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You arrive on the scene: “My child is not acting right”
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In extremis

*  “Atthe point of death”
CLINICAL MANIFESTATIONS of “PERI-ARREST”

*  “Atthe farthest reaches”

* Impending circulatory collapse

¢ Peri-arrest

Impending Neurologic failure
Impending Cardiovascular failure
Impending Respiratory failure

Multi-organ failure

SHOCK

Unresponsive, obtunded
Dwindling perfusion
Agonal breathing




What is SHOCK?

Hypotension

What it would feel like if the |
Bills EVER won a Super Bowl

Poor tissue perfusion |

Failure to utilize oxygen even
if delivered at the cellular|
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Shock

* ATP production failure

* Can occur at any level of
the process/supply chain
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Pathways to shock

Delivery Problem Distribution Problem Extraction Problem
(Blood not pumping) (Not reaching vital organs) (Blood with O, there, not being used)
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Developments at the scene
*  Child is no longer responsive
* lrregular, infrequent breaths

¢ Pulses now thready

-
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COMPENSATED
SHOCK
a
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How do we compensate in shock?
*  Anaerobic metabolism
* 10O, delivery

1.
2.

3.

¢ | O,demand
1.
2.

mr.- cycle
Oxidative okl respiration

phosphorylation

Tachypnea, tachycardia,
hypertension
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Compensated pediatric shock

“Not acting right”, irritable, inconsolable, agitated
Tachycardia
Tachypnea, grunting
Flushed, flash capillary refill, bounding pulses
Mottled, delayed capillary refill, cool hands/feet
Fewer / “drier” wet diapers

Gray, ashen skin, “Does not look right”
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Back to the scene: what type of shock is your patient in?

Who cares? When a child is in extremis, emergency management is the
same no matter the cause, right?
« AB,Cs
1. Secure the airway
2. Stabilize breathing
3. Improve/restore circulg
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Resuscitation in SHOCK means fluids, fluids and more

fluids!
A B
True Not always
I- =
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Restoring tissue perfusion in different types of shock

Delivery Problem Distribution Problem Extraction Problem
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The key to resuscitation in SHOCK is determining cardiac function

¢ CO=8V*HR
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If you push
) e CENE o fluids and the
¢ Thereis a limit s Bk-taio et HR goes up...
i STOP!
L -
: Vantrcular end-disstolic volume
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When arriving at the scene how can you tell?

* Birief history of preceding symptoms

* Any previous medical problems

* Physical exam findings

¢ Home setting/family behaviors

Sepsis and Trauma come from very different mechanisms... a,
Go Back to the Beginning! :
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Mechanisms
TRAUMA SEPSIS

Starts with an event or recurrent events
Blunt force vs high speed vs penetrating

Broken bones, abrasions

May be witnessed or unwitnessed

Can present within hours or take days*

*if NAT in a non-verbal age-group
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“SEPSIS”
YOU KEEP USING THAT WORD

1 DO NOT THINK IT MEANS
WHAT YOU THINK IT MEANS
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The evolution of “sepsis”

‘'WARE ) 2005
HITLER'S

Sepsis LT Sepsis-3
GREATEST e Definitions  [EERTIZY

1992 2016 Life-threatening
organ failure due
] [ ol to dysrequlated
- host response
Surviving
epsis
Campaign N
2002 .
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Pathology of sepsis to ey -tion
re b 0 dy
ranee, 1. Vasodilation and
Immune

pmsetinaren  Endothelial Activation
—
Nitric oxide (NO)

2. Leukocyte Recruitment Q

and Activation
ROS, NO, kinins,
3. Coagulation and arachidonic acid
NET Formation
p— TNF-a, IL-1B oV

©2012 by American Physiological Society

1
Seeley, Am J Physiol Lung Cell Mol Physiol, 2012
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Septic shock: what kind of shock is it?

Level of
o escCri
Failure
Distribution Blood flow/oxygen going to the wrong places because of endothelial

v/ Distribution /¢ ion (Iow or high SVR = wrong organs and tissues getting perfused)

Delive: Cardiogenic: Inadequate cardiac output because of low SV
/ y Hypovolemic: Not enough blood to perfuse organs
/ Extraction  Mitochondrial dysfunction in using the oxygen it has available
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*Trauma: what kind of shock is it?

Lol e Descript
Failure P
Distribution Blood flow/oxygen going to the wrong places because of endothelial
dysfunction (low or high SVR = wrong organs and tissues getting perfused)
‘/ Deliver Cardiogen nadequate cardiac output because of low SV
y Hypovolemic: Not enough blood to perfuse organs

Extraction Mitochondrial dysfunction in using the oxygen it has available

*Penetrating trauma = blood loss
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**Trauma: what kind of shock is it?

Level of Dot
Failure y
Distribution Blood flow/oxygen going to the wrong places because of endothelial
\/ dysfunction (low or high SVR = wrong organs and tissues getting perfused)

Cardiogenic: Inadequate cardiac output because of low SV

/ Delivery Hypovolemic: Not enough blood to perfuse organs

/ Extraction  Mitochondrial dysfunction in using the oxygen it has available

**Blunt force trauma = internal bleeding, solid organ damage

21
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Recognition Pearls: sepsis vs trauma
« Fever prior to presentation could be suggestive of infection
BUT can happen in TBI, abdominal injury

b |
#
|

« Broken bones or abrasions highly suggestive of trauma
BHHSHVg s H()H—S[)e(‘,m(‘, can occurin Si—‘,[)ﬂ() shock too

Otherwise, there is a LOT of overlap (esp. if it has progressed to shock)

When in doubt, treat BOTH.
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"Which one of the following is recommended in septic shock
treatment but NOT trauma resuscitation?

Ensuring a patent airway
Ensuring adequate respirations
Assessing circulation
Obtaining a blood culture

Lactated Ringer's bolus of 10-20ml/kg
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Surviving Sepsis Campaign International
3 Guideli for the M t of Septic
Septic Shock management Shock and Sepsis-Associated Organ
Dysfunction in Children

Initial Resuscitation

Algorithm for Children il
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Biggest updates to pediatric septic shock management in 2020

1. Lactated Ringer’s instead of NS, 10-20ml/kg aliquots

* Ifin an under-resourced area, vasopressors early and stop fluid resuscitation

2. Epinephrine is first line pressor

* No more “warm” or “cold” shock

No ETOMIDATE for intubation

4. [Sepsis - severe-sepsis-—> septic shock], NOW [sepsis > sepsis with organ .
dysfunction - septic shock] )
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Pediatric TCA algorithm

--Global assessment

--Control hemorrhage

--Rapid volume expansion

--Follow standard life support algorithms

Qm

James Vassalo et al. Emerg Med J 2018,35:669-674
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Management differences: septic shock vs. trauma

Less focus on damage assessment

Less fluid volume, early vasopressors
Antibiotics (*likely needed in blunt force trauma)

Source control/identification

o r v N~

No etomidate for intubation

If not sure > Treat BOTH with close attention to HR with IVFB + early antibiotics/bcx.

27
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v for:
Z IVF bolus w/m 2hrs?
T Antibiotics w/in 12hrs?
C Blood culture w/in 24hrs?

Antibiotic delay

. INFECTION

4-fold increase in
mortality

Weiss SL, Ciit Care Med 2014;42: 2409,

Bundle compliance

j e e 1 e 'e I 7% decrease in
lactate

Blood
culture

mortality
a
Weiss SL, Crit Care Med 2014;42:2409.
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Of sepsis and trauma, which is a more frequent cause of
death in children?

B scpicsnock & [ Tuma ®

Trauma Septic shock
- -
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Leading causes of death in children in the US

Ages -3

National Vital Statistics Reports Volume 68, Number 6, June 24, 2019, Deaths: Leading Causes for 2017

10
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Table E. Deaths and percantage of otal dealhs lor leading causes of intant death: Uniled Siates, 2016 and 2017
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Incidence of Pediatric Sepsis vs. Trauma

Daily new coronavirus cases in the U.S.

Mar A May
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Pediatric trauma rates are decreas |

Nationwide Emergency Department
Sample Survey data (2006-2012)

« 8.3% decrease in annual ER visits for :
traumatic injury in children and adolescents
- 11.3% decline in MVC

« TBlincreased 22.2%

Figure 1 Emergency department (ED) visits fos
0-19 per 100 000 population, US hospitals, 2

raumatic injury ages
2012

34

»
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Incidence of idental head trs in infants: a call :
nei t‘_n.u ol num_lc('l lental _(‘.l rauma in infanis: a ca ‘lM D .:‘n' P EDIATRICS
to revisit prevention strategies $ee

LaVerne W. Thompson, MD; Kathryn D. Bass, MS, MD,? Justice O Agyei, MD,
Hibbut-Ur-Raul Naseem, MD,* Efizabeth Bormgraber, MSW.' Jiefel Wang. MA * and
Rente M. Reynolds, MO

3 Neurosurg 2

FIG.2. NAT i
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Incidence of pediatric sepsis is rising
5.0%

45%
aox ‘—H,,a—o—o’*—’—" 1. Pediatric-specific definitions

e 2. Financial incentives to improve
25% —e—Combination codes coding/billing
S Sapsls codes 3. Changing population

% Sepsis Mospltalizations of Tatal

2004 3005 2006 2007 2008 2009 2010 2011 2002

Combination = ICD9 codes for infection + organ dysfunction
Sepsis = ICDY codes for severe sepsis or septic shock.

Data from Pediatric Health Information Systems database (n=176,124) 36
Balamuth, Pediatr Crit Care Med, 2014
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| 2004-2012 (n=49,153)
PICU ONLY

. One quarter are infants, majority are
complex patients:

Age group, % of total:
<1 year: 23.6%
. . " 1-4yrs: 24.8%
- . : » 5-9yrs: 15.2%
i s 10-14 yrs: 19.1%
e e o : 15-18 yrs: 17.3%
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. . . At " p Underlying comorbidity: 73.8%
_. / o
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FIG. 4. NAT incidence stratified by age (in months) and sex. Bar graph with overlying trendiine of NAT incidence from 2001 to
2016 siratified by ago and sex assuming an equal rabio of male and female births. There was 3 statistically significant difference in
incidence of NAT at each ago for both males and females (y-inforcept p = 0.0069, slope p = 0.0374)
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High-risk patients

* Infants/Toddlers
2/3rds of trauma cases are NAT/suffocation
Same age group with higher rates of septic shock

* Complex patients

Very high risk for neglect, chronic abuse
Also unable to voice early signs of infection, present later

13
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QOutcomes: pediatric sepsis vs trauma e

Pediatric Trauma Outcomes:

* Case fatality rate 0.04% overall, 3.2% for severely injured

* CDC reports childhood injuries = $87 billion per year in hospital costs

* Childhood injury = #1 cause of pediatric physical disability and psychological morbidity

* Total economic impact of childhood injuries is an estimated $347 billion per year in the US'

40

1. Stylianos S. Sem Pediatr Surgery. 2008;17(2):10-115
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Pediatric sepsis outcomes

U.S. PICUs, 2004-15: A PS8 Prevatetin ared Moty in 53 Hospiats from 3008 212 -
* Median of 17 hospital Lo -

« 7ICU days -
+ $77,000 per child P L z
£ m o
+ Mortality still >10% 1 i
i |
Mortality rate dropped by 14% ‘x - . i
from (1995-2005) .
. "
m mm mm mw we mm mw mm owm

41 K 4
Ruth, PCCM, 2014 ~ Y
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Morbidity from pediatric sepsis

Global Epi iology of Pediatric Severe is: The Sepsis
Prevalence, Outcomes, and Therapies Study

Seott L Wens", Jue C. Fitrgorakd"*, John Pappachan®™, Desak Whealer'. Juan C. Jwamilo-Bustamania®,
Asma Salioo”, Sunit C. Singhi®, Simon Erckson® mon A, Roy™, Jenay L. Bush”, Vinay M. Kackams', and
Neal J Thomas'"; for the Sepeis Prevaknce, O e, and Tharapies (SPROUT) Study Imestgnons and the
Paclatric Acute Lung Injury and Sepais irnvestigatons (PALISH Network

« International point prevalence study:
+ 6,925 PICU patients screened, 569 had SS = 8% incidence

* Mortality rate 25%
« 1in 5 survivors with NEW moderate/severe disability on discharge a

42

A J Respir Crit Cars Med Vol 191, s 10, pp 11471157, May 15, 2015
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Are septic children like septic adults?
If septic adults survive to discharge:
« 1/3 die within 1 year, 50% due to sepsis complications
« 1/6 have severe, persistent impairments
« 3-fold increase in moderate-severe cognitive impairment

« High prevalence of mental health problems:
- 32% of survivors have anxiety
- 29% have depression
- 44% have PTSD

+ 40% are re-admitted within 90 days

* Re-hospitalization after sepsis = 12% of all US re-admissions, 14.5% of readmission costs.
« Increased risk of recurrent infection, acute renal failure, new cardiovascular events )

Prescott HC. JAMA. 2018;319(1):62
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Key take-home points

1. Shock from trauma or sepsis can look VERY similar

Key to restoring circulation is ensuring the heart is functioning
Watch HR as you push fluids

3. If unsure if infection or trauma, treat both
Add a blood culture and antibiotics while following trauma guidelines

High risk populations for occult NAT and sepsis are younger children and non-
verbal children of any age

5. Unrecognized sepsis can lead to death or disability
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