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Disclaimers

• Very little primary pediatric/neonatal evidence exists on COVID-19
• This is especially true with regard to mechanical ventilation practices

• Case reports/small case series generally not included in this talk
• Most of the treatment practices are extrapolated from adult data and 

data on other etiologies of respiratory failure in pediatric patients
• Evidence continues to accumulate at a rapid pace
• As much as possible, I will focus on the active disease caused by 

infection with SARS-CoV-2, i.e. COVID-19, rather than the post-
infectious inflammatory process MIS-C



Case Presentation

• 15yo female with chronic neurological disorder, neuromuscular 
scoliosis, nighttime BiPAP dependence (16/6, 2L O2), difficult airway 
• 4 days of cough, respiratory distress, increased secretions, fever
• SARS-CoV-2 positive, other pathogens negative
• ED course: moderate respiratory distress, T 40ºC
• 7.15/78/27/-4, lactate 4.9
• BiPAP increased to 20/10, FiO2 0.55 -> 7.27/50/23/-5, lactate 3.4, SpO2 94%

• Admitted to PICU
• Initial exam: moderate respiratory distress, RR 65, tachycardic HR 128



Objectives

• Discuss landscape of what is known about pediatric COVID-19
• Understand best practices for intubation and mechanical ventilation 

in children with respiratory failure related to COVID-19
• Review indications for advanced modes of ventilation and ECMO for 

children with COVID-19
• Identify risks and benefits of potential medications for management 

of critical COVID-19 in children



Scanning electron microscope images of SARS-CoV-2 96h after inoculation into human bronchial epithelial cells
A. Infected ciliated cell with strands of mucous attached to cilia tips
B. Higher magnification shows structure and density of virions



Tested ACE2 expression in nasal epithelium of 
patients of different ages



Pediatric Cases of COVID-19 in the ICU
Reference Region Period of Study Total cases Maximum Support

HFNC NIPPV IMV ECMO
Liu et al, NEJM Wuhan January 6

Lu et al, NEJM Wuhan February 171 3

Guo et al, BMC Medicine China January-March 341 1

Tagarro et al, JAMA Pediatr Spain March 41 1 2 1

Garcia-Salido et al, PCCM Spain March-April 7 1 3 1 1

Parri et al, NEJM Italy March 100 3 1 1

MMWR US February-March 2572 15 ICU admissions, data limited

Kim et al, MMWR US March-July 208 5 8 12

Shekerdanian et al, JAMA Pediatr North America March 48 11 4 18 1

2 prone, 3 iNO

Blue shading indicates dedicated ICU study



Only 86 confirmed cases in this study





As of 9/3/2020



Data based on 892 patients 
who have been discharged

As of 9/3/2020



As of 9/3/2020



Respiratory Support for COVID-19
Adult evidence and treatment guidelines



• Comparison of autopsy specimens
• 7 lungs from COVID-19 patients
• 7 lungs from Influenza A (H1N1) patients
• 10 matched, uninfected controls

• Histologic pattern in peripheral lung showed 
diffuse alveolar damage with perivascular T-
cell infiltrates in COVID and H1N1
• COVID lungs had severe endothelial injury 

and thromboses
• 9x more alveolar capillary microthrombi vs. H1N1



• Standard ARDS characterized by
• Noncardiogenic pulmonary edema
• Shunt-related hypoxemia
• Reduced aerated lung size
• Response to recruiting collapsed lung units (high PEEP, low VT)

• COVID-19 ARDS
• Component of injury to the vascular endothelium, activated coagulation cascade, 

micro- and macrothromboses
• Good lung compliance in early stages with high minute ventilation
• Poor oxygenation
• Low elastance, high compliance, low response to PEEP
• Deterioration in some patients with transition to more typical ARDS



• Proposed approach by Marini & Gattinoni



30 COVID-19 ARDS patients matched 
to 30 ARDS controls in Italy



30 COVID-19 ARDS patients matched 
to 30 ARDS controls in Italy

Response to PEEP

PF ratio Ventilatory ratio

Compliance Driving Pressure



Retrospective study of adults with COVID-19 receiving HFNC at Temple U



• Retrospective study of adults with COVID-19 in 4 ICUs in Atlanta
• 109 of 231 treated with HFNC: 78 of 109 intubated
• 97 patients intubated without HFNC trial

• Mortality did not differ by time to intubation (≤8h, 8-24h, or ≥24h)
• No difference in duration of MV or ICU LOS by timing of intubation
• HFNC use was not associated with mortality



• Cohort study of adults with COVID-19 at 
Columbia Univ in step-down unit
• 29 eligible patients – 4 refused prone 

positioning and were intubated
• After 1hr of prone positioning, 19 patients had 

SpO2≥95%
• 7 patients (37%) intubated after proning
• 5 of 6 with SpO2<95% after 1h were intubated



• Retrospective study of critical COVID-19 adults at NYU Langone Health
• 77 of 321 intubated patients evaluated for ECMO, 27 (8.4%) placed on ECMO
• All 27 treated with VV-ECMO support
• 48% remain on ECMO, 48% successfully decannulated, 1 death
• Cannulation in the ICU

• Percutaneous R femoral venous drainage and RIJ venous return cannulae
• PIP<25, PEEP 10-14, RR≤16, vent FiO2≤0.40, oxygenator FiO2 = 1.0
• BAL used for secretion clearance
• Early tracheostomy within 3d of ECMO cannulation

Annals of Thoracic Surgery 2020



NIH COVID-19 Treatment Guidelines:
Infection Control

• Recommend use of N95 or PAPR plus gloves, gown, eye protection for 
HCWs performing AGPs on patients with COVID-19 
• Recommend endotracheal intubation is performed by HCWs with 

extensive airway management experience, if possible
• Recommend intubation performed using video laryngoscopy, if possible



NIH COVID-19 Treatment Guidelines:
Ventilatory Support

• Recommend HFNC over NIPPV for acute hypoxemic respiratory failure 
despite conventional O2 therapy
• Trial of NIPPV if no indication for intubation and HFNC not available

• Recommend trial of awake prone positioning for persistent hypoxemia if no 
other indication for intubation
• Recommend AGAINST awake prone positioning as a rescue therapy for refractory 

hypoxemia to avoid intubation in patients who otherwise require intubation/IMV

• Recommend low VT ventilation (4-8mL/kg predicted body weight) 
• Recommend prone for 12-16h/day for mechanically ventilated patients
• Recommend using an inhaled pulmonary vasodilator as rescue therapy 
• Insufficient data to recommend for or against routine use of ECMO



• Key statement 3.1: Open or vented systems can increase release of respiratory 
particles, closed systems are safe/do not increase aerosol formation
• Key statement 3.2: Closed suction should be used for ETT or trach tube, exhaled 

air should be filtered with filter in expiratory limb
• Finding 3.2: HFNC extends aerosol reach by several centimeters. Relevant 

increased release of infectious aerosols has not been demonstrated.
• Finding 3.3: Nebulizers increase amount of aerosol in air, but do not increase 

risk of infection for staff. Inhalation of saline reduces aerosol release from lungs.

German Respiratory Society



German Respiratory Society







Pharmacologic Therapies
Focus on remdesivir and corticosteroids



• NIH-funded randomized, double blind, 
placebo controlled trial 
• Hospitalized adults
• Primary outcome: time to recovery 

(category 1-3 on ordinal scale)

Definition of Recovery:
1-not hospitalized, no activity limits
2-not hospitalized, activity limits or 
home O2 requirement

3-hospitalized, not requiring O2 or 
ongoing medical care

4-hospitalized, not requiring supplemental oxygen but requiring 
ongoing medical care
5-hospitalized, receiving any supplemental oxygen
6-hospitalized, receiving non-invasive mechanical ventilation or 
HFNC
7-hospitalized, receiving invasive mechanical ventilation or ECMO
8-death

Beigel JH, et al. New Engl J Med; epub.



Rate ratio: 1.32, 
95% CI 1.12-1.55

Rate ratio: 1.47, 
95% CI 1.17-1.84

Rate ratio: 0.95, 
95% CI 0.64-1.42

Beigel JH, et al. New Engl J Med; epub.



Open label randomized trial

Intervention: dexamethasone 6 
mg daily for up to 10 days + 
usual care (n=2104)

Control: Usual care only 
(n=4321)



Overall improved mortality with steroids, primary effect from dexamethasone trials



Higher impact in IMV 
vs. O2 group, and 
perhaps those 
symptomatic for >7d



How do we apply this to the 
pediatric patient with COVID-19?



Supportive Care for the Critically Ill Pediatric 
Patient with COVID-19 (Disclaimer)
• Recommended cornerstone of treatment of COVID-19 in children is 

supportive care.

• There are no high-quality data supporting the efficacy of any antiviral 
medication, immunomodulatory agent, or convalescent plasma in 
children with COVID-19.

• The overwhelming majority of children with COVID-19 recover with 
supportive care alone.





Our Institutional Guidance on AGPs and 
Application of Filters

• We have developed internal guidance on how to mitigate aerosol 
generating procedures
• The following graphics are an example of one institution’s approach 

to managing patients with (or suspected of having) COVID-19 and 
requiring mechanical ventilation and other respiratory therapies
• Please use this information as an example for your reference
• Please do not disseminate these graphics



AGP Mitigation

Summary:
Minimize personnel in room
Minimize time providing bag ventilation
• RSI
• Early connection to ventilator
Minimize tube changes
Use filters
Use cuffed tubes 
Use non-vented, full face masks for NIV



Filter Placement for Bag Mask Ventilation



Filter Placement for NIV Interfaces



Filter Placement for LTV or HFJV



Filter Placement for Astral or Trilogy Vents



Filter Placement for IPV and Cough Assist Device



Filter Placement for Tracheostomy T-Piece







Pharmacologic therapies for pediatric COVID-19 
Recommend
Suggest
Should consider Remdesivir for patients requiring supplemental O2, mechanical ventilation, or 

ECMO
Steroids in mechanically ventilated patients
Prophylactic dosing anticoagulation

Could consider Steroids in patients requiring supplemental oxygen
Convalescent plasma 
IL-6 blockade, IL-1 blockade

Suggest against Hydroxychloroquine or chloroquine*
Hydroxychloroquine or chloroquine with or without azithromycin*
Lopinavir-ritonavir*
Steroids in patients not requiring oxygen (unless there is another indication)* 
JAK inhibitors*

Recommend against 

These recommendations are based on expert opinion, primarily derived from adult data.
*If used, use should be limited to clinical trials



Case Presentation 1

• 15yo female with chronic neurological disorder, neuromuscular 
scoliosis, nighttime BiPAP dependence (16/6, 2L O2), difficult airway 
• 4 days of cough, respiratory distress, increased secretions, fever
• SARS-CoV-2 positive, other pathogens negative
• ED course: moderate respiratory distress, T 40ºC
• 7.15/78/27/-4, lactate 4.9
• BiPAP increased to 20/10, FiO2 0.55 -> 7.27/50/23/-5, lactate 3.4, SpO2 94%

• Admitted to PICU
• Initial exam: moderate respiratory distress, RR 65, tachycardic HR 128



Initial Supportive Care for Case 1

• PICU arrival: BiPAP 20/10, FiO2 0.55, SpO2 94%, VBG 7.27/50/23/-5, 
lactate 3.4, POC glucose 308
• Intubated with glidescope, CVL, arterial line placed
• Intubator – Anesthesia/CCM provider
• In room personnel: Airway MD, RT, RN, medication MD

• Vent support: 30/12, exhaled tidal volumes ~6ml/kg, FiO2 weaned to 
21% by morning
• Epinephrine infusion for hypotension
• Insulin infusion for hyperglycemia



Case 1 Intubation Room Diagram
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Hospital Course for Case 1

• 10d remdesivir started HD1
• Enoxaparin at therapeutic dosing range (changed to prophylaxis after 

multiple weeks)
• No corticosteroids (met criteria for moderate ARDS in first 24hr, but 

FiO2 rapidly weaned)
• Treated before steroid RCTs completed

• Multiple extubation failures (deconditioning), tracheostomy 
performed (after PCR negative several weeks after presentation)



Case Presentation 2

• 14yo female, ex-27wk prematurity, transferred with COVID-19 ARDS 
for ECMO evaluation
• Fevers 1 week prior to presentation, followed by cough, then 

respiratory distress prompting ED visit, hospitalized 2d prior to transfer
• Intubated at referring hospital, managed with iNO and FiO2 1.0, 

proning, neuromuscular blockade
• Oxygenation index 40, PCV 40/18 x 20
• Vasoactive infusions for hypotension
• Increasing creatinine, fluid overload



Hospital Course for Case 2

• Attempted trial of HFOV – worsened hypoxemia
• Cannulated onto VV-ECMO (DL-RIJ cannula) – 6 day run
• Methylprednisolone for ARDS
• Convalescent plasma and tocilizumab administered
• Not a candidate for remdesivir due to renal and hepatic dysfunction

• Heparin during ECMO, enoxaparin after ECMO decannulation
• BAL on ECMO day 2 with minimal mucous plugging
• Extubated to BLPAP 4 days after ECMO decannulation, off respiratory 

support 1 day later



Summary

• Little pediatric data on best practices for ventilation in COVID-19
• Standardize care with pathways/protocols
• Minimize personnel and exposure risks
• Manage according to standard ARDS treatment protocols
• HFNC slightly preferred to NIPPV



Thank you!
Questions?


