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Abstract

Objective: To evaluate the association between fluid balance (FB) and health-related quality of
life (HRQL) among children at one month following community-acquired septic shock.

Design: Non-prespecified secondary analysis of the Life After Pediatric Sepsis Evaluation. FB
was defined as 100 x [(cumulative PICU Fluid Input — Cumulative PICU Fluid Output)]/PICU
Admission Weight]. Three subgroups were identified: Jow FB (<5%), medium FB (5%-15%) and
high FB (>15%) based on cumulative FB on days 0-3 of ICU stay. HRQL was measured at ICU
admission and one month after using Pediatric Quality of Life Inventory 4.0 Generic Core or
Infant Scales or the Stein-Jessop Functional Status Scale. The primary outcome was a composite
of mortality or >25% decline in HRQL one month after admission compared to baseline.
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Setting: Twelve academic PICUs in the United States.

Patients: Critically ill children between 1 month and 18 years, with community-acquired septic
shock who survived to at least day 4.

Interventions: None

Measurements and Main Results: 293 patients were included of whom 66 (23%) had low
FB, 127 (43%) medium FB, and 100 (34%) high FB. There was no difference in PRISM-III

scores (median 11 [6,17]), age (median 5[1,12]), or gender (47% female) between FB groups.
After adjusting for potential confounders and compared to medium FB, higher odds of mortality or
>25% HRQL decline were seen in both the low FB (OR 2.79 [1.20, 6.57]) and the high FB (OR
2.16 [1.06,4.47]), p 0.027. Compared to medium FB, low FB (OR 4.3 [1.62, 11.84} and high FB
(OR3.29 [1.42, 8.00]) had higher odds of >25% HRQL decline.

Conclusions: Over half of children who survived septic shock had low or high FB, which was
associated with significant decline in HRQL scores. Prospective studies are needed to determine if
optimization of FB can improve HRQL outcomes.

Keywords
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Introduction:

Severe sepsis affects over 75,000 children in the U.S. annually and is a significant
contributor to mortality and morbidity in childrenl-2. With improving mortality3 there is an
increasing proportion of children who survive sepsis, and functional outcomes and health-
related quality of life (HRQL) have become a greater focus for clinicians and researchers.
The Life After Pediatric Sepsis Evaluation (LAPSE) trial demonstrated the association
between illness severity and organ dysfunction markers with HRQL declines in survivors?,
yet did not include fluid balance as a marker of illness severity. Children with sepsis often
receive aggressive fluid resuscitation and are at risk of high fluid balance®.

Prior studies have shown an association between extent and timing of fluid balance

and associated adverse outcomes including increased risk of in-hospital mortality, longer
duration of mechanical ventilation, and development of acute kidney injury>—2. However,

the association between fluid balance and short term HRQL has not been evaluated. This
secondary analysis of the LAPSE study aimed to evaluate the association between fluid
balance and outcomes, including mortality and worse HRQL at 1 month follow up. We
hypothesized a priori that among children with septic shock, increased severity of positive
fluid balance over the first 4 days of PICU admission would be associated with mortality and
HRQL decline.

Research In Context

. Fluid balance is an important modifier of in-hospital outcomes in children
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. Understanding the association between fluid balance and health-related quality
of life is important because fluid balance is a modifiable factor that could be
optimized to improve these outcomes.

Materials and Methods

The LAPSE trial was a prospective observational study that evaluated the short and
long-term morbidity and mortality in children after community acquired septic shock.
Upon admission, patients were screened, enrolled, and had data collection as previously
published#1911 The LAPSE protocol was approved by either central or local institutional
review boards (eTextl). Informed consent was obtained by the parent or guardian of

each patient and assent at time of PICU discharge was also obtained if the patient was
developmentally able.

Children aged 1 month to 18 years old admitted with community acquired septic shock at 12
academic PICUs in the U.S between 2013-2017 were included in the LAPSE trial. Patients
were diagnosed with septic shock if they met the following inclusion criteria: documented or
suspected infection within 48 hours of hospital admission, at least 2 systemic inflammatory
response syndrome criteria (1 involving an abnormally high or low patient’s temperature or
white blood cell count), need for fluid resuscitation and vasoactive-inotropic support within
48 hours of PICU admission and 72 hours of hospital admission.

For this analysis, patients without complete assessment of fluid balance during the first 4
days of the PICU were excluded; these included those who withdrew consent or if they
experienced any of the following by day 4 of PICU admission: discharge from PICU,
receipt of renal replacement therapy, or death. We collected baseline clinical data including
demographics, proxy-reported pre-illness measurements of functional status measured by
the Functional Status Scale Score (FSS), and HRQL measured by Pediatric Quality of Life
Inventory 4.0 Generic Core Scales (PedsQL) or Peds QL Infant Scales or the Stein-Jessop
Functional Status Scale (FSII-R)12.13 based on pre-sepsis baseline status. Parents were able
to select the FSII-R if they felt the items in that scale were more appropriate for their child
with severe developmental delay or disability. Patients were classified based on the Pediatric
Medical Complexity Algorithm which characterizes children as having a “complex chronic
disease”, “non-complex chronic disease” and “no chronic disease”1415, These categories
were collapsed into “complex chronic disease” and “non-complex chronic disease or no
chronic disease” for analysis. Organ dysfunction and illness severity estimates including
PELOD-2 (Pediatric logistic organ dysfunction score)16 and PRISM-I11 (Pediatric Risk of
Mortality Score)l7 scores were collected by chart review. Diagnosis of early severe AKI was
made if a patient had serum creatinine elevation consistent with KDIGO (Kidney Disease:
Improving Global Outcomes) stage 2 or 3 on day 0 or 1 of PICU admission (termed day
0-1 stage 2-3 AKI)18. If no baseline serum creatinine was available, an estimated normal
glomerular filtration rate of 120ml/min/1.73m?2 was used to back calculate an estimated
creatinine, in line with previously validated methods10-19-21,
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Fluid Balance Definitions

Fluid balance (FB) was calculated daily as: FB= [(Net PICU Fluid Input — Net PICU Fluid
Output)/PICU Admission Weight] x 10022-25, FB was calculated daily for the first 4 days of
PICU admission (Days 0 — 3) and included only fluid administered within the PICU. Fluid
balance for any given day was defined as total fluid input-total fluid output from time of
PICU admission through the day of interest. Initial analysis showed a non-linear relationship
between FB and our outcome measures (eFigure 2), and thus we could not evaluate FB as

a continuous variable. Therefore, FB was divided into three categories based on inflection
points on this graph: cumulative FB <5% (/ow FB group), cumulative FB 5%-15% (medium
FB group), and cumulative FB >15% (Aigh FB group). We performed a secondary analysis
of the high FB group that evaluated on which day peak cumulative FB occurred and divided
these patients into three groups: Day 0-1, Day 2, Day 3.

HRQL Outcomes

Baseline HRQL measurements were obtained by parent-proxy assessments at study entry
as previously published and reflected the patient status during the month prior to severe
sepsis hospitalization 410.11, Both PedsQL and FSII-R were collected serially during the
year after PICU admission. For this analysis, we a priori chose HRQL data from 1 month
after PICU admission as the primary outcome because we hypothesized that this timepoint
would demonstrate the maximum effect of early FB perturbations. This timepoint had the
most available outcome data due to study design and loss to follow-up after the 1 month
point. Additionally, we believed later time-points (3 months, 6 months) to be more affected
by other factors such as hospital readmissions and other comorbidities. The persistence or
recovery from 1 month HRQL decline was evaluated at 3 months as a secondary outcome
measure. A decline of 25% in HRQL was chosen a prioribased on previous studies* and
because a 25% decrease in HRQL represents a severe deviation from pre-illness baseline.

Statistical Analysis

The cohort was characterized by the categories low, medium, and high degree of fluid
balance. Patient factors were summarized using median and interquartile range for
continuous variables and counts and percentages for categorical variables. The association
between continuous variables and the outcomes were analyzed using Kruskal-Wallis tests.
The association between categorical variables and the outcomes were analyzed using
Fisher’s exact test (Monte Carlo approximation). Cumulative FB and day of peak high FB
were evaluated as potential predictors in each of the regression models.

The primary outcome was defined a priori as a composite outcome of 28-day mortality

or >25% decline in HRQL at 1 month post-enroliment relative to pre-illness baseline.
Since the mortality rate was equivalent across all FB groups, post hoc analyses including
a secondary outcome of >25% decline in HRQL at 1 month was performed. Additional
secondary a priori outcomes included in-hospital outcomes such as 28-day ventilator free
days and PICU and hospital lengths of stay. Logistic regression was used to evaluate
potential associations between FB and binary outcomes such as mortality or >25% decline
in HRQL after adjusting for potentially confounding variables which were identified a
priori: age (<1 year, 1 to 11 years, =12 years), PRISM-I11 score, PMCA category, baseline
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HRQL, and early severe AKI. While prior reports evaluated AKI at any point within

28 days, we chose to focus on early day 0-1 AKI to evaluate the impact of early

AKI on HRQL changes. Reported statistics include odds ratios and corresponding 95%
confidence intervals (Cl). Linear regression was used to evaluate associations between FB
and continuous outcomes (ventilator-free days, hospital length of stay). Reported statistics
for linear regression included adjusted estimated effect size and 95% CI. Summaries and
analyses were performed using SAS (SAS Institute; Cary, NC).

There were 389 patients in the original LAPSE cohort: 14 were excluded because they
withdrew consent, 52 died or were discharged prior to day 4, and 30 were excluded for
receiving early renal replacement therapy (eFlgure 1). Table 1 depicts basic characteristics
and number of patients in each of the fluid balance groups. We included 293 patients (78%
of the original cohort): 66 (23%) were in the low FB group, 127 (43%) in the medium FB
group, and 100 (34%) in the high FB group (Table 1). The high FB group had a lower
median weight (14kg [9, 33], p <0.003). There was no difference in Day 0 PELOD score,
PRISM-I11 scores, or baseline Functional Status Scale scores amongst the three FB groups.
Within the high FB group, 14 had peak FB on day 0-1 (14%), 39 had peak FB on day 2
(39%), and 47 (47%) developed peak FB on day 3 of PICU admission (eTablel).

In univariate analyses 17/37 (46%) patients with low FB and 30/72 (42%) patients with high
FB either died or had >25% decline in HRQL at 1 month (Table 2). This decline persisted
at 3 month measurements in 47% of the overall cohort, 35% in low FB group, 63% in
medium FB group, and 43% in high FB group (Figure 1). There was no difference in one
month mortality or survival to hospital discharge and so the association between FB and our
primary outcome appeared to be driven by HRQL decline. In analysis of 1-month survivors,
the medium FB group had the lowest proportion of patients 11/76 (14%) who experienced a
>25% decline in HRQL compared to patients in either the high FB group (36%) or the low
FB group (41%), p 0.001. Patients in the high FB group also had the longest PICU lengths
of stay (12 days [7, 18]) and hospital length of stay (21 [15, 32]) while the low FB group had
the shortest durations of PICU stay (8 days [5,12]) and hospital lengths of stay (13 [ 8, 23]).
Sub-analysis showed no difference in any of these outcomes based on the day of peak high
FB development (eTable2).

In multivariable analyses adjusting for age, PRISM-111, PMCA, pre-illness baseline HRQL,
and day 0-1 stage 2-3 AKI, patients in the high FB group (OR 2.16 [1.06, 4.47]) and the
low FB group (OR 2.79 [1.20, 6.57]) had higher odds of mortality or >25% decline in
HRQL relative to the medium FB group (Table 3). Multivariable association of cumulative
FB with decline in HRQL >25% from baseline showed similar results: high FB group had
OR 3.29 [1.42,8.00] and low FB group had OR 4.31 [1.62, 11.84] for HRQL decline >25%.
For every 1 point increase in baseline HRQL, the odds of mortality or >25% decline HRQL
increased by 2 % (OR 1.02 [1.00,1.04], p 0.037) and the odds of >25% decline HRQL
increased by 3% (OR 1.03 [1.01, 1.06], p 0.009) among survivors.
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Further multivariable analysis was performed on the patients in the highest FB group (Table
4). Patients without complex chronic conditions had higher odds of mortality or >25%
decline in HRQL compared to patients with chronic complex PMCA (OR 3.40 [1.03, 12.43];
p 0.044). Multivariable analysis with >25% decline HRQL as the outcome showed similar
findings (OR 4.40 [1.18, 19.17]; p 0.027). For every 1 point increase in baseline HRQL, the
odds of mortality or >25% decline HRQL increased by 4% (Effect size 1.04 [95% CI 1.00,
1.08]; p 0.035).

After adjusting for age, PRISM-I11, PMCA, baseline HRQL, and day 0-1 stage 2-3 AKI,
the high FB group had an estimated average increase of 7 additional days of hospitalization
compared to the medium FB group (Effect size 7.09 [95% CI 1.57, 12.62]) (eTable3).
Higher PRISM-I11 scores and age <1 were independently associated with longer hospital
length of stays and fewer ventilator free days.

Among patients in the high FB group, multivariable analysis was performed to determine the
association with day of peak FB and outcomes (Table 4). After adjusting for age, PRISM-III,
PCMA category, baseline HRQL, and day 0-1 stage 2—-3 AKI, there was no difference in
mortality or >25% decline in HRQL, ventilator free days, or hospital length of stay amongst
the early, middle, or late FB groups.

Discussion:

In this prospective cohort study, a range of fluid balance was observed and both higher and
lower fluid balance were associated with worse outcomes relative to positive FB of 5-15%
in children with community-acquired septic shock. Among children with septic shock, one
in four patients with high FB and one in five patients with low FB developed a >25% decline
in HRQL at 1 month. High and low FB was associated with longer PICU and hospital
lengths of stay and poor post-discharge outcomes including HRQL decline. Nearly 90% of
the patients with high FB developed maximum FB on day 2 or 3 of PICU admission.

AT THE BEDSIDE:

. Both high and low fluid balance in children with septic shock is common and
associated with HRQL deterioration.

. Prospective studies are needed to determine if adverse HRQL outcomes are
modifiable as fluid balance is optimized.

This study adds to the literature evaluating HRQL changes after pediatric septic shock. Prior
studies have shown that functional outcomes, as measured by Pediatric Overall Performance
Category (POPC) were significantly worse at 28 days in nearly 1/3 of surviving children
compared to baseline28. Survivors also had significant alterations in neuropsychological
performance and educational difficulties?” and both parents and children were more likely to
suffer from post-traumatic stress disorder28-31. Given these studies, and ours which shows
the decline in HRQL after pediatric septic shock, identifying critical illness factors that

can improve these outcomes is imperative. Prior work has shown the association between
HRQL decline and AKI within 28 days1?, vasotropic-inotropic score, duration of mechanical
ventilation, use of renal replacement therapy or extracorporeal life support, in-hospital
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neurologic events, and in-hospital cardiopulmonary arrest*. While our study did not report
the association between AKI and HRQL decline, it may reflect the fact that we removed the
most severe cases of early AKI by excluding patients who died or required early CRRT. Our
study adds FB, which is a highly modifiable risk factor, to this list. Identifying patients with
non-optimal FB may influence fluid management decisions. For example, patients with low
FB may benefit from additional fluid resuscitation, while patients with high FB may require
earlier fluid de-resuscitation via fluid restriction, diuretic therapy, or renal replacement
therapy.

In addition to this study being the first to evaluate the association between fluid balance and
post-discharge HRQL, we also demonstrated the association between high fluid balance and
worse in-hospital outcomes in a specific pediatric sepsis population. A prior meta-analysis
evaluated the association between higher cumulative FB and adverse in-hospital outcomes,
including mortality and longer PICU length of stay. This meta-analysis only included 2
retrospective studies that evaluated children with sepsis and neither showed an association
with high FB and length of stay32-33. These findings differ from our findings as they used
different cut-offs to define high FB (25%33 and =10%>32) and had a higher mortality rate
(13%32 and 30%33) than our study which focused on survivorship. We therefore capture

a higher rate and number of survivors in our study and demonstrate that a higher, more
extreme FB cutoff was associated with adverse in-hospital outcomes (prolonged length of
stay). These findings are also consistent with the ARDSNet Clinical Trial which showed
increased ventilator free days and fewer ICU days in patients who received a more
conservative fluid management strategy34.

There are pathophysiologic explanations for the mechanism by which excessively high FB
could lead to deterioration in HRQL. Sepsis alters vascular endothelial permeability and
having high FB exacerbates fluid extravasation3°, which can lead to pulmonary edema
(fewer ventilator free days), acute kidney injury, and alterations in cerebral perfusion
pressure affecting neurologic function. Subcutaneous tissue edema, previously characterized
in patients with chronically high fluid balance3®, may also be seen in patients with sepsis
due to capillary leak leading to distorted tissue architecture, obstruction of capillary blood
perfusion, and altered tissue oxygenation3’. Tissue edema is likely exacerbated in settings of
high FB and may impair mobility and ability to participate in early rehabilitation, potentially
contributing to decline in physical function sub-score measured in HRQL instruments. This
association between high FB and HRQL decline may also be mediated by the association
between high FB and longer LOS. We also identified the association between low FB and
increased odds of mortality or HRQL deterioration, which may be due to inadequate fluid
resuscitation, potentially contributing to clinical and/or sub-clinical ischemia to numerous
organs and ultimately HRQL deterioration. The results of this study suggest that fluid can
be harmful when administered in quantities either too high or too low relative to a patient’s
requirements and objective assessments are needed to aid clinicians in fluid titration38-40,

High FB occurred on day 2 or 3 in almost 90% of patients in the high FB group. While
we did not see an association with late FB and outcomes, it highlights the different fluid
resuscitation and de-resuscitation patterns. Importantly, these patients had no difference in
PRISM-I11 scores or PELOD scores, suggesting similar baseline illness severity. However,
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ongoing fluids in excess of the patient’s individual requirements contributes to “fluid
creep”, which accounts for upwards of 30% of daily fluid intake in adult ICU patients*1.
Unrecognized fluids in the form of electrolyte replacements, antibiotics, and “keep venous
access open” fluids all contribute to fluid creep?! and are especially important contributors
to positive FB during the de-escalation phase of fluid management38. The importance of
the de-escalation phase was also seen in the adult ARDSnet trial: patients in conservative
fluid management group achieved a net negative fluid balance on ICU day 2 through a
combination of fewer fluid intake and higher diuretic doses. Fluid creep may also explain
the association between high FB and mortality in patients identified at lower risk based on
PERSEVERE biomarker testing in critically ill children with sepsis*2.

There are several limitations of this study. First, because this was a secondary analysis,

we are missing relevant fluid balance information prior to PICU admission and may have
underestimated or overestimated the severity of FB in some patients, which is a known
limitation in most of the literature evaluating FB. This may have resulted in patients being
misclassified into the FB groups and biased the results. Additionally, while previous studies
have shown that decline in HRQL improves but persists by 1 year after hospitalization,

we did not evaluate longer term changes in HRQL. Finally, despite our attempts to control
for potential confounding variables, there may have been confounding variables we did not
measure or include in our analyses.

35% in low FB group, 63% in medium FB group, and 43% in high FB group

Despite these limitations, our study has several strengths that add additional knowledge

to the field of FB. Our findings are generalizable as we evaluated a moderately large
prospective cohort that included critically ill children from 12 tertiary PICUs throughout the
U.S. Second, we had robust data describing enrollment assessments of HRQL at baseline
and assessed for numerous potential confounders. Additionally, our comparison groups had
similar estimated illness severity and mortality risk scores, which removed much of the
confounding that has been seen in other observational studies of FB.

In conclusion, over one third of children in this cohort with community acquired septic
shock developed high FB. High FB was an independent risk factor for composite outcome
of death or decline in HRQL scores, decline in HRQL score, and longer hospital length

of stay. Low FB was also shown to be an independent risk factor for death or decline in
HRQL scores. This study adds to the literature detailing the shorter-term adverse outcomes
associated with non-optimized FB. Future trials evaluating an optimal FB strategy are
needed. In addition to mortality and in-hospital morbidities, post-discharge outcomes like
HRQL scores must be measured to evaluate how to optimize HRQL as FB is augmented.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Percent of Patients Experiencing 3 Month Outcomes

Mortality or HRQL Decline at 3 months based on 1 month Outcomes and FB Category

Overall Cohort
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Figure 1:

Mortality or HRQL Decline at 3 months based on FB category and 1 month outcomes.
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