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“Better 
Together”



Respiratory 
Failure, Sepsis, 

Shock and 
Trauma…

#1 Killers

…in Taiwan,
…in Philadelphia

…in APEC 
countries,

…Worldwide!



Low- and middle-income countries bear the 
highest burden of sepsis

Rudd KE et al. Global, regional, and national sepsis incidence and mortality, 1990-2017: analysis 
for the Global Burden of Disease Study. Lancet. 2020;395(10219):200-11. Published under the CC 
BY 4.0 licence (https://creativecommons.org/licenses/by/4.0/) 

 Inverse relationship between 
income level and sepsis 
incidence and mortality 

Sepsis Care is the Bellwether 
for Quality of Care in Health Systems

https://creativecommons.org/licenses/by/4.0/
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88% of the World’s Largest Killers occur in 
LMICs

90% of more than 10 million Sepsis Deaths per year occur in LMIC





Relevant 
System Metrics

Innovative 
Education

Focused Quality 
Improvement

Saving Children’s Lives Mission:
Stop preventable deaths of children 

from pneumonia, diarrhea, and sepsis 





Re-active  Pro-active

Syrian 
Earthquake
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Libyan
Floods
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Challenges toward 2030

Knowledge
Discovery

Knowledge 
Processing

Knowledge 
Transfer

Teach

Learn

Remember

Act

Act well

Data Data

Quality 
of 
evidence

Continuous 
review

Can it 
work?

Is it 
feasible 
and safe?

Does it 
work?

Intact 
Neurologic 
Survival

Quality 
of Life

Level  of 
Evidence



Who, how,  and 
how much, and 
HOW OFTEN do 

we have to 
train??

Concept of 
“Herd Immunity”

(83 to 94% coverage)





Linking Training to Patient Outcomes

IndividualSystem

Screening/Targeting
Low Dose

High Frequency

Performance
Feedback 

Team

Simulated or Real Patient
Performance

Debriefing



International Network for Simulation-based Pediatric Innovation, Research and Education

Mentorship



The Future of…Critical Care Medicine



Did our founders have a 
crystal ball?



NIH Clinical Center--1955

www.imagesofsurgery.com



Formula for Survival
Our Roadmap

Medical 
Science 
Quality

Education
Efficiency

Local 
Implementation 

Efficiency



Systematic review

Guideline development
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Summary of 
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of effect for each 
outcome

Rate  
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Very low
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Formulate  recommendations:
• For or against (direction)
• Strong or weak (strength)

By considering:
 Quality of evidence
 Balance benefits/harms
 Values and preferences

Revise if necessary by considering:
 Resource use (cost)

• “We recommend using…”
• “We suggest using…”
• “We recommend against using…”
• “We suggest against using…”



Evidence vs 
Eminence-based 

medicine

We will struggle to 
get from anecdotes, 

…to studies  …to 
evidence …to 

guidelines …to 
practice…to high 
performance…to 
saving more lives

…to saving 
high quality of 

life?



Breakthroughs and Incremental Improvements
1960’s to 2024 Leukemia

HIV
Congenital 
Heart 
Disease

COVID-19

1950 1960 1970 1980 1990 2000 2024

5%

95%

Cardiac 
Arrest

Sepsis

Severe 
Road 
Traffic 
Injury2010



Pioneer in Pediatric Research

40% ICU Beds (240/600+)
• 6,000 Pediatric ICU Admissions / year
• 40 Attendings, 18 Fellows, 120 Residents, 350 

Nurses, 25 Nurse Practitioners, 90 Respiratory 
Therapists, 5 Pharmacists, 4 Social Workers

The Children’s 
Hospital of 

Philadelphia

> 1,000,000
Possible teams








Pioneer in Pediatric Research





*













SEIPS 2.0: A human factors framework for studying and improving the work of healthcare professionals and patients
Holden, Carayon, Gurses, Hoonakker, Hundt, Ozok, Rivera-Rodriguez. Ergonomics 2013



Time-Dependence of Acute 
Cardiovascular Interventions
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Chain of  Survival……Survivorship



Current Solutions

Early identification and 
mitigation of deterioration is 
important because 
deterioration does not occur 
linearly

Situation Awareness: A New Model for Predicting 
and Preventing Patient Deterioration
Patrick W. Brady, Derek S. Wheeler, Stephen E. Muething, Uma 
R. Kotagal
Hospital Pediatrics May 2014, 4 (3) 143-
146; DOI: 10.1542/hpeds.2013-0119



Leverage the Electronic Health Record

Prepare for intervention!



Single Ventricle Physiology

Intracranial 
Hypertension

Heart Failure

Steroids, chemotherapy?

Single Ventricle Physiology

Intracranial 
Hypertension

Heart Failure

Steroids, chemotherapy?

Septic ShockSeptic Shock



One Size 
may not fit 

all! ….
But, the principles of: 

-prediction
-detection

-assessment
-teamwork

-communication
-monitoring
-feedback

-quality 
are the same!!



Learning Health System 

Simulation 
Practice 

Clinical Real 
Event 

Information 
rich- data 

Evaluation of  
Outcomes  

Research and 
Evidenced Based 

Practices 



Simulation-based education:
Effectiveness

Effective Care
Improvement in patient outcomes

Operational Performance
Skill improvement in clinical settings

Competence
Skill improvement in simulation settings

Self-Confidence
Improvement in learner’s self-confidence







Mastery Performance
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BLS, ACLS, PEARS, 
PALS or NRP
Training

Evolution to “Low Dose – High Frequency” training paradigms

Minimal Competent  Performance



Resuscitation: Volume 93, August 2015, Pages 1-7

Frequent brief on-site simulation training and 
reduction in 24-h neonatal mortality —
An educational intervention study

Estomih Mduma, Hege Ersdal, Erling Svensend Hussein Kidanto, 
Bjørn Auestadb, JeffreyPerlman

https://www.sciencedirect.com/science/journal/03009572/93/supp/C




Title of the article

1The Center for Simulation and Research, Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio, USA
2Akron Children’s Hospital Simulation Center for Safety and Reliability, Akron Children’s Hospital, Akron, Ohio, USA
3Department of Pediatrics, University of Cincinnati College of Medicine, Cincinnati, Ohio, USA
4Division of Emergency Medicine, Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio, USA
5Division of Pediatric General and Thoracic Surgery, Cincinnati Children's Hospital Medical Center, Cincinnati, Ohio, USA
6Department of Emergency Medicine, University of Florida, Jacksonville, Florida, USA
7Clinical Safety Research Unit, Imperial College, London, UK, UKPatterson M. BMJ Quality and Safety 2013
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Journey 
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SIMULATION ROOMS 

NEST 

OR12  

PICU 

Wood One 



Education



CHOP Care Network
Karabots

Cobbs Creek

South Philly

Chadds Ford

Chestnut Hill 

Newton 

North Hills

Pottstown

Roxborough

Salem Road

Smithville

Somers Point

Springfield 

West Chester 

West Grove



ECMO 
Time to 

Cannulation 
35 mins



MIBG therapy:
Radiation for 

Neuroblastoma

Process and Procedure Testing 

Oncology    PICU



NICU-Pathway 
& Process 
Refinement 
• Request:  The NICU Sim champions developed IPE 

simulations to review, test and/or reconstruct real 
events, pathways  and processes. 

• Pulmonary Hemorrhage Management 
• Acute Treatment of Hyperkalemia
• Blood Transfusion Exchange



8S Capacity Testing 



Simulation-based Clinical System Testing 



Highlights- Space Design



Covid Sims





Train the Trainer at CHOP
Task Training: Training to competence…Excellence



Orientation and Practice Procedure Skills 
first  in the Classroom:



Orientation and Practice Procedures 
next at the bedside “in  situ”



CCM Fellow Skill Training: Central Line Insertion: Realistic  
with Complication



Practice Rare and Stressful Events:  
4-point Restraints



Use Self-Directed Learning: 
Airway Endoscopy



Courtesy of 
Masayuki 

Endo

Walk Through New Procedures: 
High Risk Fetal Cardiac Intervention



Courtesy of 
Masayuki 

Endo

Moulage and Innovation 
…(an olive is a fetal heart!)



Blindfold Example



Helping Babies Breathe
pair learning/teaching

PEER LEARNING



Improving Pediatric Acute Care Through Simulation
(ImPACTS)

How Failures breed Success !!!

International Network for Simulation-Based Pediatric 
Innovation, Research and Education (INSPIRE) Network



6 6

Quality of care with simulation

Auerbach M, Whitfill T. JAMA Pediatr. 2016.



Primary outcome: quality of care measures
EMSC readiness score

SepsisPediatric EDs

Cardiac arrest 

Seizure

Foreign body
 

Teamwork

General EDs
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PED | 88%

GED | 67%
PED | 100%
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PED | 64%
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PED | 96%


Chart1

		37377		37377		37377

		37408		37408		37408

		37438		37438		37438

		37469		37469		37469

		37500		37500		37500

		82		66



PED

GED

Column1

96

60

0

100

67

0

64

50

0

71

71

0

80

80

0



Sheet1

				PED		GED		Column1

		5/1/02		96		60		EMSC

		6/1/02		100		67		Sepsis

		7/1/02		64		50		Cardiac

		8/1/02		71		71		Seizure

		9/1/02		80		80		Foreign body

				82		66







Improving care in hospitals through data reporting



Education : Training citizens



Tokyo

Philadelphia



Tele-simulation



Several Studies  suggest Distance Simulation Useful for 
Global Health Education



(Overall improvement 
between phases)

Phase 1 (Pre invention)   
71%

Phase 2 (intervention)  

 79%

Phase 3  (post intervention) 
87%

 p Value

Overall,             0.026

Phase 1 vs 2       0.178

Phase 1 vs 3       0.007

OR 1.9  CI 95% 1.09 to 
3.42

Hemodynamics of patients with shock at the
 end of first hour treatment 
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Patient Selection and Quality of Care

Patient Intervention Outcome

Education

Technique

Devices

Drugs

System/ 
Quality

Data Data

Patient 
Factors

Event 
Factors

System 
Factors

Short 
term 
Survival

Discharge 
Survival

Intact 
Neurologic
Survival

Quality 
of Life



On-Star On-Line

NASA Command 
Center

Big Data…Artificial Intelligence…“Virtual Command 
Centers” and Decision Support… 



Resuscitation Bays of the Future

“Resuscitation Bay of 
the Future” 

Live-Capture Video, 
Communication, 

Ultrasound

VIPER Network
(Videography In 

Pediatric 
Emergency Room)



Eye-Tracking technology

Eye Tracking Software



Geolocation and “Resuscitation Room of the Future”



Creating INSTANT REPLAY for in-hospital 
after Event Review

Similar to…



Learning more about provider capabilities

Stepstool No stepstool

Testing Fatigue and Provider Performance





Koydemir HC, et al.  Annu Rev Anal Chem 2018; 11: 6.1–6.20 

Wearable and Implantable Sensors 
For Biomedical Applications

 Vital signs
 Oximetry
 HR variability
 Activity
 Sleep quality
 Glucose
 Hydration
 Location



CHOP Trauma team members S1 & S2 wear fNIR headband devices during 
simulation to correlate Task Load with Brain Blood Flow

Understanding Team Task Load, Stress,
and Team Performance with Wearables



Creating DASHBOARDS and DISPLAYS to 
inform individuals and team performance



Not just in resource-rich, but also contextualized 
to resource-limited settings

With attention to Diversity, Equity and Inclusion



Linking Human Factors and 
Performance



Pacing

Cooling

IABP

Defibrillator

Inotropes

Ventilation

Insulin



Psychological Safety

Emotion

Mindful Reflection



Needham DM et al. CCM 2012

Post-Intensive Care Syndrome (PICS and PICS-F)



Trajectories of Recovery: The Big Hit

Iwashyna, TJ. AJRCCM 2012; 186:302-304



Trajectories of Recovery: The Slow Burn

Iwashyna, TJ. AJRCCM 2012; 186:302-304



Trajectories of Recovery: Relapsing Recurrences

Iwashyna, TJ. AJRCCM 2012; 186:302-304



Recovery happens over time

Sawyer, 2020; Topjian, 2020

Outcome Time Point
Survival 30 days or discharge

Between 6 and 12 months
Brain 

Function
PCPC

Pre-arrest
30 days or discharge

Between 6 and 12 months
Cognitive &

Physical 
Function

PEDSQL

Between 6 and 12 monthsBasic Daily 
Life Skills





100% x 80% x 63% x 50% = 25%

Patient 

outcome

Multi-
center
Trial

General
Practice

Single
Center

Selected
Specific

Multi-center
Application

Clinical Trials Registries and Quality 
Improvement

Patient 

outcome

Efficiency
Effectiveness

Efficacy

80% 80% = 50%



100% x 90% x 63% x 50% = 25%

Patient 

outcome

Multi-
center
Trial

General
Practice

Single
Center Multi-center

Application

Clinical Trials, Adaptive Design, 
Comparative Effectiveness, Registries

90% 90% = 75%



The Near Future

The Far Future



Circumferential chest 
compressions/Load 
Distributing Band

Automated Active 
Compression –

Decompression CPR

Impedance Threshold 
Device Augmentation

Interposed Abdominal 
Compresssions

ECMOHuman AND Machine!



Chest Mechanical Characteristics, kc  µc

CPR Event
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Engineering,…Modeling….Informatics…
Usability Testing



Alternative Perfusion Techniques
and Conditions to Improve Recovery

• Controlled Reperfusion 
• Ultrasonic Micro bubbles
• Direct Peritoneal 

Resuscitation
• Rapid and Profound 

Cooling (Emergency 
Preservation 
Resuscitation)

• Carbon Monoxide
• Brain Derived 

Neurotrophic Factor
• Nannotech guided 

vascular access 
Chemical Defibrillation

• Chemical Hibernation



Mitochondrial Resuscitation

Brain injury Cardiac Arrest
Reperfusion Injury

Hemorrhagic Shock
Sepsis

Inflammation





The Future of Critical Care
1. Learning Healthcare Systems
2. Big Data
3. Liberation
4. Mobility…PANDEM-ic
5. THRIVE…PICS
6. Embedded, Just-in-Time training
7. Resilience and Wellness
8. Care (CARING!) everywhere



Formula for Survival
Breaking Barriers and Changing the Culture

Medical 
Science 
Quality

Education
Efficiency

Local 
Implementation 

Efficiency

Survivorship

Survivorship



INSPIRE:  Helping babies breathe



Sustainability
“From Donorship to Ownership”



Green ICU 
Green ICU 





Life cycle assessment of phlebotomy





Economy strategies along the chain for medical consumables









Saving More 
Lives Together
The Time is Now
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