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Speaker Disclosure

• I will not discuss off label use and/or investigational use of any 
drugs or devices in my presentation.

• I did participate in a sepsis research study we will discuss that 
was funded by the Agency for Healthcare Research and Quality 
(R01HS025146)
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Objectives

• Describe the epidemiology of pediatric sepsis in hospital 
settings.

• Identify signs and symptoms of pediatric sepsis, including 
barriers and facilitators to pediatric sepsis identification.

• Examine evidence-based guidelines for pediatric sepsis care.
• Discuss legislative and regulatory policies intended to improve 

pediatric sepsis outcomes.
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Sepsis is…

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

• A leading cause of morbidity and mortality for children
• 1.2 million cases of pediatric sepsis per year
• Mortality 4-50%, illness severity, risk factors and location

• A major reason for healthcare utilization
• 4% of all pediatric hospitalizations
• 8% of PICU admissions
• Most present to general EDs with low pediatric sepsis volume
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Weiss et al., 2020
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Backstory on Sepsis Efforts

• 2001 Surviving Sepsis Campaign
• 2004 first ever sepsis guidelines
• 2020 first pediatric specific sepsis guidelines

• 2005 definition and criteria for pediatric sepsis
• Based on adult criteria – sepsis, severe sepsis and septic shock
• Adult definition updated with each guideline release (Sep-3)
• Pending an updated pediatric sepsis definition
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Weiss et al., 2020
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2005 Criteria
• Severe Sepsis

• ≥ 2 age-based systemic 
inflammatory response syndrome 
(SIRS) criteria

• Confirmed or suspected infection
• Cardiovascular dysfunction, acute 

respiratory distress syndrome 
(ARDS) or ≥ 2 noncardiovascular 
organ system dysfunction

• Septic Shock
• Cardiovascular dysfunction with 

hypotension, treatment with 
vasoactives or impaired perfusion

The future of sepsis criteria
• Septic shock

• Severe infection leading to 
cardiovascular dysfunction 

• Sepsis-associated organ dysfunction
• Severe infection leading to  

cardiovascular and/or 
noncardiovascular organ 
dysfunction*

Simplification of sepsis criteria
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Weiss et al., 2020

Experts in pediatrics, 
Advocates for children.
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Septic shockSepsisSIRSInfection

Early detection 
and treatment 

saves lives
Weiss et al., 2020

Sepsis management is at its essence

Recognition Fluid 
Resuscitation Antibiotics Lives saved

Eisenberg & Balamuth, 2022
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If we know 
how to save 
lives, why 
don’t we 
do it?
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Diagnosis sepsis is difficult

May lead to overuse of antibiotics

May increase invasive procedure

We don’t like being told what to do

Klompas, 2019

Clinical signs of sepsis
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Fever Tachycardia

Tachypnea Leukocytosis

Question 1

• Does your institution have a sepsis screening tool?

A. Yes, everywhere
B. Yes, only on certain units
C. No
D. I do not know
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Sepsis 
screening tools

• Rely on data entered into the 
electronic health record
• Criteria based 
• Single vs multi-step
• Variable sensitivity and 

specificity 
• Poor positive predictive 

value

• Most location based 
• Little data on impact on 

outcomes
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Concerns about sepsis screening tools

Alarm fatigue

Over-
reliance on 
screening 

tools

Increased 
resource 
utilization

13Eisenberg & Balamuth, 2022

Designing 
for a 

better 
future

Experts in pediatrics, 
Advocates for children.
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• 52-member international consensus committee
• Worked from 2016 – 2020
• 77 statements on management of pediatric sepsis

5 Key Topical Areas

1. Recognition and management of infection
2. Hemodynamics and resuscitation
3. Ventilation
4. Endocrine and metabolic therapies
5. Adjunctive therapies

15
Weiss et al., 2020

Guideline Development Process

• Process
• Population
• Intervention
• Control
• Outcome

•Outcomes
• 6 strong recommendations
• 52 weak recommendations
• 9 “best practice”
• 10 no recommendations 

but, “in our practice” 

Weiss et al., 2020
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Question 2: 

• It is best practice to obtain a serum lactate as part of the initial 
evaluation for pediatric sepsis?

A. True
B. False
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Recognition and management of infection

• Screening
• There should be some screening, understanding caveats discussed 

previously (WR)
• Lactate should be part of screening (NR)
• Institutions should develop septic shock and sepsis-associated organ 

dysfunction protocols (BPS)
• Obtain blood cultures before antibiotics if it does not significantly 

delay antibiotics (BPS)
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Recommendation key: SR: strong recommendation; WR: weak recommendation; BPS: best 
practice statement; IOP: in our practice statement; NR: not able to make a recommendation

Question 3:

• In a patient without shock who you suspect sepsis, how quickly  
should antibiotics antibiotics be administered?

A. Any time after cultures are obtained
B. Within 1 hour of suspicions
C. Within 3 hours of suspicions
D. After the morning IV medications have been given
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Recognition and management of infection

• Antibiotics
• Timing of administration

• Septic shock within 1 hour (SR)
• Sepsis-associated organ dysfunction, no shock within 3 hours (WR)

• Start broad and narrow with more information (BPS)
• Assess ability to de-escalate daily (BPS)
• Get source control (BPS) and remove infected lines (SR)
• If you care for special populations… (WR)
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Recognition and management of infection

• Fluid therapy
• Amount varies

• If there is an ICU: 40-60ml/kg in 10-20ml/kg aliquots, monitoring status (WR)

• If no ICU and no hypotension, no fluid bolus but MIVF (SR)

• If no ICU and hypotension, up to 40ml/kg in 10-20ml/kg aliquots, monitoring 
status (WR)

• Type of fluid matters
• Balanced/buffered crystalloids > crystalloids > albumin  (WR)

• Avoid starches and gelatin in resuscitation 
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Hemodynamics and resuscitation

• Monitoring and assessment
• Mean arterial pressure goals, 5-50th percentile or ≥50th percentile (IOP)
• Avoid “warm” and “cold” shock (WR)
• Use advanced hemodynamic parameters with clinical parameters (WR)

• Trend lactate and clinical assessment to guide resuscitation (WR)
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Variable Formula Normal Range
Cardiac Index (CI) CI = cardiac output/BSA 3.5-5.5L/min/m2

Stroke Index (SI) SI = CI/heart rate 30-60ml/m2

Systemic vascular resistance index (SVRI) SVRI = 80 X (MAP-CVP)/CI 800-1600dyne-s/cm5/m2

Hemodynamics and resuscitation

• Medications in septic shock
• Epinephrine > dopamine (WR)
• Norepinephrine > dopamine (WR)
• Epinephrine = Norepinephrine (NR)
• In refractory shock

• vasopressin or further titration of catecholamines (WR)
• inodilator (dobutamine, milrinone) (NR)
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Question 4

• In your practice, would you intubate a patient with fluid-
refractory, catecholamine-resistant septic shock?

A. Yes
B. No
C. I hope someone already intubated them!
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Ventilation

• No recommendation regarding intubation with fluid refractory, 
catecholamine resistant shock
• Consider a trial of non-invasive ventilation in sepsis related pediatric ARDS 

if responding to resuscitation (WR)

• If you intubate:
• Do not use etomidate (WR)
• Use high peep, ≥10, but there may be greater hemodynamic effects (WR)
• Trial prone and 24-48 hours of neuromuscular blockade (WR)
• Avoid routine use of inhaled nitric oxide (SR) but may be trialed in 

refractory hypoxemia (WR)
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Question 5

• In your practice, would you give corticosteroids to a patient 
with fluid-refractory, catecholamine-resistant septic shock?

A. Yes
B. No
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Endocrine and metabolic therapies

• In patient who respond to resuscitation, do not recommend 
steroids (WR)

• In patients with fluid-refractory, catecholamine-resistant septic 
shock, steroids (WR)
• Physiologic case for role of cortisol in stress response

• Decreases norepinephrine reuptake, improves myocardial contractility, enhances 
calcium availability, improves vascular tone

• But increases risk for hyperglycemia, diffuse muscle weakness and 
hospital-acquired infection
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No high-quality studies 
support or refute the routine 

use of corticosteroids. 

Endocrine and metabolic therapies
• Insulin

• Recommend against insulin therapy to maintain a blood glucose 
target at or below 140 mg/dL (SR)

• But ranges of 140-180 mg/dL may be reasonable (IOP)

• Calcium
• Unable to recommend targeting normal blood calcium levels 

• But we often target normal calcium for patients with shock on inotropes (IOP)

• Thyroid
• No need to routinely use levothyroxine (WR)

• Antipyretics 
• Recommend antipyretic therapy or permissive fever (WR)
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Question 6

• In your practice, how would you provide nutrition to a patient 
with fluid-refractory, catecholamine-resistant septic shock?

A. I would not, IV fluids are adequate
B. I would use parenteral nutrition
C. I would provide post-pyloric tropic, post-pyloric feeds
D. I would provide gastric full enteral nutrition
E. Other
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Endocrine and metabolic therapies, NUTRITION

• Don’t let inotropic medications be the reason not to feed (WR)

• Enteral > parenteral nutrition and may be withheld for the first 
7 days in patients with septic shock and sepsis-associated 
organ dysfunction (WR)

• Increase enteral nutrition in a step-wise fashion to goal (IOP)

• NG > post-pyloric and no need to check gastric residuals (WR)

• No need for stress-ulcer prophylaxis, prokinetic, selenium, 
glutamine, arginine, zinc, vitamin C or D, thiamine (WR)
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Adjunctive therapies - blood products

• Red Cells
• No recommendation for hemoglobin goal in unstable septic shock
• Transfuse with RBCs for hemoglobin ≤ 7 g/dL in hemodynamically 

stable patients with septic shock and sepsis-associated organ 
dysfunction (WR)

• Platelets and plasma
• Do not transfuse for a number in nonbleeding patients (WR)
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Adjunctive therapies – mechanical support
• Yes to:

• Renal replacement therapy to prevent or treat fluid overload (WR)
• Venovenous ECMO in sepsis-induced pediatric ARDS with refractory 

hypoxia (WR)
• Venoarterial ECMO as rescue therapy in refractory septic shock (WR)
• High frequency oscillator ventilation (HFOV) by provider preference (IOP)

• No to:
• Plasma exchange (PLEX) (WR)
• IVIG (WR)
• High-volume hemofiltration (WR)
• Routine DVT prophylaxis (mechanical or pharmacologic), but benefits 

may outweigh risks in some populations (WR)
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Summary 6 strong recommendations
1. In children with septic shock, start antimicrobial therapy as soon as 

possible, within 1 hour of recognition.
2. Remove intravascular devices that are confirmed to be the source of 

sepsis or septic shock after other vascular access has been 
established and depending on the pathogen and the risks/benefits of 
a surgical procedure.

3. In healthcare systems with no intensive care and in the absence of 
hypotension, don’t bolus fluid and start maintenance fluids.

4. Don’t use starches in resuscitation (international)
5. Don’t routinely use iNO in all children with sepsis-induced PARDS.
6. Don’t use insulin to maintain glucose at or below 140mg/dL.
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Quick Guide 
for Back 
Home

• https://www.sccm.org/Clinical-Resources/Guidelines/Guidelines/Surviving-
Sepsis-Campaign-International-Guidelines
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Question 7

• Does your institution have a sepsis protocol? And, if yes, do you 
routinely follow it?

A. Yes. Yes, we routinely follow it closely.
B. Yes, No, we manage the patient based on status at the 

bedside.
C. No, we do not have a sepsis protocol.
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“Rory’s Regulations”
1. Early recognition
2. Protocols for treatment
3. Mandatory reporting of sepsis outcomes

New York state’s 2013 regulations were a 
landmark policy response
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States are moving towards regulations
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Methods

• Longitudinal retrospective cohort study

• Comparative interrupted time series design
• 2011 to 2015
• New York compared to 4 control states

• Florida, Massachusetts, Maryland, New Jersey

• HCUP State Inpatient Database
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Interrupted Time Series
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Comparative Interrupted Time Series

Effects of a policy 
intervention are 
estimated in a 
treatment group 
compared with a 
control group not 
affected by the 
policy of interest

Pre
Allows different 

slopes

Post
Level change 
Slope change
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Primary: In-hospital mortality
Secondary: ICU admission rates

Hospital length of stay
Central venous catheter rates
C. Difficile infection rates 

Outcomes

Children <18 years old hospitalized with sepsis 
using validated administrative codes, excluding 
live births

Patients

General acute-care hospitals in the five states
Matched on: pediatric volume

academic status
region size

Hospitals
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9,436 patients in 237 hospitals in final analysis
New York Control

Characteristics Pre
(N = 1,628)

Post
(N = 2,336)

Pre
(N = 2,473)

Post
(N = 2,999)

Age (years) 6.2 (6.3) 6.6 (6.1) 6.4 (6.3) 6.6 (6.2)

Gender (male) 52.1% 53.3% 55.2% 52.6%

Admitted through ED 54.3% 62.2% 56.3% 62.3%

Complex Chronic Conditions:
None
One
Two or more

23.5%
25.3%
51.3%

25.9%
23.8%
50.2%

24.1%
23.5%
52.4%

23.7%
24.9%
51.4%

Organ Failures on Admission
Zero to two
Two or more

92.4%
7.6%

93.2%
6.8%

93.6%
6.4%

92.2%
7.8%
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Overall pediatric sepsis mortality is decreasing
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significance: 0.06
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𝑌t∆

∆𝑌 𝑌t∆ 𝑌c∆β = -

Difference in pre-post 
quarterly change: -0.96%
(95% C.I.: -1.95 - 0.02) 

No significant impact on 
risk-adjusted mortality.
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Study group Number
Change in

quarterly trend
% (95% CI)

Differential change
% (95% CI) P-value

No Complex Chronic Conditions

New York 988 -1.02
(-2.01 – -0.04) -1.36

(-2.62 - -0.09) 0.04
Control 1,306 0.33

(-0.50 – 1.16)
Directly Admitted

New York 1,627 -1.83
(-3.13 - -0.52) -2.42

(-4.23 - -0.61) 0.01
Control 2,211 0.60

(-0.69 – 1.88)
Teaching Hospital

New York 3,934 -8.39
(-15.26 - -1.52) -7.10

(-14.04 – 0.15) 0.05
Controls 5,307 -1.30

(-3.28 – 0.69)
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Limitations

• Administrative data

• No data on functional outcomes or post-discharge survival

• Pediatric sepsis deaths are rare: live-saving effects may not be 
measurable at the population level
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Study Conclusions

• Implementation of state-wide sepsis regulation did not
improve sepsis mortality trends, except in subpopulations of 
pediatric patients.

• There was no evidence of adverse consequences
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Question 8

• Knowing what you do about sepsis, would you advocate for 
sepsis protocols in your institution?

A. Yes, for everyone

B. Yes, for specific patient populations

C. No

D. I still need more information to decide
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