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Objectives

1. Role for screening to enhance sepsis recognition

2. Approach to optimize pediatric sepsis resuscitation

3. Leveraging of multidisciplinary collaboration and 

national programs to improve outcomes



σˊηψιϛ



Mortality in Sepsis:
A Medical Success Story!

Dowell et al NEJM 2000



 Sepsis is life-threatening organ dysfunction caused by 

a dysregulated host response to infection

 Septic shock is subset with

 Circulatory (hypotension despite vasoactives) AND

 Cellular/metabolic abnormalities (lactate >2 mmol/L)

JAMA Feb 2016



 SIRS: ≥ 2 abnormalities of temp, HR, RR, WBC

 Sepsis: SIRS, plus suspected or proven infection

 Severe sepsis:  Sepsis, plus organ dysfunction

 Septic shock:  Sepsis, plus CV dysfunction

 CV dysfunction ≠ hypotension

 Abnormal perfusion:  ↑lactate, acidosis, oliguria, delayed CR

Pediatr Crit Care Med 2005



Defining Sepsis is Inherently Arbitrary

Uncomplicated 

Infection

Death

SIRS

Not Sepsis Sepsis

Organ Dysfunction

Shock

Severe

Sepsis
Septic Shock

TREATMENTPREVENTION?



Increasing Prevalence of

Pediatric Severe Sepsis

Balamuth et al Pediatr Crit Care Med 2014

Hartman et al Pediatr Crit Care Med 2013

~4% of total pediatric 

hospitalizations

2005:  0.89 cases per 1,000 children



Increasing Prevalence, Decreasing Mortality

Ruth et al Pediatr Crit Care Med 2014

12% mortality

• Earlier recognition

• Rapid antibiotics

• Aggressive fluid, blood pressure support

• Improved intensive care

Prevalence

Mortality

~8% prevalence



Rhee et al JAMA 2017



Rhee et al JAMA 2017
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N=399

31%

N=168
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Weiss, Fitzgerald et al, AJRCCM, 2015

OR 4.2 (95% CI 2.5, 7.1) with MODS



Outcome Improvement has Stalled!

Martin et al. NEJM, 2003



Crit Care Med 2014



20% 



Multiple Organ Dysfunction Syndrome

Shock (Hypoxia-Ischemia)

Endothelial injury
Immuno-inflammatory

response

Microcirculatory dysfunction

Metabolic/Mitochondrial

dysfunction

(Cytopathic Dysoxia)

Gut Barrier dysfunction



Weiss et al Pediatric Crit Care Med 2017

N=79 sepsis deaths at CHOP, Nationwide Children’s

1 day: 25%

3 days: 35%

7 days: 49%Timing of Death



Cause of Death in Sepsis

Refractory

shock/MODS
Brain Injury

Hypoxia

Non-sepsis

Comorbidity

Weiss et al PCCM 2017



SPROUT study Peds Crit Care Med 2017
N=567 PICU patients

85%

8%
5%

2%

Day of MODS Onset from Severe Sepsis Recognition



Long-Term Mortality After Sepsis

Winters et al Crit Care Med 2010

Hospital

Mortality
1 year

Mortality

CHOP Data

Cvetkovic et al PCCM 2015

Czaja et al Pediatrics 2009

Adult Sepsis Pediatric Sepsis



Sepsis

Population

HR for 10-yr mortality:

6.0 (95% CI 4.0-9.0) 

Linder et al Crit Care Med 2014



Readmission After Pediatric Sepsis

Czaja et al Pediatrics 2009

47% of survivors had at least one readmission



How Can We Do Better?



Crit Care Med 2017

Intensive Care Med 2017



Screening for Sepsis:
Easy to Say, Hard to do!

 Sepsis is a syndrome, not a disease

 Very heterogeneous

 Patient factors

 Microbiology

 Host response

 Onset, progression of symptoms

 Non-specific diagnostic criteria



“I shall not attempt to further define pornography,

but I know it when I see it.”

-U.S. Supreme Court Justice Potter Stewart

Jacobellis vs Ohio 1964



Κappa 0.57 ± 0.02 

Nearly half who met criteria for severe sepsis were not

corroborated by physician diagnosis

Crit Care, 2015





Screening for Sepsis

 Routine, systematic screening can facilitate:

 Earlier sepsis recognition

 More timely therapies

 Improved patient outcomes



Texas Children’s Experience

Cruz et al, Pediatrics, 2011

Time to 1st IV bolus

Time to 3rd IV bolus

Time to Antibiotics





Sepsis Sniffer:

 200% increase in rapid antibiotics

 50%   increase in rapid ICU transfer

 50%   increase in sepsis documentation

Journal Hospital Medicine 2015

Required WBC, lactate  in pediatrics, often measured

after sepsis recognized



Definitions vs Diagnosis

Sepsis Definitions (2005)

 SIRS plus

 Low BP despite 40 ml/kg fluid

 Need for vasoactive

 Two of the following:

 Base deficit < -5

 Lactate > 4 mmol/L

 UOP < 0.5 ml/kg/hr

 CR > 5 seconds

 Core-peripheral temp gap

Shock Guidelines (2014)

 Fever/hypothermia plus

 Hypotension

 Altered mental status

 Bounding pulses, flash CR

 CR > 2 seconds

 UOP < 1 ml/kg/hr

 Cool or mottled extremities

Goldstein et al Ped Crit Care Med 2005

ACCM Ped Crit Care Med 2017

Prognostic – Worse Outcomes Operational – Early Recogntion, Tx

 Fever/hypothermia plus

 Hypotension

 Altered mental status

 Bounding pulses, flash CR

 CR > 2 seconds

 UOP < 1 ml/kg/hr

 Cool or mottled extremities



CHOP ED Sepsis Screen

Fever (or concern for infection) 
w/ tachycardia or hypotension

Poor perfusion, altered MS, or 
high-risk condition

Rapid triage, “sepsis huddle”

1

2

3



CHOP ED: Sepsis Alert Burden

% ED patients with INITIAL alert

% ED patients with SECOND alert
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Electronic 

Sepsis Alert

Fever or hypothermia and

Tachycardia or hypotension and

Abnormal cap refill or

Altered mental status or

High-risk condition

EHR-Augmented Sepsis Recognition
(The CHOP ED Experience)

Balamuth, Weiss et al Ann Emerg Med 2017



Community ED Pediatric Sepsis Screen





Challenge of Hospital-Acquired Sepsis



Initial CHOP PICU 

screening tool

 Consensus criteria

 SIRS-based

 Laborious

 Inaccurate

1.  SIRS

2.  Suspected infection

3.  Organ dysfunction



N=109,663 adult pts in 172 Aust/NZ ICUs

Infection + organ failure

SIRS-Neg

N=13,278

SIRS-Pos

N=96,385

NEJM 2015



Condition Sensitivity Specificity

Any SIRS pair 23% (15-33%) 85% (84-85%)

Acad Emerg Med 2015

N=40,356 pediatric pts in single US pediatric ED

Who needs PICU admission?

Value (95% confidence interval)



Lactate in Pediatric Septic Shock

To consider:

 Most high lactate do well

 Low lactate not always 

reassuring

 Current emphasis 

(correctly!) on perfusion

Schlapbach et al Intensive Care Med 2017





1
2
3
4

CHOP PICU Sepsis Screen



CHOP Hospital-Wide Sepsis Screen

1.  Vital signs

2. Nursing assessments

3. High-risk conditions

4. Physiologic deterioration score
(Rothman Index)



How Can We Use 

Guidelines to Optimize 

Resuscitation? 



Oxygen

Fluid

Vasoactives
(1st line:  epinephrine)

Blood

Antibiotics
(+ source control)

Steroids

ECMO

Cold Warm

PCCM 2017

CCM 2017



CHOP Sepsis 

Pathway

(www.chop.edu)



How do we use guidelines to 

improve patient outcomes?

 Implement what we know works

 Determine what may work better



How to Optimize Sepsis Resuscitation

 What do we know that works for sepsis?

 Early antibiotics

 Goal-directed shock reversal

 “Bundled” care



 What do we know that works for sepsis?

 Early antibiotics

 Goal-directed shock reversal

 “Bundled” care

How to Optimize Sepsis Resuscitation



Delayed Antibiotics Worsens Mortality

Kumar et al, Crit Care Med, 2006

N = 2731 adult ICU pts

7.6% increase in mortality per hour delay



Crit Care Med 2014

≤1 hour 1 to ≤2 hrs 2 to ≤3 hrs >3 hrs

Time From Sepsis Recognition to Antibiotic Administration
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Give beta-lactam 

or cephalosporin 

FIRST as “push”





~35%

~70%

34%

26%

Timely Antibiotics (≤ 60 minutes)

New Organ Dysfunction



Favors Abx ≤1 hourFavors Abx >1 hour

Critical Care Med 2015



 What do we know that works for sepsis?

 Early antibiotics

 Goal-directed shock reversal

 “Bundled” care

How to Optimize Sepsis Resuscitation



NEJM, 2001

In-hospital mortality decreased 

from 46% (standard care) to 

31% (EGDT)

Intensive Care Med, 2008

Mortality 39%  12% with EGDT

Give O2

Give Fluid

Give Vasoactives

Give Blood



ProMISe (2015)

ARISE (2014)

ProCESS (2014)

Is “Early Goal-Directed Therapy” 

Still Important?



ProCESS (2014)

ARISE (2014)

ProMISe (2015)

Everyone (nearly) gets early, 

aggressive resuscitation –

the precise manner in which this is 

done is less important



How Much Fluid to Give?

<20 ml/kg >40 ml/kg20-40 ml/kg

Carcillo et al JAMA 1991 Sutherland et al AJKD 2010

Then… Now…
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Optimize Fluid Resuscitation

Optimal volume?

10 mL/kg vs 20 mL/kg boluses
United Kingdom (Dr. David Inwald)

Optimal duration?

Usual care vs early norepinephrine
Canada (Dr. Melissa Parker)

Optimal type?

Normal saline vs lactated Ringer’s
United States (Drs. F Balamuth, S. Weiss)



 What do we know that works for sepsis?

 Early antibiotics

 Goal-directed shock reversal

 “Bundled” care

How to Optimize Sepsis Resuscitation



Protocolized (“Bundled”) Care 

Improves Sepsis Survival

Thiel et al, Crit Care Med, 2009

Order set available

No order set

p<0.01

400 adult pts with

bacteremic severe sepsis



Crit Care Med 2013



Crit Care Med 2014



Pediatr Crit Care 2016

N=321 ED/PICU pediatric septic shock



Within ONE hour:

1. Measure lactate

2. Blood culture (before antibiotics)

3. Administer antibiotics

4. Fluid 30 ml/kg if shock present

5. Vasopressors if shock persists

Crit Care Med 2018



Children’s Hospital Boston

19% adherence to all 5 goals

Paul et al Pediatrics 2012



Pediatrics 2014

Total Bundle Adherence



Paul et al Pediatrics 2014
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Pediatric Crit Care 2016



Recognition Bundle

• Screen for septic shock using a trigger tool

• Clinician assessment within 15 minutes

• Begin resuscitation within 30 minutes

PCCM 2017

CCM 2017

Resuscitation Bundle

• IV/IO access within 5 minutes

• Fluid within 30 minutes

• Antibiotics within 60 minutes

• Vasoactive within 60 minutes



Sepsis QI Bundles  Law

NY State Regulations 

Within 1 hour:

• Obtain blood cultures

• Administer antibiotics

• Fluid 20 mL/kg

CMS SEP-1

Within 3 hours:

• Measure serum lactate

• Obtain blood cultures

• Administer antibiotics

• Fluid 30 mL/kg

Within 6 hours:

• Volume, perfusion status

• Vasopressor administration



JAMA 2018



States with Sepsis Legislation



www.sepsis.org

Public Campaigns





Improving Pediatric Sepsis Outcomes (IPSO) aims:

• To reduce sepsis mortality by 75 percent

• To reduce hospital-onset sepsis by 75 percent

47 participating hospitals



 No “Pediatric Considerations”

 Pediatric SSC – Expected 2019

Crit Care Med 2017

Intensive Care Med 2017



Summary

 Pediatric sepsis remains a public health problem

 Systematic screening enhances sepsis recognition

 Guideline-based “bundles”, while not yet perfect, 

improve outcomes

 Numerous multidisciplinary and national programs 

(including laws) support the quest to “cure” sepsis
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www.chop.edu/sepsis

sepsis@email.chop.edu

Est:  Sept 2017

Recognize.  Survive.  Thrive.

Thank you!


