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Purpose: Pediatric sepsis guidelines recommend rapid intravenous fluid (IVF) bolus administration rates (BAR). Recent sepsis
studies suggest that rapid BAR may be associated with increased morbidity. We aimed to describe the association between emergency
department (ED) IVF BAR and clinical outcomes in pediatric sepsis.

Patients and Methods: Secondary post-hoc analysis of retrospective cohort data from 19 hospitals in the Pediatric Septic Shock
Collaborative (PSSC) database. Patients with presumed septic shock were defined by severe sepsis/septic shock diagnostic codes,
receipt of septic shock therapies, or floor-to-ICU transfers within 12 hours from ED admission for septic shock. Patients (2 months—21
years) with complete data on weight, antibiotic receipt, bolus timing, and bolus volumes were included. The primary outcome was 30-
day mortality. Associations between BAR and mortality and secondary (intubation or non-invasive positive pressure ventilation =
NIPPV) outcomes were assessed using unadjusted and adjusted logistic regression.

Results: The PSSC database included 6731 patients; 3969 met inclusion and received a median ED volume of 40.2 mL/kg. Seventy-
six (1.9%) patients died, 151 (3.8%) were intubated, and 235 (5.9%) had NIPPV administered. The median BAR was 25.7 mL/kg/hr.
For each 20 mL/kg/hr increase in BAR, the adjusted odds ratio (aOR) for 30-day mortality [aOR = 1.11 (95% CI 1.01, 1.23)],
intubation [aOR = 1.25 (95% CI 1.09, 1.44)], and NIPPV [aOR = 1.20 (95% CI 1.05, 1.38)] significantly increased.

Conclusion: Faster ED IVF bolus administration rates in this pediatric sepsis database were associated with higher adjusted odds of
death, intubation and NIPPV. Controlled trials are needed to determine if these associations are replicable.

Keywords: emergency department, mortality, intubation, collaborative

Plain Language Summary

When children get an infection, with symptoms like a fever or vomiting, they are usually able to recover from the illness within a few
days without any medical treatment. Some of these children have a more severe form of infection called septic shock that causes organ
failure and can be fatal. Septic shock treatment typically starts in the emergency department (ED) where children receive therapeutic
interventions such as intravenous fluid (IVF) boluses and antibiotics. An IVF bolus is a volume of fluids that is given rapidly into the
bloodstream. The speed at which these IVF bouses go into the bloodstream may be associated with better or worse outcomes for
children with septic shock. A group of nineteen EDs compiled a database that included the timing of various therapeutic interventions,
as well as several clinical outcomes, in a population of their pediatric patients with presumed septic shock. Our research team
retrospectively analyzed 3969 patients in this database. We discovered that patients who had received a higher amount of IVF volumes
over a shorter amount of time were more likely to die in the first 30 days after ED arrival and more likely to need a ventilator to help
them breathe effectively. This association of faster fluids with worse clinical outcomes requires further research to determine if the
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same findings would be found in other settings. If future research found similar findings, it would help clinicians determine the safest
speed to administer IVF to children with septic shock.

Introduction

Background
Pediatric sepsis is associated with significant morbidity and mortality, and recent evidence suggests that its prevalence is
rising.' > Severe sepsis and septic shock account for 4% of pediatric hospitalizations and 8% of intensive care unit (ICU)
admissions. Rates of in-hospital mortality in pediatric severe sepsis range from 9% to 21%.%° Initiation of timely, goal-
directed therapies for sepsis and septic shock has been shown to decrease hospital length of stay, organ dysfunction, and
death.*"10

While sepsis and septic shock cause high mortality rates in both adult and pediatric populations, treatment guidelines
differ between the age groups. Prior treatment guidelines for pediatric severe sepsis, at the time of this study’s design, had
recommended rapidly administering 20 mL/kg of an isotonic crystalloid or colloid fluids and repeating boluses, up to
a total of 60 mL/kg, over the first 10—15 minutes if hypoperfusion persists.''*'* Recent pediatric sepsis guidelines are
more fluid-restrictive but continue to recommend multiple boluses in the first hour, depending on whether there is access
to intensive care resources (up to 60 mL/kg) or no access to such resources (up to 40 mL/kg)."* '® In contrast, recent
adult guidelines advocate administering a more modest 30 mL/kg of crystalloid fluids over the first 3 hours of
resuscitation.'”

Importance

While prospective, outcome-based research into septic shock has fueled more conservative fluid administration for
adults, such evidence is largely lacking for pediatric severe sepsis.'®!'? Though guidelines exist on how much fluid
children should receive within the first hour, there is a paucity of literature to support these recommendations.'*'> There
are added concerns about the generalizability of these guidelines, as there is evidence of increased mortality with fluid
boluses in pediatric sepsis in resource-limited settings.”’ 2> While studies have demonstrated that overall fluid overload is
associated with increased mortality in pediatric sepsis, there is a lack of equipoise on fluid volume in the early therapeutic
window, or the optimal time to infuse the first bolus of volume, especially in resource-rich settings with access to
intensive care resources.”> >® Only one single-center study has specifically examined rates of early fluid bolus admin-
istration in pediatric septic shock, with mixed results as to clinical outcomes.”® An investigation that assesses the
association between fluid administration rates and mortality will provide guidance for prospective studies on pediatric
sepsis.

Goals of This Investigation

Using pediatric sepsis data from a multi-center, United States-based, pediatric emergency department quality improve-
ment collaborative, the objective of our study is to examine the relationship between early isotonic fluid bolus
administration rates (BAR) and 30-day mortality (primary outcome), and the relationship between early isotonic fluid
BAR and the need for intubation or non-invasive positive pressure ventilation (NIPPV) (secondary outcomes).

Materials and Methods
Study Design and Setting

The Pediatric Septic Shock Collaborative (PSSC) was formed by a group of investigators within the Section of
Emergency Medicine in the American Academy of Pediatrics (AAP) in collaboration with the Children’s Hospital
Association.>® Experts in pediatric sepsis care with diverse, multi-disciplinary backgrounds developed a comprehensive
change package that was consistent with evidence-based guidelines that included sepsis screening tools, educational
resources, shared sepsis definitions, and recommended consistent data definitions, although individual sites could
implement identification as their resources dictated.'**' The key drivers of care included rapid recognition, escalation
of care, first hour resuscitation goals, and transfer of care.
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The PSSC was comprised of nineteen United States-based pediatric emergency departments. The ED sites had
a median of 52,300 (IQR 33000, 69,100) annual visits. The affiliated hospitals, the majority (63%) of which were
freestanding children’s hospitals, had a median of 289 (IQR 159, 329) inpatient beds and 36 (IQR 23, 43) ICU beds.
Physician and nursing champions led the efforts at each local site. These leaders from across the collaborative used
established models to collaborate in monthly virtual webinar sessions and twice annually at half-day, in-person sessions

at national conferences.>?

Selection of Participants

The study period was from November 1, 2013, until May 31, 2016. The PSSC defined cases at collaborative sites with
any of the following a priori criteria: 1) any ICD codes consistent with severe sepsis or septic shock, 2) a positive sepsis
screening tool plus treatment with a sepsis care bundle (defined as >1 parenteral antibiotic, >2 boluses of isotonic fluid,
and obtainment of a blood culture), 3) sepsis care bundle treatment plus any of the following: use of vasoactive agent in
the ED, lactate assessment, or ICU admission (directly from the ED or any floor-to-ICU transfers within 12 hours of ED
admission); or 4) use of a septic shock order set. Patients were excluded from the collaborative database if they had been
transferred from another ED and had already received antibiotics or two fluid boluses prior to ED arrival.

For this secondary, post hoc analysis of an existing database of patients ages 2 months—21 years old, we excluded any
patients with missing weight data, missing bolus administration timestamp data, lack of having at least two documented
bolus volumes, or inappropriately large single bolus volumes (ie, we excluded a priori >60 mL/kg single documented
bolus volumes, as this amount is not a common clinical standard of care and likely represented several individual boluses
combined into one data entry). We also excluded any patients with an interval duration of <3 minutes between the
initiation times of sequential boluses as this was deemed not feasible.**** In addition, patients with an interval time of
>120 minutes between bolus volumes were also excluded based on the assumption that these patients were not being
actively resuscitated.

Interventions and Measurements

Site leaders screened their electronic health record for included ED cases and entered data for all included patients into
a central, password-protected, data portal. The collaborative identified a priori data elements to be collected and
standardized the definition of data elements, required submission of all data related to the primary outcomes, and had
quality assurance logic checks to ensure appropriate data entry. Additional data on the collaborative’s secondary
outcomes were also collected, as resources for data entry allowed, at each site. Data related to IVF administration
included bolus initiation timestamps and bolus volume amounts. Given the post hoc nature of this secondary analysis, site
investigators were unaware of the objectives of this present study at the time of data abstraction. The PSSC and
participating sites obtained institutional review board approvals and/or waivers (Baylor College of Medicine—
H23511).%° The database complied with all relevant data protection and privacy regulations.

The BAR for each patient was calculated as Total Bolus Volume/Patient Weight/Elapsed Time expressed in milliliters/
kilogram/hour (mL/kg/hr). Elapsed time is defined as the time difference from the first bolus recorded time to the last
bolus recorded time. Therefore, Total Bolus Volume is defined as the sum of all ED boluses administered for the patient
less the volume of the last bolus administered. The primary outcome was 30-day aggregate mortality during the index
admission from any cause. Secondary outcomes were intubation and use of non-invasive positive pressure ventilation
(NIPPV) such as Bi-level Positive Airway Pressure or Continuous Positive Airway Pressure. NIPPV usage included
initiation of new or above baseline ventilatory support. We adhered to the Strengthening the Reporting of Observational
Students in Epidemiology (STROBE) guidelines.>

Analysis

All statistical analyses were conducted using SAS software version 9.4 (SAS Institute, Cary, NC). Demographic and
clinical characteristics were summarized for the overall population and stratified for each outcome using median and
interquartile range for continuous variables and counts and percentages for categorical variables. The association between
bolus rates and each outcome was evaluated using unadjusted (bivariate) and adjusted (multiple) logistic regression
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models. Random intercepts to adjust for hospital variations in outcome rates were included in the models if statistically
significant at the 0.05 level. Age, sex, and total bolus volumes were planned a priori to be included in the adjusted
models, while the other clinical variables (see Table 1) were included if statistical significance was achieved in
unadjusted analyses.*®® Intubation and NIPPV were additionally assessed as potential confounders for mortality.
Hypotension was assessed in the analyses as a potential confounder in the adjusted models and it was defined as the
presence of a low systolic blood pressure in the ED (defined as less than ‘70 + 2 times the age in years’ or 90 mm Hg for
patients >10 years old).>' Non-linear associations between BAR and each outcome were also assessed by evaluating the
statistical significance of quadratic terms for the bolus rate. Adjusted models used patients with complete information for
all variables. P-values less than 0.05 were considered statistically significant.

Two sensitivity analyses were conducted to evaluate the influence of extreme bolus values and missing values. In the first
sensitivity analysis, patients were excluded if their BAR was above 280 mL/kg/hr, which corresponded to the mean + (3 x
standard deviation) of the log-transformed values. For the second sensitivity analysis, estimates were calculated following the

multiple imputation process using the dataset from the first sensitivity analysis. Twenty imputed datasets were created using fully

Table | Descriptive Statistics of the Study Population

Variables N=3969
Continuous Median (IQR)
Age, year 5.8 (2.3-12.3)
Weight, kg 19.0 (12.0-36.9)
Hemoglobin, g/dL 1.5 (10.0-13.0)*
ED Arrival to first IVF bolus time, minutes 46 (29-77)°
ED Arrival to antibiotic time, minutes 77 (50-135)¢
Categorical N (column %)
Sex Male 1954 (49.2)
Female 2009 (50.6)
Missing 6 (0.2)
ICU Admission Yes 1454 (36.6)
No 2515 (63.4)
Missing 0 (0)
Hypotension Yes 214 (5.4)
No 3629 (91.4)
Missing 126 (3.2)
Vasoactive agent Yes 340 (8.6)
No 3285 (82.8)
Missing 344 (8.7)
Deceased Yes 76 (1.9)
No 3893 (98.1)
Missing 0 (0)
30-day Mortality Yes 49 (1.2)
No 3920 (98.8)
Missing 0 (0)
Intubated Yes 151 (3.8)
No 3185 (80.3)
Missing 633 (16.0)
NIPPV utilized Yes 235 (5.9)
No 3048 (76.8)
Missing 686 (17.3)

Notes: ®N=3600 due to 369 missing observations (9.4%). °N=3934 due to 35 missing observations
(0.9%). “N=3932 due to 37 missing observations (0.9%).

Abbreviations: g/dL, grams per deciliter; ICU, intensive care unit; IQR, interquartile range; kg,
kilogram; mL, milliliters; mL/kg/hr, milliliter per kilogram per hour; NIPVYV, non-invasive positive
pressure ventilation.
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conditional specification (due to non-monotone missing data).*® Missing hemoglobin values were imputed using predictive mean
matching while missing categorical variables (sex, hypotension, vasoactive agent started, intubated, NIPPV) were imputed using
logistic regression.

Results

Characteristics of Study Subjects

The PSSC database contained 6731 pediatric sepsis patients between 2 months and 21 years of age. ED sites had
a median of 208 sepsis cases (IQR 95, 427) and the percent admitted to the ICU was 56% (IQR 44, 64). A total of 3969
patients were included for analysis (Figure 1, Table 1). Included patients received a total median ED volume of 40.2 mL/
kg (IQR 40, 60) with a BAR of 25.7 mL/kg/hr (IQR 16.3, 46.2). Of the included patients, seventy-six (1.9%) patients
died, 151 (3.8%) were intubated, and 235 (5.9%) had NIPPV administered. There was significant variation in NIPPV
rates across hospitals but no variation in intubation or mortality.

Main Results

Unadjusted analyses revealed that for every 20 mL/kg/hr increase in the BAR, the odds of death increased by 19% (odds
ratio [OR]=1.19; 95% confidence interval [CI]=1.11-1.27) (Table 2). In univariate analysis, four additional factors were
significantly associated (p < 0.05) with mortality and were included in the adjusted model: ICU admission, hypotension,
use of vasoactive agents, and NIPPV utilization. In the adjusted model, for each 20 mL/kg/hr increase in the BAR, the
adjusted odds ratio (aOR) for 30-day mortality increased by 11% (OR = 1.11; 95% CI = 1.01-1.23). These results
remained significant in the sensitivity analysis.(Supplementary Table 1).

Assessed for
eligibility
(n=6,731)
Excluded (n=2,762 )
- Inappropriate times between boluses (n=1,312)
- Over 120 minutes (n=1,157)
- Under 3 minutes (n=155)
» - Missing time stamp(s) (n=780)
- Less than 2 documented bolus volumes (n=305)
- Missing antibiotic data (n=257)
- Missing weight (n=96)
- Single bolus >60 ml/kg documented (n=12)
Y
Analyzed
(n=3,969)
Figure | Flow diagram for subjects.
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Table 2 Patient Characteristics and Analyses for Primary Outcome (30-Day Mortality)

Variables 30-Day Mortality Unadjusted Adjusted®
Yes, n=49 No, n=3920 OR (95% CI) OR (95% CI)

Continuous Median (IQR) Median (IQR)

Age, year 4.8 (2.0-12.6) 5.8 (2.3-12.2) 0.98 (0.93-1.03) 1.04 (0.95-1.14)
Hemoglobin, g/dL 1.6 (10.3-12.9) | 11.5(10.0-13.0) 1.00 (0.87-1.14) -
Arrival to IVF, minutes 34 (21-62) 46 (29-77) 0.98 (0.90-1.08) -
Arrival to antibiotic, minutes 63 (40-110) 77 (50-136) 0.97 (0.90-1.04) -

Total bolus volume, mL 436 (290-840) 510 (290-1000) 1.00 (0.99-1.01) 0.98 (0.96-1.00)
Bolus rate, mL/kg/hr 45.8 (20.2-109.1) | 25.5 (16.2—46.2) 119 (1.11-1.27)* .11 (1.01-1.23)*
Categorical N (column %) N (column %)

Sex, male 28 (57.1) 1926 (49.1) 1.38 (0.78-2.43) 1.87 (0.87—4.01)

ICU admission 39 (79.6) 1415 (36.1) 6.90 (3.44-13.87)* | 3.63 (1.33-9.90)*
Hypotension 7 (143) 207 (5.3) 3.20 (1.41-7.24)* 1.89 (0.66-5.42)

Vasoactive agent started 13 (26.5) 327 (83) 4.98 (2.54-9.79)* | 4.68 (2.00-10.98)*
Intubated 12 (24.5) 139 (3.6) 1091 (5.37-22.17)* | 3.21 (1.33-7.72)*
NIPPV utilized 5(10.2) 230 (5.9) 2.26 (0.87-5.90)

Notes: *Adjusted model includes age, sex, total bolus volume, ICU admission, hypotension, vasoactive agent started, and intubation; Adjusted
model used n=3191 observations due to missing values for confounding variables. *p<0.05.

Abbreviations: Cl, confidence interval; IQR, interquartile range; g/dL, grams per deciliter; mL, milliliters; mL/kg/hr, milliliters per kilogram
per hour; NIPPV, non-invasive positive pressure ventilation; OR, odds ratio.

Secondary Outcomes

For our secondary outcomes of intubation and NIPPV, unadjusted analyses revealed that for each 20 mL/kg/hg increase
in the BAR, there was a significant increased odds for both outcomes (Tables 3 and 4). In univariate analysis of the
outcome of intubation, five factors were associated with the outcome and were included in the adjusted model: age, sex,
total bolus volume, ICU admission, hypotension, vasoactive agent, and quadratic term for bolus rate. In the univariate
analysis for the outcome of NIPPV, the same five additional factors, as well as hemoglobin level, were included in the
adjusted model. In the adjusted models, the increased odds for both secondary outcomes remained significant (Tables 3
and 4). These results also remained significant in the sensitivity analysis (Supplementary Table 1).

Table 3 Patient Characteristics and Analyses for the Secondary Outcome of Endotracheal Intubation

Variables Intubation Unadjusted Adjusted®
Yes, n=151 No, n=3185 OR (95% CI) OR (95% CI)
Continuous Median (IQR) Median (IQR)
Age, year 32 (1.1-8.8) 6.0 (2.6-12.5) 0.94 (0.91-0.97) 0.97 (0.92-1.02)
Hemoglobin, g/dL 11.9 (10.4-13.1) | 11.5(10.0-13.0) 1.05 (0.98-1.13) -
Arrival to IVF, minutes 26 (17-45) 46 (29-75) 0.82 (0.75-0.91) 0.92 (0.82-1.03)
Arrival to antibiotic, minutes 53 (37-86) 74 (49-129) 0.88 (0.83-0.94) 0.97 (0.89-1.05)
Total bolus volume, mL 408 (200-834) 524 (300-1000) 0.99 (0.99-1.00) 0.99 (0.98-1.0)
Bolus rate, mL/kg/hr 48.7 (24.3-90) | 26.1 (16.446.2) 1.19 (1.14-1.25)* 1.25 (1.09-1.44)*
Categorical N (column %) N (column %)
Sex, male 94 (62.3) 1558 (48.9) 1.72 (1.23-2.40)* 1.80 (1.23-2.63)*
ICU admission 145 (96.0) 1110 (34.9) 45.18 (19.90-102.55)* | 74.92 (23.63-237.49)*
Hypotension 13 (8.6) 162 (5.1) 1.85 (1.02-3.34)* 1.00 (0.53-1.92)
Vasoactive agent started 37 (24.5) 252 (7.9) 3.80 (2.57-5.64)* 1.86 (1.17-2.95)*

Notes: *Adjusted model includes age, sex, total bolus volume, ICU admission, hypotension, vasoactive agent, and quadratic term for bolus rate

(all were p<0.05); Adjusted model used n=3159 observations due to missing values for confounding variables *p<0.05.

Abbreviations: Cl, confidence interval; g/dL, grams per deciliter; IQR, interquartile range; mL, milliliters; mL/kg/hr, milliliters per kilogram

per hour; NIPPV, non-invasive positive pressure ventilation; OR, odds ratio.
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Table 4 Patient Characteristics and Analyses for the Secondary Outcome of Non-Invasive Positive Pressure

Ventilation Utilization

Variables NIPPV Unadjusted Adjusted®
Yes, n=235 No, n=3048 OR (95% CI) OR (95% CI)
Continuous Median (IQR) Median (IQR)
Age, year 7.3 (3.0-13.6) 5.8 (24-123) 1.02 (1.00-1.04)* 1.07 (1.03-1.10)*
Hemoglobin, g/dL 13.1 (11.6-14.1) 1.4 (9.9-12.9) 1.32 (1.24-1.40)* 1.27 (1.19-1.36)*
Arrival to IVF time, minutes 32 (20-55) 46 (30-76) 0.90 (0.85-0.96) 0.96 (0.88-1.04)
Arrival to antibiotic, minutes 63 (40-101) 73 (49-129) 0.95 (0.91-0.98) 0.98 (0.93-1.04)
Total bolus volume, mL 540 (300-980) 520 (290-1000) 1.00 (0.99-1.00) 0.98 (0.97-0.99)
Bolus rate, mL/kg/hr 35.3 (19.4-62.4) | 26.4 (16.446.7) 1.07 (1.02—1.12)* 1.20 (1.05-1.38)*
Categorical N (column %) N (column %)
Sex, male 132 (56.2) 1491 (48.9) 1.33 (1.02-1.74)* 1.23 (0.91-1.65)
ICU admission 190 (80.9) 1042 (34.2) 8.13 (5.82—11.35)* | 8.70 (6.07—-12.47)*
Hypotension 19 (8.1) 147 (4.8) 1.70 (1.03-2.79)* 1.04 (0.60-1.82)
Vasoactive agent started 32 (13.6) 253 (8.3) 1.74 (1.17-2.58)* 0.99 (0.62-1.59)

Notes: *Adjusted model includes age, sex, total bolus volume, hemoglobin, ICU admission, hypotension, vasoactive agent, and quadratic term
for bolus rate; Adjusted model used n=3026 observations due to missing values for confounding variables *p<0.05.

Abbreviations: Cl, confidence Interval; g/dL, grams per deciliter; IQR, interquartile range; mL, milliliters; mL/kg/hr, milliliters per kilogram
per hour; NIPPV, non-invasive positive pressure ventilation; OR, odds ratio.

Discussion

This study aimed to describe the association between intravenous fluid bolus administration rates and pediatric sepsis
outcomes using a multi-center database of patients that had presented to pediatric emergency departments with access to
intensive care resources. In this dataset of almost 4000 cases of presumed sepsis, faster intravenous fluid bolus
administration rates were associated with a significant increase in the odds of 30-day mortality, which was sustained
in the adjusted model. In the adult emergency department setting, a 149-center study of 49,331 patients with sepsis and
septic shock showed that despite lower sepsis bundle care compliance being associated with higher risk-adjusted
mortality, there was no effect on mortality with longer times of completion of the intravenous fluid boluses.* In
a randomized controlled study of adults in Zambia with septic shock, those who received an early fluid bolus in
a resuscitation protocol, versus usual care therapy, had a greater use of vasopressor agents and significantly higher
mortality.*' The literature on pediatric septic shock mortality comparing different volume administrations has been
controversial with significant heterogeneity among the study populations and interventions tested. While the pediatric
FEAST trial found an association with increased mortality and fluid bolus administration in the first hour of treatment,
other pediatric studies found no differences in mortality using variable volumes.?*-*%4?

None of these aforementioned studies examined the effect of specific IVF bolus administration rates on mortality.
The Sankar et al study in an emergency department in India was the closest to examining fluid administration rates by
comparing 20 mL/kg boluses given over 5—10-minute or 15-20-minute time periods. While they found no change in
mortality between the two groups, the lack of precision of the intervals for each treatment arm might have biased their
results towards a null finding for mortality.?® Multi-center, prospectively designed studies are necessary to determine
whether specific IVF bolus administration rates are associated with increases in mortality. If such an association exists,
sepsis care guidelines would need to consider whether slower bolus administration rates might be warranted during the
early provision of care. Currently, the Surviving Sepsis guidelines recommend 40-60 mL/kg in the first hour,
depending on intensive care resource availability.'* Our study provides an important glimpse, as to the potential
association between BAR and mortality in pediatric sepsis, which will require prospective research to further
investigate.

In our adjusted model, we also found that patients who had a faster bolus administration rate had a higher risk of
intubation and NIPPV. These findings are consistent with the findings of the aforementioned Sankar et al study, which
found that patients with septic shock who had received fluid boluses over 5-10 minutes, rather than over 15-20 minutes,
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were more likely to need mechanical ventilation and had a greater increase in the oxygenation index in the first six hours
of care.”” In another prospective randomized controlled study of pediatric septic shock patients in an emergency
department in India, the group that received two fluid boluses over one hour (versus over 20 minutes) had significantly
increased hepatomegaly rates but did not find a significant increase in intubation (46.5% control vs 55% study group, p =
0.28).*

Limitations

There were several limitations in our study. First, our study design did not allow us to determine the specific duration of the
administration of each bolus as the end times were not recorded. As a result, we used the start of a subsequent bolus as a surrogate
for the end of the prior fluid bolus. As the rate of fluid administration was our primary predictor, this inherent imprecision of our
study design should have biased the results towards the null hypothesis for each of our outcomes. A second limitation was that the
collaborative did not collect data on the total amount of fluids given to patients in the first 24 hours of care. Since early fluid
overload in this time period has been associated with worse outcomes in pediatric sepsis, our study was focused on bolus volumes
received during initial ED-based resuscitation.”>>* As the focus of the study was fluid administration in the ED context, we did
not abstract certain clinical elements (eg, vasoactive agent receipt) subsequent to the ED encounter.

Additional data limitations included that data on source of infection, pathogen of infection, lactate levels, presence of chronic
condition comorbidities, presence of organ dysfunction, traditional sepsis risk stratification scores (eg, pediatric index of
mortality or pediatric risk of mortality) and timing of antibiotics were not included in the regression models as these data
were inconsistently recorded across the nineteen sites. As a retrospective study, the decision as to when someone is intubated or
gets started or advanced on NIPPV was not standardized, so local institutional practices, and not necessarily volume overload,
might have driven the need for these interventions. Additionally, we did not abstract data on specific NIPPV modalities. While we
adjusted for various factors (eg, hypotension, gender, age) in our multi-variable models that had previously been associated with
increases in sepsis-related mortality, and included them in the regression analysis, these factors may be insufficient to capture all
elements of adjusting for severity. Despite the adjusted factors in our model, it is possible that confounding by indication
contributed to the association of faster BAR with worse outcomes due to an unmeasured severity of illness characteristic(s) that
prompted clinicians to deliver more aggressive fluid management. Unfortunately, there are no validated severity of illness scoring
tools to predict the risk of worse outcomes for pediatric sepsis, and the use of pediatric severity of illness scores has not been
validated outside the pediatric intensive care setting.***° Lastly, with only 214 children presenting with hypotension, this study
cannot separately analyze the impact of fluid administration rates in hypotensive children. Our findings highlight the need for
further prospective studies that focus on BAR for pediatric sepsis in the ED setting.

Conclusion

In summary, this analysis of a multi-center database of pediatric sepsis patients, who presented to various emergency
departments with access to intensive care resources, found that higher intravenous fluid bolus administration rates
were associated with higher adjusted odds of mortality, intubation and NIPPV. Future studies are needed to further
understand the impact of bolus administration rates on determining the optimal management of pediatric sepsis
patients.
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