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Respiratory
Failure, Sepsis,
Shock and
Trauma...

#1 Killers

...In Taiwan,
...In Philadelphia
...iIn APEC
countries,

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

. - o = O » Inverse relationship between
2 - L _".J’ ) : ;

income level and sepsis
incidence and mortality

ths to sepsis (%) f'\
Oto<8 m 2510 <30 ‘
ik miied -
o< 0 <
12to <14 m 4010 <45 ,_M“*‘é‘/
14tc<16 M 45t0 <50
16t0 - 50t065 S E ° ]
s epsis Care is the Bellwether
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 fo u a I t of Ca e H e a It h S ste s
BY 4.0 licence (https://creativecommons.org/licenses/by/4.0/) r I r I n m

85.0% of sepsis cases and 84.8% of sepsis related deaths

occurred in countries with low, low-middle, or middle sociodemographic indices (SDI),
particularly in sub-Saharan Africa and South-East Asia.
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Surviving Sepsis .
Campaign e
88% of the World’s Largest Killers occur in
LMICs

90% of more than 10 million Sepsis Deaths per year occur in LMIC
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| Total global death toll

- Deaths in LMICs
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Original research

Essential Emergency and Critical Care: a
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consensus among global clinical experts
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METHODS

ABSTRACT

Background Globally, critical illness results in million
of deaths every year. Although many of these deaths
are potentially preventable, the basic, life-saving care
critically ill patients are often overlooked in health sys
Essential Emergency and Critical Care (EECC) has bee
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Saving Children’s Lives Mission:

Stop preventable deaths of children
from pneumonia, diarrhea, and sepsis

Relevant Innovative Focused Quality

System Metrics Education ~ Improvement
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EXECUTIVE BOARD EB152(3)

152nd session 1 February 2023
Agenda item 5

Integrated emergency, critical and operative care for
universal health coverage and protection
from health emergencies!

The Executive Board, having considered the report of the Director-General,*

Decided to recommend to the Seventy-sixth World Health Assembly the adoption of the following
resolution:
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= a/USA
.eLlcal System of Taiwan
OW proportion of public sector
* Low cost, high efficiency
* Low level of minimal requirement
. |n'tensivist not required
* High nurse-to-patient ratio
» Little help from other specialists

* Variability in level of care among ICU's
» Big regional and intra-regional differences
*« Distrust of medical community by the general population, media,
and law makers

of personnel and facility
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Taiwan

2023 / 23,908,997
: f% 8%

29 % 10% 8% 6% 4% % % 2% 4% % 8% 10%

NORTHERN AMERICA - 2019

PopulationPyramid.net Population: 366,600,944

Sub-Saharan Africa - 2019

PopulationPyramid.net Population: 1,066,283,411



Challenges toward 2030

Knowledge— Knowledge —— Knowledge

Discovery Processing Transfer
Teach
Quality
Learn of Life
Remember /
Level of Caniit Intact
v Continuous | Act work? Neurologic
Evidence . )
review Survival
v
Quality Act well Is it D it
f feasible oes |
o work?

evidence and safe?



Who, how, and
how much, and
HOW OFTEN do
we have to
train??

Concept of
“Herd Immunity”

(83 to 94% coverage)



Medical Science

Instructional design * Insitu education
* Deliberate practice and * Manikin fidelity
mastery learning )

* CPR feedback devices
* Spaced learning

* Gamified learning and
* Booster training virtual reality
* Lay rescuer training * Precourse preparation

+ Teamwork and leadership training  + Opioid overdose training

Provider Considerations 1
Disparities in education ACLS Course participation /
Practitioner experience Willingness to provide CPR J

3 /




Linking Training to Patient Outcomes

Screening/Targeting
Low Dose
H|gh Frequency

b BT ™ Performance , W4 | .
Slmulated or Real Patient Feedback | W7alh
Performance

Debriefing
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International Network for Simulation-based Pediatric Innovation, Research and Education
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Did our founders have a
crystal ball?




NIH Clinical Center--1955

HEART- LUNG RESUSCITATION _
N

L FIRST AID: OXYGENATE THE BRAIN IMMEDIATELY (. +)

IF UNCONSCIOUS

TIL SUPPORT RECOVERY

Gauge EVALUATE AND

Hypothermia srarr w TES IF NO SIGN OF CNS RECOVERY
Intensive Care SUPPORT VENTILATION: teacweorowr seoion

SUPPORT CIRCULATION
CONTROL CONVULSIONS
MONITOR

WAYAWA

agesofsurgery.com



 Formula for Survival

Medical Education Local
Science Efficiency Implementation
Quality Efficiency

— Survival
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Formulate recommendations:
* For or against (direction)
* Strong or weak (strength)

Rate
overall quality of evidence
across outcomes based on
lowest quality
of critical outcomes

By considering:

U Quality of evidence
@ U Balance benefits/harms

U Values and preferences

*  "“Werecommend using...”

* "Wesuggestusing...”

*  "“Werecommend against using...”
¢ "Wesuggest against using...”

Revise if necessary by considering:
U Resource use (cost)
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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

1)
95% Disease

Cardiac
Arrest

Sepsis

Severe
Road

Traffic
1950 1960 1970 1980 1990 2000 2010 2024 Injury

5%
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Pioneer in Pediatric Research
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WORK SYSTEM PROCESSES OUTCOMES
* Physical = Cognitive = Social/behavioral

Tools & Organization Desirable

Technology Distal
0 - Professional Work

Person(s)

Collaborative : .
ProfessionalPatient Work Patient Professional Organizational

Internal

Environment
Patient Work

Proximal
Undesirable

External
Environment

* Anticipated or unanticipated < Short- or long-lasting * Intermittent or regular

ADAPTATION

SEIPS 2.0 model.




Time-Dependence of Acute

Cardiovascular Interventions

Time-to-thrombolysis in acute Ml Time-to-shock in witnessed VF

70
S Time is life... *

| Time is muscle ...
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N W (4]
o o o
| | |
% Survival
N S D 00
o o o o

No. lives saved per 1000 patients
treated with fibrinolytics
s
o
]

0-1 1=-2 2-3 36 6-12 12-24

01 2 3 4

Time from onset of symptoms (h) Time from collapse to shock (min)

Time-to-epinephrine in Cardiac Arrest Time-to-thrombolysis in Stroke
12 Impact of thrombolysis

10 Time is brain ...

8 30

20 1

Survival to discharge (%)

10

1-3 46 =9 9

% Patients with full stroke recovery

Interval from cardiac arrest to epinephrine (minutes)

Time (hours)from last seen normal
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.Survivorship

Chain of Survival.....




Current Solutions

Clinical
status

N

Admission
Assessment

Example of
target

Intervention

Anticipated Recovery

Systematic
Identification
& Mitigation

Less playful
with parent

Early
Warning
Score

Increased
heart rate
for age

Rapid
Response
Team

Time

CPR

Effort
needed to
return to
recovery

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

‘ “8 Cincinnati

’ Children’s

changing the outcome together

1T ciNcinnaT,



Leverage the Electronic Health Record

PICU GREEM 15 Patients Refreshed 2 minutes ago

TEP-TE25-1 ' | i VYes Yes (/] —
1 FICU HOTSPOTS

TEP-TE26-1 o Yes Yes (] —

TEP-TE28-1 o Yes Yes (/] —

7EP-TE29-1 0 {an b ¥ Yes Yes ! —
{0

TEP-TE30-1 " - Yes (] —
] il

TEP-TE31-1 I

TEP-TE31 ant arrhythrsia within last 24 hrs Ves Yes o |

o Yes Mo (/] —

TEP-TE34-1 f

Mitric Chade =5 & Pulm HIN . -

1 Sustained MAP = 20 cm/H20 - yes Yes [/ =
Fita s on ISRy

TEP-TE36-1 i W Ve M

Mractanial FHyopemen,
TEP-TE36-2 ” #-1» :
|

TEP-TE34-2

o Yes Yes (/] —

f Yes Yes (/] —

iae Dystunction (law ca-ox o on miliinone

TEP-TE35-1 10/2/16 " Yes Yes & —

TEP-TE38-2 1011117 " Yes Yes & —

Prepare for intervention!




Steroids, chemotherapy?

I,

H American % American
Cardiac Arrest Howrs bty |

A\gorithm Association. Associations

PALS

T

Respiratory Rate
Heart Rate (per minute) (breaths/min}*

 Definition of Hypotension by Systolic Blood Pressure and Age

Systolic Blood Pressure (mm Hg)

0 0
| Moditied Glasgow Coma Scale for Infants and Children®

Intra\al ailiial
Hypertension




One Size %{’/ 3

may not fit &

all! ...

But, the principles of:
-prediction
-detection

-assessment
-teamwork
-communication
-monitoring
-feedback
-quality
are the same!!




Learning Health System
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Simulation-based education:
Effectiveness

Operational Performance

Skill improvement in clinical settings

Competence

Skill improvement in simulation settings

Self-Confidence

Improvement in learner’s self-confidence

ST

PEDIATRIC SIMULATION ’

Training of Trainers Program (TOT)
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Improving Pediatric Readiness and Clinical Care in General -
Emergency Departments: A Multicenter Retrospective Cohort Study A critical review of simulation-based mastery learning
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Evolution to “Low Dose — High Frequency” training paradigms

B

Mastery Performance

Resuscitation
Performance

BLS, ACLS, PEARS, —
PALS or NRP
Training

Time



RESUSCITATION

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,
Bjgrn Auestadb, JeffreyPerlman
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quality and safety in healthcare
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ABSTRACT

Simulation can offer researchers access to events that
can otherwise not be directly observed, and in a safe
and controlled environment. How to use simulation for
the study of how to improve the quality and safety of
healthcare remains underexplored, however, We offer
an overview of simulation-based research (SBR) in this
context. Building on theory and examples, we show how
SBR can be deployed and which study designs it may
support. We discuss the challenges of simulation for
healthcare improvement research and how they can be
tackled. We conclude that using simulation in the study
of healthcare improvement is a promising approach that

could usefully complement established research methods.

SIMULATION-BASED RESEARCH DESIGNS
Different research designs are made possible
using simulation-based techniques.”” ** We start
by offering a broad overview of how simulation
might be used in research, and then provide a short
description and examples of three types of studies
(descriptive, theory-testing and generation, and
evaluating interventions) that might deploy simu-
lation. We discuss the particular issues that may
apply in multicentre studies. Finally, we discuss the
potential for combining SBR. with other methods in
mixed-methods studies.

Simulation as a way of studying clinical settings
Simulation for research classically seeks to repro-
duce features of a real-world phenomenon so that

Jaqueidas 6z U0 0/E£000-8L0Z-1@slwa/gg L L 0L se paysiignd isuiy 731S ring




ORIGINAL RESEARCH

In situ simulation: detection of

safety threats and teamwork

~===.  training in a high risk emergency
department

Mary D Patterson,'? Gary Lee Geis, "% Richard A Falcone,”

Thomas LeMaster,' Robert L Wears®”’

IThe 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

>Division 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

“Clinical Safety Research Unit, Imperial College, London, UK, UK Patterson M. BM.’ Quality and Safety 2013
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Journey
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SIMULATION ROOMS




Education




CHOP Care Network

Broomall
Cape May
Central Bucks
Coatesville
Drexel Hill
Flourtown
Gibbsboro
Haverford
Indian Valley
Kennett Square
Media

Mt. Laurel
Paoli

West Chester

Norristown

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
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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

Major Pulmonary Hemorrhage

Bloody secretions via ETT/oropharynx/nares
Frank, red, copious secret

crease PEEP by 1103
T, avoid trauma
Consider HFOV

Non-acute treatment and evaluation:

1) Labs: ABG, CBC w/diff, PT/PTT/fibri
Ddimer, ammonia level (can be assoc
with urea cycle defect.

2) Avoid excessive volume replacement

increased pulmonary capillary

3)
n after birth 4
of fiver faiure (1mg

5me/ikg (0.1mg/mi)
epeatxLin 5 minutes
Consider transfusion with FFP, PRBCs and
platelets

Consider Novo Seven

Continue non-acute treatment and

il Diagnosis for Major Pulmonary Hemorrhage

% administration B
pically occurs within several hours of

ation
Increased risk with possible PDA with .

administration
s

+ Pneumonia
Associated with viral or gram negative

+ Overtransfusion of PRBCs
« Idiopathic

Coagulopathy

op
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Simulation-based Clinical System Testing
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Covid Sims







Train the Trainer at CHOP




Orientation and Practice Procedure Skills
first in the Classroom:




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







Practice Rare and Stressful Events:

(@H The Children’s Hospital CENTER FOR SIMULATION,

OfPhlladelphlaH ADVANCED EDUCATION & INNOVATION




Use Self-Directed Learning:

@'lThe Children’s HOSpital CENTER FOR SIMULATION,
ofPhiladelphiaﬂ” ADVANCED EDUCATION & INNOVATION



Walk Through New Procedures:

(®H The Children’s Hospital CENTER FOR SIMULATION,

ofphiladelphlaw ADVANCED EDUCATION & INNOVATION




Moulage and Innovation

I Fatal Heart Program Children’s Hospitel of Philadelphia

s O S—
; -
Al g,
;.-.v
- e X

(®H The Children’s Hospital CENTER FOR SIMULATION,

ofPhiladelphiaw ADVANCED EDUCATION & INNOVATION




Blindfold Example

@H.“I:-I'l.l.‘r [:-jll']i.]dr"\"n-.ﬁ .l: I{'iﬁ]_-}it;].l CEMTER FOR SIMULATION,

r';-f'.-I!hil'ﬂ_lﬁ_‘lphiq ADVAMCED EDUCATION & INNOVATION
o i 4 i
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How Failures breed Success !l

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

hrough imulation




Oualitv of care with simulation

Research

JAMA Pediatrics | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT
Differences in the Quality of Pediatric Resuscitative Care
Across a Spectrum of Emergency Departments

Marc Auerbach, MD, MSci; Travis Whitfill, MPH; Marcie Gawel, MSN; David Kessler, MD, MSc; Barbara Walsh, MD;
Sandeep Gangadharan, MD; Melinda Fiedor Hamilton, MD, MSc, FAHA; Brian Schultz, MD; Akira Nishisaki, MD;
Khoon-Yen Tay, MD; Megan Lavoie, MD; Jessica Katznelson, MD; Robert Dudas, MD; Janette Baird, PhD;

Vinay Nadkarni, MD; Linda Brown, MD, MSCE

Supplemental content
IMPORTANCE The quality of pediatric resuscitative care delivered across the spectrum of
emergency departments (EDs) in the United States is poorly described. In a recent study,
more than 4000 EDs completed the Pediatric Readiness Survey (PRS); however, the
correlation of PRS scores with the quality of simulated or real patient care has not been
described.

Auerbach M, Whitfill T. JAMA Pediatr.2016. 6 6

Yale SCHOOL OF MEDICINE



Primary outcome: quality of care measures

] GED | 60%
EMSC readiness score pgp | og9,

100 -

Pediatric EDs ;. . GED|67%
GED | 66% Teamwork y Sepsis o, | 100%
PED | 88%
General EDs
. GED | 50%
GED | 80% ; d Cardiac arrest
PED | 80% Forelgn bo Yy PED | 64%

GED | 71%

Seizure PED | 71%
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Improving care in hospitals through data reporting

ED Pediatric Performance Snapshot Performance summary

EMSC Pediatric Readiness Score EMSC reainess scors: 82% S£8 555

Teamwork score: 75% Foreign body case score: 100%

Subcomponents : toe sep e eolem
Pediatric care coordinator: Nurse AND physician PEDs
Seizure case scare: 64% Sepsis case score: 83%
GED | 68% GED | 52%
PED | 78% PED | 100%

) GED | 52%
Cardiac arrest case score: 72% peo o7

ED Pediatric Performance Snapshot

Case Performance | Sepsis

l Case details Action items
Quality Improvement  Policies/procedures Patient safety  Physician/nurse staffing  Equipment and supplies RN P (g — @ D:yocp = sideine for podaic sepsi
parent with vomiting/fever/lethargy patients
100% 61% 65% 100% 88% 83«
1. Mottled, cap refill 4 sec, tachycardia,
normotensive, crying, CXR with ° Encourage staff to use push-pull method
pneumonia to deliver fluids, give 60+ cc/kg
2. Stops crying, more tachycardic,
hypotensive, fluids improve HR a Increase RN staff comfort with 10 driver
3. Fluids/pressors improve HR/BP -‘
Breakdown Team 1/Team 2
1. Begin high flow 0, v
2. Establish 15t 1V/I0 4
3. 60 mL/kg given over 15 minutes v X
4. Give appropriate antibiotics s
5. Establish 27 IV/I0 a4
6. Starvasopressor after 3¢ bolus: v X



Education : Training citizens
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Tele-simulation

Tele-simulation” is “a process by which telecommunication and
simulation resources are utilized to provide education, training,

and/or assessment to learners at an off-site location.

0
InTele simulation, the people are seporate by w

geography/ fime

Todd Chang

Off-site location refers to a distant site that would preclude training, without
the use of telecommunication resources



Several Studies suggest Distance Simulation Useful for
Global Health Education

Open Access Technical

Cureus Report DOI: 10.7759/cureus. 16317

How to Use TeleSimBox “Off the Shelf” to & frontiers | Frontiers in Pediatrics ORIGINAL RESEARCH
Connect Remote Content Experts With In-Person !
Simulation Participants

Gheck for
Elizabeth Sanseau ', Robert Cameron Socby ©, Maybelle Kou -, Mare Auerbach *, Khoon-Yen Tay L]

1. General Pediatrics/Emergency Medicine, Children's Hospital of Philadelphia, Philadelphia, USA 2. Emergency
Medicine, Jefferson Health Northeast, Philadelphia, USA 3. Emergency Department, Inova Children's Hospital, Falls 11 - - 1] - -
Church, USA 4. Department of Pediatrics, Section of Pediatric Emergency Medicine, Yale University, New Haven, USA 5 Low-cost Teleslmulatlon Tral n'ng
Emergency Medicine, Children's Hospital of Philadelphia, Philidelphia, USA - - -
Improves Real Patient Pediatric
- -
Shock Outcomes in India

Ebor Jacob G. James'?*, Siva Vyasam’, Shakthi Venkatachalam?, Elizabeth Sanseau,
Kyle Cassidy®, Geethanjali Ramachandra?¢, Grace Rebekah’, Debasis D. Adhikari',
Elien Deutsch?3, Akira Nishisaki®? and Vinay M. Nadkarni®®

Corresponding author: Elizabeth Sanseau, elizabeth.sanseau@gmail.com

Review > Simul Healthc. 2023 Apr 1;18(2):100-107. doi: 10.1097/SIH.0000000000000663.
Epub 2022 Apr 5.

.
.
S ettl ng a'n Age n da * Re SU]'ts 0 f a Con S e nsu S Pro C e S S 0 n ! Pediatric Critical Care, Department of Pediiatrics, Christian Medical College, Veliore, India, * Pediatric Simulation Training
. . . . . . and Research Society of India, Hyderabad, India, * Genter for Simulation, Advanced Education and Innovation,
Re Se arc h Dl re Ctlon s ln DIStan Ce S lm ul atlo n The Children’s Hospital of Philadelphia, Philadelphia, PA, United States, * Division of Emergency Medicine, Department

of Pediatrics, The Children’s Hospital of Philadelphia, Philadelphia, PA, United States, * Annenberg School
- for C zation, Ui f Pe sylvania, Philadelphia, PA, United States, © Departs t of Pedliatric Intensive Care,
Isabel T Gross T, Timothy C Clapper, Geethanjali Ramachandra, Anita Thomas, Anne Ades, or Communication, University of Pennsylvania, Phiadelphia, ini ates, © Department of Pediatric Intensive Care,
Krishna Institute of Medical Sciences, Secunderabad, India, ” Department of Biostatistics, Christian Medical College,

Barbara Walsh, Florian Kreuzer, Rachel Elkin, Michael Wagner, Travis Whitfill, Todd P Chang, Viellore, Indiia, ® Department of Anesthesiology and Critical Care Medicine, The Children’s Hospital of Philadelphia,
Jonathan P Duff, Ellen S Deutsch, Ruth M Loellgen, Janice C Palaganas, Jabeen Fayyaz, David Kessler, Philadelphia, PA, United States
Aaron W Calhoun

Affiliations + expand
PMID: 36989108 DOI: 10.1097/SIH.0000000000000663

Abstract

Background: The COVID-19 pandemic forced rapid implementation and refinement of distance
simulation methodologies in which participants and/or facilitators are not physically colocated. A



PERCENTAGE of children Improved at the end

of FIRST HOUR

Hemodynamics of patients with shock at the

OR 1.9 CI95% 1.09 to
3.42

70
60
50
40
30
20

10

end of first hour treatment

Il Phase 1 Il Phase 2 M Phase 3

(Overall improvement
between phases)

Phase 1 (Pre invention)
71%

Phase 2 (intervention)
79%

Phase 3 (post intervention)
87%

b Value
Overall,
Phase 1vs 2
Phase1vs 3

0.026
0.178
0.007




Median % Completion Task

Median % Completion Task np Chart

107.720 -
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Median shock reversal time in hours

70

60

50

40

30

20

10

Median shock reversal time in hours ¢ Chart

i cL 36.26
AL -
\
¢ CL
e\ [ —— 2030
3.455

123 456 7 8 910111213141618 1920212223 242526272829 30313233343536373839140
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Real Events

[ REGISTRIES J

{

Simulated
events/
Training

{ REGISTRIES }

{

. \909 ) REAL-WORLD DATA < eoo \ - / &oq ) REAL-WORLD DATA eoo \
[V RN i [V RN
/R {7 / P .\

/ QQ, \Oo / @ \Oo \
& ANALYSE @\ - /& ANALYSE @\
REAL-WORLD \\ = REAL-WORLD \\
EVIDENCE * g EVIDENCE *
L Al & Algorithms) 4 . L Al & Algorithms) J
A « I\ « /‘
A\ -
\ l CLINICAL DECISION MAKING & CARE I . \ l CLINICAL DECISION MAKING & CARE I
MEASURE ¥ MEASURE
e CLINICAL, PATIENT REPORTED & F T CLINICAL, PATIENT REPORTED &
EXPERIENCE OUTCOMES o - EXPERIENCE OUTCOMES o

Fig. 7. A continuous leaming health ecosystem.

Continuous Re-Certification

Fig. 7. A continuous leaming health ecosystem.
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Patient Selection and Quality of Care

4.lllllllllllllllllllllllllllllllllllllll*

Patient — Intervention —— Outcome

Education
Technique Quality
] of Life
Devices
Drugs Intact
Patient System Neurologic
Factors Factors System/ Survival
v ]
Event Quallty Short _

) Survival
Survival



Big Data...Artificial Intelligence..."Virtual Command
Centers” and Decision Support...




Resuscitation Bays of the Future

>k, Trauma dob:01/01/1901

“Resuscitation Bay of
the Future”
Live-Capture Video,
Communication,
Ultrasound

VIPER Network
(Videography In
Pediatric
Emergency Room)



Eye-Tracking technology




Geolocation and “"Resuscitation Room of the Future”

UL ALWA™=39



Creating INSTANT REPLAY for in-hospital
after Event Review
Similar to...




Learning more about provider capabilities

Testing Fatigue and Provider Performance

Stepstool
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vaccination? of the patient?

. Patient's best
‘/ interest?

";E‘;} My safety?
-:;:ﬁ‘,? My health risks?

1 Safety of my
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Wearable and Implantable Sensors
For Biomedical Applications

Necklace Hat, helmet, headband
> ®
@

T-shirt i M '
- L,

Bra or heart rate belt

Vital signs
Oximetry

HR variability
Activity
Sleep quality
Glucose
Hydration
Location

Tattoo/bandage ® Patch

00000 o\ 0 |
Armband b Contact lens
S .
Wristband 001000 , r
s i & d Glass
, L I\ -~

X/ K/
0’0 0’0

X/
0’0

Watch L

X

Ring

K/

- ") /
> & .
@ p p e ! \\ Oral appliance
, ’ /

L)

Fingertip~ i .
Pacemaker

e

%

Smart pill i

implantable © g ° L)
® f H <

X/
0’0

Belt accessory :
7

. Earpiece

Pants P o

4

Earphone Earring

o
*¢

Sock
ocks .y

K/
0’0

@ Activity level Body/skin temperature Respiration rate @® Muscle activity Hydration level
® Blood oxygen saturation level @ Calories burned Sleep quality/pattern @ UV radiation Glucose

@ Blood pressure Heart rate @® Step monitoring Back health

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



Understanding Team Task Load, Stress,
and Team Performance T ORVEEEDHES

S 52 - i--

Jﬂiuwwﬂﬂ

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



Daily Sync 7-Day Whoop Svync 7-Davy Daily Performance

Compliance Reflection Compliance
Perf
arermanee D
38% 12%
) ) e )
Daily Performance
Reflection Biometrics O
Answer below with the following scale in mind: 1 = worse than most
days, 5 = better than most days. Click each group to toggle data visibility
= Your Performance 38

smpaciecibyjSaess = Team Performance Recovery Heart Rate Variability

1 2 3 q 5 = Baseline You are -21% below

your baseline today.
Tool Use
Mind Systemn

v M =] 1 o] Restfulness Readiness
Rate Your Clinical Performance:
Ability to Focus

1 2 3 4 5 H

Body Heart
Clinical Acumen/Recall Restfulness Wellness
) i Time in Bed

Interprofessional Teamwork/Dynamic P — Keep up the good

1 2 3 a 5 Prepared work, you are 19%

above your baseline
todav.

Creating DASHBOARDS and DISPLAYS to
inform individuals and team performance

Stress Tools /\ Sleep m Performance

The Biology of Our Best and Worst Diaphragmatic Breathing Reduces 4 Tips for How To Fall Asleep Fast HRV & Nutrition
Selves Stress



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

With attention to Diversity, Equity and Inclusion



Linking Human Factors and
Performance

Technology | Organization
and Tools E

Person Q I \
THEks . . Environment M
|
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Post-Intensive Care Syndrome (PICS and PICS-F)

Post Intensive
Care Syndrome
(PICS)

Mental Health

Anxiety/ASD
PTSD
Depression
L Complicated Grief

Survivor
(PICS)

N
Mental Health

Anxiety/ASD
PTSD

Depression

Cognitive Impairments
Executive Function
Memory
Attention
Visuo-spatial

\_ Mental Processing Speed )

Needham DM et al. CCM 2012

Physical
Impairments
Pulmonary
Neuromuscular
Physical Function

Py




Trajectories of Recovery: The Big Hit

Functioning

The Big Hit

Acute
lliness

Effect

A
icritical lliness
9.

—

—

Big Hit — Peak Recovery Effect |

Rate & Duration
of Recovery

—

Peak Recovery Effect

0

S5
Time (years)

1

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



Trajectories of Recovery: The Slow Burn

The Slow Burn

Fy
iCritical lliness

Acute
lliness

Effect

=]

: il
‘T

% Difference in

e Long-term

u=. Trajectory

Actual Long-term
Trajectory

1 1 I | I I |
0 5 1 1.5 2 >

Time (years)

Slow Burn —> Differance in Slopes |

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



Trajectories of Recovery: Relapsing Recurrences

Relapsing Recurrences
F N

_iCritical lliness

\

Acute
lliness

Effect

Functioning

Actual Long-term
Trajectory

Relapsing Recurrences —= Area Under the Curve

1 I | 1 I 1 I
0 5 1 1.5 2 >

Time {years)

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



Ultra-Short Term

Expaciations

= Early plymical reconsry,
idenification of underlying
causs, pobenbial recogniton
of cogrithae challenges, high-
el rigk Tor anxistyPTS0

= Monitaring for seizures snd
medication side efiects

* Ransseaamant of swiallcreang

= Wark with PTAOT/ELPY
rehabiltation to recover
strangthfunction

= Disguss cognitivanehovioral
changes with FT/OT/SLP and
famity

= Seeh strategles, psychology’
meuropeychology referal,
and redicalion rmardgerment!
weEAning

* Improwesment in aognithve

‘funichion

* Cnpoing improyement in

activities of daily Bving and
cardiovascular resilience

Action Plan

= Contirue strafeciaes and

behaviorsal aciivations

* Incrsase cardicwsscular

Long Term

& Ofen improwamant in anxi-

Medium Tarm

Ewpactations

aly, depression, PTSD, and
quality af life

= Fatigua and cognitive impains
ansnbs ey De peraiabant

= Improvemant in mesnony
= Flerlurn e work or baseline
aotivities

= Conlirue sirategiss

# Consider imvolvement in
support group, prensantion of
recurment annest, and family
membar avaluation

Action Plan

= Coniinue striteges
= Prervant recurrand armast
* Evaluabe farnily members.

Survival

Outcome Time Point

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

Basic Daily
Life Skills

PEDSQL

Between 6 and 12 months

Sawyer, 2020; Topjian, 2020
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Registries and Quality
Improvement

Patient

outcome
=50%

ice

Effectiveness
Efficiency




Clinical Trials, Adaptive Design,
Comparative Effectiveness, Registries

Patient

outcome

=75%




The Far Future




Circumferential chest
compressions/Load
Distributing Band
Automated Active
Compression —
Decompression CPR

Impedance Threshold
Device Augmentation

Interposed Abdominal
Compresssmns

Pt

.,




Start

—

CPR Event Mattress
Reconstruction —| Characteristics
w/ Manikin k u
m m

fom |
| v §

v

Single Compression Cycle

@'IThC Children’s Hospital
of Philadelphia®

10 20 30 40 50 60 70 80
7 y Corrected Depth(mm)
nglneerlng,lll o e Ingllll n

formatics...
Usability Testing
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Chest Mechanical Characteristics, k. .

Perelman

School of Medicine
UNIVERSITY ()f PENNSYLVANIA



Alternative Perfusion Techniques
and Conditions to Improve Recovery

Controlled Reperfusion
Ultrasonic Micro bubbles
Direct Peritoneal

Resuscitation a -
Rapid and Profound
Cooling (Emergency .

k

Preservation
Resuscitation) 2
| 5

%
Carbon Monoxide -

Brain Derived
Neurotrophic Factor

Nannotech guided
vascular access
Chemical Defibrillation

Chemical Hibernation




Mitochondrial Resuscitation

Brain injury Cardiac Arrest
Reperfusion Injury

Sepsis
Hemorrhagic Shock Inflammation






® NOORAWN

The Future of Critical Care

. Learning Healthcare Systems
. Big Data

Liberation
Mobility...PANDEM-ic

. THRIVE...PICS

Embedded, Just-in-Time training
Resilience and Wellnhess

. Care (CARING!) everywhere
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INSPIRE: Helping babies breathe




Sustainability

“From Donorship to Ownership”

Phase Seed Transition to scale Innovation to scale National scale up
runder Developers NGOs/foresgn ald org GFFUNICEF/UNFPA MoHse/IDA

Impact
potential
GFF SBBC

Innovaton to scale

S0K Mappy Brthdays
Helping Mathers Surwve
Helping Babies Survive

2018 2020




Green ICU




Carbon footprint of health care
35,772 kilotonnes CO,e emissions

28,618
COze

@ Buildings, electricity, gas
@ Clinical care

Carbon footprint of clinical care
28,618 kilotonnes CO,e emissions

10%

I :s2 co.c

@ Harmful care
Low value care
@ Effective care

30%
8,585 CO,e

60%
17171 CO,e



Life cycle assessment of phlebotomy




Avoid

Prevent unnecessary
resource use

Avoid inappropriate admissions and readmissions

Optimise supply with demand

Avoid low value care Use care bundles aimed at preventing complications

Minimise
drug wastage

Reduce Do not repeat blood
Optimise patient length tests if not needed

of stay and consider Optimise supply stocking
what you use to reduce waste

Avoid changing lines and
syringes unnecessarily

Bare below the elbows
without routine gloves

Blood Pulse
pressure cuffs | oximeters

LinenI Procedure packs

Some single use items could be reused for the
same patient through their hospital journey

Personal protective
Reuse equipment

Choose a reusable Laryngoscopes
option if available

Recycle Put recycling (and waste)
Clinicians in the right place

should maximise Educate everyone often
recycling about the benefits

Disposal
Avoid if possible.
Use waste, sharps, and infectious
waste bins correctly

ICU Management & Practice 3 - 2023



Economy strategies along the chain for medical consumables

ADD  FORefuse s RETAIN

TN = s Hopitat  VALUE

Procurement

R3 Reuse
" R4 Repair

——— RS Refurbish

7 Ré Remanufacture
o R7 Repurpose

Consumables * _

Manufacturer
4 R8 Recycle
Materials ) _ R9 Recover
Producer V% Waste
i Processor
PRE-USE USE POST-USE

ICU Management & Practice 3 - 2023



f*ﬁ'f]ﬁmfi: __JD{-—._ Login Cleatean:;cnunI | o @l (¢ ]

ESIC I I ESICM Eventz Resourcee Journale HRessarch Eduwcation Patient and Family
& o
b e

A beginners guide to
Sustainability
in the ICU

Humanising Critical Care webinar series: environmental
sustainability in ICU

q Intensive
®, Care
Society

Membership Guidance Learning Research Thriving at Work SOA24

M > Membership > Sustainability

Sustainability

The Climate and Ecological Emergency is one of the greatest chialle

%A N Z I C S threatens all
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“I don 't skate io where the puck is, [ skate to where it is going to be!”
Wayne Gretzky

Future
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The Time is Now




EMPOWERING THE NEXT GENERATION -
INVESTMENT IN PREVENTABLE INFANT DEATHS «.

- y

Advancement and Future Directions
in Pediatric Critical Care

2023 President, Society of Critical Care Medicine
Professor, Department of Anesthesiology, Critical Care and Pediatrics
The Children’s Hospital of Philadelphia, University of Pennsylvania Perelman School of Medicine

Vinay Nadkarni MD, MS, FCCM I‘

Societyof *1 will ensure my presentation promotes thoughtful inclusion
Critical Care Medicine RightNow. of underrepresented communities and content relevant to
diversity and equity in continuing education activities.
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