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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, | 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 O,), difficult airway

* 4 days of cough, respiratory distress, increased secretions, fever
* SARS-CoV-2 positive, other pathogens negative

* ED course: moderate respiratory distress, T 402C

e 7.15/78/27/-4, lactate 4.9
e BiPAP increased to 20/10, FiO2 0.55 -> 7.27/50/23/-5, lactate 3.4, Sp0O2 94%

* Admitted to PICU
* |nitial exam: moderate respiratory distress, RR 65, tachycardic HR 128



Objectives

* Discuss landscape of what is known about pediatric COVID-19

e 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

* |dentify risks and benefits of potential medications for management
of critical COVID-19 in children



IMACES IN CLINICAL MEDICINE

SARS-CoV-2 Infection of Airway Cells

Camille Ehre, Ph.D.

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 DOI: 10.1056/NEJMicm2023328
Copyright © 2020 Massachusetts Medical Society.



RESEARCH LETTER

Nasal Gene Expression of Angiotensin-Converting
Enzyme 2 in Children and Adults

Supinda Bunyavanich, MD, MPH

Figure. Nasal Gene Expression of ACE2 in Different Age Groups
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Pediatric Cases of COVID-19 in the ICU

Reference Region
Liu et al, NEJM Wuhan
Lu et al, NEJM Wuhan
Guo et al, BMC Medicine China
Tagarro et al, JAMA Pediatr Spain
Garcia-Salido et al, PCCM Spain
Parri et al, NEJM ltaly
MMWR uUsS

Kim et al, MMWR us

Shekerdanian et al, JAMA Pediatr North America

Blue shading indicates dedicated ICU study
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COVID-19 Data: North American Pediatric ICUs
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COVID-19 Timeline: North American Pediatric ICUs (VPS
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COVID-19 Clinical Summary Il: North American Pediatric ICUs WS
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COVID-19 Clinical Summary II: North American Pediatric ICUs WS
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Respiratory Support for COVID-19



Pulmonary Vascular Endothelialitis,
Thrombosis, and Angiogenesis in Covid-19

251 ‘.W\l_

 Comparison of autopsy specimens
e 7 lungs from COVID-19 patients
e 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. HIN1

N Engl ] Med 2020;383:120-8.
DOI: 10.1056/NEJMo0a2015432

Norma

Figure S3. COVID-19-associated thrombosis. (A B). In the nflamed vessels, there
were multifocal thrombi (*) with (sub) total vascular occlusion of both pulmonary arteries
and veins as visualized by scanning electron microscopy (A) and conventional
hestopathology (8) (scale bar = 100um), In the scanning electron microscopy image, the
thrombus s pseudocoiored pink and the infiltrating lymphocytes pseudocoiored yellow
(C, D) pCT-based 3D reconstruction of subsagmental pulmonary aneries (red) and
arways (blue) demonstraled (subjtotal occlusion of the aneries in COVID-18-lungs (C),
as compared 1o uninfected controls (D) (scale bar = 300 pm),



JAMA Insights | CLINICAL UPDATE

Management of COVID-19 Respiratory Distress

John J. Marini, MD; Luciano Gattinoni, MD
e 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



JAMA Insights | CLINICAL UPDATE

Management of COVID-19 Respiratory Distress

John J. Marini, MD; Luciano Gattinoni, MD

* Proposed approach by Marini & Gattinoni

Table. Time Course and Treatment Approach to Ventilation Support for Patients With CARDS

Time
period Objective Respieatory sepport option Rationale
Before Adequate gas exchange Supplemental cxygen, Powerful respiratory effort can cause
intubation  Avoid P-SiL) CPAP, NIV, MFNC reinforcing lung and vascular stress,
Awake prone positioning, resulting in dogury
Target nonvigorous beeathing
Dering Avold pulmenary Minimize PEEP, frequency Minimize trampulmonary
mechankal  deteriocation and VILI and tudal volume and vascular stresses
ventdation vortex Adjust to acceptable gas exchange
Maintain flusd balance
Reduce 0, demand
Consider LCMO
Alter Minienize pulmonary Type L*: use lower PEEP Lower Bidal volames are senedessary
intubation  stress (<10 ¢m H,0) Highee PEEP is ineffective, creates
Optimize O, Use more A4 tidal volume dead space, and adversely redirects
Avold ViLl vortex (79 mi /kg) as neoded blcod flow
Reduce O, demand
Consider prone positioning
Reduce and evenly Type H*: use higher PEEP Maore closely Behaves and responds
dstribute dong and (<15 cmH,0) like typical ARDS
Wi ukar sRresses Lower tidal volume (5-7 ml/kg)
Optimize O, Reduce O, demand
Avoid VLl vortex Implement prone positioning
Weanmg  Avold reversion to Make transitions castioanly Stromg spontanecus efforts raise 0,
phase previowsly worsened Avoid abrupt changes demand, increas edema,
pulmonary state by Spont anecus trials only at the very and promote P-SIL)
causing VLI and end of the weasing process
wWor sening edema

Abbreviations: ARDS, acute
respiratory destress syndrome;
CARDS, COVID-19 wich ARDS,
CPAP, continuous positive 2rwary
pressure; ECMO, extracorporeal
membrane axygenation,

HFNC, high-Tiow nasal carrula
NIV, nonirvasive ventilabon;
PSILL pateent seif-nficted lung
Ingury; PEEP, positive end-expeatory
pressure, VILL ventiator-nduced
kg injury.

* Type L; Scattered ground glass
infiktrates, higher compliance
(>50 mijem H,0), not PEEP
resporsive; less dyspnea.
Type M Externive nfitrates of
Melectass and edema, lower
compliance, PEEP respornive,
overtly dyspneic.



Respiratory physiology of COVID-19- Grieco et al. Critical Care ~ (2020) 24:529
induced respiratory failure Compared to https://doi.org/10.1186/s13054-020-03253-2
ARDS of other etiologies

Domenico Luca Grieco'” @, Filippo Bongiovanni'?, Lu Chen™, Luca S. Menga'?, Salvatore Lucio Cutuli'?, 30 COVID-19 ARDS patients matched
Gabriele Pintaudi'~, Si,n:.one Carelli'%, Teresa ..‘.Qichu"', Flava Torii?i' * Glanmarco Lorr?t?ardi“', . to 30 ARDS controls in Italy
Gian Marco Anzellotti'~, Gennaro De Pascale’*, Andrea Urbani™, Maria Grazia Bocci'~, Eloisa S. Tanzarella ™,

Giuseppe Bello'~, Antonio M. Dell'Anna’~, Salvatore M. Maggiore’, Laurent Brochard™ and Massimo Antonelli'”
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Respiratory physiology of COVID-19- Grieco et al. Critical Care  (2020) 24:529
induced respiratory failure Compared to https://doi.org/10.1186/s13054-020-03253-2

ARDS of other etiologies

30 COVID-19 ARDS patients matched

Domenico Luca Grieco'* @, Filippo Bongiovanni', Lu Chen™, Luca S. Menga'?, Salvatore Lucio Cutuli'?, :
S T i S P o eI i I A to 30 ARDS controls in Italy
Gabeiele Pintaudi™, Simone Carelli’~, Teresa Michi'~, Flava Torrini'~, Gianmarco Lombardi ',
ol Anf?"om“. Gennaro De ) ex000s  PF ratio e —==e22 . Ventilatory ratio
Giuseppe Bello'~, Antonio M. Dell'An 1501 G it pe0.54 pe0.16
< s “ 10 o
itz 1 . i
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Conclusions: Early after establishment of mechanical ventilation, COVID-19 patients follow ARDS physiology, with
compliance reduction related to the degree of hypoxemia, and inter-individually variable respiratory mechanics and
recruitability. Physiological differences between ARDS from COVID-19 and other causes appear small.
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TN Retrospective analysis of high flow

Maasiitd nasal therapy in COVID-19-related

Research ¥
moderate-to-severe hypoxaemic
respiratory failure

Total COVID-19
Patients Screened

n =445

v

Hypoxemic Respiratory Failure

n=353

High Flow Nasal
Cannula Use

Maulin Patel," Andrew Gangemi,' Robert Marron,” Junad Chowdhurg,‘ n=104
Ibraheem Yousef,' Matthew Zheng," Nicole Mills," Lauren Tragesser,
Julie Giurintano.ziFlohiF Gupta,’ Matthew Gordon © ! Parth Rali.: . v T —
Gilbert D'Alonso,’ David Fleece,” Huaqing Zhao,' Nicole Patiakh,' Gerard Criner i ke (Remained on HENT)
67
Retrospective study of adults with COVID-19 receiving HFNC at Temple U Wlm —
13 2
Table & Comparing outcomes between intubation and non-intubation groups
Outcomes Intubation Non-intubation P value
Mortality 13 (35.1%) 2 (2.9%) 0.0018 <
Hospital LOS 13.67 (£7.97) 9.7 (24.6) 0.03
(days) <
ICU LOS 10.45 (26.12) 4.05 (£2.64) 0.0003
(days)
HAP/NAP incdence 3 (8.57%) 0 0.017 <
Change in SF ratio 40.5 (+67.90) 141.4 (£117.14) 0.0001 <
Change in CXR RALES 0,13 (211,18 -3.2 (+8.50) 0.09
Change in HR (beats/min) ~7,65 (£20.69) -7.95(x19.19) 0.94
Change in RR (breaths/min) -2.32 (£9.32) -4.4 (+8.39) 0.27




Timing of Intubation and Mortality Among
Critically lll Coronavirus Disease 2019 Patients:
A Single-Center Cohort Study

DOI: 10.1097/CCM.0000000000004600

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

e Mortality did not differ by time to intubation (<8h, 8-24h, or 224h)
* No difference in duration of MV or ICU LOS by timing of intubation
* HFNC use was not associated with mortality



RESEARCH LETTER JAMA Internal Medicine Published online June 17,2020

Prone Positioning in Awake, Nonintubated Patients
With COVID-19 Hypoxemic Respiratory Failure

Alison E. Thompson, MD
Benjamin L. Ranard, MD
Ying Wei, PhD

Sanja Jelic, MD

Figure. Oxyhemoglobin Saturation (Spo,) 1 Hour After Initiation
of the Prone Position in Awake, Nonintubated Patients With COVID-19

100+

e Cohort study of adults with COVID-19 at
Columbia Univ in step-down unit 9%-

* 29 eligible patients — 4 refused prone
positioning and were intubated

Sp0,, %

e After 1hr of prone positioning, 19 patients had o
Sp022>95%

e 7 patients (37%) intubated after proning

Start 1h
Awake proning

° 5 Of 6 Wlth Sp02<95% after 1h were intu bated Spo, before and 1 h after initiation of the prone position in awake, nonintubated

patients with COVID-19 severe hypoxemic respiratory failure (n = 25).




Extracorporeal Membrane Oxygenation Support in Severe COVID-19

Annals of Thoracic Surgery 2020
Running Head: ECMO Support in Severe COVID-19

*Zachary N. Kon MD', "Deane E. Smith MD', Stephanie H. Chang MD', Ronald M. Goldenberg
MD?, Luis F. Angel MD?, Julius A. Carillo MD', Travis C. Geraci MD', Robert J. Cerfolio MD

MBA', Robert A. Montgomery MD PhD®, Nader Moazami MD', Aubrey C. Galloway MD'

* Retrospective study of critical COVID-19 adults at NYU Langone Health

e 77 of 321 intubated patients evaluated for ECMO, 27 (8.4%) placed on ECMO
e All 27 treated with VV-ECMO support

* 48% remain on ECMO, 48% successfully decannulated, 1 death

e Cannulation in the ICU
e Percutaneous R femoral venous drainage and RIJ venous return cannulae
* PIP<25, PEEP 10-14, RR<16, vent Fi02<£0.40, oxygenator Fi0O2 =1.0
* BAL used for secretion clearance
e Early tracheostomy within 3d of ECMO cannulation



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

e 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

e 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



Position Paper for the State-of-the-Art
Application of Respiratory Supportin
Patients with COVID-19 German Respiratory Society

Michael Pfeifer®< Santiago Ewig? Thomas Voshaar®

Winfried Johannes Randerath"9 Torsten Bauer® Jens Geiseler
Dominic Dellweg’ Michael Westhoff*! Wolfram Windisch"™
Bernd Schonhofer™” Stefan Kluge® Philipp M. Lepper?

* 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.



Position Paper for the State-of-the-Art i i i
Application of Respiratory Supportin

Patients with COVID-19 German Respiratory Society
Pa0, <55 mm Hg or <7 kPa on room air

Michael Pfeifer*< Santiago Ewig® RR 230/min

Winfried Johannes Randerath®9 T« I

Dominic Dellweg’ Michael Westhc
Bernd Schénhofer™ Stefan Kluge®

Sp0, <92% (<88% if COPD) Continue high-flow/0,
RR 230/min

Reevaluabon

every 1-2 hours
CPAP attempt [10 mbar]* s

NIV [PEEP 5-10 mbar + A 6-10 mbar]*
(target Vi <9 mi/kg) over 1-2 h

Clinical deterioration Continue CPAP/NIV
progressive infiltrates
RR 230/min
Pa20,/Fi0, <150-175

Reevaluation
1 yes every 1-2 hours

Intubation if no DNI
*personal protection as per

RKI recommendations




COVID-19 and Neonatal Respiratory Care:
Current Evidence and Practical Approach

Wissam Shalish, MD'!
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NEONATE Need for intubation

is less likely to be
COVID-19 lung disease and more
likely to be neonatal lung disease
such as RDS, TTN, MAS etc,,
(low concentration of
virus in

Lask with . rus in respiratory secretions)

apoorly Flow -5 LPM

fitting Tidal volume

mask 6 mikg = 18 ml

Dispersion-1to2cm
..‘. &= #ﬂl
- f |
ADULT d

Flow - 8 LPM

Tidal volume 300 ml
Dispersion - 30-90 cm
(high risk for HCW near
the airway)

Indication for intubation is
usually COVID-19 pneumonia /
lung disease and/or ARDS
(high concentration of virus

In respiratory secretions)
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Pharmacologic Therapies

Focus on remdesivir and corticosteroids



The NEW ENGLAND JOURNAL of MEDICINI

ORIGINAL ARTICLE

Remdesivir for the Treatment of Covid-19
— Preliminary Report

 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.



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Remdesivir for the Treatment of Covid-19
— Preliminary Report
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Dexamethasone in Hospitalized Patients

with Covid-19 — Preliminary Report

The RECOVERY Collaborative Group*

Open label randomized trial

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

Control: Usual care only
(n=4321)

A Al Participants [N «6425)
w

Rate catio, 083 (95% C1L 0.75-0.9%)
1 P<000)

Usual care €521 b
Dexamethasone 2108 1903 e 1635 1621

B Invasive Machanical Ventidation (N« 1007)
50+
Rate ratio, 064 (35% CL 051-0.81)

404 Usual care
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-
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~
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=
104
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Days since Resdomiration
No, at Risk
Usual care (S 3] 572 451 924
Desamethasone 124 2% 3 an

DOI: 10.1056/NEJM0a2021436

C Oxygen Only (N~ 3583)
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Rate ratio, 082 (5% CL 0.72-004)
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-
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Figure 2. Mortality at 28 Days in All Patients and According to Respiratory Support at Randomization.




JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Association Between Administration of Systemic Corticosteroids
and Mortality Among Critically Ill Patients With COVID-19
A Meta-analysis

The WHO Rapid Evidence Appralsal for COVID-19 Theraples (REACT) Working Group

Figure 2. Association Between Corticosteroids and 28-Day AR-Cause Mortality in Exch Trial, Overall and According to Corticosteroid Drug

No. of deaths total
Chimical Triats.oov  Initial dose and No.ofpatients odasratio Favors  Favorsno Weight,
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JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Association Between Administration of Systemic Corticosteroids
and Mortality Among Critically Ill Patients With COVID-19

A Meta-analysis

The WHO Rapid Evidence Appralsal for COVID-19 Theraples (REACT) Working Group

Figure 3. Association Between Corticosteroids and 28-Day All-Cause Mortality Within Subgroups Defined
by Patient Characteristics at the Time of Randomization
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How do we apply this to the
pediatric patient with COVID-197?



Supportive Care for the Critically Il Pediatric
Patient with COVID-19 (Disclaimer)

e 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.



Clinical Pathway for Evaluation and Treatment of Patients

with Active COVID-19 Infection
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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

Recommendations to Decrease Risk In these Areas

Tracheal Intubation

RS (induction and NMB given simultaneously) minimizing duration of
bag mask ventiation

Most experienced provider

Use of cuffed endotracheal tubes

Use of video Rryngoscopy

Minimize personnel in the room. Establish clear roles for those present

£ardy connaction 1o ventitator

Increase the F1O; on the ventialor prior %o procedure
Avoid manual ventiation prior 10 removing the endotracheal tube

If the plan is 1o exiubate 10 NIV, refer 1o NIV &3 AGP (300 below)
Minimize personnel in the rcom. Establish clear roles for those present

Avold routine Fracheostomy fube and endotracheal tube changes
If patient has uncuffed tracheostiomy tube, consider replacement
with cuffed tube

Tighten all connections 10 alrway prior 10 performing routine care

COVID-19 Testing should be compietod before branchoscopy
Routing bronchoscopy should not be performed unless ther is a high
Skokhood of therapectic benefit (e.g. identification of bactenal
superinfection)

Deep Suctioning (defined as the
passing of a suction catheter beyond
the naso- or oropharynx) in non-
tracheosiomy dependent patients

Avoid induced sputum fechniques

Manual vertiation with mask or
artificial arway with or without chest
compressions

Place fitor in lino with the flow-inflating or self-inflating bag

Mnimize duration of bag mask vertilation and consider early
endotracheal intubation and connection o a ventiator

NIV (CPAP BIPAP, mouthplece
verttiation)

lmug‘mwmanmmm
Use non-vented, il tace (0.0., scuba, nose/mouth coverad) masis whan
possbie (assess Wierance).

Consider using disposable exhalation valve with side port for filtering in
single kmb Circuits in smaller patients (< 10kg) where a fiter between
patent inlerface and circult may impair triggering or cause excossive

S0ad spae

Summary:

Minimize personnel in room

Minimize time providing bag ventilation
e RSI

e 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

D lraum
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Filter Placement for NIV Interfaces

Use non-vented, full face (e.g., scuba, nose/mouth covered) masks.

The delivery of continuous albuterol requires a dual-limb circuit (V500).

Consider using ICU ventilator for NIV (V500, Hamilton) with dual-limb circuit in smaller patients (< 10 kg)
where a filter between patient interface and circuit may impair triggering or cause excessive dead space
re-breathing. Alternatively, a NIV exhalation port that allows for filtration of exhaled gases may be
placed in line with a single limb circuit.




Filter Placement for LTV or HFJV

N HEPA filter
on the

expiratory
imb




Filter Placement for Astral or Trilogy Vents




Filter Placement for IPV and Cough Assist Device




Filter Placement for Tracheostomy T-Piece

If patient requires humidification via tracheostomy recommend use of t-piece setup. Alternatively, use inline
suction with HMEF (HME with filtering).

¢ Afilter is placed on the expiratory side of the t-piece setup as shown below.
* Trach collar should not be used.




Airway Bundle Checklist (FRONT and BACK) FOR COVID-19

Oate {Place patient sticker/stamp here]
Time:

Front page completed (check ab that appiy )
) On admission T Dwring'after rounds ] Prior 1o intubation [ After intubation

Assessment for ANTICIPATED Airway Management

Difficult | History of difficult airway? YES NO
Airway | Physical? (e.g. small mouth, small jaw, large tongue, or short neck) YES NO
Al Risk High risk for rapid desaturation during intubation YES NO
For: Increased ICP, pulmonary hypertension, need to avoid hypercarbia YES | NO
‘Unstable hemodynamics (e.g hypovolemia, potential need for fluid bolus, e T ;
vasopressor, CPR)
Other nsk factors? YES NO




Who wil intubate? (Specty primary provider who will perform figst laryngoscopy):
(] Feliow [ Attending [ Anesthesiologist **Most experenced provider (o infubate and minimal providers in the room **

How will we intubate? ** Recommend oral intubation with a cuffed ETT **
ETVSize:  '30 ('35 /40 ' 45 150 (/585 (/60 [I65 170 175 180 LiOther.
** Stylelte BOTH the primary and % size smaller ETT prior o intubabion**
Air-Q LMA at Bedside: 10 15 20 L1256 036 45
Device: | CMAC || Laryngoscope | = Glidescope Other:
Blade: Mac 1 Miler | Wis-Hipple
Meds:  Atropine | Glycopyrrolate
. Fentanyl | Midazolam Ketamine | Propofol
Rocuronum | Vecuronium

** Use of RSI recommended - Have 10 mcg/mi Epinephring and extra doses of all meds drawn up and in room **
Apneic Oxygenation: YES /NO LUmin (<1y=5L, -7y =10L; > 8y = 15L)

When wil we intubate? (Describe the tming of airway management).
' Prior to procedure at. Mental Status Changes  Hypoxemia refractory to CPAP. SpO2<__ %
' Ventilation failure refractory to NIV . Loss of Airway Protection |Other:




Pharmacologic therapies for pediatric COVID-19
Recommend |

Suggest
Should consider Remdesivir for patients requiring supplemental 02, 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

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



Case Presentation 1

e 15yo female with chronic neurological disorder, neuromuscular
scoliosis, nighttime BiPAP dependence (16/6, 2L O,), difficult airway

* 4 days of cough, respiratory distress, increased secretions, fever
* SARS-CoV-2 positive, other pathogens negative

* ED course: moderate respiratory distress, T 402C

e 7.15/78/27/-4, lactate 4.9
* BiPAP increased to 20/10, FiO2 0.55 -> 7.27/50/23/-5, lactate 3.4, Sp0O2 94%

* Admitted to PICU
* |nitial exam: moderate respiratory distress, RR 65, tachycardic HR 128



Initial Supportive Care for Case 1

* PICU arrival: BiPAP 20/10, FiO2 0.55, Sp0O2 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

e 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

e 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

e Attempted trial of HFOV — worsened hypoxemia
e Cannulated onto VV-ECMO (DL-RlJ 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!



