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Abstract

Objective: To describe the epidemiology, morbidity, and mortality of new or progressive multiple
organ dysfunction syndrome (NPMODS) in children with severe sepsis.

Design: Secondary analysis of a prospective, cross-sectional, point prevalence study.
Setting: International, multi-center pediatric intensive care units.

Patients: Pediatric patients with severe sepsis identified on five separate days over a 1 year
period.

Interventions: None

Measurements and Main Results: Of 567 patients from 128 PICUs in 26 countries were
enrolled, 384 (68%) developed MODS within seven days of severe sepsis recognition. Three
hundred twenty-seven had MODS on day of sepsis recognition. Ninety-one of these patients
developed progressive MODS, while an additional 57 subsequently developed new MODS,
yielding a total proportion with severe sepsis-associated NPMODS of 26%. Hospital mortality in
patients with progressive MODS was 51% compared to patients with new MODS (28%) and those
with single-organ dysfunction without MODS (10%), p<0.001. Survivors of NPMODS also had a
higher incidence of moderate to severe disability defined as a Pediatric Overall Performance
Category (POPC) of = 3 and an increase of > 1 from baseline: 22% vs. 29% vs. 11% for
progressive, new, and no MODS, respectively, p<0.001.

Conclusion: Development of NPMODS is common (26%) in severe sepsis and was associated
with a higher risk of morbidity and mortality than severe sepsis without NPMODS. Our data
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supports the use of NPMODS as an important outcome in trials of pediatric severe sepsis, though
efforts are needed to validate that reducing NPMODS leads to improvements in more definitive
morbidity and mortality endpoints.

Keywords
severe sepsis; multiple organ dysfunction syndrome; children; epidemiology

INTRODUCTION

Pediatric sepsis remains a leading cause of childhood mortality across the world.1=3 For the
subset of patients treated in pediatric intensive care units (PICUs), mortality ranges between
10-25%.2:4-8 Within this group of critically ill patients, multiple organ dysfunction
syndrome (MODS) and new or progressive MODS (NPMODS) have long been recognized
as significant risk factors for adverse outcomes in pediatric sepsis.®-%-13 The recent Sepsis
Prevalence, Outcomes, and Therapy (SPROUT) point prevalence study conducted in 128
PICUs across 26 countries reported 25% all-cause hospital mortality for pediatric severe
sepsis.”8 In this cohort, 58% of patients presented with MODS at the time of severe sepsis
recognition, and 40% either died during the hospitalization or developed new or progressive
MODS (NPMODS) during the 7 day observation period.”:8 Prior studies have also
demonstrated unfavorable functional outcomes for pediatric severe sepsis survivors with
MODS. In a retrospective analysis of the pediatric activated protein C for severe sepsis trial
(RESOLVE), percentage of survivors with poor functional outcome increased from 6.5% to
28.6% as number of organ system dysfunction increased from < 2 to > 5.13

However, limited data exist about which specific individual organ dysfunctions contribute to
the morbidity and mortality risk and which therapeutic interventions are utilized for patients
with sepsis-associated MODS or NPMODS. There are also few data comparing outcomes in
pediatric severe sepsis patients who present with MODS to those with initial single-organ
dysfunction who go on to develop NPMODS. Moreover, while the use of NPMODS as a
primary outcome in clinical trials has been increasingly utilized,1*1° there remains a need to
establish the degree of association between NPMODS and more definitive clinical
endpoints, such as mortality.

We sought to determine the prevalence and evolution of MODS in pediatric patients treated
for severe sepsis in a PICU setting through a secondary analysis of the SPROUT dataset.”8
We hypothesized that the pattern and timing of sepsis-associated organ dysfunction and
development of NPMODS, are associated with mortality, morbidity, and disability
outcomes. These data may help inform future trials of pediatric severe sepsis considering
NPMODS as both a surrogate marker of mortality as well as a stand alone primary outcome
measure.

METHODS

SPROUT was a prospective, cross-sectional point prevalence study performed at 128 PICUs
in 26 countries on five separate days between June 2013 to June 2014.” Site participation
was voluntary, with no funding provided to the participating sites. Ethics approval was

Pediatr Crit Care Med. Author manuscript; available in PMC 2020 May 30.
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obtained at all sites with a waiver of informed consent granted at all but three sites at which
written consent was required for data collection. Complete details of the SPROUT study
methodology have been previously published.’

Study population

All patients >42 weeks corrected gestational age and <18 years-old being treated in a
participating ICU at 9:00am local time on each study day were screened for severe sepsis
according to the 2005 International Pediatric Sepsis Consensus Conference criteria.16 For
the purposes of screening, only clinical data available within the 24 hours preceding the 9:00
am study day time were used, yielding a study cohort with active severe sepsis. Patients who
had surgery involving cardiopulmonary bypass in the preceding five days were excluded
from the SPROUT study.

Data collection

Data were collected from the medical record regarding patient demographics, comorbid
conditions, and infectious etiology. Laboratory data and types of therapies provided were
collected within a 48-hour window around the study day (9:00am on the day prior through
9:00am on the day after the study day). Pediatric Index of Mortality-3 (PIM3) scorel’” was
calculated at PICU admission and the Pediatric Logistic Organ Dysfunction (PELOD)
scorel8 was calculated on the study day. Patients were followed until hospital discharge
(censored at 90 days if still hospitalized) to determine all-cause mortality, morbidity, and
disability outcomes. The Pediatric Overall Performance Category (POPC) ordinal scale was
used to measure new disability or change in baseline level of disability.1

The day of severe sepsis recognition was assigned as “day 1” and was identified by chart
review as the first calendar day on which a patient met consensus criteria for severe sepsis.16
Presence of NPMODS was determined by daily screening for dysfunction of the
cardiovascular, respiratory, hematologic, hepatic, renal, neurologic, and gastrointestinal
organ systems for six additional days following day 1 of severe sepsis recognition to give a
total study period of seven days. Although the consensus criteria used to screen patients for
severe sepsis also include organ dysfunction criteria,® patients had to meet the more
stringent definitions published and used by Proulx, et al. to identify daily presence of
specific organ dysfunctions in order to meet criteria for MODS and NPMODS.® Although
NPMODS as a trial outcome is commonly assessed for 28 days, SPROUT had censored this
evaluation at seven days due to prior reports that the overwhelming majority of organ
dysfunctions occurred within one week of onset of sepsis and critical illness in children.10

MODS was defined as two or more concurrent organ systems dysfunctions. Both newas
well as progressive MODS were considered to be NPMODS. New MODS was defined as a
patient with <1 organ dysfunction on day 1 of sepsis recognition who subsequently
developed =2 concurrent organ dysfunctions. Progressive MODS was defined as a patient
with existing MODS (=2 organ dysfunctions) on day 1 of sepsis recognition who developed
at least one other concurrent organ dysfunction.1415 MODS or NPMODS was not
considered present if a single organ system dysfunction resolved prior to development of a
different single organ dysfunction on the next day. In the original SPROUT analysis, death
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was also considered as meeting criteria for NPMODS, even if the patient exhibited only
single organ dysfunction pre-mortem.” However, in the present analysis, only documented
pre-mortem organ dysfunction based on clinical and laboratory criteria available prior to
death were used to define NPMODS in order to analyze organ dysfunction as a risk factor
antecedent to mortality. Chronic organ dysfunctions established prior to sepsis recognition
were not considered to be NPMODS unless new organ dysfunction developed in line with
published criteria.b

Statistical Analysis

Data were analyzed using STATA (Version 12.1; College Station, TX). Continuous data are
presented as medians with interquartile range (IQR) and analyzed using the Wilcoxon rank
sum or Kruskal-Wallis tests. Categorical data are presented as proportions and analyzed
using the Fisher’s exact or chi-squared tests. Data across ordered groups were compared
using a non-parametric test of trend of ranks. We used logistic regression to determine the
association of either each individual organ system dysfunction or NPMODS with hospital
mortality. We then used multivariable logistic regression to assess potential confounding
effects of covariates on the association of NPMODS with hospital mortality. Covariates that
were significantly different between patients with versus without NPMODS were tested as
possible confounders of the association of NPMODS with mortality. To test for
confounding, each covariate was added to a bivariable model that included NPMODS as the
independent variable and hospital mortality as the dependent variable. Only those covariates
that changed the base model odds ratio (OR) by 5% or greater were considered to be true
confounders for inclusion in the final multivariable model.2% Unadjusted and adjusted ORs
are presented with 95% confidence intervals (95% ClI). Statistical significance was defined
as a p-value <0.05 when comparing patient characteristics and therapies. Comparison across
the eight clinical outcomes was adjusted using Bonferroni correction with statistical
significance defined as a p-value <0.006 (0.05/8).

RESULTS

Of the 569 PICU patients with severe sepsis enrolled in the SPROUT study, two declined to
consent for data collection, leaving 567 patients for the current analysis. Respiratory and
cardiovascular dysfunction were the most frequent organ dysfunctions during the week
following sepsis recognition (82% and 65%, respectively) and were most likely to be present
at the time of severe sepsis recognition (87% and 79%, respectively) (Table 1). Respiratory,
neurologic, or gastrointestinal dysfunction present on the day of sepsis recognition or
developing at any point within 7 days of severe sepsis onset conferred the highest risk of
death with OR (95% CI) of 4.8 (2.3-10.1), 4.6 (2.8-7.4), and 4.0 (2.2-7.3), respectively
(Table 1).

Overall, 384 (68%) patients developed sepsis-associated MODS within one week of severe
sepsis recognition and 148 (26%) developed NPMODS (Figure 1). The onset of MODS was
most common on day 1 (85% of all patients with MODS; Figure 2), of whom 91 went on to
develop progressive MODS. Of the 240 patients who did not present with MODS, 57 went
on to develop new MODS. The total proportion with severe sepsis-associated NPMODS was

Pediatr Crit Care Med. Author manuscript; available in PMC 2020 May 30.
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thus 148 (26%) of all identified severe sepsis patients. The proportion of patients who
developed NPMODS did not differ based on whether MODS was present or absent on day 1
(p=0.28).

The characteristics of patients with and without day 1 MODS and subsequent NPMODS are
shown in Table 2. Age, sex, race, and source of PICU admission were not associated with
MODS or NPMODS. As expected, patients with MODS on day 1 had higher PIM3 scores
than patients without MODS on day 1, with the subset who also developed progressive
MODS having the highest PIM3 scores at PICU admission. Patients with MODS on day 1
who developed NPMODS were also more likely to have malignancy or solid organ/bone
marrow transplant as comorbid conditions.

Microbiology results are shown in Supplemental Digital Content—Table 1. Patients with

MODS on day 1 were more likely to have bacteremia or hospital acquired infections, but

neither were associated with NPMODS. Fungal infections were more common in patients
with versus without NPMODS (19% versus 11%, p=0.02).

Sepsis-related therapies utilized within the 48-hour data collection window are shown in
Table 3. All therapies were used more frequently in patients with MODS than those without
MODS, with the highest utilization rates in patients with day 1 MODS and progressive
MODS.

Patients with NPMODS had higher hospital mortality (62 of 148, 42%) than patients without
NPMODS (83 of 419, 20%), p<0.001 (Table 4). Hospital mortality in patients with
progressive MODS was 51% compared to patients with new MODS (28%) or those with
single-organ dysfunction without MODS (10%), p<0.001. Mortality also increased in a step-
wise fashion with increasing maximum number of organ dysfunctions (p<0.001; Figure 3).
However, mortality did not differ by day of MODS onset (p=0.74; Supplemental Digital
Content-Figure 1). In a multivariable regression model, NPMODS remained independently
associated with hospital mortality after controlling for age, solid organ/bone marrow
transplant comorbidity, illness severity (PIM3), bacteremia, and presence of a fungal
infection (adjusted OR 2.85, 95% CI 1.84, 4.40, p<0.001).

Morbidity outcome measures (Table 4) were also significantly different across patient
categories after correction for multiple comparisons. In particular, median PICU length of
stay in patients who never developed MODS was nearly half that experienced by patients
who presented with MODS and then developed NPMODS (10 vs. 19 days, p<0.001).
Median ventilator-free days was four-times lower between these same two groups (26 vs. 6
days, p<0.001). Patients with NPMODS also suffered higher rates of disability as measured
by POPC score at hospital discharge.

DISCUSSION

In this secondary analysis of a large international cohort of pediatric patients in which 8.2%
of the 6,925 patients screened were treated for severe sepsis in a PICU, we found that two-
thirds of PICU patients developed MODS and one-quarter developed NPMODS within one
week of meeting criteria for severe sepsis. The risk of NPMODS did not differ between

Pediatr Crit Care Med. Author manuscript; available in PMC 2020 May 30.
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patients with or without MODS at the time of sepsis recognition, and NPMODS increased
the odds of death in patients with both single and multiple organ dysfunction at presentation.
Our results suggest that NPMODS could be considered as a distinct sepsis phenotype,
separate from single or multiple organ dysfunction, and carries the highest risk of poor
outcomes. By considering NPMODS as a distinct phenotype rather than as a marker of
increased sepsis severity, investigators could then identify features that predict development
of NPMODS and then prospectively test interventions applied prior to rather than after
development of NPMODS as a way to impact overall mortality. Our data confirm that
NPMODS is an important primary outcome for use in clinical trials and has a strong
independent association with death and functional disability. Future efforts validating that a
reduction in NPMODS improves more definitive morbidity and mortality endpoints are
necessary.

Our findings on the timing of organ dysfunction relative to the time of sepsis recognition
confirm what has been described in adult sepsis studies. First, the majority of renal and
hepatic dysfunction occurred on days following the day of sepsis recognition parallels adult
studies?122 and suggests that these organs are most likely to exhibit delayed dysfunction
following hypoxic-ischemic injury from intial circulatory dysfunction and hypoxemia.
Moreover, while cardiovascular dysfunction currently defines pediatric septic shock, the
presence of respiratory, neurologic, and gastrointestinal dysfunction were associated with the
highest risk of mortality. These findings are consistent with the recent changes to the adult
definitions of septic shock as a high-risk condition that includes severe or multiple organ
dysfunction with both circulatory and'systemic cellular/metabolic dysfunction.23

While we observed that NPMODS was significantly associated with mortality and others
have used NPMODS as an endpoint in clinical trials, clear data linking the existing construct
of NPMODS to death in pediatric sepsis has been lacking. Moreover, we also found that
NPMODS is most likely to occur soon after sepsis onset. Just as Proulx, et al. reported in
1994,10 nearly all of our NPMODS patients developed added organ dysfunction within the
first 72 hours following sepsis recognition. These results support prior studies that the
majority of NPMODS ocurrs within the first four days following sepsis onset, suggesting
that future surveillance and data collection may reduce resource utilization by limiting the
duration of monitoring to a period less than the commonly used, though unsubstantiated,
window of 28 days. However, one must balance the duration of monitoring, with the
possibility that a reduction in early NPMODS could unmask an unintended later incidence
of new organ dysfuncton.

In addition to supporting therapeutic efforts to reduce or prevent NPMODS, we found that
NPMODS was also associated with morbidity, including functional disability, particularly in
those patients without MODS on the day of sepsis recognition. This association with
morbidity would allow identification of those patients at increased risk of non-lethal
disability and most in need of post-ICU follow-up services to maximize post-illness
recovery after discharge.

Given a high overall occurrence and strong correlation with both mortality and morbidity,
NPMODS appears to be useful both clinically and scientifically. For clinical trial design,

Pediatr Crit Care Med. Author manuscript; available in PMC 2020 May 30.
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NPMODS provides a more common clnical endpoint than death, yet appears adequate as a
surrogate for more definitive mortality and morbidity outcomes. The higher incidence of
NPMODS should facilitate more feasible clinical trials with superior statistical power.
NPMODS meets many of the criteria proposed by Prentice?4 and expanded by Fleming and
DeMets? to be useful as a surrogate marker for mortality. These criteria require that a valid
surrogate endpoint yield unambiguous information about potential treatment effects and that
treatment effects on the surrogate marker predict the replaced clinical outcome. Additionally,
the true impact of reducing NPMODS on sepsis-associated mortality, while seemingly
connected, remains unsubstantiated.

The limitations of this report include those inherent to a cross-sectional point-prevalence
design rather than a longitudinal observational design. This limits clinical data availability,
including labs obtained or therapies performed outside of the 48 hour window around the
arbitrarily selected study day. Additionally, because study day one was anchored to the day
of sepsis recognition and not to day of ICU admission and since we did not collect the
number of days between ICU admission and subsequent sepsis onset, we are unable to
determine if length of ICU stay, duration of mechanical ventilation, or other factors prior to
sepsis recognition were associated with risk of NPMODS.

Despite these limitations, our findings suggest that NPMODS could be considered a distinct
sepsis phenotype rather than a marker of sepsis severity. In this way, NPMODS can be used
not only as a predictor of outcome but also as an endpoint to identify prospectively which
patients are at specific risk for eventual development of NPMODS or a specific organ
dysfunction. In turn, defining specific characteristics of pre-existing or presenting conditions
that predict eventual development of NPMODS may allow clinicians to best weigh risks and
benefits of therapies targeting specific pathophysiologic processes associated with this
particular sepsis phenotype.

A framework for evaluating the effectiveness and utility of defining NPMODS as a specific
sepsis phenotype has been proposed by Angus, et al.26 These authors propose that
usefulness of a definition will depend on their intended use for (1) clinical care, (2) research,
(3) surveillance, and (4) quality improvement and audit and that the domains to be
considered in these four areas include reliability, validity, measurement burden, and
timeliness with concurrent care. Our findings suggest that NPMODS may add utility to all
four areas. They also support future studies to assess the proposed domains of validity,
reliability, and measurement burden of NPMODS as an outcome measure for clinical trials
and to assess the ease with which both the bedside clinician and the research investigator can
identify NPMODS in real time. Additionally, the validity and utility of identifying
NPMODS as a distinct sepsis phenotype rather than an indicator of sepsis severity must be
explored as well.

CONCLUSION

In summary, development of NPMODS is common (26%) in severe sepsis and carries a
significantly higher risk of mortality independent of MODS at time of presentation for
critically ill children with severe sepsis. Mortality was not associated with day of MODS
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onset, but did increase step-wise with increasing maximal number of concurrent organ
dysfunctions. NPMODS provides a useful addition to more definitive morbidity and
mortality outcomes for clinical trials in pediatric severe sepsis and may prove to be clinically
relevant in future sepsis definitions. In order to validate more completely the utility of
NPMODS, future studies must now demonstrate that a reduction in NPMODS leads to
improvements in traditional morbidity and mortality endpoints.
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Abbreviations:

NPMODS new or progressive multiple organ dysfunction syndrome

POPC Pediatric Overall Performance Category

PICU pediatric intensive care unit

SPROUT Sepsis Prevalence, Outcomes, and Therapy

PIM3 Pediatric Index of Mortality-3

PELOD Pediatric Logistic Organ Dysfunction
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569 PICU patients with
severe sepsis

l

567 with data available for analysis

l

384 sepsis-associated MODS within
seven days of severe sepsis recognition

~.

\

57 Day 1 MODS Absent 327 Day 1 MODS Present
N=57\A A1
“New” MODS “Progressive” MODS

148 NPMODS

Figure 1.
Flow diagram of severe sepsis patients presenting with or without MODS and subsequently

developing NPMODS or having no progression of MODS.
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Day of MODS Onset from Severe Sepsis Recognition
Figure 2.

Timing of MODS onset within the first seven days following severe sepsis recognition. Day
1 is the day of sepsis recognition.
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Figure 3.
Hospital mortality and total number of patients by maximum number of concurrent organ

system dysfunctions.
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Specific organ system dysfunctions and risk of hospital death

Table 1:

Organ System

Cardiovascular
Respiratory
Renal

Hepatic
Hematologic
Neurologic

Gl

Present within 7 days of sepsis recognition

Present at time of sepsisrecognition

N (%)2 OR (95% Cl) of death N ()P  OR(95% Cl) of death
366 (65) 26 (L7, 4.) 288 (79) 1.36 (0.93-2.0)
467 (82) 48(2.3,10.1) 408 (87) 2.1(13,3.8)

70 (12) 2.9(L7,4.8) 26 (37) 2.2 (0.98,5.0)

52 (9) 3.0(L7,5.4) 22 (42) 2.4 (0.98, 5.6)
123 (22) 1.3 (0.86,2.1) 73 (59) 1.4 (0.8, 2.5)

87 (15) 46(2.8,7.4) 61 (70) 3.8(2.2,6.6)

48 (8) 4.0(2.2,7.3) 31 (65) 3.4(1.6,7.0)

a . . A . . - . -
Proportion of the study population with organ dysfunction present at any time within 7 days of sepsis recognition.

b . . . . "
Proportion of each organ dysfunction that was present at time sepsis of recognition.
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Table 2:
Patient characteristics
Day 1 MODS Absent Day 1 MODS Present P-Value
Variable NPMODS
NPMODS NPMODS NPMODS NPMODS All absent vs.
Absent N=183 Present N=57 Absent N=236 Present N=91 Groups e
present

Age (years) 5(1-11) 3(0.3-11) 2 (0.6-10) 4(0.5-12) 0.09 0.56

Sex (male) 88 (48) 30 (53) 137 (58) 47 (52) 0.24 0.73

Race, n (%) 0.23 0.11
White 84 (46) 24 (42) 104 (44) 40 (44)

Black 20 (11) 5 (9) 41 (17) 14 (15)
Asian 23 (13) 13 (23) 26 (11) 16 (18)
Other/Unknown 56 (31) 15 (26) 65 (28) 21(23)

Source PICU Admit, n

%) 0.25 0.18
ED 56 (31) 19 (33) 73 (31) 19 (21)

Hospital ward 48 (26) 18 (32) 58 (24) 34 (38)
Operating room 16 (9) 5(9) 26 (11) 3(3)
Other hospital 55 (30) 15 (26) 67 (28) 29 (32)
Other 8 (4) 0 12 (5) 6 (7)

E];)e)"ious'y healthy, n 33 (18) 17 (30) 54 (23) 24 (26) 0.19 0.08

Comorbid conditionsa, n

(%)

Respiratory 68 (37) 12 (21) 66 (28) 26 (29) 0.07 0.15
Gastrointestinal 54 (30) 15 (26) 48 (20) 24 (26) 0.17 0.63
Cardiovascular 37 (20) 13 (23) 69 (29) 17 (19) 0.10 0.22
Genetic 41 (22) 10 (18) 48 (20) 16 (18) 0.78 0.34
Hematologic/

Immunologic 38 (21) 5(9) 39 (17) 32 (35) <0.001 0.08
Neuromuscular 47 (26) 8 (14) 31 (13) 11 (12) 0.004 0.11
Malignancy 25 (14) 6 (11) 27 (11) 22 (24) 0.03 0.05
Prematurity 27 (15) 9 (16) 33 (14) 7(8) 0.33 0.28
Metabolic 21 (11) 4(7) 27 (11) 10 (11) 0.084 0.50
Renal 14 (8) 5 (9) 23 (10) 13 (14) 0.38 0.24
Organ

transplant/BMT 16 (9) 4(7) 14 (6) 20 (22) 0.001 0.001

pIm-3? 2.4 (1.4-4.8) 2.3 (1.6-6.7) 4.5 (1.8-10.7) 7.7 (4.1-15.0) <0.001 <0.001

PELOD® 10 (1-11) 11 (3-20) 11 (2-13) 11 (3-21) <0.001 <0.001

Data presented as median (interquartile range) unless noted.

ED, emergency department; BMT, bone marrow transplant; PIM, pediatric index of mortality; PELOD, pediatric logistic organ dysfunction;
MODS, multiple organ dysfunction syndrome

aCategories do not add up to 100% because some patients had multiple comorbid conditions.
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bPIM—3 was measured at time of PICU admission.

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

Statistical comparison across all four groups using Kruskal-Wallis test for continuous variables and Fisher’s exact or chi-squared tests for
categorical variables

B . . . . . . -
Statistical comparison between patients with NPMODS absent versus present (irrespective of day 1 MODS presence) using Wilcoxon rank sum
for continuous variables and Fisher’s exact or chi-squared tests for categorical variables
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Table 3:

Therapies used within the 48-hour data collection window

Day 1 MODS Absent Day 1 MODS Present P-value
NPMODS NPMODS NPMODS NPMODS NPMODS
e absent vs.
Therapy Absent N=183 Present N=57 Absent N=236 Present N=01  All Groups f
present
Invasive mechanical
ventilation 87 (48) 47 (82) 209 (89) 78 (86) <0.001 0.001
Vasoactive
. g 44 (24) 33 (58) 171 (72) 66 (73) <0.001 0.001
infusion
Albumin 26 (14) 17 (30) 62 (26) 30 (33) 0.001 0.008
Blood products” 45 (25) 27 (47) 104 (44) 56 (62) 0.001 <0.001
Corticosteroids 58 (32) 26 (46) 114 (48) 44 (48) 0.004 0.19
Insulin® 8 (4) 8 (14) 25 (11) 16 (18) 0.002 0.004
RRT? 7(4) 7(12) 34 (14) 33 (36) <0.001 <0.001

Data presented as n (%).

G/GM-CSF, granulocyte/granulocyte-macrophage colony stimulating factor; IVIG, intravenous immunoglobulin; RRT, renal replacement therapy;
ECMO, extracorporeal membrane oxygenation; PICC, peripherally inserted central catheter

alncludes dopamine >5 mg/kg/min, dobutamine >5 mg/kg/min, or any dose of epinephrine, norepinephrine, vasopressin, phenylephrine, milrinone,
levosimendan, or a vasodilator.

b -
Includes packed red blood cells, platelets, fresh frozen plasma, cryoprecipitate, granulocytes, and whole blood.
c A - . s
Includes intravenous insulin by continuous infusion only.
Includes hemodialysis, all continuous renal replacement modalities, and peritoneal dialysis.
e, .. .. . - . . .
Statistical comparison across all four groups using Fisher’s exact or chi-squared tests for categorical variables

Statistical comparison between patients with NPMODS absent versus present (irrespective of day 1 MODS presence) using Fisher’s exact or chi-
squared tests for categorical variables
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Table 4:
Patient Outcomes
Day 1 MODS Absent Day 1 MODS Present p-value®
Outcome Measure NPMODS
NPMODS NPMODS NPMODS NPMODS All absent vs.
Absent N=183 Present N=57 Absent N=236 Present N=91 Groupsd e
present
PICU mortality 18 (10) 16 (28) 62 (26) 43 (47) <0.001 <0.001
Hospital mortality 19 (10) 16 (28) 64 (27) 46 (51) <0.001 <0.001
ZISFL%J) LOS, median 10 (4-23) 15 (10-33) 18 (9-43) 19 (10-39) <0.001 0.01
Hospital LOS,
median (IQR) 20 (10-38) 30 (17-53) 34 (15-71) 30 (17-62) 0.001 0.10
Vasoactive-free days,
median (IQR) 28 (26-28) 23 (9-27) 21 (6-25) 17 (0-23) <0.001 <0.001
Ventilator-free days,
median (IQR) 26 (16-28) 10 (0-22) 12 (0-22) 6 (0-17) <0.001 <0.001
At least mild
. a 29 (18) 21 (51) 53 (31) 13 (29) <0.001 0.005
disability
At least moderate
18 (11) 12 (29) 33(19) 10 (22) 0.02 0.02

disability?

Data presented as n (%) unless noted. P-values represent comparisons using Kruskal-Wallis for continuous and Fisher’s exact or chi-squared tests
for categorical variables.

IQR, interquartile range; PICU, pediatric intensive care unit; LOS, length of stay; NPMODS, new or progressive multiple organ dysfunction
syndrome

aAny increase in Pediatric Overall Performance Category (POPC) from baseline to hospital discharge in the 422 hospital survivors.
Discharge Pediatric Overall Performance Category =3 and an increase of =1 from baseline in the 312 hospital survivors.
Statistical significance defined as p<0.006 after Bonferroni correction for multiple comparisons.

Statistical comparison across all four groups using Kruskal-Wallis test for continuous variables and Fisher’s exact or chi-squared tests for
categorical variables

Ci . . . . . . -
Statistical comparison between patients with NPMODS absent versus present (irrespective of day 1 MODS presence) using Wilcoxon rank sum
for continuous variables and Fisher’s exact or chi-squared tests for categorical variables
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