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Abstract

Rationale: Limited data exist about the international burden of
severe sepsis in critically ill children.

Objectives: To characterize the global prevalence, therapies, and
outcomes of severe sepsis in pediatric intensive care units to better
inform interventional trials.

Methods: A point prevalence study was conducted on 5 days
throughout 2013-2014 at 128 sites in 26 countries. Patients younger
than 18 years of age with severe sepsis as defined by consensus criteria
were included. Outcomes were severe sepsis point prevalence,
therapies used, new or progressive multiorgan dysfunction,
ventilator- and vasoactive-free days at Day 28, functional status,
and mortality.

Measurements and Main Results: Of 6,925 patients screened,
569 had severe sepsis (prevalence, 8.2%; 95% confidence interval,
7.6-8.9%). The patients’ median age was 3.0 (interquartile range
[IQR], 0.7-11.0) years. The most frequent sites of infection were

respiratory (40%) and bloodstream (19%). Common therapies
included mechanical ventilation (74% of patients), vasoactive
infusions (55%), and corticosteroids (45%). Hospital mortality was
25% and did not differ by age or between developed and resource-
limited countries. Median ventilator-free days were 16 (IQR, 0-25),
and vasoactive-free days were 23 (IQR, 12-28). Sixty-seven percent
of patients had multiorgan dysfunction at sepsis recognition, with
30% subsequently developing new or progressive multiorgan
dysfunction. Among survivors, 17% developed at least moderate
disability. Sample sizes needed to detect a 5-10% absolute risk
reduction in outcomes within interventional trials are estimated
between 165 and 1,437 patients per group.

Conclusions: Pediatric severe sepsis remains a burdensome public
health problem, with prevalence, morbidity, and mortality rates
similar to those reported in critically ill adult populations.
International clinical trials targeting children with severe sepsis are
warranted.
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At a Glance Commentary

Scientific Knowledge on the
Subject: In existing large, multicenter
epidemiological studies of pediatric
severe sepsis, researchers have relied on
retrospective case identification using
administrative codes and have reported
minimal data about treatment and
nonmortal outcomes. To date, no
studies have prospectively applied
consensus criteria to identify critically
ill children with severe sepsis within
a large, international, multicenter
network of pediatric intensive care
units or included comprehensive data
about treatment strategies and
outcomes.

What This Study Adds to the
Field: The present study provides the
largest international characterization
of pediatric severe sepsis epidemiology.
We demonstrate that severe sepsis
remains a highly prevalent public
health problem for critically ill children
worldwide that is associated with
substantial morbidity and mortality.
The prevalence of 8.2% was comparable
to that reported in adult studies,

and the hospital mortality rate of
25% was higher than previously
estimated in retrospective studies that
used administrative databases. These
data support the view that well-
designed trials targeting both
morbidity and mortality outcomes in
pediatric severe sepsis should be
feasible with international, multicenter
cooperation.

Severe sepsis is a life-threatening condition
commonly treated in pediatric intensive care
units (PICUs) worldwide (1-5). It is
estimated that over one-third of children

who die in tertiary care PICUs within the
United States have severe sepsis (6). Recent
reports of a rising prevalence of pediatric
sepsis (1, 6, 7) may reflect an expanding
vulnerable population with chronic
comorbidities (8, 9), increasing rates

of multidrug-resistant organisms and
opportunistic infections (10, 11), and

a surge in sepsis surveillance (12, 13).
However, shifting patterns of diagnostic
coding may confound current
epidemiological estimates that are based
largely on retrospectively identified cases in
administrative databases (5, 14), and prior
studies using prospective case identification
have been limited to few sites within
single countries, thus precluding broad
generalizations (2, 5, 15). To date, no
pediatric studies have examined the
epidemiology and global burden of severe
sepsis across multiple countries using

a prospective methodology.

Consensus guidelines emphasize basic
principles of goal-directed resuscitation,
prompt antimicrobial administration, and
supportive care of organ dysfunction in
pediatric sepsis (16, 17). However, few
large clinical trials have addressed the
management of critically ill children with
severe sepsis (18-23). Consequently, debate
remains about the optimal approach to
both basic and adjuvant therapies. For
example, vasoactive strategies, immune
stimulation, and plasma exchange would all
benefit from further evaluation in rigorous
pediatric trials (21, 24, 25). The low
frequency of pediatric sepsis at any one
institution necessitates broad—ideally
international—collaboration across many
sites to achieve adequate enrollment and
generalizability (26). Global epidemiologic
data are essential to characterize existing
treatment variability, identify meaningful
outcome targets, and calculate realistic
sample sizes for such trials (27).

The objective of the Sepsis Prevalence,
Outcomes, and Therapies (SPROUT) study

was to determine the point prevalence of
pediatric severe sepsis and characterize
the microbiology, current therapeutic
interventions, and patient-centered
outcomes within a broad international
network of PICUs. Modeled after similar
epidemiological studies in adults (28, 29),
SPROUT prospectively screened and
collected data on a large number of
critically ill children who met consensus
criteria for severe sepsis (16). The study
authors sought to provide generalizable
data about the global epidemiology of
pediatric severe sepsis to inform the design
of future multicenter interventional trials.
Some of the results of this study have been
reported previously in the form of an
abstract (30).

Methods

Overview

The SPROUT study was a prospective,
cross-sectional study of the point
prevalence, therapies, and outcomes for
pediatric patients with severe sepsis
admitted to a PICU, conducted on 5 days
over the course of 1 year: June 5, 2013;
September 17, 2013; November 6, 2013;
January 22, 2014; and March 19, 2014. Sites
were recruited by open invitation and
participation was voluntary, with no
funding provided to sites. Ethics approval
was obtained at all sites, with waiver of
informed consent granted at all but three
sites, at which written consent was required
for data collection.

Inclusion and Exclusion Criteria

All patients younger than 18 years of

age treated in a participating PICU at

9:00 A.M. local time on each study day were
screened for severe sepsis using the 2005
International Pediatric Sepsis Consensus
Conference criteria: (1) two or more
systemic inflammatory response syndrome
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criteria, (2) confirmed or suspected
invasive infection, and (3) cardiovascular
dysfunction, acute respiratory distress
syndrome, or two or more organ
dysfunctions (16). To determine the point
prevalence of active severe sepsis, only
those patients who met consensus criteria
for severe sepsis within the 24-hour period
from 9:00 a.m. the day before the study day
through 9:00 .M. on the study day were
included. Patients who had previously met
criteria for severe sepsis at a prior point
during their PICU hospitalization but no
longer had manifestations of active severe
sepsis within this 24-hour time window
were not included in this point prevalence
analysis, even if they were still being treated
for an infection (e.g., with antibiotics).
Exclusion criteria were corrected
gestational age less than 42 weeks, age

18 years or older, or surgery involving
cardiopulmonary bypass in the preceding
5 days.

Data Collection

Data were collected using the web-based
Research Electronic Data Capture (31) on
PICU characteristics, patient demographics,
comorbidities, site of infection, and
microbiological isolates for all patients
who met the criteria for severe sepsis.
Laboratory results, antimicrobial
administration, vasoactive infusions,
mechanical ventilation, and adjuvant
therapies within a 48-hour period (from
9:00 a.M. the day before to 9:00 a.m. the day
after the study day) were also captured.
Definitions for the primary site of infection
were adapted from published criteria (32).
The day of severe sepsis recognition was
identified by retrospectively reviewing the
medical charts to determine the first
calendar day on which a patient met
consensus criteria for severe sepsis (16).
The presence of new or progressive
multiorgan dysfunction syndrome
(MODS) was measured for 7 days
following severe sepsis recognition
according to previously published criteria
(20, 33). For severity of illness, the
Pediatric Index of Mortality (PIM)-3 score
(34) was calculated at PICU admission,
and the Pediatric Logistic Organ
Dysfunction score (35) was collected on
the study day. To facilitate consistent and
accurate data collection, we used separate
pilot and training phases, embedded
quality checks within the electronic case
report form, and secondarily validated

missing or outlying data values (see
Table E1 in the online supplement).
Patients with severe sepsis were
followed for 90 days or until death or
hospital discharge. Outcomes included
vasoactive- and ventilator-free days from
the day of severe sepsis recognition through
Day 28, new or progressive MODS, change
in functional status from admission to
hospital discharge (using the Pediatric
Overall Performance Category [POPC] 1-6
ordinal scale [36]), and all-cause mortality
at PICU and hospital discharge. For
vasoactive- and ventilator-free days, one
point was assigned for each day following
sepsis recognition up to 28 days that
patients were both alive and free from
use of vasoactive medications or invasive
mechanical ventilation, respectively.
A calendar day counted toward the total
number of vasoactive days if the patient
received an infusion of dopamine or
dobutamine >5 pg/kg/min or any
infusion of epinephrine, norepinephrine,
vasopressin/terlipressin, phenylephrine,
milrinone, or continuous vasodilator (e.g.,
nitroglycerin) for any part of that day.
A calendar day counted toward the total
number of ventilator days if mechanical

{ 7051 pediatric patients screened

ventilation was delivered via an
endotracheal or tracheostomy tube during
any part of that day. For patients who
died within 28 days of sepsis recognition,
vasoactive- and ventilator-free days equaled
the number of days free from use of
vasoactive infusions or invasive mechanical
ventilation between sepsis recognition and
death (26). Patients surviving to hospital
discharge were classified as having “at least
mild disability” for any increase in POPC
and “at least moderate disability” if
discharge POPC score was =3 and
increased =1 from baseline (37). A
composite outcome of death or moderate
to severe disability at hospital discharge
was also determined.

Statistical Analyses

Data from the five study dates were merged
and analyzed using STATA software
(Version 12.1; StataCorp, College Station,
TX). Categorical data, expressed as
frequency (%), were analyzed using Fisher’s
exact test. Continuous data, expressed as
median (interquartile range [IQR]), were
analyzed using the Kruskal-Wallis test.
Point prevalence was calculated as the
number of patients with severe sepsis

6925 evaluated for
severe sepsis or septic shock

‘| 126 excluded for study days
'l with incomplete data

‘| 6356 did not meet criteria

}

569 met consensus criteria
for severe sepsis or septic shock

(includes 12 patients at three sites who
required informed consent for data collection)

'l for severe sepsis or septic shock

567 with severe sepsis
or septic shock with complete data

2 did not provide consent
for data collection

N

Figure 1. Schematic depicting screening and patient enroliment. For sites with incomplete screening
or patient data, all data from that site on the study day were excluded from the analysis (total of 126
patients from four sites). A waiver of consent was approved at all sites for screening and at all but

three sites for data collection.
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divided by the total number screened and is
presented with the 95% confidence interval
(CI). Data across ordered groups were

. . Characteristic Value
compared using a nonparametric test of
trend of ranks. Multivariable 19g1st1c Age, yr 3.0 (0.7-11.0)
regression was usefi to det'ermlne the . Male sex, n (%) 302 (53.3)
association of corticosteroid and albumin Race/ethnicity, n (%)
use with mortality, controlling for relevant wigltgnic 245 2‘1‘3 ?g
covariates. We identified relevant covariates Blagk 9 (13.9)
a priori based on biological plausibility, Asian 5 (13.2)
feasibility of data collection, and prior Strl‘(e" Eg g%

. . nknown

studies (38, 39). To assess for potential Comorbid conditions, n (%)
confounders, we separately added each Respiratory 172 (30.3)
covariate to our base bivariate model, in Gastrointestinal 141 (24.9)
which PICU mortality was the outcome and gzgﬁxascular 1:13‘53 gégg
corticosteroid or albumin was the primary Hematologic/immunologic 114 (20.1)
independent variable. Covariates that Neuromuscular 97 (17.1)
changed the base model OR by =10% were ’;eC’p"";St',‘t: gg qg-l)
considered to be true confounders and were Mr:ggo?ig ¥ 62 21 0:93
included in the final multivariate model after Renal 55 (9.7)
assessing for collinearity (40). In addition, Solid organ/stem cell transplant . 54 (9.5)
we determined that age, sex, and PIM-3 Nu’\rlnber of comorbid conditions, n (%)

. . . one 128 (22.6)
severity of illness score would be included as 1 141 (24.9)
covariates in the final multivariable models, =2 298 (52.6)
even if these variables did not reach the Adgngj'ogeggs%n Ze(%) 290 (51.2)
threshold for confounding. Sample sizes Mild disability 85 (15.0)
were calculated to report a range of clinically Moderate disability 90 (15.9)
meaningful differences for future Severe disability or coma 102 (18.0)

. . . s s Lactate, maximum, mmol/L* 1.8 (1.1-3.5
interventional trials. Statistical significance cho minimum, % 66 (55-75)
was defined as a P value < 0.05. Pao, /|:|O ) nymmum mm Hg# 158 (96-251)
PIM:3 score 41 (1.7-8.7)
PELOD scorel 11 2-12)
Results Type of PICU admission, n (%)
Medical 460 (81.1)
) . Surgical, scheduled 53 (9.4)
SPROUT recruited 128 PICUs in 26 Surgical, unscheduled 34 (6.0)
countries: 59 in North America, 39 in S Traume]lc dmissi %) 20 (3.9)
: . : . ource of admission, n (%
Europe, 19 in South America, 10 in A51e_1, 7 Emergency department 167 (29.5)
in Australia/New Zealand, and 3 in Africa Hospital floor 158 (27.9)
(see Figure E1). Ninety-eight percent were Operating room 50 (8.8)
staffed by pediatric intensivists, 87% were 831:'{ hospital™ 122 242196?
affiliated with academic inst.itution.s, anc} Organ dysfunction present at screening,™ n (%) .
46% were part of free-standing children’s Respiratory 469 (82.7)
hospitals. Sites had a median (IQR) of I(_{)ardic;vla\sqular 1332 ggg;
} ~ ematologic .
16 (10-23) PIC?U beds and 718 (500-1,300) Hepatic 143 (25.2)
annual admissions. Neurologic 119 (21.0)
Overall, 6,925 children were screened Renal 93 (16.4)

and 569 met consensus criteria for severe

Table 1. Characteristics of Patients with Severe Sepsis

Definition of abbreviations: PELOD = Pediatric Logistic Organ Dysfunction; PICU = pediatric intensive
care unit; PIM-3 = Pediatric Index of Mortality 3; POPC = Pediatric Overall Performance Category;
Scvp, = central venous oxygen saturation.

Data are presented as median (interquartile range), unless noted otherwise.

*Lactate was measured in 391 of 567 patients.

cho was measured in 200 of 567 patients.

Pao /FlO ratio was measured in 352 of 567 patients; it was not collected in patients with
unpalhated cyanotic heart disease.

SPIM-3 was measured at time of PICU admission.

IPELOD score was calculated from data within a 48-hour time window around the study day
(9:00 A.M. on the day before to 9:00 a.m. the day after the study day).

TEmergency department at the same hospital as the PICU.

**“Qther hospital” includes emergency department at another hospital.

T"Based on organ dysfunction criteria defined by the 2005 International Pediatric Sepsis Consensus
Conference (16).

sepsis (Figure 1), yielding a point
prevalence of 8.2% (95% CI, 7.6-8.9%).
Point prevalence varied across regions
(P <0.001) (Figure E2): North America
7.7% (95% CI, 6.9-8.5%), Europe 6.2%
(5.0-7.6%), Australia/New Zealand 6.8%
(4.4-9.8%), Asia 15.3% (11.7-19.5%), South
America 16.3% (12.1-21.3%), and Africa
23.1% (13.5-35.2%). Detailed data were
collected on 567 of the 569 patients with
severe sepsis (2 patients did not provide
consent for data collection out of the
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12 with severe sepsis from three sites that
required consent for data collection).
Patient characteristics are presented in the
aggregate in Table 1 and by age in Table E2.
The median age was 3 years (IQR,
0.7-11.0), and 77% had comorbid
conditions, with the most common being
respiratory illness (30.3%). Medical
admissions accounted for 81.1% of patients,
with approximately even distribution of
admissions from the hospital’s emergency
department (ED), general hospital ward, or
transfer from another hospital. Patients
transferred from a ward had a higher rate of
comorbidities than ED patients (86% vs.
70%, P =0.001). The majority of patients
exhibited respiratory (82.7%) or
cardiovascular dysfunction (70.2%) at
screening.

The most common primary sites of
infection (Table 2) were respiratory (40%)
and bloodstream (19%). An infectious
organism was isolated in 65% of patients,
and blood cultures were positive in
26%, including patients with secondary
bacteremia (Table 2). There was a similar
proportion of Gram-positive (26.5%; 95%
CI, 22.9-30.3%) and Gram-negative
(27.9%; 95% CI, 24.2-31.8%) infections,
with Staphylococcus aureus being the
most commonly isolated bacteria.

Fungi, mainly Candida species, were
isolated in 13.4%.

Ninety-eight percent of patients were
treated with antibiotics, 19% with antivirals,
and 33% with antifungals. Other sepsis-
related therapies used are shown in Table 3.
For the 421 patients (74%) who received
invasive mechanical ventilation, median
duration was 13 (IQR, 6-28) days.
Vasoactive medications were used in 55%,
with significant variation across age groups
(P=0.01) and the highest use in infants
aged 29 days to 1 year (see Table E3).
Vasoactive medications were used
for a median of 7 (IQR, 3-17) days.
Epinephrine and norepinephrine were the
most commonly used medications, at 43%
and 42% of patients treated with vasoactive
medications, respectively, and dopamine
was used in 32%. Epinephrine use
decreased with age (Pyreng = 0.03), and there
was a tendency to use norepinephrine in
older patients (Pyeng = 0.095). Thirty
percent were treated with milrinone, and
use of other vasodilators was rare (3%).
Although the majority had central venous
(84%) or arterial catheters (62%), 6% and
24% of those treated with vasoactive

Table 2. Site of Infection and Microbiologic Etiology of Severe Sepsis

Characteristic

Primary site of infection

Respiratory

Primary bloodstream

Abdominal

Central nervous system

Genitourinary

Skin

Other

Unknown

Microbiology*

Total patients with positive isolate®

Gram-negative bacteria
Pseudomonas species
Klebsiella species
Escherichia coli
Enterobacter species
Acinetobacter species
Other

Gram-positive bacteria
Staphylococcus aureus

Methicillin-resistant Staphylococcus aureus

Enterococcus species
Staphylococcus epidermis
Streptococcus pneumonia
Other

Anaerobic bacteria

Other bacteria

Fungi
Candida species
Aspergillus species
Other

Parasites

Viruses
Rhinovirus
Respiratory syncytial virus
Adenovirus
Cytomegalovirus
Influenza
Human metapneumovirus
Epstein-Barr virus
Other virus

n (%)
228 (40.2)
108 (19.1)
47 (8.3)
25 (4.4)
21 (3.7)
20 (3.5)
29 (5.1)
89 (15.7)
371 (65.4)
158 (27.9)
45 (7.9)
36 (6.4)
32 (5.6)
17 (3.0)
14 (2.5)
55 (9.7)
150 (26.5)
65 (11.5)
20 (3.5)
25 (4.4)
21 (3.7)
10 (1.8)
45 (7.9)
1(0.2)
3 (0.5)
76 (13.4)
67 (11.8)
3 (0.5)
8 (1.4)
3 (0.5)
119 (21.0)
32 (5.6)
22 (3.9)
20 (3.5)
13 (2.3)
12 (2.1)
12 (2.1)
8 (1.4)
27 (4.8)

*Categones do not add up to 100% as some infections were polymicrobial.
TSources of positive isolates include blood, urine, cerebrospinal fluid, respiratory system
(nasopharynx, tracheal, and bronchoalveolar lavage), stool, wound, and other normally sterile body

fluids (pleural, pericardial, and peritoneal).

medications did not have a central venous
or arterial catheter, respectively. Nearly half
(45%) of the patients were treated with
corticosteroids, with no differences across
age groups (P =0.45). Other adjuvant
therapies, including insulin, granulocyte/
granulocyte-monocyte colony-stimulating
factor (G/GM-CSF), immunoglobulin,
plasma exchange, and extracorporeal
membrane oxygenation (ECMO) were used
n <10% of patients, with most of these
therapies used more frequently in
nonsurvivors (see Table E4).

PICU and hospital mortality rates were
24% and 25%, respectively, and did not vary

Weiss, Fitzgerald, Pappachan, et al.: SPROUT Pediatric Severe Sepsis Study

by age (Table 4). The presence of any
comorbidity did not affect PICU mortality
(P=0.35) (Figure 2), but mortality was
highest in patients with solid organ/stem
cell transplant (48.2%), malignancy
(41.3%), renal disease (38.2%), and
hematologic/immunologic conditions
(37.7%). Only one child died (0.7% of PICU
deaths) within the first day of referral to the
PICU. Cumulative deaths over the first

2 weeks of PICU admission were 7 (5.0%)
within 2 days, 23 (16.6%) within

7 days, and 56 (40.3%) within 14 days.
Corticosteroids were associated with PICU
mortality after controlling for age, sex,
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Table 3. Therapies Used within the 48-Hour Data Collection Window

Therapy

Vasoactive infusions®
Dopamine’
Dobutamine’
Epinephrine’
Norepinephrine®
Vasopressin®
Phenylephrine’
Milrinone™
Vasodilator™

Invasive mechanical ventilation

Corticosteroids

Albumin

Synthetic colloid

Blood products®

Nutrition, enteral

Nutrition, parenteral

Gastric stress ulcer prophylaxis

Insulin|

G/GM-CSF

IVIG

RRTT

Plasma exchange

ECMO

Total

[~
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Definition of abbreviations: ECMO = extracorporeal membrane oxygenation; G/GM-CSF =
granulocyte/granulocyte—-monocyte colony-stimulating factor; IVIG = intravenous immunoglobulin;

RRT = renal replacement therapy.
Data are presented as n (%).

*Includes dopamine >5 pg/kg/min, dobutamine >5 pg/kg/min, or any dose of epinephrine,
norepinephrine, vasopressin, phenylephrine, milrinone, levosimendan, or a vasodilator.
TDenominator is the number of patients receiving any vasoactive infusion (n=314).

*Vasodilators include nitroprusside, nitroglycerin, and nicardipine.

$includes packed red blood cells, platelets, fresh frozen plasma, cryoprecipitate, granulocytes, and

whole blood.

lincludes intravenous insulin by continuous infusion only.
fincludes hemodialysis, all continuous renal replacement modalities, and peritoneal dialysis.

PIM-3, geographic region, and
comorbidities (neuromuscular,
hematologic/immunologic, malignancy,
and solid organ/stem cell transplant) linked
to increased corticosteroid use (adjusted
OR, 1.58; 95% CI, 1.01-2.49). Albumin use
was also associated with PICU mortality
after controlling for age, sex, PIM-3,
geographic region, and number of
comorbid conditions (adjusted OR, 2.50;
95% CI, 1.54-4.05). Fifteen of the 30
patients treated with ECMO died.

PICU mortality varied across
geographic regions: 21% in North America,
29% in Europe, 32% in Australia/New
Zealand, 40% in Asia, 11% in South
America, and 40% in Africa (P=0.004).
To assess whether mortality estimates were
skewed by inclusion of resource-limited
countries, we performed a sensitivity
analysis excluding Asia, Africa, and South
America. In that analysis, PICU and
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hospital mortality remained largely
unchanged at 23% and 24%, respectively.
Additionally, mortality was not significantly
different for patients treated in North
America, Europe, and Australia/New
Zealand compared with Asia, Africa, and
South America (PICU mortality: 23% vs.
29%, P =0.23; hospital mortality: 24% vs.
31%; P=0.19).

Vasoactive-free and ventilator-free
days exhibited a prominent bimodal
distribution, with nonsurvivors clustered at
zero and survivors clustered at >20 days,
yielding wide IQRs (Table 4). MODS was
present in 67% on the day of severe sepsis
recognition, mostly due to concurrent
cardiovascular and respiratory dysfunction.
Despite this high rate of initial MODS, 30%
developed new or progressive multiorgan
dysfunction within the ensuing 7 days.
Twenty-eight percent of survivors had
developed at least mild disability and 17%

at least moderate disability at hospital
discharge, without variation by age. Thirty-
eight percent met the composite outcome
of death or moderate to severe disability at
hospital discharge.

Estimated sample sizes needed to detect
5% and 10% absolute risk reductions for
dichotomous outcome measures in pediatric
severe sepsis clinical trials are provided in
Table E5. Assuming a 50% consent rate,
between 165 and 1,437 patients per group
would need to be enrolled across 9-79
PICUs over the course of 3 years to achieve
80% power and a standard type I error rate
of 5% in clinical trials. Specifically, 165
patients per group would be necessary to
detect a 10% absolute risk reduction in
proportion to at least new moderate
functional disability at hospital discharge,
whereas 1,437 patients per group would be
needed to detect a 5% absolute risk
reduction in death or moderate disability.
For PICU mortality—the most commonly
used outcome in clinical trials—1,059
patients per group enrolled from 58 PICUs
over the course of 3 years would be
required for 80% power to detect a 5%
absolute risk reduction.

Discussion

This large international point prevalence
study of nearly 7,000 children across 128
sites demonstrates that pediatric severe
sepsis remains highly prevalent, accounting
for >8% of all critically ill children.
Although the absolute number of pediatric
severe sepsis cases has been reported as 10-
fold less than adults (4, 41), the 8.2%
prevalence in PICU patients is remarkably
similar to the proportion of critically ill
adults with severe sepsis (42). These results
suggest that a typical 16-bed PICU is likely
to be treating at least one critically ill
child for severe sepsis at any given time.
Moreover, hospital mortality, often
considered to be too low to practically
study in pediatric severe sepsis, was 25%
and exceeded prior epidemiological
estimates that relied on retrospective
administrative data (1, 4, 43). As in other
studies, comorbid conditions were common
(1, 5, 6, 18, 44-46), and children with
immunosuppressive conditions and
preexisting renal disease exhibited the
highest mortality. However, we could not
determine whether death was attributable
to sepsis or to an underlying comorbid
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Table 4. Outcomes for Total Cohort and by Age Category

Total
Vasoactive-free days, 23 (12-28)
median (IQR)
Ventilator-free days, 16 (0-25)
median (IQR)
New or progressive MODST 171 (30)
PICU mortality 139 (24)
Hospital mortality 145 (25)
At least mild disability* 116 (28)
At least moderate disabilityS 73 (17)
Death or disabilityl 218 (38)

Age Categories

0-28d 29dto<1yr

1to<byr 5to<10yr 10to <15yr 15to <18 yr P Value*

20 (5-26) 21 (1-27) 25 (19-28) 26 (20-28) 25 (16-28) 22 (12-28)  <0.001
14 (0-23) 4 (0-21) 19 (2-25) 22(7-28) 16 (0-28) 16 (1-28)  <0.001
10 (29) 48 (34) 37 27) 25 (29) 2 (30) 19 (31) 0.89
9 (26) 43 (31) 26 (19) 20 (23) 6 (25) 15 (24) 0.42
9 (26) 43 (31) 28 (21) 20 (23) 8 (26) 17 (27) 0.54
8 (31) 29 (30) 31 (29) 18 (27) 6 @1) 14 (31) 0.73
5 (19) 17 (17) 17 (16) 13 (19) 9 (12) 12 (27) 0.40
14 (40) 60 (43) 45 (33) 33 (38) 37 (35) 29 (47) 0.41

Definition of abbreviations: |IQR =

Data are presented as n (%), unless otherwise noted.

*Kruskal-Wallis test or Fisher’s exact test across age categories.

"New or progressive MODS was considered starting the day after sepsis recognition.
*Any increase in Pediatric Overall Performance Category (POPC) from baseline to hospital discharge in the 422 hospital survivors.
SDischarge POPC = 3 and an increase of =1 from baseline in the 422 hospital survivors.
IDeath or at least moderate disability at hospital discharge.

condition. Morbidity was also common,
with one-third developing progressive
organ dysfunction and nearly one in five
survivors exhibiting new functional
disability.

Over one-third of patients were
transferred to the PICU from hospital
locations other than the ED. This finding
suggests that sepsis improvement efforts,
which have overwhelmingly focused on the
ED setting, may need to be expanded in
scope (12, 13, 45). For example, a prior
study demonstrated that antimicrobial
administration took >1 hour longer for
pediatric patients receiving initial sepsis
therapy on a hospital ward than in the ED,
with delayed antimicrobial administration
independently associated with mortality
(46). Our data support the need to better
attend to patients with severe sepsis that
develops during hospitalization, as this
population represents a large proportion
of critically ill children with severe sepsis
who are more likely to have comorbidities
and may face barriers to sepsis recognition
and management distinct from those of
ED patients.

Adjuvant therapies, other than
corticosteroids and albumin, were rarely
used in this study. The extent to which this
finding reflects a perceived lack of benefit or
the absence of sufficient supporting data is
not known. However, both corticosteroids
and albumin were independently associated
with mortality (38, 39), and the use of
insulin, renal replacement therapies, and
G/GM-CSF was higher in patients who died.

Although we cannot exclude the possibility
that use of these therapies themselves
contributed to increased mortality, our data
do support at least the willingness to use
adjunctive therapies in patients with more
severe illness. Thus, even at a time when
enthusiasm for novel pharmacologic agents
in sepsis has been tempered, there remains

interquartile range; MODS = multiorgan dysfunction syndrome; PICU = pediatric intensive care unit.

an imperative for adequately powered
clinical trials to define these agents’ efficacy
and optimize the timing of existing
therapies in pediatric severe sepsis.

Several important insights can be
gleaned from the outcomes in this study.
The hospital mortality rate of 25% confirms
that severe sepsis remains a critical public
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Figure 2. Pediatric intensive care unit (PICU) mortality by age and presence of at least one comorbid
condition. Bars represent PICU mortality, with error bars denoting the 95% confidence interval. PICU
mortality did not differ significantly across age categories (P =0.42) or by presence of comorbid

conditions (P=0.35).
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health problem, even in children. This
finding contrasts with reports of several
large epidemiological studies of pediatric
sepsis with mortality rates closer to 4-10%
(1, 4, 43). However, these studies used
International Classification of Diseases,
Ninth Revision (ICD-9), codes, which have
been shown to capture a lower severity of
illness and thereby underestimate mortality
(5, 7). In a recent database study using
expanded ICD-9 coding, researchers
reported a PICU mortality of 26.4% (6),
and authors of prospective studies have
reported short-term mortality rates up to
24% (2, 5, 19, 46, 47). The mortality in the
present study also reflects the high rate

of multiorgan dysfunction. In previous
studies, investigators have reported 19-57%
mortality for pediatric patients with sepsis-
associated MODS (2, 3, 48). Thus, the
mortality reported in our present study is
indicative of the critically ill subset of
children with sepsis-associated MODS who
should be targeted for enrollment into
interventional trials. Finally, our finding
that almost one-fifth of survivors developed
at least moderate functional disability
underscores the need to include morbidity
endpoints in pediatric sepsis trials.

To conduct interventional trials in
pediatric severe sepsis, we estimate that it
would take 3 years and =58 PICUs to enroll
2,118 children with the aim of a pragmatic
5% reduction in all-cause PICU mortality.
Although such a large study of pediatric
severe sepsis may seem ambitious, we
believe that well-designed trials of this
magnitude could—and should—be
undertaken using a wide network of
international PICUs. Consideration of
using new or progressive multiorgan
dysfunction, functional disability, or
a composite endpoint of death plus
disability would reduce sample size
requirements while capturing meaningful
outcomes. Although relevant exclusion
criteria would need to be accounted for
in planning future trials, patients at high
risk of death, who may be most likely to
benefit, should not be excluded from
clinical trials (27).

The SPROUT study has several
strengths. The point prevalence design
facilitated efficient prospective data
collection over a short time within a diverse
network of international PICUs. Second,
because the criteria used to define severe
sepsis in this study were the precise criteria
recommended for enrollment into clinical
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trials (16), SPROUT provides unique
baseline data representative of the target
population. Finally, modifying the
traditional point prevalence design to
include a 90-day follow-up period
facilitated the study of multiple patient-
centered outcomes (49).

The SPROUT study provides several
important insights to inform the conduct of
future clinical trials in pediatric sepsis. First,
the overall burden of severe sepsis in
children is similar to that in the adult
critically ill population, thus justifying the
need to undertake large-scale international
trials with children with severe sepsis.
Second, given variable use of primary and
adjunctive therapies for severe sepsis, future
trials that seek to optimize currently
available therapies will be as important as
investigations of novel agents. Third, quality
improvement and research initiatives
need to include more entry locations beyond
the ED, in recognition of the fact that up
to two-thirds of children treated in the
PICU for severe sepsis originate from other
inpatient locations.

An important limitation of the present
study is the cross-sectional nature of data
collection, which, though it improved site
participation by minimizing burdensome
data collection, likely underestimated the
overall use of different sepsis therapies over
the entire course of illness. We may have
also missed some cases of new or progressive
multiorgan dysfunction by measuring organ
dysfunction for only 7 instead of 28 days
following sepsis recognition. However, any
underestimate is likely to be small because
more than 95% of organ dysfunction in
pediatric sepsis has been shown to develop
within 7 days (33), and this approach
greatly improved efficiency of data
collection. Additionally, although we
compiled one of the largest cohorts of
prospectively identified pediatric severe
sepsis cases to date, the sample was not
sufficient to compare outcomes according
to etiology of infection or use of therapies
other than corticosteroids. Statistical power
was also insufficient to detect a possible
increase in mortality in resource-limited
countries, owing to the skewed enrollment
of 83.2% of patients at sites in developed
regions. Moreover, despite global
participation, the majority of PICUs were
located in developed countries and affiliated
with academic institutions; thus, the
generalizability of these data to resource-
limited and community-based settings may

be limited. However, the network of
sites participating in this study remains
representative of the type of PICUs most
likely to take part in future clinical trials.
Finally, funding constraints limited our
ability to capture longer-term outcomes,
such as mortality and functional status at
1 year.

In conclusion, this large international
study demonstrates that pediatric severe
sepsis remains a highly prevalent public
health problem in critically ill children and
is associated with substantial morbidity
and mortality. The data provided by the
SPROUT study provide a unique picture
of the global epidemiology of pediatric
severe sepsis that can be used to directly
inform the design of future multicenter
interventional trials.
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