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Abstract Objectives This study aimed to test whether early oxygenation failure severity
categories (absent/mild/moderate/severe) were associated with health-related quality
of life (HRQL) deterioration among children who survived sepsis-related acute respira-
tory failure.
Methods We performed a secondary analysis of a study of community-acquired
pediatric septic shock, Life After Pediatric Sepsis Evaluation. The primary outcome was
an adjusted decline in HRQL � 25% below baseline as assessed 3 months following
admission. Logistic regression models were built to test the association of early
oxygenation failure including covariates of age and nonrespiratory Pediatric Logistic
Organ Dysfunction-2 score. Secondarily, we tested if there was an adjusted decline in
HRQL at 6 and 12 months and functional status at 28 days.
Results We identified 291 children who survived to discharge and underwent invasive
ventilation. Of those, that 21% (61/291) had mild oxygenation failure, 20% (58/291) had
moderate, and 17% (50/291) had severe oxygenation failure. Fifteen percent of children
exhibitedadecline inHRQLof at least 25% fromtheir baselineat the3-month follow-up time
point. We did not identify an association between the adjusted severity of oxygenation
failure and decline in HRQL � 25% at 3-, 6-, or 12-month follow-up. Children with
oxygenation failure were more likely to exhibit a decline in functional status from baseline
to hospital discharge, but results were similar across severity categories.
Conclusion Our findings that children of all oxygenation categories are at risk of HRQL
decline suggest that those with mild lung injury should not be excluded from
comprehensive follow-up, butmore work is needed to identify those at the highest risk.
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Introduction

In 2015, the Pediatric Acute Lung Injury ConsensusConference
(PALICC) created a definition for pediatric acute respiratory
distress syndrome (PARDS), which stratifies disease severity
based on oxygenation index (OI) or oxygenation saturation
index (OSI).1 These severity indices measured early in the
disease are associated with in-hospital mortality and ventila-
tor-free days.1–3 The PALICC authors also recommended that
“physical, neurocognitive, emotional, family, and social func-
tion be evaluated within 3 months of hospital discharge for
children who survive moderate to severe PARDS.”4 However,
no studies have evaluated the association between these
severity categories and long-term health-related quality of
life (HRQL) in survivors after PARDS or respiratory failure.

Acute respiratory failure and PARDS are often caused by
sepsis—accounting for 19% of all PARDS cases and 34% of
PARDS deaths.5 The multicenter, longitudinal clinical and
outcome data from Life After Pediatric Sepsis Evaluation
(LAPSE) investigation provides a rigorously collected data set
of children with septic shock-associated acute respiratory
failure. We sought to identify whether the severity of oxygen-
ation failure as measured by oxygenation indices is associated
with a child’s HRQL and functional status after hospitalization
in children with respiratory failure associated with sepsis.
Specifically, we hypothesized that more severe early oxygen-
ation failurewouldbeassociatedwith a�25%decline inHRQL.
If these early indices are associatedwith long-term functional
and HRQL outcomes, they may be useful in risk stratification
and targeting resources during and after the hospitalization
toward those most at risk for impaired recovery.

Materials and Methods

Data Source
This studywas determined to be exempt fromhuman subjects
review by the University of Michigan Institutional Review
Board (HUM00179778). We conducted a secondary analysis
of the LAPSE study: a prospective cohort study conducted at
12 U.S. academic pediatric intensive care units (PICUs) that
enrolledchildrenwith community-acquired septic shock from
2013 to 2017 (NCT01415180; R01HD073362). LAPSE defined
septic shock as two or more systemic inflammatory response
syndrome criteria, documented or suspected infection, and
need for fluid resuscitation and vasoactive-inotropic support
within 72hours.6

Study Population
Childrenwere included in this secondary analysis if they had
community-acquired septic shock and required invasive
mechanical ventilation. We are unable to determine if the
children enrolled in LAPSE met all criteria for PARDS due to
the absence of chest radiograph data. We chose to only
evaluate the outcomes of children who survived to hospital
discharge to understand the association of early oxygenation
severity with after-hospital recovery, since it is established
that oxygenation severity is associated with mortality. Only
patients with a baseline assessment and at least one follow-

up assessment were included in the HRQL outcome models.
We excluded patients whose highest level of respiratory
support was noninvasive ventilation. The presence of chronic
comorbid conditions were assessed according to the Pediat-
ric Medical Complexity Algorithm.7

Exposures
Our primaryexposure of interest was the oxygenation failure
severity category encountered on the day of PICU admission
(day 0) or the following day. LAPSE study sites recorded
respiratory parameters including OI and/or OSI twice
daily (0800, 2000). OI is defined as

.

OSI is defined as

for SpO2 values�97%. A four-category variable indicating the
severity of oxygenation failure (absent/mild/moderate/
severe) was created. We stratified severity consistent with
the PALICC recommendations for PARDS (mild: 4 � OI<8 or
5 � OSI<7.5, moderate: 8 � OI<16 or 7.5 � OSI<12.3,
severe: OI � 16 or OSI � 12.3).1 We used the highest OI, or if
the OI was unavailable, the highest OSI during the first two
study days.

Outcomes
Theprimaryoutcomewasapersistent, seriousdeterioration in
HRQL, defined as a decline � 25% below baseline as assessed
3months following admission for the sepsis event—consistent
with the primary study.6 LAPSE investigators evaluated HRQL
at baseline, 7 days, 28 days, 3 months, 6 months, and
12months.6,8Ourprimaryendpointof interestwas thechange
in HRQL at 3 months because this was felt to represent a
patient-centered, clinically significant outcome.9 The HRQL
instruments used were the Pediatric Quality of Life Inventory
4.0 Generic Scale, infant and pediatric versions (PedsQL),10 or
the Stein-Jessup Functional Status II-Revised (FS II-R) instru-
ments.11 LAPSE investigators cited prior experience that
PedsQL may not accurately assess children with a severe
developmental disability, so they offered FS II-R as an alterna-
tive if parents preferred this instrument.6 Surveys were com-
pleted standardly by parent-proxy through a Web-based
system but could also be completed by text message or
telephone interview. Both outcome measures utilize a scale
of 0 to 100, with 0 being the worst outcome.

Secondarily, we assessed the change in HRQL at 6 and
12 months relative to the premorbid baseline. We were also
interested in reporting the proportion of patients who
failed to return to their premorbid baseline HRQL. Since
the accepted minimally important clinical difference in
PedsQL is 4.5 points,10 we created a binary outcome of
whether or not each patient returned to within 4.5 points of
their baseline HRQL measure to identify return to baseline.
There is no accepted minimally important clinical differ-
ence for FS II-R, so we used a return to within 4.5 points of
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baseline measure as baseline for consistency across patients
as previously done.8

Another secondary outcome was the development of a
new functional morbidity assessed at discharge or hospital
day 28. Previous work has defined this as a decline in the
Functional Status Scale (FSS) � 3 from baseline.12,13 The FSS
evaluates six domains of functioning from 1 (normal) to 5
(very severe dysfunction) for a total score of 6 to 30, with
higher scores indicating more dysfunction.8 LAPSE research
staff assessed FSS at baseline, day 7, and day 28 or hospital
discharge, whichever came first.8

Statistical Analyses
Descriptive statistics of all demographic variables (including
frequency distributions or medians and interquartile ranges
[IQRs]) were conducted. Bivariate analyses of cohort charac-
teristics were conducted with the Kruskal–Wallis test for
continuous variables or Pearson’s chi-squared for categorical
variables.

We assessed whether early oxygenation severity was asso-
ciatedwith�25%decline inHRQL frombaselineat3monthsby
buildinga logistic regressionmodel.We included four-category
oxygenation severity (absent/mild/moderate/severe) as an in-
dependent variable. A priori, we decided to adjust for patient
age and the first collected nonrespiratory Pediatric Logistic
Organ Dysfunction-2 score (PELOD-2).14,15 Nonrespiratory
PELOD-2was chosen to evaluatewhether oxygenation severity
was reflective of overall illness severity and extrapulmonary
organ dysfunction or an independent risk factor.

Secondarily, we built separate logistic regression models
to test whether early oxygenation severity was associated
with � 25% decline in HRQL from baseline for the 6- and 12-
month follow-up time points. To test whether oxygenation
severity was associated with functional status decline, we
created a logistic regression model including a covariate of
nonrespiratory PELOD-2 and outcome of FSS increase� 3.9,16

We also performed a post hoc exploratory analysis testing
the association of the highest oxygenation failure severity
category with the primary outcome at 3, 6, and 12 months.

Analyses were completed using Stata 16 (StataCorp, Col-
lege Station, Texas, United States).

Results

Participants and Participant Characteristics
Of the 389 unique patients in the LAPSE cohort, 89%
(348/389) received invasive mechanical ventilation. Hospital
mortality was 7.0% for those without oxygenation failure,
8.7% for mild, 10.1% for moderate, and 16.4% for severe
oxygenation failure, respectively (p¼0.19). A total of 291
children received invasive mechanical ventilation, complet-
ed a baseline HRQL assessment, and survived to hospital
discharge. Of those 291, 122 (42%) did not meet oxygenation
failure criteria, 61 (21%) had mild, 58 (20%) had moderate,
and 50 (17%) had severe oxygenation failure (►Table 1) in the
first two study days. Full cohort characteristics (including
those who did not survive to discharge and did not complete
baseline assessment) are shown in►Supplementary Table S1

(online only). Among survivors, the median PICU length of
stay was 9 days (IQR 5–15 days). The median first day of
mechanical ventilation in all oxygenation failure severity
categories was day 0 (IQR 0–0 days). The median duration of
mechanical ventilation was 8 days (IQR 4–12 days). Of the
291, 178 had a parent or guardian who completed HRQL
assessment at the 3-month time point (108 PedsQL and 70 FS
II-R), 154 had a 6-month completed assessment (91 PedsQL
and 63 FS II-R), and 145 patients had a 12-month completed
assessment (90 PedsQL and 55 FS II-R).

Health-Related Quality of Life
At 3 months, 15% (27/178) of patients with acute respiratory
failure who survived to discharge exhibited a persistent,
serious deterioration in HRQL of at least 25% from their
baseline (the primary endpoint). When we stratify by early
oxygenation severity, 16% (12/73) of patients without oxy-
genation failure demonstrated � 25% decline in HRQL at the
3-month time point, compared with 8% (3/36) of patients
with mild oxygenation failure, 13% (5/38) of children with
moderate respiratory failure, and 23% (7/31) of patients with
severe oxygenation failure. However, in logistic regression
models including nonrespiratory PELOD-2 and patient age,
we did not find an association between the severity category
(absent/mild/moderate/severe) and � 25% decline from
baseline at 3 months (►Table 2).

The proportion of patients with at least 25% decline at the
3-month time point was similar to the proportion at the 6-
and 12-month time points (11 and 12%, respectively,
p¼0.52) (►Fig. 1A). In a secondary analysis, we did not
find an association between the severity of oxygenation
failure and � 25% decline in HRQL at the 6- and 12-month
time points.

Thirty-seven percent (65/178) of patients with acute respi-
ratory failure had not returned to their baseline HRQL at
3 months. In a logistic regression model including age and
nonrespiratory PELOD-2, we did not observe an association
between oxygenation severity categories and failure to return
to the baseline HRQL at the 3-, 6-, or 12-month time points
(►Supplementary Table S2, online only) (►Fig. 1B). When
stratifying the 291 survivors with respiratory failure by the
highest severity category achieved in a post hoc exploratory
analysis, therewasnoassociationwith severity categoryat any
time point (►Supplementary Table S3, online only).

Functional Status
The baseline FSS was similar across severity categories
(►Table 1). At hospital discharge or day 28 (whichever
came first), the percentage of patients with a new functional
morbidity (a functional status decline � 3 points from
baseline) was 15% for those without oxygenation failure,
28% for those with mild, 28% for those with moderate, and
31% with severe oxygenation failure (►Fig. 2). In a logistic
regressionmodel including age and nonrespiratory PELOD-2,
mild, moderate, and severe categories were associated with
new functional morbidity when compared with those with-
out oxygenation failure; however, there were no differences
between mild, moderate, or severe categories (►Table 3).
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Table 1 Characteristics of children with septic shock and respiratory failure who survived to hospital discharge

Characteristics Oxygenation
failure absent
(n¼122)

Mild oxygenation
failure (n¼61)

Moderate
oxygenation
failure (n¼58)

Severe
oxygenation
failure (n¼50)

Sex, n (%)

Male 63 (52) 32 (52) 37 (64) 28 (56)

Female 59 (48) 29 (48) 21 (36) 22 (44)

Age in years, median (IQR) 6.7 (2.5–13.3) 4.4 (1.4–11.5) 4.6 (1.2–11.8) 7.2 (1.6–12.4)

Race/Ethnicity

American Indian/Alaskan Native 4 (3%) 2 (3%) 2 (3%) 0 (0%)

Asian 7 (6%) 2 (3%) 3 (5%) 3 (6%)

Black or African-American 29 (24%) 6 (10%) 10 (17%) 14 (28%)

White 73 (60%) 48 (79%) 40 (69%) 32 (64%)

Native Hawaiian or Other
Pacific Islander

2 (2%) 0 (0%) 0 (0%) 1 (2%)

Unknown/Not reported 10 (8%) 6 (9%) 4 (7%) 2 (4%)

Baseline HRQL measure, median (IQR)

PedsQL (n¼180) 82.6 (68.8–94.0) 79.7 (63.0–90.7) 82.7 (72.8–92.3) 80.6 (68.8–97.2)

FS II-R (n¼111) 67.6 (60.7–85.7) 64.3 (53.6–85.7) 64.3 (57.1–78.6) 75.0 (60.7–85.7)

Baseline FSS, median (IQR) 7 (6–12) 7 (6–11) 6 (6–8) 6 (7–13)

Arterial lactate (mmol/L), median (IQR)

Day of PICU admission (n¼155) 3.2 (2–5.1) 1.6 (1.1–3.1) 2.3 (1.4–4.1) 3.1 (1.6–5.5)

Highest value (n¼233) 3.2 (2–5.3) 2.2 (1.4–3.4) 2.6 (1.8–4.4) 3.1 (2.3–7.6)

Vasoactive-inotropic score, median (IQR)

Day of PICU admission (n¼283) 5 (0–12) 2 (0–12) 2.5 (0–10) 4 (0–15)

Highest value 10 (5–20) 10 (5–18) 10 (5–20) 15 (8–28)

Medical history, n (%)

Immunocompromised 22 (18) 4 (7) 6 (10) 9 (18)

Congenital immunodeficiency 3 (6) 0 (0) 0 (0) 1 (4)

Bone marrow/SCT 1 (2) 0 (0) 0 (0) 0 (0)

Malignancy 3 (6) 0 (0) 2 (8) 4 (17)

Rheumatologic disease 2 (4) 0 (0) 0 (0) 1 (4)

Sickle cell disease 2 (4) 0 (0) 0 (0) 0 (0)

Medical complexity algorithm category

No chronic comorbid conditions 59 (48%) 27 (44%) 37 (63%) 22 (44%)

Chronic comorbid conditions (noncomplex) 4 (3%) 5 (8%) 4 (7%) 4 (8%)

Chronic comorbid conditions (complex) 59 (48%) 28 (46%) 17 (29%) 24 (48%)

Baseline tracheostomy, n (%) 12 (10) 3 (3) 3 (5) 5 (10)

Adjunct respiratory support

Neuromuscular blockade 88 (72%) 51 (84%) 48 (83%) 45 (90%)

Days of neuromuscular blockade 1 (0–3) 2 (1–3) 3 (1–6) 5 (2–7)

HFV 6 (5%) 2 (3%) 3 (5%) 11 (22%)

ECLS 2 (2%) 2 (3%) 3 (5%) 7 (14%)

Mechanical ventilation days, median (IQR) 6 (4–10) 7 (5–12) 9.5 (6–15) 16 (10–27)

PICU LOS (d), median (IQR) 8 (5–12) 8 (6–15) 10 (8–14) 17.5 (11–28)

Hospital LOS (d), median (IQR) 15 (8–24) 15 (10–23) 16.5 (12–25) 28 (16–44)

Abbreviations: ECLS, extracorporeal life support or ventricular assist device; FS II-R, Functional Status II-Revised; FSS, Functional Status Scale; HFV,
high frequency ventilation; HRQL, health-related quality of life; IQR, interquartile range; LOS, length of stay; PedsQL, Pediatric Quality of Life
Inventory 4.0; PICU, pediatric intensive care unit.
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Discussion

In this analysis of survivors of septic shock with respiratory
failure, we found that impairment in HRQL is common, with
at least one in five children not returning to their premorbid
HRQL. We failed to show an association between early
oxygenation failure severity categories and a decline in 3-,
6-, or 12-month posthospitalization HRQL. The presence of
hypoxemic respiratory failure was also associated with new
functional morbidity at hospital discharge, but this was not
significantly different between the oxygenation failure se-
verity categories. This analysis of children with septic shock
and acute respiratory failure suggests that children with
any degree of oxygenation severity (mild, moderate, or
severe) may have an enduring risk of HRQL decline.

The proportion of children with a>25% decline in HRQL
and failure to return to baseline HRQL was notably similar at
the 3-, 6-, and 12-month follow-up time points. This finding
is consistent with previous studies of long-term outcomes
demonstrating a strong correlation between 3- and 12-
month outcomes.17 Additionally, in all severity categories,
even among those with absent or mild hypoxemia, at least

Table 2 Multivariable logistic regression models for> 25% decline in HRQL from baseline at 3, 6, and 12 months

Follow-up time point

3 mo (n¼178) 6 mo (n¼ 154) 12 mo (n¼145)

Adjusted odds ratio (95% CI) Adjusted odds ratio (95% CI) Adjusted odds ratio (95% CI)

Oxygenation failure severity

Absent Ref Ref Ref

Mild 0.65 (0.16–2.61) 0.85 (0.16–4.56) 0.50 (0.10–2.55)

Moderate 0.85 (0.26–2.77) 0.76 (0.14–4.01) 0.69 (0.17–2.80)

Severe 1.59 (0.54–4.71) 2.17 (0.64–7.28) 1.09 (0.30–3.96)

Abbreviations: CI, confidence interval; HRQL, health-related quality of life.
Note: Models adjusted for patient age and Pediatric Logistic Organ Dysfunction-2 score.

Fig. 1 The percent of children � 4.5 points or � 25% below baseline health-related quality of life measure at each follow-up time point. The
denominator for the percentage shown is the number of children completing assessments at each time point: 3-month, n¼ 178; 6-month,
n¼ 154; 12-month, n¼ 145.

Fig. 2 The percent of children with new functional morbidity (� 3
point increase in Functional Status Scale) at hospital discharge or day
28; absent n¼ 122, mild n¼ 61, moderate n¼ 58, severe n¼ 49.
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one in five children failed to return to their prehospital
baseline HRQL by 3 months after their illness, which is
also consistent with previous studies in pediatric respiratory
failure and community-acquired sepsis.18,19While this find-
ing is limited by the loss to follow-up in the study, it suggests
that the window for screening and intervention may be
sooner than 3 months after discharge and so it is essential
to establish reliable early postdischarge follow-up.

We hypothesized that the degree of early oxygenation
failure would be associated with a decline in HRQL in part
because the degree of oxygenation failure as determined by
oxygenation indices has been associated with mortality.1 The
recommendation from PALICC authors to follow the physical,
neurocognitive, and emotional development in those with
moderate or severe PARDS had strong consensus agreement.
Similarly, other analyses of this cohort have shown that
markers of disease severity, such as severe acute kidney injury,
are associated with impaired HRQL after a hospitalization.9

However, our study failed to show that oxygenation severity
categories were reliably associated with a persistent, serious
decline in HRQL. When stratifying patients by the highest
severity level achieved, we still failed to find an association
between oxygenation failure severity. This suggests that those
with mild disease should not be excluded from screening for
impairments in HRQL based on oxygenation severity alone.

At present, pediatric intensivists do not have reliable early
ways of identifying which patients are at risk for impaired
recovery in physical, cognitive, emotional, and social health,
but recognize impairment is common.20 Importantly, this
study evaluated children requiring mechanical ventilation
who all met criteria for community-acquired septic shock.
There are many potential etiologies and pathways that can
lead to acute lung injury and it is possible that other etiolo-
gies of respiratory failure would demonstrate an association
between oxygenation failure severity and HRQL outcomes.21

Given the heterogeneity of patients who develop respiratory
failure and lung disease, predicting which children are at risk
of morbidity after respiratory failure likely should involve a
comprehensive evaluation of baseline risk factors, in-hospi-
tal practices, and after-discharge supports.

The presence of oxygenation indices meeting criteria for
PARDS was associated with new functional morbidity at hos-
pital discharge or day 28 in this cohort. Overall, 29% of patients

in the severe oxygenation failure category revealed significant
deterioration in functional status at 28 days compared with
11% of patients without hypoxemia. However, the rate of new
morbidity between severity categories was not significantly
different. Interestingly, duration of ventilation and intensive
care unit (ICU) length of stay varied predictably across the
severity categories—thosewith severehypoxemia required the
longestdurationof ventilation andPICU stay.However, the lack
of difference between oxygenation failure groups in the acqui-
sition of newmorbidity suggests that the relationship is more
complex than severe lung injury having longer ICU courses and
therefore higher morbidity. As knowledge of the long-term
impact of a critical illness grows, it becomes increasingly
important to identify whether there are modifiable aspects
of intensive care delivery that can mitigate this impact.

This study has several limitations. The ability to interpret
HRQL outcomes is limited by the children lost to long-term
follow-up. It is plausible that these patients have important
differences (patients who have worse outcomes or difficult
recovery may be less likely to respond to follow-up).22,23 It is
possible that our inability to find an association in this study
is due to the small number of patients in each cohort. Long-
term follow-up studies in pediatric critical illness should
continue to look for ways to engage families in the research
process and minimize patient attrition.24,25 Importantly,
because chest radiographs were not collected in the original
study, it is unknownwhether these patients would meet full
diagnostic criteria for PARDS. While we are unable to deter-
mine whether these children would have the radiographic
findings consistent with PARDS, most patients appear to
have met the other PARDS criteria (timing is acute in onset
and degree of oxygenation failure measured by OI or OSI).
Because of the high numbers of patients with sepsis who
have respiratory failure, future studies would benefit from
understanding how the complete PALICC definition for
PARDS predicts long-term outcomes in sepsis patients.

Conclusion

Among children with community-acquired septic shock and
respiratory failure, impairment in HRQL is common. We did
not demonstrate a difference among those with mild, mod-
erate, or severe early oxygenation failure severity, suggesting

Table 3 Logistic regressionmodels for newmorbidity at discharge (Functional Status Scale increase greater than 3 points frombaseline)

FSS decline � 3

Unadjusted Adjusted for age and nonrespiratory PELOD-2

Odds ratio (95% CI) Odds ratio (95% CI)

Oxygenation failure severity

Absent Ref Ref

Mild 2.23a (1.05, 4.73) 2.21a (1.04, 4.73)

Moderate 2.20a (1.03, 4.72) 2.14 (0.99, 4.62)

Severe 2.55a (1.16, 5.60) 2.42a (1.09, 5.36)

Abbreviations: CI, confidence interval; FSS, Functional Status Scale; PELOD-2, Pediatric Logistic Organ Dysfunction-2 score.
ap< 0.05, n¼ 290.
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that follow-up efforts should include even those with mild
disease. Identifying those at risk should evaluate baseline
risk factors, in-hospital practices, and postdischarge support
and not rely solely on disease severity. Future studies and
post-ICU follow-up programs should screen for HRQL and
new morbidity after critical illness and monitor the impact
on longer-term child and family well-being.
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