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Case presentation

* A 6 months old boy that was previously well, was taken to ER due to
fever, lethargy and diarrhea.

e P/E:GCS:10/15,capi.refill:5 sec. BP:55/20,HR:182,RR:58

* Lab:WBC:3400(neut:88%, lymph:11%) CRP:>150,CXR:bilat. Infiltration
and effusion in RT. Side,what is ur next step:

1) transfer to PICU
e 2)hydration and norepinehrine
* 3)hydration, norepinephrine,chest ct

* 4)hydration, re-evaluate the pt



Case presentation (continue)
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Physicians think they do a lot for
a patient when they give his
disease a name,

- Immanuel Kant
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Definition

* Shock :body’inability to deliver inadequate oxygen to meet metabolic
demands of vital organs and tissue

* sepsis : “life-threatening organ dysfunction caused by a dysregulated
host response to infection™

* Septic shock :“subset of sepsis in which particularly profound
circulatory, cellular, and metabolic abnormalities are associated with a
greater risk of mortality than with sepsis alone
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Signs of Organ Dysfunction

Respiratory
Inadequate oxygenation

Or ventilation

Global Hypoperfusion
Lactate > 2mmol/L

Hematologic
Platelets < 100,000

Coagulopathy (INR> 1.5 oraPTT > 60sec)

Neurologic
Change in LOC

Cardiovascular
Hypotension
SBP < 90mmHG or MAP < 65

Renal
U/O < 30ml/hr
Elevated Cr. (>1.5)
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Stages of Shock

e Compensated

* Maintains end organ perfusion

* BP is maintained usually by ™ HR

* Uncompensated

* Decreases micro-vascular perfusion

* Sign/symptoms of end organ dysfunction

The Stages Of Shock

e H vp otens ive i , Adjustment ‘;}—x

* Irreversible
* Progressive end-organ dysfunction
e Cellular acidosis results in cell death




Biomarkers of Sepsis

gulated Inflammation

Infection

Inflammation
WBC

CRP

PCT .

Heart rate Coagulation

Respiratory rate

I/T ratio CRP BP
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Why Patients with Sepsis Die? i
- -

Cellular Bioenergetic (Metabolic)
Failure

o
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Initial Resuscitation Surviving Sepsis- -,
Algorithm for Children Campaigne

Systematic Screening for
Sepsis in Children

Within 3
hour of initial hours of initial
recognition of suspicion of
septic shock Expedited sepsis

diagnostic
Shock evaluation
/ develops 4’4
—~———

Diagnostic evaluation supports
sepsis—associated organ dysfunction

¥
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Obtain Collect Start empiric Measure Administer fluid Start vasoactive
IvV/ 10O blood broad-spectrum Ilactate. bolus(es) if shock agents if shock
access. culture. antibiotics. is present.™ persists.™

v

Respiratory support
Assess for Pediatric Acute Respiratory Distress Syndrome
e
Infectious source control Continuocus Fluid and vasoactive titration™
reassessment
e

Advanced hemodynamic monitoring if shhock persists

Within 1

- 4+ /- hydrocortisone = Avoid hypoglvcemia WA or VV ECLS for refractory shock or

for refractory shock™™ = Antimicrobial oxygenation/ventilation failure (after addressing
= Nutritional support stewardship other causes of shock and respiratory failure)

*See fluid and vasoactive algorithm. Note: Fluid bolus should be omitted from bundle if &) fluid overlioad
is present or b) it is a low-—resocource setting without hypotension. Fluid in mlL/kg should be dosed as ideal
body weight.

**Hvydrocortisone miiay produce benefit or harm.

wwyv.scecm.org/SurvivingSepsisCampaign/Guidelines/Pediatric-Patients
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Fluid and Vasoactive-Inotrope ; i i -4
Campaign-e

NManagement Algorithm For Children

Healthcare Systems - I
ITH Intensive Care
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Abnormal Perfusion with

or without Hypotension

- If signs of fluid overload - If signs of fluid overload
are absent, administer - Do NOT give fluid are absent, administer
fluid bolus, 10-20 mlL/kg. bolus unless fluid bolus, 10-20 mlL/kg.

= Repeat assessment of there are signs of = Assess hemodynamic
hemodynamic response dehydration with response to fluid and
to fluid and consider fluid ongoing fluid losses repeat fluid boluses, 10-20
boluses, 10-20 mL/kg, until (eg, diarrhea). mL/kg, until hypotension
shock resolves or signs of - Start maintenance resolves or signs of
fluid overload develop. fluids. fluid overload develop.

= Assess cardiac function. - Monitor = Assess cardiac

= Consider epinephrine hemodynamics function (Gf available)
if there is myocardial closely. = Consider epinephrine/
dysfunction or epinephrine/ - Consider vasoactive- norepinephrine if
norepinephrine if shock inotropic support hypotension persists
persists after 40-60 mlL/ (Gf available). after 40 mlL/kg or
kg (or sooner if signs of sooner if signs of fluid
fluid overload develop). overload develop.

C Fluid in mL/kg should be dosed as ideal body weight. )
. _—

N \ 4 &

Shock resolved, perfusion improved

Do not give more Consider Monitor for signs/symptoms
fluid boluses. maintenance fluids. of recurrent shock.

*Hypotension SBP SBP SBP Presence of all 3 World

in healthcare < SO mm Hg < 60 mm Hg < 70 mm Hg Health Organization criteria:
systems WITHOUT in children in children in children OR cold extremities, prolonged

intensive care is aged < 12 aged 1 to S5 aged > S capillary refill > 3 seconds,

defined as either: months vears vears weak/fast pulse

wwvw.scecm.org/SurvivingSepsisCampaign/Guidelines/Pediatric-Patients
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The changing paradigm of Sepsis: Early diagnosis, Early
antibiotics, Early pressors and Early adjuvant treatment

Traditional time-course of therapies

Escalation-deescalation strategy

Fluid

Time

Marik & Fargas, Crit Care Med 2018:46:1690



Different stages of fluid resuscitation

e—»

De-
escalation




__ De-escalation

Prmuples Lifesaving Organ recovery

Mobilize fluid
Goals Correct shock Hze Tl
accumulated

Time (usual) Minutes Days to weeks

Phenotype Severe shock Recovering

Oral intake if possible
Fluid therapy Rapid boluses Avoid unnecessary i.v.
fluids

— Patient on full enteral
— Septic shock feed in recovery phase of
— Major trauma critical illness
— Recovering ATN

Typical clinical scenario
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Inotrope vs vasopressor

INOTROPIC, CHRONCTROPIC, DROMOTROPIC

INOTROPIC = THE STRENGTHOF

CONTRACTICN
@

CHRONGTROPIC - THEMEART RATE

(1)




Clinical markers of cardiac output

* heart rate, blood pressure, capillary refill time, level of
consciousness, and urine output.

* frequent reassessment
Emevous
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How to categorize septic shock in children

Cold Shock vs. Warm Shock

Eticlogy: Decreased Strcke Volore Etiology: Decrecsed Vascular
Impoarment: Preloaod, Aftericas & Tone(SVR)
Contractiiity Pulse pressure Wice



Hemodynamics in Shock

 Inadequate SVR
« Pathologic vasodilatation

F
s « Comp. elevated CO

resuscitation

 Inadequate CO
- Comp. vasoconstriction
« Elevated SVR

COLD SHOCK

Myocardial
dysfunction







PRELOAD AND AFTERLOAD

Afterload

Resistance left
ventricle must
overcome to
circulate blood

Prcload

Volume of blood in
ventricles at end of
diastole (end diastolic

pressure) _
Increased in:

Hypertension
Vasoconstriction

Increased in:
Hypervolemia
Regurgitation of
cardiac valves T Afterload =
Heart Failure T Cardiac workload

18
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Maintanence of Mean Arterial Pressure

T Sympathetic activity

BP1 receptor a1l receptor
- T Heart rate - Vasoconstriction
- T Contractility

Baroreceptors sense
1l mean arterial pressure

1

T Cardiac output
T Total peripheral resistance

+

1 Mean arterial pressure ( T Mean arterial pressure )

T Renin-angiotensin system
(Kidneys):
response to | arterial pressure

Mean arterial pressure = Cardiac output x Total peripheral resistance

= Linmeage Lucy Liw



Direct inotropic effects
NO YES

Vasoconstrictors Inoconstnctors

Phenylephrine Norepinephrine
Vasopressin Epinephrine
Dopamine

Vasoconstnction

SHOSS3IHdOSYA

Vasodilators Inodilators

Nitroglycerine .
Nitroprusside Dobutamine

Nesiritide Milrinone
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Vasodilatation

INOTROPES



* Dopamine /epinephrine/norepinephrine
* Vasopressin




Perioperative period

N\

Normal Impaired
cardiac cardiac
function function

‘ }

Any of the following:
» Plethysmography  » TPTD

» Bioreactance +
» Pulse wave » CVpP
analysis +
(uncallbrated) » PAC
» Esophageal
Doppler

Shock

Normal Impaired

cardiac cardiac
function function
» CRT » CRT
r S0, » S0,
r CVP » CVP
% » Echo

» Pulse wave %

analysis » TPTD or PAC

(uncalibrated)
t

» Repeated echo

Respiratory failure
Normal Impaired
cardiac cardiac
function function
» CRT » CRT
r 5cv0, r Scv0,
»r CVP » CVP
+ » Echo
» TPTD $
% » TPTD or PAC

» Repeated echo



BEDSIDE ECHOCARDIOGRAM-
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Invasive hemodynamic monitoring

Transpulmonary thermodilution-PICCO
and Edward / Volume ViewTM
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Intubation
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Central venous catheter
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suggest against the routine use

* [V immune globulin (IVIG)

* stress ulcer prophylaxi

* deep vein thrombosi laxis (mechanical
pharmacologic)
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* insulin therapy

* normal calcium levels for children with septic shock requiring
vasoactive infusion support.

* levothyroxine



blood lactate

* serial blood lactate measurement

* to guide resuscitation

* persistent elevation in blood lactate may indicate incomplete
hemodynamic resuscitation and should prompt efforts, as needed, to
further promote hemodynamic stability.




THANKS



