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• 2005: IPSCC Pediatric Sepsis criteria published (AKA “Goldstein”)
• Sepsis = infection + SIRS
• Expert-based, non-specific, excessively sensitive (e.g., bronchiolitis = sepsis?)
• Concept of “severe sepsis” is strange and ambiguous

• 2016: Adult Sepsis-3 criteria published
• Sepsis = infection + organ dysfunction
• Based on adult SOFA score, not applicable to children
• Developed mostly by intensivists from high-resource settings

• 2019: SCCM Pediatric Sepsis Definition Task Force convened
• Is “Sepsis = infection + organ dysfunction” right for children too?
• Goal: new criteria applicable to children of all ages (except premature 

neonates) and in high- and low-resource settings
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SCCM Pediatric Sepsis Definition Task Force 
Salzburg, Austria, June 2019 

• Diverse members including CCM, PEM, ID, NICU, nursing, high- and low-resource.
• Three-pronged effort: systematic review, international survey, data analysis
• Final criteria = Data results + modified Delphi consensus





What should be called “sepsis”?

>2800 respondents from around the world

Sepsis = an infection with life-threatening organ 
dysfunction (>70% respondents)
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Derivation and 
validation study 



Conceptual framework
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Pediatric Sepsis = 
“An infection with life-threatening organ dysfunction”



Conceptual framework
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“An infection with life-threatening organ dysfunction”

Suspected infection <24 hours

Primary outcome: in-hospital mortality

Identify the best-performing organ dysfunction 
subcomponents from existing scores, applicable to 
higher and lower resource settings



Overview
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Step 1: Identify the best* organ dysfunction 
subcomponents of existing scores 

 

*best = predicting mortality in infected vs. non-infected patients in <24h

Organ system Organ Dysfunction Score/Criteria

IPSCC PELOD-2 PODIUM Proulx pSOFA DIC VIS SI

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

Heme/Coag X X X X X X

Immunologic X

Endocrine X



Step 2: Build sepsis models using a machine 
learning approach
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o Using the best OD subcomponents
o Stacked regression (ML) models 

(ridge, LASSO, elastic net)
o Predict mortality among those with 

suspected infection
 



Step 3: Translate best model into integer score
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o Grid search
o Category collapse when 

no effect on performance



Step 4: Select binary thresholds for 
new sepsis and septic shock criteria
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o Task Force 
Delphi process
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Results



10 study sites: 6 higher and 4 lower resource settings
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o EHR data
o Date range 2010-2019



24

Cohort size: >3.6 million pediatric hospital encounters

*excluded birth hospitalization and 
post-conception age <37wks

*
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Not just ICU: Data representing the hospital care continuum 
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Representative population: adequate age distribution
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Representative population: diverse Race and Ethnicity

Note = At most international sites, NIH categories are not meaningful
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Suspected infection*: higher total N in higher resource settings, 
but similar number of absolute deaths (primary outcome) 

*combination of antimicrobials and microbiologic 
test in first 24 hours of admission
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Organ System Criteria (first 24 hours)
Mean 

AUPRC
AUPRC
95% CI

Mean 
AUROC

AUROC
95% CI

Cardiovascular IPSCC 0.017 (0.016, 0.018) 0.773 (0.769, 0.777)

Cardiovascular PELOD-2* 0.131 (0.128, 0.135) 0.746 (0.742, 0.750)

Cardiovascular PODIUM 0.047 (0.045, 0.049) 0.720 (0.716, 0.725)

Cardiovascular Proulx 0.044 (0.042, 0.046) 0.737 (0.733, 0.741)

Cardiovascular pSOFA 0.063 (0.061, 0.065) 0.780 (0.776, 0.784)

Cardiovascular Shock Index 0.012 (0.011, 0.013) 0.673 (0.668, 0.677)

Cardiovascular Vasoactive inotrope score 0.108 (0.105, 0.111) 0.731 (0.727, 0.735)

Cardiovascular Vasoactive medication count* 0.135 (0.132, 0.138) 0.712 (0.708, 0.717)

Step 1 Results: Identified the best* organ 
dysfunction subcomponents of existing scores 
(*best = predicting mortality in infected vs. non-infected patients)

Example: Cardiovascular
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Several OD scores represented in 
the best set of subcomponents:
PELOD-2, pSOFA, DIC score, VIS

Step 1 Results: Identified the best organ 
dysfunction subcomponents of existing scores 
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LASSO-based sepsis model
4 organs: CV, Resp, Coag, Neuro

Ridge-based sepsis model
8 organs:  CV, Resp, Coag, Neuro, 
Endo, Renal, Immuno, Hepatic

Similar performance by 
AUPRC and AUROC

Step 2 Results: Sepsis models based on stacked regression



Step 3 Results: Translation of LASSO-based  
Sepsis Model to Phoenix Sepsis Score 
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Similar performance by 
AUPRC and AUROC



33

Phoenix Sepsis Score 



Figure 3
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Step 3 Results: Phoenix Sepsis Score’s AUPRC and 
AUROC is higher than other scores in validation sets

Figure 3
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Figure 2
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Step 3 Results: Phoenix Sepsis Score has good 
calibration in higher and lower resource sites Figure 1
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Step 4 Results: Translation of Phoenix Sepsis Score to 
Phoenix sepsis/Septic shock criteria selecting thresholds

36

Task Force Delphi process:

o Sepsis: ≥ 2 points on Phoenix Sepsis Score

o Septic Shock: Sepsis and ≥ 1 CV point 



Figure 4
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Step 4 Results: PPV and Sensitivity for Phoenix sepsis 
criteria are higher than for 2005 IPSCC sepsis criteria

Death Early 
death or 
ECMO
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Lower
Resource Site 
(with complete data)

Figure 4
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Step 4 Results: PPV and Sensitivity for Phoenix sepsis 
criteria are higher than for 2005 IPSCC sepsis criteria
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Discussion



Can we use it to 
screen for possible 
sepsis?

o Not designed for early 
screening but for diagnosis.

o Diagnosis is important for:
o Clinical best practices
o QI/Benchmarking
o Epidemiology
o Research



Renal and hepatic dysfunction aren’t important anymore?

41

o On the contrary! Very important for management, stratification
o But mortality discrimination equal for 4 vs. 8 organ systems in infected patients 

(with current biomarkers), i.e. for diagnosis of sepsis they are not necessary

8 organs models 4 organs models 



Renal and hepatic dysfunction aren’t important anymore?
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o Phoenix-8 score also developed (in the 
Supplement) for research use

+ Endocrine, Hepatic, Immunologic, and Renal



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, 

most variables in the score are 
available in most settings

o Score is built with redundancy, 
median score in children with 
sepsis is 3 (and only need 2 points)

o Example: Excellent performance at 
lower resource site 1 despite few 
coagulation tests and lactates



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

o Some organ dysfunctions are iatrogenic (e.g. GCS in intubated/sedated pts)

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



Next Steps
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o Need for screening tools for early/possible sepsis 

o Need to do validation in hospital-acquired sepsis

o Ongoing development of clinical decision support tools for implementation 
of these criteria in both higher and lower resource settings



It takes a village, THANK YOU to the funders, 
collaborators, and the members of the Task Force!
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