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A Identify key updates in the pediatric survivsepsis campaigjuidelines.
A Describe the appropriate use ofdglutaminecrizanlizumalandvoxelotor.

A Compare and contrast fish oil lipid emulsion with other commercially available lipid products.



Online Special Article

Surviving Sepsis Campaign International
Guidelines for the Management of Septic
Shock and Sepsis-Associated Organ
Dysfunction in Children

Update in the Management of Pediatric Septic Shock anc
SepsisAssociated Organ Dysfunction
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Pediatric Sepsis Pharmacy

A 2005 International Pediatric Sepsis Consensus Conference
A Published definitions and criteria for sepsis, severe sepsis, and septic shock
A 2012 Surviving Sepsis Campaign
A Provided recommendations regarding sepsis management
A 2016 Surviving Sepsis Campaign Guidelines
A Redefined sepsis in adults; gave no guidance for pediatrics
A 2020 Surviving Sepsis Campaign Guidelines for Pediatrics

A Provides updated guidance for management of pediatric patients with septic shock andsspsisted organ dysfunction
in children



2012 Treatment Algorithm

Crit Care Med 2013: 41(2): 59837.
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Recognize decreased mental status and perfusion.
Begin high flow O,. Establish IV/IO access.

Initial resuscitation: Push boluses of 20 cc/kg isotonic
saline or colloid up to & over 60 cc/kg until perfusion improves or

unless rales or hepatomegaly develop.
Correct hypoglycemia & hypocalcemia. Begin antibiotics.

SROCK not reversed!

If 2nd PIV start
inotrope.

Fluid refractory shock: Begin inotrope IV/10.
use atropine/ketamine IV/10/IM
fo obtain central access & airway if needed.
Reverse cold shock by titrating central dopamine
or, if resistant, titrate central epinephrine
Reverse warm shock by titrating central norepinephrine.

dose range:
dopamine up to
10 meg/kg/min,
epinephrine
0051003
meg/kg/min,

Catecholamine resistant shock: Begin hydrocortisone

if at risk for absolute adrenal insufficiency

v

| Monitor CVP in PICU, attain normal MAP-CVP & Scv0, > 70% |

-

v

-

Cold shock with
normal blood pressure:

1. Titrate fluid & epinephrine,
ScvO2> 70%, Hgb> 10g/dL
2. If SevOy still< 70%

Add vasodilator with volume
loading (nitrosovasodilators,
milrininone, imrinone, & others)
Consider levosimendan

Cold shock with
low blood pressure:

1. Titrate fluid & epinephrine,
SevO2> 70%, Hgb > 10 g/dL
2. If still hypotensive
consider norepinephrine
3. If SevO3 still < 70% consider
dobutamine, milrinone,
enoximone or levosimendan

Warm shock with
low blood pressure:
I. Titrate fluid & norepinephrine,
Sev0> 70%,
2. If still hypotensive
consider vasopressin,
terlipressin or angiotensin
3. 1f SevO7 still < 70%
consider low dose epinephrine

Persistent catecholamine resistant shock: Rule out and correct pericardial effusion, pneumothorax,
& intra-abdominal pressure >12 mm/Hg.
Consider pulmonary artery, PICCO, or FATD catheter, &/or doppler ultrasound to guide
fluid, inotrope, vasopressor, vasodilator and hormonal therapies.

Goal C.I.> 3.3& < 6.0 L/min/m2

| Refractory shock: ECMO
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Timing of Antimicrobial Therapy

2012 Recommendation 2020 Recommendation

B. 1. Empiric antibiotics should be 5. In children with septic shock, we recommend starting antimicrobial therapy

administered within 1 hour of the soon as possible, within 1 hour of recognition (strong recommendation, very |
identification of severe sepsis (grade quality of evidence).
1D). 6. In children with sepsiassociated organ dysfunction but without shock, we

suggest starting antimicrobial therapy as soon as possible after appropriate
evaluation, within 3 hours of recognition (weak recommendation, very low qui
of evidence).

A Recommendation based off of pooled estimate of two retrospective, observational studies
A Possible reduction in mortality associated with faster antibiotic administration

A Larger of the two studies assessed the impact of a bundle

A Initiation of antimicrobials alone was not associated with significant mortality reduction

Crit Care Med 2013: 41(2): 59837.
PedCrit Care Med 2020; 21 (2): e5R06.



Empiric Antibiotics

2012 Recommendation 2020 Recommendation

B. 1.The empiric drug choice 7. We recommend empiric broad spectrum therapy with one or more antimicrobi
should be changed as epidemic ai to cover all likely pathogens (best practice statement).
endemic ecologies dictate (grade 8. Once pathogens and sensitivities are available, we recommend narrowing enr
1D). antimicrobial therapy coverage (best practice statement).
9. If no pathogen is identified, we recommend narrowing or stopping empiric
antimicrobial treatment according to clinical presentation, site of infection, host ri:
factors, and adequacy of clinical improvement in discussion with infectious disee
and/or microbiological expert advice (best practice statement).

olnstitutions or regi ons s hlinesingleagentamtimiciolfial takindnito astounttanammiie of infection, age,e  f
| ocal epidemiology, and host comorbidity and risk factorsoé

e. g. NICE recommends ceftriaxone for community acquired sepsis

olnitial choice of empiric antimicrobial s shoul doontomikartdisease siateg,c c 0
comorbid conditions, indwelling devices)Oo

Empiric treatment should be revaluated after no more than 48 hours following initiation

The decision to continue, narrow, or stop antimicrobial therapy must be made on the basis of clinician judgement anctlmittiedahformation

(clinical presentation, site, type of infection, host risk factors, and adequacy of clinical improvement)
Crit Care Med 2013:41(2): 59837. PedCrit Care Med 2020; 21 (2): e5206.



Empiric Antibiotic Selection

Previously healthy children with communégquired
sepsis

Previously healthy children with communégquired
sepsis in areas where MRSA or ceftriaxamsistant
pneumococci are prevalent

Previously healthy children with communéagquired
sepsis in areas where ceftriaxone resistant gram nege
bacteria is common

Immunocompromised patients or hospital acquired
sepsis

Neonates

Intra-abdominal source

Toxic shock syndrome or necrotizing fasciitis
PedCrit Care Med 2020; 21 (2): e5R06.

Suggested Antimicrobial Regimen

Third generation cephalosporin (e.g. ceftriaxone)

Third generation cephalosporin (e.g. ceftriaxone)
PLUS vancomycin

Third generation cephalosporin (e.g. ceftriaxone)
PLUS aminoglycoside
OR substitute a carbapenem

Anti-pseudomonal thirdor higher generation cephalosporin (e.g. cefepime), a broad
spectrum carbapenem (e.g. meropenem, imipecdastatir), or an extended range
penicillin/ -lactamase inhibitor combination (e.g. piperacthinobactam)

Ampicillin for listeria coverage
Consider empiric acyclovir if clinical concern for HSV

Include broad coverage for gastrointestinal pathogens, including anaerobic bacteria v
wither an extended range peniciliindlactamase inhibitor combinaticr a carbapenem,
or addition of clindamycin or metronidazole

Clindamycin or lincomycin



Fluid Resuscitation

2012 Recommendation 2020 Recommendation

C. 1. In the industrialized world with accesst 17. In healthcare systemgth availability of intensive care, we
inotropes and mechanical ventilation, initial suggest administering up to 40 -60 mL/kg in bolus fluid (10 -20
resuscitation of hypovolemic shock begins  mL/bolus) over the first hour, titrated to clinical markers of

with infusion of isotonic crystalloids or cardiac output and discontinued if signs of fluid overload develop, for
albumin with boluses up to 20 mL/kg initial resuscitation of children with septic shock or other sepsis
crystalloids (or aloumin equivalent) over associated organ dysfunction (weak recommendation, low quality of
5-10 minutes titrated to reversing evidence).

hypotension, é wi t hout i ndu d8.Impbealthcare systemsth no availability of intensive care and in

hepatomegaly or rales. If hepatomegaly or the absence of hypotension, we recommend against fluid bolus
rales exist then inotropic support should be administration while starting maintenance fluids (strong
implemented, not fluid resuscitation. In ron recommendation, high quality of evidence).

hypotensive children with severe hemolytic 19. In healthcare systems witlo availability of intensive care, if
anemia (severe malaria or sickle cell crises) hypotension is present, we suggest administering up to 40 mL/kg
blood transfusion is considered superior to in bolus fluid (10 -20 mL/kg per bolus) over the first hour with

crystalloid or albumirolusing(grade 2C). titration to clinical markers of cardiac output and discontinued if
signs of fluid overload develop (weak recommendation, low quality of
Crit Care Med 2013: 41(2): 59837. evidence)_

PedCrit Care Med 2020: 21 (2): e5P06.



The NEW ENGLAND

]OURNAL of MEDICINE

I: EAST Trl al CTTETET

Mortality after Fluid Bolus in African Children with Severe Infection

A Multicenter, operlabel, randomized, controlled study wno SR wBm o Memn wwamy s SORE
conducted in Kenya, Tanzania, and Uganda R M P = SR T S
Ve . . . no- (%)
A 3141 Chlldren WIthOUt Severe hypOtenSIOn between 60_ :)se:::lfno (%6) 111 (10.6) 110 (10.5) 76 (7.3) 1.44 0.01 1.45 0.008 1.00 0.96 1.45 0.003
days and 12 years old were randomized by a 1:1:1 ratio b= e
to recelve. Inclfsne:i(r;’r)n(rnniﬂlpressure 16 (1.5) 18 (1.7) 11 (L.1)
Severe hypotension — no. (%)* 1(0.1) 2(02) 3(03)
A Normal saline (NS) bolus 20 mL/kg over 1 hour bt mge gy wee e o aw ow 1w oe e on
intracranial pressure, (0.72-2.51) (0.87-2.88) (0.68-2.03) (0.85-2.53)

A Albumin 5% 20 mL/kg over 1 hour

A Mortality at 48 Hours

A No bolus (control group) Ho- ‘;E
A If unresponsive to initial bolus at 1 hour, another 20 mL/kg bolus T 0.10- e
of either NS or albumin was given (no crossover allowed) s 005 P
A If severe hypotension developed, a 40 mL/kg bolus of the study é 7 006] P e T
fluid (NS for the control group) was given Z 06 N i bolus
A All children received IV maintenance fluids {2.5 ™ . ’ T
mL/kghr), antibiotics, antimalarials, antipyretics, £ Y TOTTE TR s 4 w0 36 42 s
anticonvulsants, treatment for hypoglycemla (if blood Eov
glucose < 45mg/dL) and transfusion (20 mL/kg given if 02;
Hgb <5 g/dL), if needed in accordance with national [ ———
guidelines ol

T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

N EngU Med 2011; 364(26) 2485. Hours since Randomization




Type of Fluid Resuscitation

2012 Recommendation 2020 Recommendation

C. 1. In the industrialized world with access to inotropes and 20. We suggest using crystalloids, rather than
mechanical ventilation, initial resuscitation of hypovolemic shock albumin, for the initial resuscitation of children
beginswith infusion of isotonic crystalloids or albumin with with septic shock or other sepsigssociated orgar
boluses up to 20 mL/kg crystalloids (or aloumin equivalent) dysfunction (weak recommendation, moderate
over 5-10 minutes titrated to reversing hypotension , € wi t quality of evidence).

inducing hepatomegaly or rales. If hepatomegaly or rales exist the 21. We suggest using balanced/buffered
inotropic support should be implemented, not fluid resuscitation. It crystalloids, rather than 0.9% saline, for the initie
non-hypotensive children with severe hemolytic anemia (severe  resuscitation of children with septic shock or
malaria or sickle cell crises) blood transfusion is considered super other sepsisassociated organ dysfunction (weak
to crystalloid or albumirbolusing(grade 2C). recommendation, very low quality of evidence).

No benefit to using albumin found; increased cost and administration barriers

Adult studies of higithloride containing crystalloids (e.g. NS) is associated with hyperchloremic acidosis, systemic irdigmmati
acute kidney injury (AKI), coagul opathy, and mortals, ty w
PlasmaLlyie

Two observational studies in children with sepsis showed lower mortality (but not AKI) for children receiving balancesdmuifstalloids

Crit Care Med 2013:41(2): 59837. PedCrit Care Med 2020; 21 (2): e5206.



Vasoactive Medications

2012 Recommendation 2020 Recommendation

D. 1. We suggest beginning periphere 28. We suggest using epinephrine, rather than dopamine, in children with sey
inotropic support until ventral venous shock (weak recommendation, low quality of evidence).
access can be attained in children wr 29. We suggest using norepinephrine, rather than dopamine, in children with

are not responsive to fluid septic shock (weak recommendation, very low quality of evidence).

resuscitation (grade 2C). 30. We were unable to issue a recommendation for a specificlimstvasoactive
infusion for children with septic shock.

0 D o p a-refrant@y shock may 31. We were unable to issue a recommendation about initiating vasoactive a

reverse with epinephrine or through peripheral access in children with septic shock.

norepinephrine i n32. Wesuggesteither adding vasopressin or further titrating catecholamines

children with septic shock who require higlose catecholamines (weak
recommendation, low quality of evidence).

Two RCTs have compared epinephrine with dopamine in children with fluid refractory septic shock

Epinephrine was associated with lower risk of mortality and more organ féieesdays among survivors by day 28
Norepinephrine has not been studied in children with septic shock

An RCT of of norepinephrine versus saline in sedated, mechanically ventilated children showed no difference in mortality but

higher urine output and improved blood pressure in children receiving norepinephrine
Crit Care Med 2013:41(2): 59837. PedCrit Care Med 2020: 21 (2): e5P06.



Corticosteroids

2012 Recommendation 2020 Recommendation

F. 1.We suggest timely hydrocortisone 44. We suggest against using IV hydrocortisone to treat children with septic <

therapy in children with fluid if fluid resuscitation and vasopressor therapy are unable to restore hemodyn:
refractory, catecholamine resistant  stability (weak recommendation, low quality of evidence).

shock and suspected or proven 45. We suggest that either IV hydrocortisone or no hydrocortisone may be us
absolute (classic) adrenal insufficienc if adequate fluid resuscitation and vasopressor therapy are not able to restore
(grade 1A). hemodynamic stability (weak recommendation, very low quality of evidence).

RCTs in children have enrolled a small number of subjects, reported inconsistent conclusions, had methodologic
limitations, and did not demonstrate an overall mortality reduction

Observational cohort studies have reported either harm or no benefit with hydrocortisone in children with
septic shock

Use of random cortisol or stimulation tests to guide corticosteroid prescription in children with septic shock
cannot be recommended at this time

Patients with clinical concern for primary adrenal insufficiency, adagbcosyntropinstimulation test should be

performed

Crit Care Med 2013: 41(2): 59837.
PedCrit Care Med 2020: 21 (2): e5206.



Stress Ulcer Prophylaxis

2012 Recommendation 2020 Recommendation

N. 1.We make no graded 76. We suggest against the routine use of stress ulcer prophylaxis in criti

recommendations on stress ulcer ill children with septic shock or other sepsissociated organ dysfunction,

prophylaxis. except for high risk patients (weak recommendation, very low quality of
evidence).

A Increased risk of pneumonia @. difficilenfection

A Rather than routine, universal administration of stress ulcer prophylaxis, individual patients should be assessed
the presence of risk factors of clinically appropriate gastrointestinal bleeding:

A Multiple organ dysfunction

A Prolonged mechanical ventilation (>48 hours)
A Coagulopathy

A Persistent shock

A Treatment with corticosteroids and nosteroidal antinflammatory agents

. .- . . . . Crit Care Med 2013:41(2): 59837.
A Early enteral nutrition may be a viable alternative to pharmacological sttessprophylaxi$edcrit care Med 2020: 21 (2): ese06



Deep Vein Thrombosis (DVT) Prophylaxis

2012 Recommendation 2020 Recommendation

M. 1.We make no graded 77. We suggest against routine deep vein thrombosis (DVT) prophylaxis

recommendations on the use of DV (mechanical or pharmacologic) in critically ill children with septic shock o

prophylaxis in prepubertal children sepsisassociated organ dysfunction, but potential benefits may outweigh

with severe sepsis. and costs in specific populations (weak recommendation, low quality of
evidence).

A Central venous catheters are the main risk factor for DVT in infants

A Older children may also have risk factors:

A Adolescence

j>\

Obesity
A Cancer

A Multiple medical conditions (especially renal and cardiac disease)

Crit Care Med 2013: 41(2): 59837.
PedCrit Care Med 2020; 21 (2): e5R06.
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A A 3year old, 12 kg female is admitted to the PICU with commuadgjuired sepsis. She has a past medical history of
eczema and reactive airway disease and no past surgica
blood pressure is now stable, and she is afebrile. Her current medication list is below:

A Ceftriaxone 1200 mg (100 mg/kg) IV Q24h
A Acetaminophen 180 mg (15 mg/kg) PO Q6h PRN fever >100.4
A Dextrose 5& + 0.45% sodium chloride + 20E¢L Potassium chloride IV @ 46 nfir/

A The team is discussing stress ulcer prophylaxis during rounds. Is stress ulcer prophylaxis indicated for this patient?



Update in the Management of Sickle Cell Disease
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A Genetic disorder that affects 90,0a®0,000 Americans
A Millions of people affected worldwide, especially in Africa, the Middle East, and India

A Globally, 176,000 people die each year from sickle cell disease (SCD) complications

A Single nucleotide polymorphism in theglobulin gene leads to a substitution of valine for glutamic acid ohthe
globulin chain of hemoglobin

A Substitution allows for polymerization when the red bl

A Many subtypes of disease result when otheglobulin mutations are coinherited with sickle hemoglobin
(HemogloginrS,Hghb3

A Hemoglobin Cj, -Thalassemia bA HbS

H
When Deoxygenated:
_’.
NIPAaY" 4

Pediatrics in Review 2012; 33(5): 1266.
Annu RevPatholMech Dis 2019; 14: 2632.
Mayo Clin Proc 2018: 93(12): 181@24.
Nat Rev Drug Disc 2019: 18: 13%8.
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Annu RevPatholMech Dis 2019; 14: 2632.



