilepsy patients (26, 27). These shifts are changes in self-response that occur over time due to recalibration, reconceptualization, or reprioritization rather than due to true physiologic change (28). Parents of children with high baseline HRQL and parents of children with low baseline HRQL may experience varying degrees of response shifts and may differ in how they define good HRQL after a life threatening event.

We identified additional factors associated with improvement above baseline pre-sepsis HRQL during the first year after critical illness. Among the overall study cohort and children without severe developmental delay, neurologic insults during PICU stay were associated with a decreased odds of improved HRQL at 12 months, consistent with findings from other studies (29). This finding is intuitive and highlights the lasting sequelae of critical illness 12 months after PICU admission. Among children with severe developmental delay, decreased PICU duration of stay and male sex were associated with an increased odds of improved HRQL above baseline pre-sepsis at 3 and 12 months, respectively. Presumably, duration of stay is a proxy for illness acuity, severity of illness, physical and psychologic deconditioning, and/or overall impact of critical illness. The association of male sex with increased odds of improvement is unexpected, particularly considering that other high-risk pediatric populations (e.g., preterm infants and infants with congenital heart disease) have more favorable outcomes among girls (30, 31).

Notably, the trajectories of improvement for children diverge after peaking at 3 months. The patterns of recovery seen in our study suggest that more children without severe delayed development may exhibit sustained recovery compared to children with severe developmental delay. Children with severe developmental delay were presumably more susceptible to new medical problems or progression of their underlying disease or comorbid conditions. Consistent with our findings, Polic et al. described children with initial recovery in HRQL at 6 months after PICU admission, followed by relative plateaus by 12 months post-discharge (32). Similarly, other investigators found that children may exhibit a rapid rate of recovery up to 3 months post-discharge, but functional status deteriorates in some children over time (3, 29). Our data highlight that short durations of follow-up through 3 months of discharge may be falsely reassuring and not adequately representative of longer-term outcomes, particularly for children with severe developmental delay.

There were important limitations to our study. First, these patients were treated at large children's hospitals in the US, limiting generalizability to other populations. Second, we experienced 30% loss to follow-up at 12 months which may have introduced bias if the children lost to follow up differed from our study population. We used multiple imputation with the intent to reduce this bias for our HRQL trajectory analyses. However, our regression models did not use imputed datasets and reflect observed data only. Our data reflect the inherent difficulty associated with long-term PICU cohorts after discharge despite attempts to mitigate these logistical challenges, including monetary incentivization for participation (4). Expanding this study to include more diverse geographic regions and a larger sample size would further inform our understanding of the trajectory of HRQL after pediatric sepsis. Third, diagnosis-specific data and information regarding acute comorbid conditions were not available at the individual patient level precluding our ability to provide a physiologic rationale for why some of these children improved beyond baseline pre-sepsis HRQL other than the possibilities of effective therapies for pre-existing diseases or pathophysiologic processes. Although our cohort was similar to the overall cohort (which included children with higher baseline HRQL) with regard to age, gender, baseline PRISM and PELOD scores, immunocompromised status, duration of mechanical ventilation, and hospital length of stay, we did not have information regarding other factors such as specific co-morbid diseases, socioeconomic status, or access to health care that may have contributed to the observed improvement in HRQL. As such, we are unable to attribute the observed improvement in HRQL primarily to services rendered in the intensive care unit. Fourth, presence or absence of severe developmental delay was determined by parental assessment introducing a potential selection bias. However, the functional status scores (POPC and FSS) for children whose parents reported severely delayed development were consistent with severe disability or moderate to severe physical dysfunction, suggesting accurate categorization of developmental status by these parents. Fifth, use of parent-proxy report on the HRQL instruments is another potential source of bias. Nevertheless, patient-report among critically ill septic children is not practical as these children are typically limited in their capacity to provide self-reports (due to intubation, sedation, developmental delay, or young age), and parent-proxy report has been validated for the PedsQL (33).

In conclusion, more than half of children with community acquired septic shock and baseline pre-sepsis HRQL scores at least 20% below maximum scores experienced at least a 10% improvement in HRQL from baseline pre-sepsis to 3 months. Lower baseline HRQL was associated with an increased odds of improved HRQL at 3 and 12 months in these children. Improvement in HRQL was most prevalent at 3 month follow-up; by 12 month follow-up, fewer children with severe developmental delay exhibited sustained improvement compared to children without severe developmental delay. Our data underscore the importance of following children longitudinally after PICU admission.
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