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Figure 1 Phases, clinical progression, management and available therapies of COVID-19. ARDS, acute respiratory distress syndrome; SIRS,

severe inflammatory response syndrome.



Aerosol Generating Medical Procedures
(AGMPs)

O Aerosol-generating medical procedures (AGMPs) are increasingly being recognized as
important sources for nosocomial transmission of emerging viruses.

Table 1. Potential aerosol-generating medical procedures involved in nosocomial virus transmission.

Induced aerosol generation in Mechanical aerosol generation in
respiratory tract respiratory tract
Y . Y AGMP How/Where Aerosols May Be Generated
Bronchoscopy * Induced cough, respiratory tract
Cardiopulmonary resuscitation * Induced cough, respiratory tract
Noninvasive ventilation *
: Possible mechanical dispersal of aerosols, respiratory tract
(BIPAP, CPAP, HFOV) ssible mechanical dispers sols, respiratory
Tracheal intubation * Induced cough, respiratory tract
Manual ventilation * Possible mechanical dispersal of aerosols, respiratory tract
Surgery Cutting bone and tendon, and irrigation aerosolize blood
Sputum induction Induced cough, respiratory tract
Nebulizer treatment Possible mechanical dispersal of aerosols, respiratory tract
Suctioning Possible mechanical dispersal of aerosols, respiratory tract
Laser plume Mechanical dispersal of aerosols
Examples: Intubation, Bronchoscopy, CPR Examples: Ventilation, Suctioning * Possible association with SARs-CoV transmission [11-13].



Exhaled Air Dispersion during Coughing with and
without Wearing a Surgical or N95 Mask

David S. Hui'?*, Benny K. Chow™>3, Leo Chu®, Susanna S. Ng', Nelson Lee'>, Tony Gin?,
Matthew T. V. Chan”®
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PLoS ONE 2012; 7(12): e50845. doi:10.1371/



Aerosol dispersion during various respiratory therapies

PR -

Respiratory therapy Maximum exhaled air distance Simpla cxynan mask fmynen flow, L/min)*
(m) 4 0.20
Mon-invasive positive pressure ventiiation & n.22
8 0.30

ReshMed Mirage mask (Inspiratory/expiratory

; L 10 0.40, »0.4 during coughing
PO ey pREslae, cah,) Jat nebuliser (driven by air at & L/min)
10/4 0.40 Normal lung 0.45
14/4 0.49 Mild lung injury 0.54
Severs lung injury =0.80
18/4 0.45 Nasal cannula (exygen flow, L/min)*
Respironics ComfortFull 2 mask (inspiratory/ 1 0.30
axpiratory positive alrway pressure, cmM,0j 1 gﬁgﬁ;ﬁ mﬁm Lsing
10/4 (.65 3 0.36
14/4 0.65 g Lo
Venturl oxygen mask
18/4 0.85 ey
Raspironics Image 3 mask plus whisper 24% oxygen 0.4
swivel exhalation valve (inspiratory/expiratory 40% oxygen 0.33
positive airway pressura, emH, )" Severs lung injury
104 0.05 24% oxygen D3z
40% axygan 029
14/4 0.95 MNon-rebreathing oxygen mask {oxygen flow,
Lfmin)
18/4 >0.95 6,8, 10, and 12 <0.1




Oxygen therapy in COVID-19 patients

v" nasal cannula with mask
1) Initial 5L/min ( SpO2293% )

2) <4L/min with target SpO2 293% to minimize

complication

3) With surgical mask




v avoid masks with side vents or generate

aerosols

v'Non-rebreathing mask(NRM) with filter
1) FiO2 range 0.6-0.8

2) A one-way valve and filter must be used in the
expiratory port
3) The mask should be well fitted




Oxygen therapy in COVID-19 patients

v High oxygen (Hi-Ox) mask WA N
with filter N Ry
1) Initial flow 5-6 L/min 8 Ll

2) Distress —high flow 10-12L/min
3) FiO02>80% with flow of 8L/min




Early intubation

0 Rapid progression over hours

0 Lack of improvement on >50 L/minute of high flow oxygen and a
fraction of inspired oxygen (FiO,) >0.6

0 Evolving hypercapnia, increasing work of breathing, increasing
tidal volume, worsening mental status

[0 Hemodynamic instability or multiorgan failure



Rapid Sequence of Intubation (RSI)

1RSI steps (seven P’s)

v'Preparation

v'Preoxygenation
v'Pre-intubation optimization
v'Paralysis with induction
v'Protection of patient and staff
v'Placement (intubation)

v'Post-intubation management



Preparation

] Prepare all required equipment and draw up and label all medications before entering

intubation room.

] Have available all standard airway equipment plus:
* Bag-mask with HEPA filter
* Video laryngoscope with clear, disposable cover for the device
* Ventilator and tubing with in-line adaptors (for suctioning and bronchoscopy) and HEPA filters

* Waveform capnography if available

* Smooth clamp for ETT



Preoxygenation

] Bed-up, head elevation position improves preoxygenation.

O for 3 to 5 minutes with 100% O, using NRM 15lpm and NC 15lpm
I If BVM must be performed, BVM 15lpm with PEEP valve, connected with HEPA filter

0 Avoid any manual ventilation




Paralysis with induction

Induction agents

Dose Onset Duration Advantage Disadvantage
Etomidate v: 0.3 mg/kg 10-20s 4-10 min - Minimal CW Effects - No analgesia
(20mg/10mL/famp) {0.2-0.6 mg/kg) - ICP-L-with minimal effects on - Myoclonic jerks
(163 ;T/amp) cerebral perfusion - Transient.l cortisol (<24
hrs, beware in sepsis)
Ketamine n: 1-2 mg/kg IV: <30s IV: 5-15 min - Amnestic and analgesic effects - Emergence delirium,
(500mg/10mL/vial) IM: 4-10 mg/kg IM: 2-4min M 12-25 - Catecholamine reuptake nightmares, and
(400 sv./wial) min inhibition (blood pressure and hallucinations
heart rate T, beware in heart
disease)
- Bronchodilation
Midazolam IV: 0.5-2mg initially, repeated Vv:1.5-2.5 min V: 30-80 min - - No analgesia
(5mg/mL/amp) dose every 2-3 mins, usual IM™~15 min IM: 6 hr - Slower onset and longer
(25 >n/amp) dose:2.5-5mg duration
IM: 0.07-0.08 mg/kg (usual - Dose-dependent
dose Smg) respiratory depression
and hypotension
Propofol V: 0.5-1.5 mg/kg 15-45s 3-10 min - L ICP, may also-l-CPP - Mo analgesia
(200mg/20mL/amp) - Mild bronchodilating effects - Hypotension and
(56 L/amp) - Drug of choice in pregnancy bradycardia
- MNegative inotropic effects
Neuromuscular blocking agents
Dose Onset Duration Advantage Disadvantage
Succinylcholine v: 1-2 mg/kg V:1 min vV: 4-6 min - Short duration - No antidote
(500mg/vial) (For MG: 2mg/kg) IM: 2-3 min IM: 10-30 min - Store in room L] Avoid use in:
IMV: 3-4 mg/kg temperature - Malignant hyperthermia history
(max. 150mg) - Muscular dystrophy
= Stroke, Burn > 72hrs
- Rhabdomvyolysis
- Hyperkalemia
Rocuronium Iv: 0.6-1.2 mg/kg 1-2 min 30-60 min - MNo significant - Longer duration
(50mg/SmL/vial) | For MG: 0.6mg/kg contraindication - Store in fridge
(275 t./vial) - Antidote: Sugammadex




Placement (intubation)

0 Use video laryngoscopy

] apneic oxygenation of NC 15 Ipm

[ If failed intubation, insert supraglottic airway ( laryngeal mask, LMA )

with pre-set lower pressure (<20 cmH20) pressure control ventilation




Post-intubation management

CJUse ETCO2 device to confirm placement of the ETT

ClLimit ventilator disconnections.

Cluse ETT and ventilator with in-line adaptors for suctioning

Alarm Limits End-tidal Carbon Dioxide

Alarm limits and visual
alarm status indicator,
silence active alarms for
two minutes

Quantitative E1CO2 is
updated every breath
(Model 3678
displays in kPa)

Respiration Rate

RR is displayed after
two breaths and
updated every breath 1§

Capnograph

14.4 second sweep
of COz values

Power Button y
Airway Adapter
Warm-up time to full ;
accuracy in 15 seconds Available in adult
pediatricand

infant sizes




Ventilator strategies in ARDS patients

Lung protective ventilation strategy

O Low TV (Tidal volume 6ml / Kg predicted body weight )

Minimize FiO
O Plateau pressure < 30 cmH,0 2
. /  Plateau Pressure
O Driving pressure <15¢cmH,0 | ¥ <300m Hho
0] : :
HPR £ :  Tidal volume
OTolerate hypercapnia if PH > 7.2 5 rmm
g :  (Predicted Body Weight)
'> PEEP Set to limit
Lower PEEP/higher FiO2 S CEER T
FiO, 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7
PEEP 5 5 8 8 10 10 10 12
Pressure
FiQ,; 0.7 0.8 0.9 0.9 0.9 1.0
PEEP 14 14 14 15 18 i8-24 Components of Lung Protective Ventilation to reduce Ventilator-

Associated Lung Injury (VALI) and decrease incidence of ARDS

NIH NHLBI ARDS Clinical Network



Early management of ARDS

I N

Weno-verrus EChD

B #n case of refractory hpoxemia or whean protective
wvantidatincn can not be apnlied

O Tobe discussed with experienced ECMO conlras

Maurgmustular Bockers: continuous Intravenous infusion
I Eary initiation [within the first 48h of ARDE diagnoss)

SayVv

Meuromuscular blockers
Prone positioning

P{F < 150

Frone posiianing methods
A Agplied for =160 a day, for several consecutive days

Wiacerata ar severs ARDS -»= High PEEF Eest [> 12 cmH0)

Uiz high lewels if:

O Ouypenation imaravermsant

O without hesmodynamic impairment or significant
decrease in lung camplianon

I sAaintain Ppdat < 300 cmiH, 0, conflinuous momsitoring

High level of PEEP

P/F < 200 :
if improves oxygenation

D))

ARDE diggnosis critedia
Pad S Fid, £ 200 mmiHg
PEEP = § emH O
Bilateral cpacities on chest imaging
Mot fully explained by cardiac fallure or fluid cvarload
Within a werek of a kreown clinical insult

Tidal volume about & milfkg of PBW
Confirmed Plateau pressure < 30 cmH 0
ARDS FEEP =5 cmH.O
Check for hypercapnia
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ventilation with = = L tielhl yolurme alsem Fmli kg and bess than @ mifkeg

sedation In ICU wmnmm ARDS diagnosis criteria

| Mo recommendation could be rsde
o OECCOGA
+ Driving pressure

Reassessment of ventilator settings and Pl et nport o hewary phas

of the management strategy at least every 24h _ _




Weaning

J weaning process

» suggest using closed systems and not using a T-piece trial for SBTSs.

J weaning profile

[ cuff leak test



Extubation

Cluse medications to decrease coughing
eg: lidocaine

] put the ventilator in standby mode (or switch off) immediately prior to
extubation

0 The endotracheal tube should be remove as smoothly

1 support the application of supplemental oxygen



High flow nasal cannula

Mechanisms and benefits of oxygen delivered wvia
wia high flow nasal cannula

Physiologic and clinical

Mechanism
benefit
Small, pliable nasal prongs = Enhanced patient comfort
lHeat and humidification m Facilitates remowval of airway
secretions

= Avoids airway desiccation and
epithelial injury

HFNC may increase m Decreased work of breathing
the riSk Of Viral = Enhances patient comfort

spread through
aerosol generation

wWashout of nasopharvnaeal
deadspace

Positive end-expiratory (PEEP)
effect

lHigh nasal flow rats

Improved ventilation and
oxygen delivery

uUnload auto-PEEP (if present)
Drecrease work of breathing
Enhance oxygenation

Reliable delivery of fraction of
mmspired oxygen [(FiQz)
Improved breathing pattern
(eg, iNncreased tidal volume,
decreased respiratory rate))




EUROPEAN RESPIRATORY journal

OFFICIAL SCIENTIFIC JOURNAL OF THE ERS
HOME | CURRENT ISSUE | ARCHIVE

Eur Respir J. 2020 May; 55(5): 2000892. PMCID: PMC7163690
Published online 2020 May 14. PMID: 32299867
doi: 10.1183/13993003.00892-2020

High-flow nasal cannula for COVID-19 patients: low risk of bio-

aerosol dispersion

Jie Li,1 James B. Fink,1 and Stephan Ehrmann?

Bio-aerosol dispersion via high-flow nasal cannula shows a similar risk to standard
oxygen masks. High-flow nasal prongs with a surgical mask on the patient's face
might benefit hypoxaemic COVID-19 patients without added risk for the
environment. https://bit.ly/34p7Fvyy




Exhaled air dispersion during high-flow
nasal cannula therapy versus CPAP via
different masks

TAELE 2 Exhaled air dispersion with 20% normalised smoke concentration during application
of high-flow nasal cannula at 37°C under different severity of lung injury

Scenario Lung condition/finjury Flow rate L-min " Exhaled air dispersion distance mm
1 Mormal &0 172+33

2 Mild &0 72+18

3 Severe &0 48+164

A MNormal 30 130+11

5 Mild 30 6117

& Severe 30 3712

7 Mormal 10 &5+15

8 Mild 10 £3+10

9 Severe 10 3048

Data are presented as n or meanzso.

FIGURE 2 al A loose connection [arrow) between the high-flow nasal cannula (60 L-min~'] and the interface
tube. bl This resulted in exhaled air leakage to 620 mm laterally.




Surgical mask on top of high-flow nasal |

cannula improves oxygenation in critically ill
COVID-19 patients with hypoxemic respiratory
failure

Virginie Montiel @, Armaud Robert', Annie Robert?, Anas Nabaoui', Tourneux Marie', Natalia Morales Mestre'-3,
Maerckx Guillaume'3, Pierre-Francois Laterre' and Xavier Wittebole'

A B
* %
= 12 o HNFC 3 o HNFC
£ 100 ® HNFC/ surgical mask __ 96 *Uefe’e® e HNFC/ surgical mask
£ o0 = o4 . -5
s 60 o) 92 :
S 40 w 90
20 88
] 86
C D
*

-9
[=]

» ©  HNFC
® HMNFC { surgical mask

© HNFC
® HNFC / surgical mask

35

-
L] [ ]

e

.p
L]
Ll
Lid

PaCO; (mmHg)
[ (5]
(4, T =

20
Fig. 1 Respiratory parameters with high-flow nasal cannula (HFNC) alone and in the presence of a surgical mask (HFNC/surgical mask). These data
showed an improvement in all variables. *p < 0.05 compared to HNCF alone in paired t tests




Non-invasive ventilation (NIV)

® Aerosol-generating device v' Ventilator equipped with no
., @ Lgakage | port mask, 2-tube, closed
® Higher inspiratory pressure circuit system plus viral filter

may be acceptable

Heat and moisture exchanger filter

@® Dead space decreases carbon v
elimination

@ Blockage by moist secretions

Must be operated in a negative
pressure room and PPE must
be correctly donned.

— Heated humidity v" Prepare for early intubation if

» Generate aerosol and facilitate clinical condition fails to
viral spread improve within one hour.




Helmet - NIV

1) to improve patients’ comfort

» speech and feeding and not limiting cough
» skin necrosis, gastric distension or eye

irritation are seldom

2) helmets permit longer-term treatments and allow the

setting of higher levels of PEEP

» without causing air leaks or important patient-ventilator

asynchrony
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Thank you for attention
I



