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Continuing Education Credits Will Be Offered for
Nurses and Physicians

In support of improving patient care, Children’s Hospital Associationis
jointly accredited by the Accreditation Council for Continuing Medical

." Education (ACCME), the Accreditation Council for Pharmacy Education
Pt e (A CE’E): and the Afmencan Nurses Credentialing Center (ANCC), to provide
INTERPROFESSIONAL CONTINUING EDUCATION Confmumg education for the healthcare team.

N

For Nurses: Children's Hospital Association designates this activity for a maximum of 1.0
ANCC contact hours.

For Physicians: Children's Hospital Association designates this live activity for a maximum
of 1.0 AMA PRA Category 1 Credit(s)™. Physicians should claim only the credit
commensurate with the extent of their participation in the activity.
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Evaluations and Attendance

Criteria for Completion

 Criteria for successful completion of this educational activity includes
confirmation of attendance of the live event and completion of program
evaluation. A link to the online Verification of Attendance and Evaluation
Survey will be emailed to participants. To receive credit, individuals must
complete the survey by April 2, 2022.

* Nurses and Physicians will receive your CE certificate via email in a few
weeks




Continuing Education
Disclosure/Conflict of Interest

Children's Hospital Association has a conflict-of-interest policy that requires
everyone in a position to control the content of an educational activity to disclose
all relevant financial relationships with any ineligible company. Any potential
conflicts are mitigated so that presentations are evidence-based and
scientifically balanced. No conflict of interest exists for any CE presenter or
planning committee member related to the content of this educational
activity.
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Learning Objectives

Explain the Phoenix criteria for pediatric sepsis and septic shock and
identify opportunities to incorporate these criteria into pediatric sepsis
work.

Evaluate the differences between the Phoenix criteria and sepsis
screening.

Discuss the implications of Phoenix criteria for existing pediatric sepsis
literature and current care recommendations provided by IPSO and
other organizations.




Sepsis Definitions: Historical Context

Infection

Suspected or proven infection caused
by any pathogen OR a clinical
syndrome w/ probability of infection

Sepsis
SIRS in the presence of infection
Severe Sepsis
Sepsis + CV dysfunction OR ARDS OR
=2 other organ dysfunction

Septic Shock

Sepsis and CV organ dysfunction
(hypotension, pressors or elevated
lactate)

Systemic Inflammatory Response
Syndrome
(2/4, 1 must be temp or wbc):
* Core Temp > 38.5°C or <36°C
« Tachycardia / Bradycardia
« Tachypnea
« WBC elevated or depressed

(Goldstein et al., 2005)
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Sepsis 3

Life-threatening organ dysfunction
caused by a dysregulated host
response to infection

Seymour JAMA 2016

JAMA Pediatrics | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT
Adaptation and Validation of a Pediatric Sequential
Organ Failure Assessment Score and Evaluation

of the Sepsis-3 Definitions in Critically Ill Children

Travis ). Matics, DO; L Nelson Sanchez-Pinto, MD, MBI L
= JAMA Pediatrics | Original Investigation

VIEWPOINT

Luregn 1. Schiapbach,
MD, FCICM

Faculty of Medicine,
The University of
Queensland, Brishane,
Queensland, Australia;
and Paediatric Critical
Care Research Group,
Mater Research
Institute, University of
Queensland, Brisbane,
Queensland, Australia.

Niranjan Kissoon, MD
University of British
Columbia, Vancouver,
British Columbia,
Canada; and British

Defining Pediatric Sepsis

The resolution on sepsis by the United Natiors World
Health Assembly in May 2017 recognizes sepsis asa glob-
althreatinadults and childrenand a priority for theWorld
Health Organization to address during the next decade.”
This resolution on sepsis acknow ledges that sepsis rep-
resents amajor contributor to childhood merbidity and
mortality and the associated economic burden. The
United Nations Sustainable Development Goal 3 (https:
Jfsustainabledevelaopment un.org/sdg3) defined specific
targets for infections and pandemics 2 Despite the huge
burden that sepsis imposes on the health of children,*#
current definitions of pediatric sepsis are of limited value
to bedside clinicians to identify cases of sepsis. More-
over, these definitions have poor predictive value and
have not been validated thus lessening their utility in

sence of a criterion standard, the Adult Sepsis Defini-
tion Taslforce has operationalized sepsis definitions that
were developed and validated in large cohorts using a
data-driven approach rather than expert consensus
alone.® The Third Inte rmational Consensus Definitions for
Sepsis and Septic Shock (Sepsis-3) definition® empha-
sizes that sepsis isdifferentiated from uncomplicatedin-
fection by the presence of life-threatening organ dys-
function as a result of a dysregulated host response to
infection.Septic shockis asubset of sepsisinwhichpro-
found dirculatory, cellular, and metabolicabnormalities
are associated with a greater risk of mortality than with
se psis alone. Using the Sequential Organ Failure Assess -
ment (SOFA) score, patients with new organ dysfunc-

tion areidentified. The paradigm change in content and
—— I e I T

In conclusion, there is thus an urgent need to translate Sep-

sis-3 into definitions adapted for the spedific disease characteris-
tics, susceptibilities, and patterns of pediatric sepsis. Failure to re-

recognition of and intervention for sepsis, with an
emphasis on a clinician-defined spectrum of disease.
Presumedor proven infection with systemic inflammation
(SIRS) was defined as sepsis, with progressive organ
dysfunction defined as severe sepsis and cardiovascular
dysfunction as septic shock. However, SIRS is very
commonly manifested inotherwise well febrile children,
and even in children without infections, leading to low
specificity and thus limited use to dinicians.® During the
winter months, more than halfthe population of children
inemergency departmentspresent withrunnynoses due
toviralinfections, which would satisfy the present criteria
for sepsis. Apart from thestress on resourceseven inhigh-
income countries, many health care facilities in low- and
middle-income countries do not have the resources to
perform white blood cell counts (a requirement for

created some anxiety as to how it will be used, espe-
cially inlow- and middle-income countries.”

The Sepsis-3 consensus statement was designed for
adults and the task force recognized "the need to
develop similar updated definitions for pediatric
populations."* 5% Although the SOFA score was not
designed for pediatric age groups, several recent stud-
ies have demonstrated, in principle, the feasibility of ap-
plying Sepsis-3-basedcriteria to pediatric age groups.*®
Translating Sepsis-3 criteria into pediatrics will require
taking age-related differences in pathophysiclogy and
clinical manifestationsinto account. For example, arte-
rial hypatension, whichis 1of 3essential criteria for sep-
ticshackinadults, represents agenerally late signofsep-
ticshockinchildren.® Furthermore, the fulminant nature
often seen in community-acquired pediatric sepsis will

Validation of the Pediatric Sequential Organ Failure Assessment Score
and Evaluation of Third International Consensus Definitions for Sepsis
and Septic Shock Definitions in the Pediatric Emergency Department

Fran Balamuth, MD, PhD: Halden F. Scott, MD, MSCS; Scott L. Weiss, MD, MSCE: Michael Webb, M5; James M. Chamberlain, MD; Lalit Bajaj, MD, MPH;
Holly Depinet, MD, MPH; Robert W. Grundmeier. MD; Diego Campos. MS; Sara J. Deakyne Davies, MPH: Morma Jean Simon, MS; Lawrence J. Cook, PRD;
Elizabeth R. Alpern, MD. M5CE; for the Pediatric Emergency Care Applied Research Metwork (PECARN) PED Screen and PECARM Registry Study Groups



International Pediatric Sepsis Definition Task Force

TR RER" e . Salzburg, 2019

* Agreement on conceptual
definition: life threatening

organ dysfunction caused
by infection
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Systematic Review

Menon K, et al. Criteria for Pediatric Sepsis — A Systematic Review and Meta-
Analysis by the Pediatric Sepsis Definition Taskforce. Crit Care Med. 2022.

Kusum Menon Simon Nadel

Luregn J. Schlapbach Claudio Flauzino Oliveira
Samuel Akech Mark Peters

Andrew Argent Benham Sadeghirad
Paolo Biban Halden F. Scott

Enitan D. Carrol Daniela C. deSouza
Kathleen Chiotos Pierre Tissieres
Mohammod Jobayer Chisti R. Scott Watson

ldris V.R. Evans Matthew O. Wiens

David P. Inwald James L. Wynn

Paul Ishimine Jerry J. Zimmerman
Niranjan Kissoon Lauren R. Sorce

Rakesh Lodha on behalf of the Society of Critical Care Medicine’s

Pediatric Sepsis Definition Taskforce



Aims

To determine the associations of variables with
1) Sepsis, severe sepsis, or septic shock in
2) Multiple organ dysfunction or death in

Evaluating the following variable domains:
Demographic
Clinical
Laboratory
Organ dysfunction
lliness severity




Records identified through
database searching
(n=12343)

Records after duplicates removed
(n = 7502)

> Records excluded

Full-text articles

(n =969)

Studies included in
gualitative synthesis
(n = 106)

Studies included in

meta-analysis

(n=6533)

assessed for eligibility |———™*

Full-text articles excluded

(n =863)

Ineligible age = 151

Mot sepsis, severe sepsis or septic shock = 204

Ineligible study setting = 3

Ineligible study design: review = 20

Ineligible study design: other = 65

Ineligible sample size = 89

Conference abstract = 7

No gutcome of interest = 42

Sepsis criteria not defined = 45

Incorrect language = 10

No comparator group = 130

Variable not assessed on admission = 14

Unable to locate full text = 12

Duplicate study population = 5§

Incomplete data = 2

Variable only for research purposes = 64

(Menon et al, 2022)
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Results

SURVIVORS

c. Multi-system organ dysfunction (MODS)

NON-SURVIVORS

MODS/Total MODS/Total
Study OR (95% Cl) Non-survivors ~ Survivors ~ %Weight
1
1
Angurana, SK 2020 i 12.36 (1.25, 122.62) 4/5 11/45 6.11
1
1
Jaramillo-Bustamante, JC 2012 L o 11.09 (7.29, 16.87) 163/192 289/859 17.71
1
1
Khan, MR 2012 : 21.67 (1.28, 366.70) 32/32 76/101 4.52
1
1
Shah, S 2020 :—+— 26.28 (8.48, 81.41) 1119 9/181 12.54
1
1
Thakkar, RK 2019 - | 3.14(1.92,5.11) 82/109 152/309 17.30
1
1
1
Thakkar, RK 2019 - | 2.48 (1.03, 5.99) 26/34 59/104 14.46
1
1
Vila-Perez DV, 2014 :—0— 17.55 (4.67, 65.86) 14117 25/119 11.15
1
1
Wang, C 2020 : > 44.32 (2.53,776.77) 1313 26/69 443
1
1
Xiao, C 2019 ——————t 2.54(0.74,8.73) 43/46 169/199 11.79
1
Overall (I-squared = 75.2%, p = 0.000) <> 7.81(3.92, 15.55) 388/467 816/1986  100.00
1
1
1
NOTE: Weights are from random effects analysis :
s
1 10
b. Number of organ dysfunctions
Non-survivors Survivors
Study Mean Difference (95% CI) N, mean (SD) N, mean (SD) %Weight
i
'
Baranwal, AK 2020 ! 0.30 (-0.27, 0.87) 10,3.4 (0.8) 40,3.1(0.9) 22.49
'
i
de Souza, DC 2016 —_— 1.30 (0.94, 1.66) 65,3.0 (1.4) 392,17 (1.3) 25.53
'
i
'
Fisher, RT 2005 - ' 0.50 (0.46, 0.54) 68,3.8(0.1) 38,3.3(0.1) 28.13
'
i
Xie, X 2019 | — 1.66 (1.18, 2.14) 48,3.42(1.5) 48,1.76 (0.8) 23.86
i
Overall (I-squared = 92.6%, p = 0.000) <> 0.94 (0.34, 1.54) 1065 4683 100.00

NOTE: Weights are from random effects analysis

2 25

T

(Menon et al, 2022)
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Results

SURVIVORS

a. Pediatric Risk of Mortality (PRISM)

Study/subgroup

Non-survivors vs Survivors
Alam, A 2020
Angurana SK, 2020
Boeddha, NP 2018
Choi 8J, 2017

Choi, SJ 2018
Choudhary, R 2017
Couto-Alves, A 2013
El Zayat, R 2013
Fisher, RT 2005
Ibrahiem, SK 2015
Isguder, R 2016

Kaur, G 2014

Maat, M 2007

Nazir, M 2019
Niederwanger C, 2020
Sachdev A, 2020
Sayed SZ, 2020

Tang X, 2020
Verhoeven JJ, 2011
Subtotal (l-squared = 99.6%, p = 0.000)

Sepsis vs Not sepsis

de Souza, DC 2016

Matics, TJ 2017

Subtotal (I-squared = 93.2%, p = 0.000)

NOTE: Weights are from random effects analysis

NON-SURVIVORS

Mean

Difference (95% CI)

1.50 (0.13, 2.87)
14.45 (6.83, 22.07)
8.00 (4.29, 11.71)
8.40 (3.54, 13.26)

6.00 (3.76, 8.24)
8.86 (6.93, 10.79)
50.90 (49.47, 52.33)
7.40 (4.86, 9.94)
3.40 (3.02, 3.78)

14.54 (11.31, 17.77)

17.00 (14.20, 19.80)
11.80 (7.16, 16.44)
9.00 (0.52, 17.48)
0.00 (-2.37, 2.37)
10.62 (6.95, 14.29)
2.50 (-0.24, 5.24)

18.16 (12.69, 23.63)

8.00 (7.39, 8.61)
9.45 (4.31, 14.59)
11.04 (5.57, 16.52)

5.00 (4.13, 5.87)
7.00 (6.48, 7.52)
6.03 (4.07, 7.99)

Group 1
N, mean (SD)

58, 12 (4.44)
5,29.4 (8.52)
36,22 (11.1)
21,21.9(10.9)
67, 17 (8.52)
94,21.4 (7.33)
85,61.9 (6.7)
29, 17.3 (5.8)
60, 18.9 (1)
14, 24.5 (5.93)
32,25 (8.01)
29, 19.7 (8.2)
45,23 (26.7)
35, 10 (5.93)
54,19.8 (13.7)
29,9 (7.04)
19, 29.2 (11.9)
99, 15 (2.96)
10, 30.4 (7.41)
821

464, 10 (8.15)
1231, 9 (8.89)
1695

Group 2
N, mean (SD)

58, 10.5 (2.96)
45,15 (5.19)
636, 14 (9.63)
62, 13.6 (5.27)
159, 11 (5.93)
54, 12.6 (4.62)
988, 11 (1.3)
21,9.9 (3.3)
38,15.5 (.9)
43,10 (2.96)
158, 8 (2.5)
21,7.9(8.3)
242, 14 (26.7)
77,10 (5.93)
344, 9.17 (4.07)
109, 6.5 (5.19)
41,11 (4.07)
720, 7 (2.22)
57, 21(8.89)
3871

626, 5 (5.93)
2986, 2 (4.44)
3612

Y%Weight

5.39
4.90
5.28
5.19
5.36
5.38
5.39
5.35
5.41
5.31
5.34
5.21
4.79
5.36
5.28
5.34
5.13
5.41
5.17
100.00

48.39
51.61
100.00

(Menon et al, 2022)




Discussion: Two Aims

* Few identified * Organ dysfunction CONCEPTS
 Search strategy and existing and SCORES are associated with
research mortality in pediatric sepsis
« Pediatric febrile illness studies * Some organ dysfunctions more
not included unless they ominous than others
contained a defined sepsis
population

 Reflects different outcomes used
In research in non-ICU (bacterial
infection, hospitalization)




Discussion

Systematic review identified variables commonly measured,
associated with mortality in sepsis across settings and varying
sepsis definitions

|dentified differences in country income contributed to
Mortality differences
Differences in representation of patients in the published literature

Ensured comprehensive search for variables important to
include in data driven criteria selection process




International Survey

Drafted, revised, disseminated by Pediatric Sepsis Definition Taskforce

Distributed by 27 international societies (CCM, EM, ID, others)

English, Spanish, Portuguese, Mandarin and French

* Demographics

» Resource availability

Current practice for sepsis diagnosis

Viewpoint on usefulness of current sepsis definitions
Viewpoint on goals for new sepsis definitions

What should the word “sepsis” mean?
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The Current and Future State of
Pediatric Sepsis Definitions: An

International Survey 2,835 analyzable responses

Luc Morin, MD, MSc,® Mark Hall, MD,” Daniela de Souza, MD, PhD,%? Lu Guoping, MD,® Roberto Jabornisky, MD,"#
Nobuaki Shime, MD," Suchitra Ranjit, MD, FCCM.’ Patricia Gilholm, PhD; Satoshi Nakagawa, MD*

Jerry J. Zimmerman, MD, PhD,' Lauren R. Sorce, PhD, RN,™" Andrew Argent, MBBCh, MD,°® Niranjan Kissoon, MD,*"
Pierre Tissiéres, MD, DSc,** R. Scott Watson, MD, MPH,"* Luregn J Schlapbach, MD, PhD, FCICM “* on behalf of the
Pediatric Sepsis Definition Taskforce

PEDIATRICS

PEDIATRICS Volume 149, number 6, June 2022

?ﬁ

e

[l > 250 respondents
[l 100250 respondents
] 50-100 respondents
[] 25-50 respondents
[] 10-25 respondents
[] 19 respondent (s)



What should be called “sepsis”?

Life-threatening infection - Organ dysfunction
REMOTE from the site of the primary infection

Life-threatening infection - Fluid-refractory
CARDIO-VASCULAR dysfunction

Life-threatening infection - Organ dysfunction
LIMITED to the site of the primary infection

Local infection - No organ dysfunction - Hospital
admission

Local infection - No organ dysfunction - No
hospital admission

29%

8%

100 S0 0 50 100

Percentage
(Morin et al, 2022)

Response . No . Yes

72%
The

s | @nsweris
somewhere

60% in here
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Use cases

» Does this patient in front of me have sepsis?

* |s this patient developing sepsis?

* Did this/these patient(s) have sepsis?

. What is this patient’s risk for adverse outcomes?

« How good are we at diagnosing/managing sepsis? j

E Who/What/Where/\When?

. Understanding sepsis biology, clinical trials

26



Conclusions

* Has limits on the availability of diagnostic and therapeutic
resources, but vital sign measurement and basic laboratory
testing are frequently available

* Perceives current sepsis definitions to be inadequate for use
across the spectrum of need (e.g. recognition, quality
benchmarking, research)

« Wants a set of definitions that does it all!
* |s not unanimous on what the word “sepsis” should mean, but
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Phoenix Criteria
Chris Horvat, MD MHA

UPMC Children’s Hospital of Pittsburgh



]
Research

JAMA | Original Investigation

Development and Validation of the Phoenix Criteria for Pediatric Sepsis
and Septic Shock

L. Nelson Sanchez-Pinto, MD, MBI; Tellen D. Bennett, MD, MS; Peter E. DeWitt, PhD; Seth Russell, MS;
Margaret N. Rebull, MA; Blake Martin, MD; Samuel Akech, MBChB, MMED; David J. Albers, PhD;
Elizabeth R. Alpern, MD, MSCE; Fran Balamuth, MD, PhD, MSCE; Melania Bembea, MD, MPH, PhD;
Mohammod Jobayer Chisti, MBBS, MMed, PhD; Idris Evans, MD, MSc; Christopher M. Horvat, MD, MHA;
Juan Camilo Jaramillo-Bustamante, MD; Niranjan Kissoon, MD; Kusum Menon, MD, MSc;

Halden F. Scott, MD, MSCS; Scott L. Weiss, MD; Matthew O. Wiens, PharmD, PhD; Jerry J. Zimmerman, MD, PhD;
Andrew C. Argent, MD, MBBCh, MMed; Lauren R. Sorce, PhD, RN, CPNP-AC/PC; Luregn J. Schlapbach, MD, PhD;
R. Scott Watson, MD, MPH; and the Society of Critical Care Medicine Pediatric Sepsis Definition Task Force

JAMA. 2024;331(8):675-686. doi:10.1001/jama.2024.0196
Published online January 21, 2024. Corrected on March 6, 2024.
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Table 2. The Phoenix Sepsis Score®

0 Points 1 Point 2 Points 3 Points
Respiratory (0-3 points)
Pao,:Fio, 2400 or Spo;:Fio,  Pao,:Fio; <400 and any Pao,:Fio, 100-200 and IMV  Pao,:Fio, <100 and
>292° respiratory support© or Spo,:Fio,  or Spo,:Fio, 148-220 IMV or Spo,:Fio, <148
<292 and any respiratory support® and IMV and IMV
Cardiovascular (0-6 points)
1 point each (up to 3) for: 2 points each (up to 6) for:
No vasoactive medications 1 Vasoactive medication® >2 Vasoactive medications®
Lactate <5 mmol/L® Lactate 5-10.9 mmol/L® Lactate 211 mmol/L®
Mean arterial pressure by age,
mm Hg"9
<1 mo >30 17-30 <17
1to11mo >38 25-38 <25
1to<2y >43 31-43 <31
2to<5y >44 32-44 <32
Sto<l2y >48 36-48 <36
12to 17y >51 38-51 <38

Coagulation (0-2 points)"

1 point each
(maximum of 2 points) for:

Platelets 2100 x 103/pL Platelets <100 x 10°/pL

International normalized International normalized
ratio 1.3 ratio >1.3
D-dimer <2 mg/L FEU D-dimer >2 mg/L FEU
Fibrinogen 2100 mg/dL Fibrinogen <100 mg/dL
Neurologic (0-2 points)’
Glasgow Coma Scale score Glasgow Coma Scale score Fixed pupils bilaterally
>10/; pupils reactive <10 (Sanchez-Pinto et al., 2024)




Context and Implications of the New Pediatric Sepsis Criteria

Erin F. Carlton, MD, MSc; Mallory A. Perry-Eaddy, PhD, RN; Hallle C. Prescott, MD, MSc

International survey

How do clinicians diagnose sepsis?

» No existing definitions were deemed useful across all 6 domains of use
by the majority of the 2835 respondents.

» 71% of respondents felt the term sepsis should be limited to children
with infection-related organ dysfunction.

l

Systematic review and meta-analysis of factors associated with sepsis

What factors are associated with sepsis among children with infection?
» Review of 16 studies (9629 children) confirmed that organ dysfunction
is strongly associated with sepsis diagnosis.
What factors are associated with poor outcomes among children with sepsis?

» Review of 71 studies (154 674 children) confirmed that organ dysfunction
is strongly associated with mortality.




SeQSIS
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Context and Implications of the New Pedjiatric Sepsis Criteria
Erin F. Carlton, MD, MSc: Mallory A. Perry-Eaddy, PhD, RN; Hallle C. Prescott, MD, MSc

Cohort study to develop and validate pediatric sepsis criteria

For each of 8 organ systems, which existing criteria best predict
hospital mortality?

» The best performing criteria were identified for each of 8 individual organ
systems, from 5 existing scoring systems: International Pediatric Sepsis
Consensus Conference (IPSCC), Pediatric Logistic Organ Dysfunction (PELOD-2),
Pediatric Organ Dysfunction Information Update Mandate (PODIUM),
pediatric SOFA, and Proulx.

Which organ system dysfunctions best predict hospital mortality among
children with infection?

» A 4-system model including cardiovascular, coagulation, neurologic, and
respiratory systems achieved similar discrimination as the full 8-system model.

l

Taskforce consensus process

How should pediatric sepsis be identified in practice?

» The 4-system model was prioritized for clinical use and converted
to Phoenix Sepsis Score.

» Septic shock requires =1 point in the cardiovascular system.

» The 8-system model may be useful for research and was converted
to Phoenix-8 Score.




Methods

Retrospective cohort study using EHR data from 10
hospitals across 5 countries

Primary outcome was in-hospital mortality

Suspected infection = systemic antimicrobials and
microbiological testing within the first 24 hours of the
encounter

AUPRC was primary measure of the organ dysfunction
subscore

Pre-specified strata, including high vs low resource country




B. CONSORT-style flow diagram for encounters in the various analyses

3,751,591 hospital encounters
in children <18 years

1,240 encounters removed during table
~| harmonization (e.g., test patients,
patients without an identifier in the
encounter table)

v

3,750,351 encounters

119,598 encounters removed for having no
»| observations (e.g., labs or vital signs)
recorded

3,630,753 encounters
3,049,439 encounters in the 581,317 encounters in the
development set external validation set

' 130,292 encounters with 45,855 with suspected
759,774 encounters to suspected infection in the first 24 infection in the first 24
criteria/subscores for each 2,289,665 encounters the novel score and criteria
individual organ dysfunction Nsepsls and septic shock

43,765 encounters .
? 43,400 to internally validate the novel score

42,692 encounters with o train stacked anda‘tteriaforsagsiswsepﬂcshoek
suspected infection in the first | [ Models L
24 Mours 1o wrain Component | 743,127 to assess stacked models and

M & CHILDREN'S
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What is stacked regression?

Model 1

Model 2

Training Meta-Model — Fl_nql
Data Predictions

M Od el 3 Predictions
\ Model 4




eFigure 1. Conceptual illustration of how stacked regression was used to develop the sepsis criteria

Existing Organ Dysfunction
score subcomponents
Platelets
Number of Lactate R INR GCS
Vasoactive Infusions Mean BP &l voné D-Dimer Pupils
(VIS: CV) (PELOD-2: CV) (PSOFA: Resp) Fibrinogen (PELOD-2: Neuro)
' P (DIC Score: Coag)
: < Prediction
Note: Mean BP l / Target: Mortality
is age-adjusted Metric: AUPRC

Other ODs eliminated
by penalized regression

Cardiovascular | | Respiratory I Coagulation Neurologic

‘N\“'\\ \\ ,;’ ’f," Pf.dict‘oﬂ Tw.t: Mlﬂy
e Nl Metric: AUPRC
2 - Model Stacking
Sepsis Model Parameter regularization
Translate Model

into Integer-based Score

l Phoenix Sepsis Score ]

Select binary thresholds
of the Phoenix Sepsis Score
for sepsis and septic shock

Phoenix sepsis and
septic shock criteria




Figure 3. Mortality Prediction Performance of the Phoenix Sepsis Score and Organ Dysfunction Scores
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Figure 2. In-Hospital Mortality Associated With the Phoenix Sepsis Score in Patients in Lower-Resource
Settings With Suspected Infection in the First 24 Hours

Figure 1. In-Hospital Mortality Associated With the Phoenix Sepsis Score in Patients in Higher-Resource
Settings With Suspected Infection in the First 24 Hours
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Figure 4. Comparison of Sensitivity and PPV of Novel Phoenix Sepsis Criteria With Current IPSCC Sepsis
and Severe Sepsis Criteria Across Outcomes and Patient Subgroups in the Internal Validation Sets
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Key Takeaways

1. The Phoenix criteria were derived using data from 3.6
million pediatric sepsis encounters
Data were from both higher and lower resource settings

2. The Phoenix criteria were derived and validated to predict
mortality in children with suspected infection

3. The Phoenix criteria demonstrated superior performance
based on AUPRC compared to other organ dysfunction
scores and previous sepsis criteria




What are the Phoenix criteria NOT?

NOT a screening tool for children with early indications of

life-threatening infections

NOT a tool for determining when to perform a workup for
infections (e.g., obtain blood or other body fluid cultures)

NOT a tool for determining w
NOT a tool for determining w

NOT a tool for determining w
medications

nen to give antibiotics
nen to give fluids

nen to administer vasoactive

NOT comprehensive criteria for multiple organ dysfunction




The monumental achievements of the Improving
Pediatric Sepsis Outcomes (IPSO) collaborative

1. EHR-based definitions of sepsis
8 cascading sets of criteria

2. Implementing screening and management pathways
focused on early recognition of sepsis:
35.7% reduction in mortality among children with suspected sepsis
49.5% reduction in mortality among children with critical sepsis

(Scott et al, 2020; Larsen et al, 2021; Paul et al, 2023)




How is our site incorporating the Phoenix criteria?

Prevention is better than cure! (Desiderus Erasmus, ~1500)

Vigilance still required across 3 core domains:
1. Recognition and treatment of the specific pathogen
2. Addressing the individual child’s biomolecular response to infection
3. Promoting optimal systems of care delivery




Thank you

Questions?

Christopher.Horvat@chp.edu



mailto:Christopher.Horvat@chp.edu

i

CHILDREN'S
HOSPITAL

AAAAAAAAAAA

Controversies

Slides courtesy of Tell Bennet and
Nelson Sanchez-Pinto and SCCM
Taskforce



Why use existing organ dysfunction subcomponents in
Step 1?

Already validated in children

Community has experience with them

Pragmatic approach

- Slide courtesy of SCCM/Bennet/Sanchez-Pinto



Organ system Organ Dysfunction Score/Criteria
IPSC | PELOD-

C 2 PODIUM | Proulx | pSOFA | DIC | VIS Sl
Cardiovascular X X X X X X X
Respiratory X X X X X
Neurological X X X X X
Renal X X X X X
Hepatic X X X X

X

Heme/Coag X X X X X
Immunologic X
Endocrine X

Slide courtesy of SCCM/Bennet/Sanchez-Pinto




Renal and hepatic dysfunction aren’t important anymore?

o On the contrary! Very important for management, stratification
o But mortality discrimination equal for 4 vs. 8 organ systems in infected
patients, i.e. for diagnosis of sepsis they are not necessary

PRC PRC

sensitivity

M 2 cHiLbreN's
Slide courtesy of SCCM/Bennet/Sanchez-Pinto ‘}1’( HoSHE:,



Renal and hepatic dysfunction aren’t important anymore?

o Phoenix-8 score also developed (in the
Supplement) for e.g. research uses

+ Endocrine, Hepatic, Immunologic, and Renal

Slide courtesy of SCCM/Bennet/Sanchez-Pinto

Internal validation set

Phoenix-8

PELOD-2

pSOFA

0.91 (0.90-0.91)

0.86 (0.86-0.87)

0.50 (0.89-0.90)

0.90 (0.89-0.91)

0.84 (0.83-0.86)

0.89(0.87-0.90)

0.85 (0.84-0.86)

0.78(0.77-0.79)

0.83(0.82-0.84)

E)ternal validation set

0.94 (0.94-0.94)

0.92 (0.92-0.92)

0.93(0.93-0.93)

0.78 (0.76-0.79)

0.70(0.67-0.71)

0.73(0.71-0.75)

0.80(0.79-0.80)

0.73 (0.72-0.74)

0.82(0.81-0.83)

0.87 (0.87-0.87)

0.80 (0.80-0.81)

0.86 (0.86-0.87)
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Phoenix-8 score

Slide courtesy of SCCM/Bennet/Sanchez-Pinto

1 point 2 points 3 points
Respiratory
(0-3 points) P/F <400 P/F 101-200 and MV P/F <100 and MV
or or or
S/F <292 S/F 149220 and MV S/F<148and MV
Cardiovascular
(0-6 points) 1 pointeach{upto3 2pointseach (upto 6
points) for: points) for:
1 Vaso-inotrope inf. >2 Vaso-inotrope inf.
Lactate 5-10.9mmolL | Lactate =11 mmoVL
Age-based MAP (mmHg} MAP (mmHg)
<1 mo. 17-30 <17
1-11 mo. 2538 <25
1223 mo. 3143 <31
24 59mo. 3244 <32
60-143mo. 36-48 <36
144-216 mo. 3851 <38
Coagulation
(0-2 points) 1 pointeach (max. 2
points) for:
Platelets <100 K/pL
INR >1.3
DDimer >2 mg/L
Fibrinonan <100 ma/dl
Neurologic
(0-2 points) GCS<10 Fixed pupils
Endocrine
(0-1 point) Blood glucose <50 or
>150 mg/dL
immunologic
(0-1 point) ANC <500 and/or
ALC <1000 cells/mm?
Renal
(0-1 point)
Age-based Creatinine (mg/dL)
<1 mo. >0.8
1-11 mo. >0.3
1223 mo. >0.4
24-59mo. >0.6
60-143mo. >0.7
144-216 mo. >1.0
Hepatic
(0-1 point) Total bilirubin >4mg/dL

and/orALT>102 IU/L

4 m
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Can a child with single-organ respiratory or neurologic
dysfunction have sepsis?

Phoenix Sepsis with
remote OD

N =8,728

Mortality = 8.0%

Phoenix Sepsis
without remote OD
N=1,515
Mortality = 1.7%

Phoenix Sepsis
N =10,243
Mortality = 7.1%

Phoenix Sepsis with
TN = 134,136 remote OD
N=1,320

Mortality = 32.3%

Higher Resource Sites

ix Sepsis \Zti%joiug S:rzsc::e oD
o Yes, but sepsis with “remote” =iz oraiy =5 1%
organ dysfunction accounts for

the vast majority of cases |

Slide courtesy of SCCM/Bennet/Sanchez-Pinto Lower Resource Sites



What if a healthcare facility doesn’t routinely collect all
variables in the Phoenix Sepsis Score (e.g. D-Dimer)?

O According to international Survey, A N quagnosticResources B | Management Resources
most variables in the score are
available in most settings o
o Score is built with redundancy, |z S
median score in children with —— . o i
S e pSiS i S 3 (IQR 2 _ 4) LIG/LMIC CT:::LE%EEE LIC/LMIC
o Example: Excellent performance at
lower resource site 1 despite few == e
coagulation tests and lactates S

CHILDREN'S
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Slide courtesy of SCCM/Bennet/Sanchez-Pinto ‘}1’( HoSHE:,




Comparison with Adult Sepsis-3

Similar:
o Sepsis = Infection + organ dysfunction
o Large EHR-based datasets to derive & validate

Different:

o Pediatric dataset was larger, more diverse, more international, and
with higher and lower resource sites

o Used AUPRC and PPV/Sensitivity as primary measures instead of
AUROC (better approach for imbalanced datasets)

o Used OD subcomponents not entire existing scores (e.g. SOFA)

Slide courtesy of SCCM/Bennet/Sanchez-Pinto



Limitations

o EHR data can have missingness and errors
Mitigation: reproducible harmonization and data quality
Advantage: Real-world data where criteria will be used

o Some OD is iatrogenic (e.g. GCS in intubated/sedated patients)

o Some lower resource sites had important measures not recorded
even when performed (e.g. mechanical ventilation)

o Did not distinguish chronic organ dysfunction (similar to Sepsis-3)

o Data from 2010-2019 from most sites

Slide courtesy of SCCM/Bennet/Sanchez-Pinto
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Challenge sepsis.

Change lives.

Discussion

Children’s Hospital Association
600 13th St., NW | Suite 500 | Washington, DC 20005 | 202-753-5500
16011 College Blvd. | Suite 250 | Lenexa, KS 66219 | 913-262-1436

www.childrenshospitals.org
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Reminder

Please complete the brief survey by April 2.
This must be completed to receive CE credit!




Continuing the Conversation

‘ Virtual events

Community

m Tools & resources

CHA Sepsis @ Anytime discussion board

% Open to all CHA member hospital participants

62


https://community.childrenshospitals.org/communities/community-home?CommunityKey=27a325aa-5750-4095-a750-018dc7ca9784
https://community.childrenshospitals.org/communities/community-home?CommunityKey=27a325aa-5750-4095-a750-018dc7ca9784
https://community.childrenshospitals.org/communities/community-home?CommunityKey=27a325aa-5750-4095-a750-018dc7ca9784

Challenge sepsis.

Change lives.

Thank you!

For additional questions, contact:
balamuthf@email.chop.edu
christopher.horvat@chp.edu
halden.scott@cuanschutz.edu

Children’s Hospital Association
600 13th St., NW | Suite 500 | Washington, DC 20005 | 202-753-5500
16011 College Blvd. | Suite 250 | Lenexa, KS 66219 | 913-262-1436

www.childrenshospitals.org
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