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Objectives

 Identify key updates in the pediatric surviving sepsis campaign guidelines.

 Describe the appropriate use of L-glutamine, crizanlizumab, and voxelotor.

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



Update in the Management of Pediatric Septic Shock and 

Sepsis-Associated Organ Dysfunction



Pediatric Sepsis

 2005 International Pediatric Sepsis Consensus Conference

 Published definitions and criteria for sepsis, severe sepsis, and septic shock

 2012 Surviving Sepsis Campaign 

 Provided recommendations regarding sepsis management

 2016 Surviving Sepsis Campaign Guidelines

 Redefined sepsis in adults; gave no guidance for pediatrics

 2020 Surviving Sepsis Campaign Guidelines for Pediatrics

 Provides updated guidance for management of pediatric patients with septic shock and sepsis-associated organ dysfunction 

in children



2012 Treatment Algorithm

Crit Care Med 2013: 41(2): 590-337.



Timing of Antimicrobial Therapy

2012 Recommendation 2020 Recommendation

B. 1. Empiric antibiotics should be 

administered within 1 hour of the 

identification of severe sepsis (grade 

1D).

5.  In children with septic shock, we recommend starting antimicrobial therapy as 

soon as possible, within 1 hour of recognition (strong recommendation, very low 

quality of evidence).

6.  In children with sepsis-associated 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 quality 

of evidence).

 Recommendation based off of pooled estimate of two retrospective, observational studies

 Possible reduction in mortality associated with faster antibiotic administration

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

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

Crit Care Med 2013: 41(2): 590-337.

Ped Crit Care Med 2020; 21 (2): e52-106. 



Empiric Antibiotics

2012 Recommendation 2020 Recommendation

B. 1. The empiric drug choice 

should be changed as epidemic and 

endemic ecologies dictate (grade 

1D).

7.  We recommend empiric broad spectrum therapy with one or more antimicrobials 

to cover all likely pathogens (best practice statement).

8.  Once pathogens and sensitivities are available, we recommend narrowing empiric 

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 risk 

factors, and adequacy of clinical improvement in discussion with infectious disease 

and/or microbiological expert advice (best practice statement).

 “Institutions or regions should identify the most appropriate first-line single-agent antimicrobial, taking into account anatomic site of infection, age, 

local epidemiology, and host comorbidity and risk factors”

 e. g. NICE recommends ceftriaxone for community acquired sepsis

 “Initial choice of empiric antimicrobials should take into account the specific clinical history (e.g. age, site of infection, concomitant disease states, 

comorbid conditions, indwelling devices)”

 Empiric treatment should be re-evaluated 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 and indirect clinical information 

(clinical presentation, site, type of infection, host risk factors, and adequacy of clinical improvement)

Crit Care Med 2013: 41(2): 590-337.  Ped Crit Care Med 2020; 21 (2): e52-106. 



Empiric Antibiotic Selection

Condition Suggested Antimicrobial Regimen

Previously healthy children with community-acquired 

sepsis

Third generation cephalosporin (e.g. ceftriaxone)

Previously healthy children with community-acquired 

sepsis in areas where MRSA or ceftriaxone-resistant 

pneumococci are prevalent

Third generation cephalosporin (e.g. ceftriaxone)

PLUS vancomycin

Previously healthy children with community-acquired 

sepsis in areas where ceftriaxone resistant gram negative 

bacteria is common

Third generation cephalosporin (e.g. ceftriaxone)

PLUS aminoglycoside

OR substitute a carbapenem

Immunocompromised patients or hospital acquired 

sepsis

Anti-pseudomonal third- or higher generation cephalosporin (e.g. cefepime), a broad 

spectrum carbapenem (e.g. meropenem, imipenem/cilastatin), or an extended range 

penicillin/𝛽-lactamase inhibitor combination (e.g. piperacillin-tazobactam)

Neonates Ampicillin for listeria coverage

Consider empiric acyclovir if clinical concern for HSV

Intra-abdominal source Include broad coverage for gastrointestinal pathogens, including anaerobic bacteria with 

wither an extended range penicillin/𝛽-lactamase inhibitor combination or a carbapenem, 

or addition of clindamycin or metronidazole

Toxic shock syndrome or necrotizing fasciitis Clindamycin or lincomycin

Ped Crit Care Med 2020; 21 (2): e52-106. 



Fluid Resuscitation

2012 Recommendation 2020 Recommendation

C. 1. In the industrialized world with access to 

inotropes and mechanical ventilation, initial 

resuscitation of hypovolemic shock begins 

with infusion of isotonic crystalloids or 

albumin with boluses up to 20 mL/kg 

crystalloids (or albumin equivalent) over 

5-10 minutes titrated to reversing 

hypotension,…without inducing 

hepatomegaly or rales.  If hepatomegaly or 

rales exist then inotropic support should be 

implemented, not fluid resuscitation.  In non-

hypotensive children with severe hemolytic 

anemia (severe malaria or sickle cell crises) 

blood transfusion is considered superior to 

crystalloid or albumin bolusing (grade 2C).

17.  In healthcare systems with availability of intensive care, we 

suggest administering up to 40-60 mL/kg in bolus fluid (10-20 

mL/bolus) over the first hour, titrated to clinical markers of 

cardiac output and discontinued if signs of fluid overload develop, for the 

initial resuscitation of children with septic shock or other sepsis-

associated organ dysfunction (weak recommendation, low quality of 

evidence).

18. In healthcare systems with no availability of intensive care and in 

the absence of hypotension, we recommend against fluid bolus 

administration while starting maintenance fluids (strong 

recommendation, high quality of evidence).

19.  In healthcare systems with no availability of intensive care, if 

hypotension is present, we suggest administering up to 40 mL/kg 

in bolus fluid (10-20 mL/kg per bolus) over the first hour with 

titration to clinical markers of cardiac output and discontinued if 

signs of fluid overload develop (weak recommendation, low quality of 

evidence).Crit Care Med 2013: 41(2): 590-337.

Ped Crit Care Med 2020; 21 (2): e52-106. 



FEAST Trial

 Multicenter, open-label, randomized, controlled study 
conducted in Kenya, Tanzania, and Uganda

 3141 children without severe hypotension between 60 
days and 12 years old were randomized by a 1:1:1 ratio 
to receive:

 Normal saline (NS) bolus 20 mL/kg over 1 hour

 Albumin 5% 20 mL/kg over 1 hour

 No bolus (control group)

 If unresponsive to initial bolus at 1 hour, another 20 mL/kg bolus 
of either NS or albumin was given (no crossover allowed)

 If severe hypotension developed, a 40 mL/kg bolus of the study 
fluid (NS for the control group) was given

 All children received IV maintenance fluids (2.5-4 
mL/kg/hr), antibiotics, antimalarials, antipyretics, 
anticonvulsants, treatment for hypoglycemia (if blood 
glucose < 45mg/dL), and transfusion (20 mL/kg given if 
Hgb <5 g/dL), if needed in accordance with national 
guidelines 

N Engl J Med 2011; 364(26): 2483-95. 



Type of Fluid Resuscitation

2012 Recommendation 2020 Recommendation

C. 1. In the industrialized world with access to inotropes and 

mechanical ventilation, initial resuscitation of hypovolemic shock 

begins with infusion of isotonic crystalloids or albumin with 

boluses up to 20 mL/kg crystalloids (or albumin equivalent) 

over 5-10 minutes titrated to reversing hypotension,…without 

inducing hepatomegaly or rales.  If hepatomegaly or rales exist then 

inotropic support should be implemented, not fluid resuscitation.  In 

non-hypotensive children with severe hemolytic anemia (severe 

malaria or sickle cell crises) blood transfusion is considered superior 

to crystalloid or albumin bolusing (grade 2C).

20.  We suggest using crystalloids, rather than 

albumin, for the initial resuscitation of children 

with septic shock or other sepsis-associated organ 

dysfunction (weak recommendation, moderate 

quality of evidence).

21.  We suggest using balanced/buffered 

crystalloids, rather than 0.9% saline, for the initial 

resuscitation of children with septic shock or 

other sepsis-associated organ dysfunction (weak 

recommendation, very low quality of evidence).

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

 Adult studies of high-chloride containing crystalloids (e.g. NS) is associated with hyperchloremic acidosis, systemic inflammation, 

acute kidney injury (AKI), coagulopathy, and mortality when compared to balanced/buffered crystalloids (e.g. Lactated ringer’s, 

PlasmaLyte)

 Two observational studies in children with sepsis showed lower mortality (but not AKI) for children receiving balanced/buffered crystalloids

Crit Care Med 2013: 41(2): 590-337. Ped Crit Care Med 2020; 21 (2): e52-106. 



Vasoactive Medications

2012 Recommendation 2020 Recommendation

D. 1.  We suggest beginning peripheral 

inotropic support until ventral venous 

access can be attained in children who 

are not responsive to fluid 

resuscitation (grade 2C).

“Dopamine-refractory shock may 

reverse with epinephrine or 

norepinephrine infusion.”

28.  We suggest using epinephrine, rather than dopamine, in children with septic 

shock (weak recommendation, low quality of evidence).

29.  We suggest using norepinephrine, rather than dopamine, in children with 

septic shock (weak recommendation, very low quality of evidence).

30.  We were unable to issue a recommendation for a specific first-line vasoactive 

infusion for children with septic shock.

31.  We were unable to issue a recommendation about initiating vasoactive agents 

through peripheral access in children with septic shock.

32.  We suggest either adding vasopressin or further titrating catecholamines in 

children with septic shock who require high-dose 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 failure-free days 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): 590-337. Ped Crit Care Med 2020; 21 (2): e52-106. 



Corticosteroids

2012 Recommendation 2020 Recommendation

F. 1. We suggest timely hydrocortisone 

therapy in children with fluid-

refractory, catecholamine resistant 

shock and suspected or proven 

absolute (classic) adrenal insufficiency 

(grade 1A).

44.  We suggest against using IV hydrocortisone to treat children with septic shock 

if fluid resuscitation and vasopressor therapy are unable to restore hemodynamic 

stability (weak recommendation, low quality of evidence).

45.  We suggest that either IV hydrocortisone or no hydrocortisone may be used 

if adequate fluid resuscitation and vasopressor therapy are not able to restore 

hemodynamic stability (weak recommendation, very low quality of evidence).

 RCTs in children have enrolled a small number of subjects, reported inconsistent conclusions, had methodological 

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, a high-dose cosyntropin-stimulation test should be 

performed
Crit Care Med 2013: 41(2): 590-337.

Ped Crit Care Med 2020; 21 (2): e52-106. 



Stress Ulcer Prophylaxis

2012 Recommendation 2020 Recommendation

N. 1. We make no graded 

recommendations on stress ulcer 

prophylaxis.

76.  We suggest against the routine use of stress ulcer prophylaxis in critically 

ill children with septic shock or other sepsis-associated organ dysfunction, 

except for high risk patients (weak recommendation, very low quality of 

evidence).

 Increased risk of pneumonia or C. difficile infection 

 Rather than routine, universal administration of stress ulcer prophylaxis, individual patients should be assessed for 

the presence of risk factors of clinically appropriate gastrointestinal bleeding:

 Multiple organ dysfunction

 Prolonged mechanical ventilation (>48 hours)

 Coagulopathy

 Persistent shock

 Treatment with corticosteroids and non-steroidal anti-inflammatory agents

 Early enteral nutrition may be a viable alternative to pharmacological stress-ulcer prophylaxis
Crit Care Med 2013: 41(2): 590-337.

Ped Crit Care Med 2020; 21 (2): e52-106. 



Deep Vein Thrombosis (DVT) Prophylaxis

2012 Recommendation 2020 Recommendation

M. 1. We make no graded 

recommendations on the use of DVT 

prophylaxis in prepubertal children 

with severe sepsis.

77.  We suggest against routine deep vein thrombosis (DVT) prophylaxis 

(mechanical or pharmacologic) in critically ill children with septic shock or 

sepsis-associated organ dysfunction, but potential benefits may outweigh risks 

and costs in specific populations (weak recommendation, low quality of 

evidence).

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

 Older children may also have risk factors:

 Adolescence

 Obesity

 Cancer

 Multiple medical conditions (especially renal and cardiac disease)

Crit Care Med 2013: 41(2): 590-337.

Ped Crit Care Med 2020; 21 (2): e52-106. 



Polling Question 1

 A 3 year old, 12 kg female is admitted to the PICU with community-acquired sepsis.  She has a past medical history of 

eczema and reactive airway disease and no past surgical history.  She received a bolus of 20 mL/kg lactated ringer’s, her 

blood pressure is now stable, and she is afebrile.  Her current medication list is below:

 Ceftriaxone 1200 mg (100 mg/kg) IV Q24h

 Acetaminophen 180 mg (15 mg/kg) PO Q6h PRN fever >100.4℉

 Dextrose 5& + 0.45% sodium chloride + 20 mEq/L Potassium chloride IV @ 46 mL/hr

 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



Sickle Cell Disease

 Genetic disorder that affects 90,000-100,000 Americans

 Millions of people affected worldwide, especially in Africa, the Middle East, and India

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

 Single nucleotide polymorphism in the 𝛽-globulin gene leads to a substitution of valine for glutamic acid on the 𝛽-

globulin chain of hemoglobin

 Substitution allows for polymerization when the red blood cell becomes deoxygenated, leading to the ‘sickle shape’

 Many subtypes of disease result when other 𝛽-globulin mutations are coinherited with sickle hemoglobin 

(Hemoglogin S, HgbS)

 Hemoglobin C, 𝛽-Thalassemia

Pediatrics in Review 2012; 33(5): 195-206.

Annu Rev Pathol Mech Dis 2019; 14: 263-92.

Mayo Clin Proc 2018: 93(12): 1810-1824.

Nat Rev Drug Disc 2019: 18: 139-158.

When Deoxygenated:



Sickle Cell Disease

Annu Rev Pathol Mech Dis 2019; 14: 263-92.



Vaso-Occlusion

Mayo Clin Proc 2018: 93(12): 1810-1824.



Selected Complications of SCD

Cholelithiasis

Stroke

Priapism

Acute chest syndrome (ACS)

Vasco-occlusive plan crisis

Sequestration (splenic, hepatic)



‘Traditional’ Therapies for SCD

 Chronic Management

 Penicillin prophylaxis

 Immunizations

 Hydroxyurea

 Folic acid

 Acute Management

 Pain medications (opioids, ketorolac)

 Fluid provision

 Antibiotics (sepsis,  ACS)

Pediatrics in Review 2012; 33(5): 195-206.

Mayo Clin Proc 2018: 93(12): 1810-1824.



Sickle Cell Disease (SCD) Drug Approval

1998

Hydroxyurea 
approved for 
adults with 
SCD

July 2017

L-glutamine 
receives Food 
and Drug 
Administration 
(FDA) approval

December 2017

Hydroxyurea 
approved for 
use in patients 
<2 years old

November 2019

Voxelotor and 
crizanlizumab
approved by 
FDA



Voxelotor

 HbS polymerization inhibitor

 Reversibly binds to hemoglobin to stabilize the 

oxygenated hemoglobin state

 Clinical effects:

 Reduces red-cell sickling

 Reduces blood viscosity

 Extends red-cell half-life

 Reduces anemia and hemolysis

↑  Erythrophagocytosis

↑  Complement and 
prothrombinase activation

↑  Na+ influx

↑  Ca2+ influx

↑  K+ loss

↑  Cl– loss

↑  Mg2+ loss

↓  Glutathione

↓  Glutathione
peroxidase

↓  Vitamin E

↓  Catalase

↑  Cell
dehydration

↑  Adhesion molecule
expression

βCys93 oxidation,
Hb dimerization and
hemichrome formation

Pseudoperoxidase
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Endothelium
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Fig. 1 | Pathophysiology of sickle cell disease. a | Oxidant and membrane 

changes in sickle red blood cells (RBCs) are shown. Upon deoxygenation of 

haemoglobin S (HbS), deoxygenated HbS aggregates densely into polymers, 

and the RBC changes shape (‘sickles’) owing to this polymer- induced distortion. 

Spontaneous auto- oxidation of HbS Fe(II) leads to the formation of Fe(III)-

methaemoglobin (HbFe(III)) and release of haem from the globin. O2 is reduced 

to superoxide, which is converted to hydrogen peroxide (H2O2) by superoxide 

dismutase (SOD)19. A catalytic cycle between ferric HbFe(III) and the ferryl 

HbFe(IV) can be initiated by H2O2 (REF.220), which is subsequently eliminated in 

a pseudoperoxidase- like manner. Ferryl Fe(IV) HbS promotes βCys93 

oxidation, haemoglobin (Hb) dimerization and hemichrome formation. 

Upregulated NADPH oxidase19 contributes to the oxidative environment, as 

do downregulated oxidative defence pathways221. Sickle RBCs also have 

retained mitochondria222, providing another source of oxidants that lead to 

membrane damage. There is a decrease in glutathione as well as reduced 

activity of glutathione peroxidase, vitamin E, catalase and peroxiredoxin. 

Oxidative membrane protein and lipid changes, including phosphatidylserine 

(PS) expression on the membrane, promote erythrophagocytosis, adhesion, 

complement activation and prothrombinase assembly. Excess oxidants lead 

to band 3 sulfhydryl oxidation; increased erythrophagocytosis; altered Na+, 

Ca2+ and K+ homeostasis; dehydration; mechanosensitivity and deformability ; 

increased fragility and vesiculation of microvesicles (which contain HbS and 

haem); increased activity of adhesion receptors on the RBC membrane;  

and haemolysis. b | Haemolysis results in several intravascular events 

promoting vaso- occlusion in sickle cell disease (SCD). The abnormal sickle 

RBC membrane changes ultimately lead to haemolysis within the vasculature 

and the release into the plasma of Hb, reactive oxygen species (ROS) and 

arginase223, which can accentuate nitric oxide (NO) depletion in the plasma. 

Free Hb can react with NO and can readily oxidize to MetHb; ROS can activate 

the endothelium of the vessel wall to promote adhesion molecule expression 

and the adherence of sickle RBCs, white blood cells (WBCs) and platelets. 

Within the vessel, free MetHb readily gives up its haem47, which can interact 

with inflammatory cells and the endothelium. Excess plasma Hb and haem 

deplete the haem scavengers haptoglobin and haemopexin224. The adhesion 

of sickle RBCs, WBCs and platelets slows the flow in postcapillary venules, 

leading to further sickle RBC deoxygenation, sickling and vaso- occlusion225.

NATURE REVIEWS | DRUG DISCOVERY

REVIEWS

  VOLUME 18 | FEBRUARY 2019 | 141

N Engl J Med 2019; 381(6): 509-519.

Nat Rev Drug Disc 2019: 18: 139-158.

https://www.sec.gov/Archives/edgar/data/1629137/000119312518060818/d518438d10k.htm



Hemoglobin Oxygen Affinity Modulation to 

Inhibit HbS Polymerization (HOPE) Trial

 International, multicenter, randomized, placebo controlled, double-blind, parallel-group trial

 Included patients 12 to 65 years of age with sickle cell disease, a hemoglobin between 5.5 and 10.5 g/dL at screening, and 
had 1 to 10 vaso-occlusive crisis (VOC) in the past 12 months

 ‘Vaso-occlusive crisis’ included pain crisis and ACS

 Patients were allowed to enroll if they were receiving a stable dose of hydroxyurea for at least 3 months

 Excluded patient that received regular blood cell transfusions, received a transfusion in the past 60 days, or required 
hospitalization within 2 weeks of enrollment

 Randomized in a 1:1:1 fashion to receive:

 1500 mg voxelotor orally once a day (n = 90)

 900 mg voxelotor orally once a day (n = 92)

 Placebo orally once a day (n = 92)

 Study treatment period was 72 weeks

N Engl J Med 2019; 381(6): 509-519. 



HOPE Trial

 Primary endpoint: Hemoglobin response (increase in 

hemoglobin of 1 mg/dL from baseline) at week 24

 Significantly greater in the voxelotor group (51%; 46 of 

90 patients) vs. placebo (7%; 6 of 92 patients) (p<0.001)

 Benefit seen in patients independent of age group, 

history of VOC, and use of hydroxyurea prior to 

enrollment

N Engl J Med 2019; 381(6): 509-519. 



HOPE Trial

 No significant reduction in VOC episodes within the study period

 Longer-term follow up may be required to see a difference

N Engl J Med 2019; 381(6): 509-519. 



HOPE Trial: Safety

 Most common adverse events: headache and 

diarrhea

 Four patients had fatal adverse events

 1 patient has pulmonary sepsis, sickle cell anemia with 

crisis, and acute sickle hepatic crisis (1500 mg group)

 1 patient had sickle cell anemia with crisis (900 mg 

group)

 1 patient had sickle cell anemia with crisis (placebo 

group)

 1 patient had cardiac arrest (placebo group)

N Engl J Med 2019; 381(6): 509-519. 



Pediatric Trial

Study Start Date: February 3, 2020

Anticipated Completion: March 2026

https://clinicaltrials.gov/ct2/show/NCT04218084



Crizanlizumab

Mayo Clin Proc 2018: 93(12): 1810-1824.



SUSTAIN Trial

 “Phase 2, multicenter, randomized, placebo controlled, double blind, 12-month study to assess safety and efficacy of crizanlizumab (SelG1) 
with or without hydroxyurea therapy in sickle cell disease patients with sickle cell related pain crisis”

 Enrolled patients 16 to 65 years old who had 2 to 10 SCD pain crisis in the prior 12 months

 Patients on a stable dose of hydroxyurea for 6 months were eligible for enrollment

 Excluded patients requiring long-term red-cell transfusion therapy

 Patients randomized in a 1:1:1 fashion to receive:

 High-dose crizanlizumab (5 mg/kg) (n = 67 patients)

 Low-dose crizanlizumab (2.5 mg/kg) (n = 66 patients)

 Placebo (n = 65 patients)

 Patients received two doses, two weeks apart (loading doses), followed by doses every 4 weeks for a total of 14 doses (52 weeks total)

 Administered IV over 30 minutes

N Engl J Med 2017; 376(5): 429-39. 



SUSTAIN Trial

 Primary endpoint: annual rate of sickle cell disease pain 
crisis

=
Total number of crises x 365

End date−date of randomization+1

 End date was the day of the last dose plus 14 days

 ‘Pain crisis’ included acute episodes of pain, acute chest 
syndrome, hepatic sequestration, splenic sequestration, 
or priapism 

 Statistically significant reduction in the annual rate of 
sickle cell disease crisis

 Medial number of pain crisis per year was consistently 
lower, regardless of hydroxyurea use or number of pain 
crisis in the previous 12 months

N Engl J Med 2017; 376(5): 429-39. 



SUSTAIN Trial

 No difference seen in the annual rate of days 

hospitalized or the annual rate of acute chest 

syndrome

 Time to first and second sickle cell pain crisis was 

significantly longer in patients receiving high-dose 

crizanlizumab versus placebo

 No significant differences were observed for markers 

of hemolysis (hemoglobin, lactate dehydrogenase, 

reticulocyte count, haptoglobin, or indirect bilirubin)

N Engl J Med 2017; 376(5): 429-39. 



SUSTAIN Trial

 Pyrexia and influenza occurred at a higher frequency in 
a treatment group than the placebo group

 5 patients died during the trial

 2 receiving high-dose crizanlizumab (acute chest syndrome 
and endocarditis/sepsis)

 1 receiving low-dose crizanlizumab acute chest syndrome 
with aspiration/respiratory failure and progressive vascular 
congestion)

 2 receiving placebo (right ventricular heart failure and vaso-
occlusive crisis/ischemic stroke, coma, sepsis, and venous 
thromboembolism)

 Antibodies against crizanlizumab were not detected 
during the study

N Engl J Med 2017; 376(5): 429-39. 



L-Glutamine

NADH

NAD++NADH

https://www.endarirx.com/how-ENDARI-works



Phase 3 Trial of L-Glutamine in Sickle Cell Disease

 Randomized, placebo controlled, double-blind, parallel-group trial

 Enrolled patients 5 years old or older with SCD who had at least 2 episodes of pain crisis during the previous year

 Patients on a stable dose of hydroxyurea for 3 months were eligible for enrollment

 Excluded patients if they required hospitalization for a non-SCD related reason in the 2 months before screening, 
received blood products within 3 weeks of screening, received L-glutamine within 30 days of screening, had an 
international normalized ratio of >2 or a serum albumin <3 g/dL

 Patients randomized in a 2:1 ratio to receive:

 L-glutamine 0.3 mg/kg/dose (maximum = 30 g/day) (n = 152 patients)

 Placebo (n = 78 patients)

 Patients given doses for 48 weeks and tapered over 3 weeks

 Powder mixed with a nonheated food and consumed immediately

N Engl J Med 2018; 379(3): 226-35. 



Phase 3 Trial of L-Glutamine in Sickle Cell Disease

 Primary endpoint:  Significantly less number of pain 

crisis at week 48

 Significantly less hospitalizations at week 48 and less 

days in the hospital

 No difference in ED visits that did not result in 

hospitalization

 Fewer episodes of acute chest syndrome

 No significant differences regards to hemoglobin 

level, hematocrit level, or reticulocyte count

N Engl J Med 2018; 379(3): 226-35. 



Phase 3 Trial of L-Glutamine in Sickle Cell Disease

 Sickle cell-related pain crisis over time was also 
measured by the intensity rate ratio

 Ratio of the recurrent event rates in each group

 Indicates that the cumulative number of painful 
crisis was 25% lower in the L-glutamine group than 
in the placebo group over the 48 weeks of 
treatment

 Median time to first pain crisis (p = 0.02)

 L-glutamine group: 84 days

 Placebo group: 54 days

 Median time to second pain crisis (p = 0.03)

 L-glutamine group: 212 days

 Placebo group: 133 days

N Engl J Med 2018; 379(3): 226-35. 



Phase 3 Trial of L-Glutamine in Sickle Cell Disease

 Overall adverse events and serious adverse events were more 
common in the placebo group than the L-glutamine group

 Largest difference between groups was nausea, arm or leg pain, 
or back pain

 2 patients in the L-glutamine group died from sudden cardiac 
death (long history of organ failure and coexisting medical 
conditions)

 5 patients in the L-glutamine group withdrew from the study 
due to adverse effects:

 Hyperplenism and abdominal pain

 Dyspepsia

 Burning sensation in feet

 Hot flashes

 Pregnancy

N Engl J Med 2018; 379(3): 226-35. 



Summary

 Voxelotor is a polymerization inhibitor that is FDA approved for children ages 12 and older.  It was shown to 

increase hemoglobin in patients with SCD, but had no effect on the incidence of vaso-occlusive crisis.

 Crizanlizumab is a P-selectin inhibitor that is FDA approved for children ages 16 and older.  It was shown to 

reduce the rate of sickle cell pain crisis, but has no effect on hemoglobin or annual rate of days hospitalized.

 L-glutamine improves NAD redox potential and is FDA approved for children ages 5 and older.  Is was shown to 

reduce the number of pain crisis and hospitalizations, but has no effect on hemoglobin.

www.accessdata.fda.gov



Polling Question 2

 Which medication demonstrated the ability to improve hemoglobin concentrations in patients with sickle cell 

disease?

 Folic acid

 Crizanlizumab

 Voxelotor

 L-glutamine



Update in Neonatal Lipid Emulsions



Essential Fatty Acids

 Essential fatty acids are fatty acids that cannot be 

synthesized by the body 

 𝝰-linolenic acid

 Linoleic acid

 Needs can be met through exogenous (dietary) 

sources or lipolysis of adipose tissue

 More recent data has questioned the essential nature 

of 𝝰-linolenic acid and linoleic acid

 Arachidonic acid and DHA may be just as effective at 

preventing essential fatty acid deficiency and promoting 

growth

Desaturase Enzyme 

Preference: 

𝝮-3 > 𝝮-6 > 𝝮-9

Nutr Clin Pract 2020; 35(1): 108-18.

Nutr Clin Pract 2006; 21: 387-394.



Comparison of Lipid Products

Soybean Oil Lipid 

Emulsion (SOLE)

Soy-Medium Chain 

Triglyceride-Olive-Fish 

Oil Lipid Emulsion 

(SMOF)

Fish Oil Lipid Emulsion 

(FOLE)

Arachadonic acid 7.5% - 0.2-2%

Linoleic acid (𝝮-6) 44-62% 14-25% 1.5%

𝝰-linolenic acid (𝝮-3) 4-11% 1.5-3.5% 1.1%

Eicosapentaenoic acid (EPA) - 1-3.5% 13-26%

Docosahexanoic acid (DHA) - 1-3.5% 14-27%

Vitamin E 0 mg/mL 0.163-0.225 mg/mL 0.3 mg/mL

Typical Dose Adult: 1-2 g/kg/day

Pediatric: 2-3 g/kg/day

Adult: 1-2 g/kg/day

Pediatric: 2-3 g/kg/day

Pediatric: 1 g/kg/day

SMOFlipid Package Insert. Fresinius Kabi. 2016.

Omegavan Package Insert. Fresinius Kabi. 2018.

Intralipid Package Insert. Fresinius Kabi. 2015.



Hepatobiliary Complications of Parenteral Nutrition

Steatosis

• Hepatic fat 
accumulation

• Elevations in 
transaminases that 
occur within 2 weeks 
of initiating PN

• Can manifest as a 
benign lesion or may 
lead to fibrosis and 
cirrhosis

• More common in adult 
patients

Cholestasis

• Impaired secretion of 
bile or biliary 
obstruction

• Elevations in alkaline 
phosphatase, 𝛄-
glutamyl 
transpeptidase (GGT), 
and conjugated/direct 
bilirubin (>2 mg/dL)

• May progress to 
jaundice, cirrhosis, and 
liver failure

• Most common in 
children

Gallbladder Stasis/Sludge

• Due to lack of enteral 
stimulation

• Impaired 
cholecystokinin (CCK) 
release

• Impairs bile flow and 
gallbladder 
contractility

• Acalculous
cholecystitis

ASPEN Parenteral Nutrition Handbook, 2nd Ed. 2014.  Chapter 8: Complications of Parenteral Nutrition, p. 200.



Fish Oil Lipid Emulsion

 FDA approved in 2018 as a source of calories and fatty acids in pediatric patients with parenteral nutrition associated 
liver disease

 Previously available through investigational new drug (IND) application and specific sites

 Most data in the US comes from a compassionate use program

 Dosing (maximum): 1 g/kg/day

 FOLE is indicated as a source of calories and fatty acids in pediatric patients with parenteral nutrition associated 
cholestasis (PNAC)

 Limitations of use (from package insert):

 FOLE is not indicated for the prevention of PNAC.  It has not been demonstrated that FOLE prevents PNAC in parenteral nutrition 
dependent patients

 It has not been demonstrated that the clinical outcomes observed in patients treated with FOLE are a result of the Ω-6:Ω-3 fatty 
acid ratio of the product

Omegavan. [Package Insert].  Fresinius Kabi. Graz, Austria. 2018.



Comparison of Growth Patterns (FOLE vs. SOLE)

 Included patients with intestinal failure that were <2 
years old, had a direct bilirubin of >2 mg/dL, and 
prospectively received FOLE (1 g/kg/day) (n = 82)

 Compared to similar retrospective patients who 
received SOLE (up to 3 g/kg/day) (n = 41)

 No difference in age-adjusted body weight, 
height/length, or head circumference at the time of 
cholestasis resolution or study conclusion

 FOLE recipients shower higher mean prealbumin 
concentrations, substantially lower mean triglyceride 
concentrations, and more normal glucose 
concentrations compared to SOLE recipients

J Pediatr 2020; 219: 98-105.



Long Term Use of FOLE

 Prospective, observational study of children with 

intestinal failure associated liver disease who 

received FOLE for 6 months, followed by a switch 

back to SOLE (n = 27)

 During FOLE treatment, the median time to resolution 

of cholestasis was 13 weeks (range: 4-24 weeks)

 Cumulative incidence rate of cholestasis 

redevelopment was 26% when SOLE was resumed

J Parenter Enteral Nutr 2019: 43(6): 708-16.



Additional Pharmacy Considerations

 Non-di-2-ethylhexyl phthalate (DEHP) infusion sets and containers are preferred

 Intravenous lipid emulsions may extract the DEHP plasticizer 

 Do not use polyvinyl chloride containers

 Infuse over 8 to 24 hours

 If >12 hours, two separate containers should be used

 Maximum infusion rate: 0.17 g/kg/hr

 1.2 micron in-line filter should be used

 Limited compatibility information (can not infer compatibility from other lipids sources)

Nutr Clin Pract 2020; 35(1): 108-18.



Polling Question 3

 A 10 month old, 4.5 kg male with short bowel syndrome is receiving home parenteral nutrition.  Early in his 

clinical course, he developed parenteral nutrition associated cholestasis presumably from a soybean oil lipid 

emulsion (SOLE).  He was switched to the fish oil lipid emulsion (FOLE), has been receiving this for 6 months.  

His cholestasis has now reversed.  What risks may be associated with changing him back to SOLE at this time?

 Reduction is growth velocity

 Essential fatty acid deficiency

 Return of cholestasis

 Aluminum toxicity



Summary

 Updates guidelines for pediatric sepsis suggest new strategies for fluid provision and vasopressor support while 

discouraging the use of corticosteroids, stress ulcer prophylaxis, and DVT prophylaxis.

 Voxelotor, crizanlidumab, and L-glutamine are new therapies for sickle cell disease that can improve hemoglobin 

or reduce vaso-occlusive crisis and days hospitalized.

 FOLE provides adequate calories for growth and development in children with hepatobiliary complications of 

parenteral nutrition administration; discontinuation may lead to rebound cholestasis.
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