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Day /7-10-14 COVID-19 Disease Course

Stagel Stage 2 Stage 3
(Early Infection) (Pulmonary Phase) (Thrombo-inflammatory Phase)

Viral Phase Host Inflammatory Response Phase

Treatment Dexamethasone
Anticoagulation
Clinical .E_ Hypoxemia
Findings O Bilateral Chest Infiltrates

Severity

e

DWW . e Dy Day Day Day Day Day Day | Day Day Day Day Day Day Day Day Day Day Day Day Day Day
5 P 0 1 2 3 4 5 5 7 - 9 10 1 12 13 14 15 16 17 18 19 20
Exposure Symptom
Nasal PCR Hospital ARDS Mechanical Acute Secondary Death
Positive Admission Ventilation Kidney Injury Infection

WM Brode MD, G Lazuta (2020) Acute Cardiac Injury
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Review covid-19 in Pediatric patients (1)

(1) Covid-19 pneumonia, GF Paris, Italy, Front Pediatr, 2020
(2) Respiratory therapeutic strategy, GP Rodovanski, Brazil, Curr

Pediatr Rev, 2021

(3) Alveolar recruitment maneuvers-Prone position, YE Jang, Korea,
British journal of anesthesia, 2020

(4) Awake prone, MM Alseoudy, , Egypt, Anesthesia report2020



Review covid-19 in Pediatric patients (2)

(5) Respiratory care different to adults, JLJ Hermandes,Colombia,
Front Pediatr, 2021

(6) Respiratory care, S Gupta, India, J Pediatric Intensive Care, 2021

(7) HHHENC vs. conventional ventilation in Respiratory failure,

Rochwerg, Canada, Intensive Care, 2019------------- SR/MA
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Front. Pediatr., 14|December 2020 | e ‘
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COVID-19 Pneumonia in
Children: From Etiology to
Management

b Giuseppe Fabio Parisi?, Cristiana Indolfi?, Fabio

Decimo?,  Salvatore Leonardi'and  Michele Miraglia del
Giudice”

!Department of Clinical and Experimental Medicine, University of Catania,
I Catania, Italy I
’Department of Woman, Child and Specialized Surgery, University of

Campania “Luigi Vanvitelli'| Naples, Italy




Table 1. Classification of COVID-19 in children.

Classification  Clinical features

Asymptomatic  Positivity of the RT-PCR buffer to SARS-CoV-2 or positive serology in the absence of any symptoms of illness.

Mild Symptoms are mild and mainly affect the upper airways (nasal obstruction, sneezing) sometimes associated with fever, cough, and gastrointestinal
symptoms.
Moderate Symptoms are more critical fever and cough (mainly dry) are almost always present and are associated with breathing difficulties. It is characterized

radiologically by lung anomalies compatible with interstitial pneumonia.

Severe Itis characterized by the presence of hypoxemia (SpQ; < 92%) with signs of respiratory distress (tachypnea, groaning, wing flaps, sags), cyanosis,
neurological signs and symptoms, refusal o eat, and signs of dehydration.

Critical Disease progression with onset of respiratory failure requiring mechanical ventilation, signs of shock or multi-organ failure.

< 90% or < 92% or < 94% ? |
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Potential factors
protecting children
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Oxygen Therapy

* Sp0, <95% without signs of respiratory distress--- ?;;

£

oxygen c nasal cannula or mask

constant monitoring of vital parameters



Ventilation Support Helmet CPAP

with positive end-expiration
* High-flow nasal oxygen (HFNO) or non- ,..cqre (PEEP) 5 to 10

invasive ventilation--CPAP cmH,0
* Risk of viral particle—aerosol spread
 World Health Organization (WHO)---
HFNO in single or negative pressure

rooms




Respiratory Therapeutic Strategies in Children and
Adolescents with COVID-19: A Critical Review

Glovana Pascoall Rodovanskl 1 Susana da Costa Aguiar 2, Bruna Samantha Marchi 2,

Patricia do Nascimento Oliveira 2, Livia Arcéncio #, Danielle Soares Rocha Vieira 4,
4

Cristiane Aparecida Moran

COVID-19 IN CHILD POPULATION

Respiratory Therapeutic Strategies

ALVEOLAR

Brazil,2021

RECRUITMENT
0 POSITION MANEUVER G
THERAPEUTIC
STRATEGIES
PEEP AIRWAY
TITRATION [ spmum \ SUCTIONING

OXYGEN
THERAPY

Curr Pediatr Rev,. 2021;17(1):2-14.

doi: 10.2174/1573396316999201123200936.

PHYSIOTHERAPY

IMV = Invasive Mechanical Ventilation; NIV = Non-Invasive Ventilation.



Respiratory strategies

* Original studies--six databases

#

RESPIRATDRY STRATE\E‘QES
INCOVID- 19

* Most frequently interventions
Oxygen therapy

Invasive (IMV) AL e

Non-invasive (NIV) ventilation

TheResusRoom

e Based on experiences



* Oxygen therapy—
nasal catheter---the most recommended strategy for hypoxemia
high-flow nasal cannula (HFNC)

--dispersion of aerosols
* Most recommendation--Lung protective IMV---

use of bacteriological or viral filters

PEEP titratiOn shutterstock.com + 308751308
* Few recommendation--Alveolar recruitment maneuvers--- not consensual
 Airway suctioning with a closed-circuit

e prone positioning and physiotherapy






Conclusion

* Oxygen therapy---- essential in the treatment of hypoxemia
* IMV should not be delayed

* Protective strategies----for adequate pulmonary ventilation



Alveolar recruitment maneuvers (ARM)

Atelectasis in children with the prone position | 653

Position change

Baseline,
Supine

Control

Korea

General anaesthesia in the
prone position =2 h

Baseline,

Prone

Single
ARM

Pre-extubation

0 50 100

Fig 3. Regional lung atelectasis assessed by ultrasonography. The incidence of significant atelectasis according to the anterior (grey), lateral
orange), and posterior (blue) regions of the chest divided by the anterior and posterior axillary lines. ARM, alveolar recruitment
I manoeuvre. :li‘

<0.025 compared with the baseline, supine position; 'P<0.025 compared with the baseline, prone position.

Effect of regular alveolar
recruitment on
intraoperative atelectasis
in pediatric patients
ventilated in the prone
position: a randomised
controlled trial
Young-Eun Jang, Sang-
Hwan Ji, Eun-Hee Kim, Ji-
Hyun Lee, Jin-Tae Kim and
Hee-Soo Kim

British Journal of
Anaesthesia, 124 (5):
648e655 (2020)

doi:
0.1016/j.bja.2020.01.022

Korea, 2020
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' 30 minutes — 2 hours: laying ony?ur:elly ‘ 30 minutes — 2 hours: laying on your left side

%ﬁi@
2. 30 minutes - 2 hours: laying on your right
. 1n back to Position 1. Lying on your belly!
‘
e‘(l-é ; : ] E

3. 30 minutes - 2 hours: sitting up

3

\
N — —

Awake proning in 5 steps

©® roston
@ Prepare Lay the bed fx Ask the patient 10 fum
Explan the procedure 12 the pabent and Mrermselves rio hew urmmy ard
family and odlen consent. Gather 83 many provide assstance. Postcn o first
| fowels and blaniods as possibe A plllow uncier e chest or chest and
Ensure of least 2 peopie we prosent £ > abdomen anc » second pillow or a
assal f rogured /| roled towel under theks forchoad, keaving
& Q8D 10 accommodaie the face mask
Azl the paticrt o onent ther head n

whatever posdion ey frxd most
comioriabie

© Oxygen supply & interface
Adysst the cxygen tubing 80 £ s free of
aght Ensurc thot the reacivor bag o
, fuly mifated, and the mask is ot beng
‘ pushed 00omat he padents face (may
regure addional peddng)

‘Opﬂuupoolbn
Foston the remanng pliows / beddng
o mreruse presswre on body parts and
10 marimize patent comfnt The knees
Should De shghtly Noxed anc e wyms
supported of 8 comiortable angle, the
TN elbow shoukl be af an angle of ~80
degrees. The uppor arm and shoulkder in
horizonts! koe i s importao! fo

© tontor AnCOUTaGE 1 PABRNLS 10 rEXOATON
themsolves whon requred o fo coll for
rate ard patent comfort arget SpO,> e — l'm:::m-nmr

90% (~92% o pregnant poterts)
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Egypt

Anaesthesia Reports 2020, 8,183-186 doi:10.1002/anr3.12084

Case Report

Awake proning of a 2-year-old extubated child with severe

COVID-19 pneumonitis

M. M. Alseoudy,' M. A. Abo Elfetoh” and A. K. Alrefaey'

1 Lecturer, 2 Assistant Lecturer, Department of Anaesthesia and Intensive Care Medicine, Faculty of Medicine, Mansoura
University, Mansoura, Egypt




Prone positioning
* Prone (4 h)----supine (1 h)---cyclic rotation for 4 days
* Dramatic increase in peripheral oxygen saturations to 97%

e Decreased work of breathing

* Pediatric patient---potential adjuvant for respiratory therapy

either before, during or after invasive ventilation

* Awake prone position---option for COVID-19 in pediatric patients

* Cooperation



: MINI REVIEW
frontiers published: 28 March 2021

in Pediatrics doi: 10.3380/fped.2021.622240
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March, 2021

COVID-19 In Children: Respiratory

@ Involvement and Some Differences
With the Adults

Jenny Libeth Jurado Hernandez " and Ivan Francisco Alvarez Orozco?

[ ]
CO I 0 m b I a ' Department of Pediatric Pulmaonaoiogy, Fundacian Meumoldgica Colombiana, Bogotd, Colombia, < Departmeant of Pediatric
Pulmanaoiogy, Neumocenter, Valledupar, Colombia




Key points in respiratory management of Covid-19
in Children

Oxygen therapy (according to patient's evolution).

e Low flow systen? mild hypoxemia.

e [High flow systerp: moderate to severe hypoxemia
precautions---
reduce risk of dispersing contaminating aerosols




Invasive mechanical ventilation

* if respiratory failure
Sp02/FiO2 (SF ratio) vs. Pa02/FiO2 (PF ratio)

e S/F=64+0.84*%(P/F)
e Based on this equation:

e T T

SpO,/Fi0, 235
m 0.40 0.50 0.60
Sp0, (%) > 94 94 95 <90

CHEST 2007; 132:410-417

or persistent hypoxemia
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* Increased need for oxygen or

worsening tachypnea in patient on high-flow nasal cannula



Protective mechanical ventilation
Initial parameters

* Tidal volume (TV): 4-8 ml/ kg-- low tidal volume (5 )
plateau pressure -- 30 cm H20, decrease TV 30
* Respiratory rate: 22—30 bpm (1 month to 2 years) 25
18—24 bpm (2—4 years) 20
14—20 bpm ( > 8 years) 15

- J

* Inspiration/expiration ratio (I: E ratio):1-2
* End-expiratory pressure (PEEP): titrate according to oxygenation, arterial gases
and CXR.

increase of 2 cm H20 as required



Fraction of inspired O, (FiO,)

start at 100% ?

rapidly reduce to less than 60% in the first 2—6 h



Prone position---moderate to severe ARDS

Glucocorticoids---as adjunctive therapy

e Prednisolone: 1 mg/kg orally or NG once daily (maximum dose 40 mg).

e Dexamethasone: 0.15 mg/kg
orally, intravenously (IV), or nasogastrically once/day
(maximum dose 6 mg).

e Methylprednisolone: 0.8 mg/kg IV once daily (maximum dose 32 mg).

e Hydrocortisone: >1 month: 1.3 mg/kg IV every 8 hours
(maximum dose 50 mg; maximum total daily dose 150 mg)
neonates: 0.5 mg/kg IV every 12 h for 7 days followed by
0.5 mg/kg IV once daily for 3 days
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Review Article

Respiratory Care in Children with COVID-19
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* Intubation and mechanical ventilation

limit exposure to aerosols

* Lung-protective mechanical ventilation strategies

adequate sedation, analgesia, and neuromuscular blockers



Respiratory Support in Children with COVID-19

children are less commonly affected by COVID-19

severity of disease is less

o Supplemental Oxygen
mortality is <1%.
In adults with COVID-19

Oxygen supplementation---Sp02 is <92% ;

¥ o)

acute hypoxemic respiratory failure on oxygen, the saturation

should be maintained no higher than 96%.




In children with COVID-19 with respiratory
distress and/or Sp0O2 <90% ?

low flow oxygen High-flow oxygen

nasal prongs (1-5 L/min) aerosol generation

nasal cannula triple layer surgical mask over the
face-mask nasal prongs or nasal cannula

venturi mask
Non-rebreathing mask

bubble continuous positive airway
pressure (bCPAP)



HREZEEFHBEHHFNCEZTES

Organization/country

Recommendation

Comment

AAMR, Argentina [33]
ANZICS (Australia/New Zealand) [35]
AIPO (ltaly) [36]
CTS (China) [37]
ESICM/SCCM (EU/US) [38]
German recommendations for critically
ill patients with COVID-19 (Germany) [39]
Irish Thoracic Society. (Ireland) [33]

National Healthcare System Guidelines, (UK) [40]

SEPAR (Spain) [41]
SPP (Portugal) [42]

US Department of Defense COVID management
guidelines [33]
US Surviving Sepsis Campaign/SCCM [33]

WHO [43¢¢]

HFNC

HENC
Helmet CPAP
HFNC

HENC
Helmet NIV

HENC
CPAP

HENC
HEFNC
HFNC

HENC

Pro
Suggest
Pro
Pro

Restricted

Pro

HENC contra indicated, no
benefit but risk

Maintain > 2-m distance

Pro

Pro

HENC next modality for
patient’s not tolerating
supplemental O,

Not for: COPD, cardiopulmonary
edema. hemodynamic
instability

Curr Anesthesiol Rep 2021 Mar 2;1-6



Why should we choose HHHFNC
Similar efficacy and safety as NCPAP _

Where does HHHFNC stand?

Cannula/nostril diameter ratio is about 0.5 _ e
Non heated/ humidified nasal CPAP is the standard of
cannula to deliver oxygen care in VLLBW neonates
= e

Convenient to establish a respiratory support

¢

Friendly for clinical staffs and parents S,
respiratory dynamics
Increases risk of ROP

T e T

| Reduces extubation failure
Prevents apnoea
Nasal trauma (40%)

Easier to hug the baby — kangaroo care

Less invasive than NCPAP’s prong

Minima nasal trauma and irritation






Age Body weight

<1lm <4 kg 5-8 L/min
_ Initial setting: (above
1 m-1yrs 4-10 kg 8-20 L/min 10 kg)
1-6 yrs 10-20 kg 12-25 L/min 10 L/min £ 0.5
L/kg/min
6-12 yrs 20-40 kg 20-30 L/min / g/
12-18 yrs > 40 kg 25-50 L/min Maximum:

A flow of 2 L/kg/min

——

Set flow range

Patient Interface 2 5 10 15 20 25 . .. 50 55 60
For example...

e ortsic §R | CHINEEEEFT) 20 kg = 15 to 40

& < OPT318 ’f 2 = 25] L/min
@ oPT942 () 10 50

optoaa (WM 1o 60

optess (D r——

&= OPT970 o 60,
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High flow nasal cannula compared with conventional oxygen
therapy for acute hypoxemic respiratory failure: a systematic
review and meta-analysis

* March 2019 Intensive Care
Medicine 45(7)
DOI:10.1007/s00134-019- e B "

* Bram Rochwerg McMaster University

* David Granton University of Toronto

o by el 8

* D. X. Wang, Yigal Helviz Shaare Zedek
Medical Center Jerusalem Jerusalem



systematic review and meta-analysis

* 12 randomized controlled trials (RCTs; 1,989 patients)
 HFNC in patients with respiratory failure.

---reduce invasive ventilation (relative risk [RR] = 0.85; 95%

confidence interval [Cl]: 0.74—-0.99)
---escalation of oxygen therapy (RR=0.71; 95% Cl: 0.51-0.98)

* No difference in mortality was seen between patients receiving HFNC

vSs. conventional oxygen therapy



Noninvasive mode of ventilation (HFNC or NIV)

* mild ARDS without hemodynamic instability
* closely monitored for a possible deterioration
* early intubation
single patient rooms with negative pressure
double lumen tubing
viral filter at expiratory limb

(e B R e F g i
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Endotracheal Intubation

* Children with worsening clinical status--- early intubation
respiratory fatigue

hemodynamic instability

Pa02/FiO2 <300 ?

£

altered mental status



Endotracheal Intubation

* video-guided laryngoscopy
* risk of viral transmission
* in negative pressure room or in single-patient well-ventilated room

e Use full Personal protective equipment (PPE)

* disposable tubing with viral filter between expiratory limb of the
circuit and machine

* limit the number of staff to three-four (intubator, airway assistant,
nurse for administering medication, and team leader



Endotracheal Intubation

* Transparent aerosol entrainment box
or plastic sheets

* Pre-oxygenation---
non-rebreathing mask
tight-fitted face mask and bag with
high-efficiency particulate
air (HEPA) filter between face mask
and bag

e positive pressure breaths---
tight mask seal--two-hand technique by
one HCP and bagging by other

Taiwanese doctor
invents device to
protect US doctors
against coronavirus

Taiwanese doctor creates 'Aerosol box' that shields
doctors against coronavirus while intubating patients

By Keoni Everington, Taiwan News, Staff Writer
2020/03/23 10:08

Lai demonstrating device. (CNA photo)

TAIPEI (Taiwan News) — A Taiwanese doctor on

Saturday (March 21) released the design for a device



Endotracheal Intubation

 cuffed or micro cuffed endotracheal tube

* rapid sequence induction with muscle relaxants
* immediately inflate the cuff

* connect the endotracheal tube to the already set ventilator
* closed in-line suction

« viral filter between endotracheal tube and circuit ?.

* end-tidal carbon dioxide detection o
* lung ultrasound should be used to confirm endotracheal tube placement

* |n case of circuit disconnection---clamped ET tube
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Nebulization

e generates aerosols---avoided

* Bronchodilators---metered dose inhaler with spacer
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6/3 Lab data
WBC 7.0 1073/uL WBC 7.8 1073/ulL
RBC 4.60 1076/ulL RBC 4.45 10”76/ulL
Hb 12.3 g/dL Hb 12.3 g/dL
Ht 36.3 % Platelet 290 10”3/uL
MCV 78.9 fL ANC(absolute Neu.#) 3.86 10*3/ulL
Platelet 324 107~3/uL Segmented Neutro. 49.6 %
ANC(absolute Neu.#) 2.71 10~3/uL Lymphocyte 31.5 % *L
Segmented Neutro. 39.0 % Band 0.0 %
Lymphocyte 52.7 %
Band 0.0 %
S= === =SS SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS S=============================================/A|T
ALT (GPT) 14 U/L (GPT) 12 U/L
Creatinine 0.30 mg/dL *L Creatinine 0.42 mg/dL *L

CRP 0.57 mg/dL CRP 0.47 mg/dL
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Take Home Message



GOAL OF OXYGENATION
92~96%
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NIPPV
Nebulizer

Simple mask

Venturi mask

Nasal cannula
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Distance (cm)

ACEP (American College of Emergency Physicians) field guide
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Ward Management Protocol

e Keep Sp0O2 >94%

«  Oxygen support (N/C, mask, [NRM, HFNC),
#2548 B NIPPV -2 k46 E A K

. Prone position
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High Flow Nasal Oxygen

Fitted surgical mask l lateral droplet

dispersion
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