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* Infection rate among clinicians

* High-risk procedures and interventions
— Cough and mask
— Oxygen therapy

« Nasal cannula
* Oxygen mask: simple mask, venturi mask, nonbreather mask
* High flow nasal cannula

— Noninvasive ventilation
+ Settings
» Masks

— Manual ventilation

— Intubation

— Suctioning

— Nebulization

— Bronchoscopy examination

— Personal protection equipment (PPE)



Medical staff infection rate in China

e 3,300 clinicians in total 80,000 cases were
infected by COVID-19

Zhonghua Jie He He Hu Xi Za Zhi. 2020 Mar 12;43(3):209-214




Pre-PPE period: surgical mask

\ Mild (26)  Critical (4)

Post-PPE period: N95, single s
use gown, gloves, hat. Face
shield or goggles if performing
intubation

Mild (26) Critical (4)

Contact frequency
Contact time
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Clinicians’ infection rate during SARS

Table 1 Numbers of Probable Cases of SARS, Deaths,
and Healthcare Workers Infected in Selected
Countries and Globally

Cumuliative Workers

No. of Deaths Infected

Cases No. (%) No. (%)
Canadda 251 41 (17) 108 (43)
China 5,327 349 (7) 1,002 (19)
Hong Kong 1,755 299 (17) 386 (22)
Taiwan 346 37 (11) 68 (20)
Philippines 14 2 4 (29
Singapore 238 33 Q7 (41)
Thailand Q 2 1D
Vietham 63 5 36 (57)
Global 8,098 774 1,707 (21

INT J OCCUP ENVIRON HEALTH 2004;10:421-427



RESEARCHLETTER

Air, Surface Environmental, and Personal Protective
Equipment Contamination by Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)

From a Symptomatic Patient
JAMA. 2020 Mar 4. doi:
10.1001/jama.2020.3227

* Red: strong positive results
(low Ct value, <£32).

* Yellow: weak positive
results (high Ct value, >32).

e Blue: no positive results.

e Air sampling: negative
result

* Letter (A,B,C,D,E): air

sample



High-risk procedures

Am J Respir Crit
Care Med 2004
1198-1202
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Table 1. Potential aerosol-generating medical procedures involved in nosocomial virus transmission.

AGMP How/Where Aerosols May Be Generated
Bronchoscopy * Induced cough, respiratory tract
Cardiopulmonary resuscitation * Induced cough, respiratory tract
. : o
N(OBIEXSSEZI? AYI(:; r}fll%:act)l\c};l Possible mechanical dispersal of aerosols, respiratory tract
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



Pooled estimate (I2 =0%)[1.9(0.2, 14.2)

Non-invasive ventilation (2 cohort studies) 2.6 (0.2, 34.5)Zti

3.2(1.4,7.2%

Pooled estimate (I2 =0%)|3.1(1.4,6.8)



High-risk procedures and interventions

Cough and mask
Oxygen therapy

— Nasal cannula
— Oxygen mask: simple mask, venturi mask, nonbreather mask
— High flow nasal cannula

Nebulization

Noninvasive ventilation
— Settings
— Masks

Manual ventilation

Intubation

Suctioning

Bronchoscopy examination

Personal protection equipment (PPE)



Methods utilized in studies investigated
aerosol dispersion/transmission

* In vitro studies
— Exhaled gas dispersion distance

— Aerosol/droplet particle mass/count
concentration

* |n vivo studies

— Aerosol/droplet particle mass/count
concentration

— RT-PCR test for air sample



Exhaled gas dispersion distance
measurement



Flow visualization:

Smoke particles of <1 umin
diameter, produced by a M-
6000 smoke generator (N19,
DS Electronics, Sydney,
Australia) was used to highlight
exhaled airflow

A 6 FG catheter was inserted
into the right main bronchus of
the HPS to deliver smoke
particles.

After mixing with alveolar gas,
smoke particles were exhaled
through the normal airway
passage.

Leakage jet plume were then
illuminated by a green (532 nm
wavelength) laser light-sheet
using a continuous pulse,
diode-pumped solid state laser
generator (OEM UGH-800 mW,
Lambdapro Technologies,
China)



Aerosol/droplet particle mass/count
concentration

ifO
.

Pharmaceutics 2019, 11, 75



Air sampling

* RT-PCR test

* A method used to find out what airborne
contaminants are present in your

environment.

— Air is collected by using various methods and
then, it is tested for the presence and
concentration of hazardous substances and

microorganisms
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Natures of aerosol

» Bioaerosol
— Generated by patients during

coughing, breathing, or
talking, laughing

 Medical aerosol

— Generated by aerosol device,
including MDI, DPI, SVN,
VMN, USN, etc



When medical aerosol is contaminated?
* During medication/ device preparation

— repeated use of SVN

* During inhalation /nebulization

— Patient’s secretion drops into SVN reservoir

 \When inhaled aerosol is exhaled and
carried with pathogen

— Not sure



Evaluation of droplet dispersion during

non-invasive ventilation, oxygen

therapy, nebuliser treatment and chest

physiotherapy in clinical practice:

implications for management of

pandemic influenza and other airborne  Health Technology

infections Assessment 2010; 14(46),

131-172
AK Simonds,"* A Hanak,' M Chatwin,'

M] Morrell," A Hall,> KH Parker,® JH Siggers’
and R) Dickinson’

Three groups were studied:
* (1) normal controls,
* (2) subjects with coryzal symptoms

 (3) adult patients with chronic lung disease who
were admitted to hospital with an infective
exacerbation.



TABLE 4 Effect of intervention in droplet ranges D — difference between mean value pre and during intervention (continued)

Nebulised saline
delivered droplets in
the small and medium-
size aerosol/droplet
range, but did not
increase large-size

droplet count

Microns DI 0.3-0.5 0.5-1 1-3 3-5 5-10 >10 D2 0.3-0.5 0.5-1 1-3 3-5 5-10 >10

Physio

Patient D -0.005 0.057 0.123 0.128 -0.010 1.393 -0.011 0.024 0.070 0.169 0.175 0.424
b 0.610 0.118 0.164 0.260 0.511 0.003 0.702 0.206 0.151 0.134 0.228 0.158

Nebuliser

Normal D 15.660 109.480 71.681 27.054 404.932 2.270 25.878 87.932 46.887 1.549 0.232 0.207
p <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.120 0.270

Patient D 15.516 91.193 56.320 3.967 0.426 0.253 23.080 90.576 45.920 1.642 0.149 0.309
p <0.0001 <0.0001 <0.0001 <0.0001 0.111 0.261 <0.0001 <0.0001 <0.0001 <0.0001 0.241 0.281

Coryzal D 11.204 64.822 38.341 1.871 0.197 0.349 17.994 49.458 30.454 1.144 0.234 0.384
p <0.0001 <0.0001 <0.0001 <0.0001 0.229 0.192 <0.0001 <0.0001 <0.0001 <0.0001 0.097 0.133

DI, distance |; D2, distance 2; p, p-value.
p-values <0.05 are highlighted in bold text.



Clinical Infectious Diseases® 2017;65(8):1342-8
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Nebulization

Hui et al.
Chest 2009;
135: 648-654.

Vt 700 mL, RR 12 bpm

Vt 300 mL, RR 25 bpm Vt 150 mL, RR 40 bpm



Table 2—A Summary of Masimum Exhaled Air Dispersion Distances During Application of Different Types of
Respiratory Therapy to the HPS Under Different Lung Settings*

Simple Oxygen Mask (Mild Jet Nebulizer Driven by Air at 6
NPV (Mild Lung Injury)t Lung Injury)} L/min (Current Study)
FIPAPIEPJ'&P, em Hy0 Distance, m1 Limin Distance, m] Injury Distance, m
10/4 0.40 4 0.20 Norml 0.45
14/4 042 é 0.22 Mild lung injury (.54
18/4 0.45 8 0.30 Severe lung injury > (.80
10 0.40



Comments

 All the studies only reported the aerosol
concentration in the ambient air increased
during nebulization

— Expected, as this is the purpose of the
treatment

— None of them can differentiate medical
aerosol vs bioaerosol



Resolution

« Avoid unnecessary nebulization and cough inducing aerosolized

medication including hypertonic saline, as it is high-risk transmission
procedure

« For spontaneous breathing patients
— Preferred MDI+Spacer;
— If MDI is not available, or medication is in the form of solution

* VMN with handheld and mouthpiece/mask (preferred mouthpiece and place a

filter at the other end of mouthpiece), oxygen flow set at 2-8 L/min

» In-line placement of VMN with HFNC, place surgical mask on patient’s face

during nebulization;

— If SVN is the only choice, use one-way valve SVN set up or connect a filter to SVN

* Forinvasively ventilated patients: place mesh nebulizer at the inlet of
humidifier to deliver aerosol therapy



Place a nebulizer in-line with HFNC

Oxygen
flowmeter

Nebulizer
HFNC

VS

Inhaled dose in vivo scintigraphy study: Inhaled dose: 10-20%
17.23 = 6.78%

Pharmaceutics 2019;11(7): 320
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Effects of wearing a mask

American Journal of
Infection Control 2016;
44: S102-S108



One-way valve with SVN

set up

SVN with filter



Cough & wearing a mask

Step: (1) coughing without a mask (before control)
(2) coughing while wearing a fitted N95 mask
(3) coughing while wearing a routine surgical mask  Johnson et al, Brief report
(4) coughing without a mask (after control) 2009, 49: 275



Transverse exhaled air

Sagittal exhaled air
dispersion distance (cm)
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Recommendation for bronchoscopy examination

Bronchoscope inserted via mouth Bronchoscope inserted via nose



Oxygen therapy

Nasal cannula High-flow nasal cannula

Simple mask Venturi mask Nonbreather mask
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Lung condition | Oxygen device Dispersion distance,

Normal

Mild

Severe

HFNC

Simple mask

Nonrebreather mask
Venturi 40%

Venturi 35%

HFNC

Nasal cannula

Simple mask

Nonrebreather mask
Venturi 40%
Venturi 35%

60 L/min
30 L/min
10 L/min
15 L/min
10 L/min
10 L/min
6 L/min
6 L/min
60 L/min
30 L/min
10 L/min
1 L/min
3 L/min
5 L/min
15 L/min
10 L/min
10 L/min
6 L/min
6 L/min
60 L/min
30 L/min
10 L/min

17.2+3.3
13.0 £ 1.1
6.5+1.5
11.2+0.7
95+0.6
246+2.2
39.7+1.6
27211
7.2+18
6.1+1.7
43+1.0
66

70

100
20.7+£1.2
12.5+0.8
24622
39.7+1.6
33.8+x14
48 +1.6
3.7+1.2
3.0+0.8

37



HFNC vs standard nasal cannula

1 L/min 3 L/min 5 L/min
Hui et al, Respirology (2011) 16, 1005-1013

10 L/min 30 L/min 50 L/min

Hui et al. Eur Respir J 2019; 53: 1802339

38



Zhonghua Jie He He Hu Xi Za Zhi.
2020 Mar 12;43(3):189-194.



In vivo study

J of Hospital Infection 2019;(101): 84 — 87.

19 patients were enrolled

The mean (SD) age was 59 (14) years.

Eight patients were female.

1 community acquired in one patient and 18 hospital-acquired.

The mean (SD) APCHE Il score was 20.1 (4.1), SOFA score 3.4 (2.1) and
PaO2/FiO2 ratio 276.7 (114.1) mmHg [6,7].

Mean (SD) oxygen flow rate for oxygen mask was 8.6 (2.2) L/min and the FiO2
while using HFNC was 0.5 (0.1) at 60 L/min.



Result

Gram-negative bacterial count and total bacterial count by device (air sampling and settle plate), air changes per hour, and days of in-
cubation (N = 19)

Sample ACH 1-day incubation 2-day incubation 5-day incubation
HFNC oM P-value HFNC OM P-value HFNC oM P-value

Gram-negative bacteria

Air (cfu/m3) 6 0(0—0) 0(0—0.1) 0.770 0 (0—0) 0 (0—0) 0.208 0(0—0.1)  0(0—0.05) 0.250
12 0 (0—0) 0 (0—0) 0.167 0 (0—0) 0 (0—-0) 0.902 0 (0—0) 0 (0—-0) 0.416
0.4 m settle plate 6 0 (0—-0) 0(0-0) 0.862 0 (0—-0) 0(0-0.2) 0.568 0 (0—0) 0 (0—-0) 0.250
(cfu/plate) 12 0 (0—-0) 0(0-0) 0.3925 0 (0-0) 0(0-0) 0.500 0 (0-0.3) 0 (0—-0) 0.119
1.5 m settle plate 6 0 (0—0) 0(0-0) 0.207 0 (0—-0) 0(0-0) 0.573 0 (0—0) 0 (0—0) 0.207
(cfu/plate) 12 0 (0—0) 0 (0—0) 0.500 0 (0—0) 0 (0—0) 0.500 0 (0—0) 0 (0—-0) 0.500
Total bactenal count
Air (l:fufl'n3} 6 1.7 (1.0-4.3 1.1—-4.2) 0.707 3.6(2—6.9) 3.8 (1.9-5.5) 0.700 2—8.7) 4.5 (1.7-9.6) 0.105

0—4.2) 2.3 (0.9-3.5) 0.205

) 2.4 ( ) 5.
12 1(0.5-1.7) 1.3 (0.5-2.0) 0.915 1.6 (1.0-2.7) 1.9 (1.1=3.1) 0.776 2.
0.4 m settle plate 6 1.7 (0.7—4.5) 1.3 (0.7—2.0) 0.428 3.7 (0.8—7.2) 2 (0.7-2.8) 0.287 4.
(cfu/plate) 12 0.7 (0.2—1.8) 1(0.3-2.2) 0.175 1(0.8—1.5) 2(0.7-3.2) 0.987 1.
1.5 m settle plate 6 1.0 (0.5—1.8) 0.3 (0.3—0.8) 0.0385 1.3 (1—-2.7) 0.7 (0.3—1.3) 0.010 1.
(cfu/plate) 12 0.7 (0.2—0.8) 0.3 (0—1)  0.387 0.7 (0.3—-1.2) 1(0.3—1.3) 0.786 O.

3-3.0) 1.3 (0.3-2.3) 0.091

)
)
3—6.0) 2.0 (1.0-5.0) 0.175
)
)
3—1.7) 1.0 (0.3-2.7)

2.
1.
1.
0.7—3.3) 2.0 (1.0-3.3) 0.186
1.
0.

0.187

ACH, air changes per hour; HFNC, high-flow nasal cannulae; OM, oxygen mask; cfu, colony-forming units.
Values for HFNC and OM are median (interquartile range).
All statistical tests one-tailed.

Post-hoc analysis

« The TBC on settle plates placed at 0.4 m was higher than at 1.5 m with either
device (P = 0.002-0.037)

* higher at six ACH than at 12 ACH with either device (P = 0.000- 0.002).



Resolution

« Wear a surgical mask for
patients during HFNC therapy

« Connect nasal cannula tightly

Respiratory care committee of Chinese Thoracic Society.
Zhonghua Jie He He Hu Xi Za Zhi. 2020 Feb 20;17(0):E020



Recommendation

Daugherty et al, Respir Care 2008;53(2):201-212.

« Use high flow nasal cannula (6-15 L/min, Salter lab) with
patient wearing a surgical mask
* Place a filter on oxygen mask, avoid using Venturi mask



Noninvasive ventilation

Hui et al, Chest 2006; 130:730-740



Comparison of different masks

ComfortFull 2 mask Image 3 mask

Hui et al, Chest 2009; 136:998—-1005




Different CPAP settings and interfaces

Eur Respir J
2019; 53:
1802339


https://www.bestcpapprice.com/ResMed-Swift-FX-Nasal-Pillows-System_p_818.html?gclid=EAIaIQobChMIza6w15ud6AIVlYNaBR2AOA1dEAQYBCABEgKScvD_BwE

In vivo study

 Compared with baseline values

— NIV using a vented mask produced droplets in the
large size range (> 10 um) in patient (p = 0.042)
and coryzal subjects (p = 0.044)

* this increase was not seen using the NIV circuit

modification with non-vented mask and exhalation filter

— but not in normal controls (p = 0.379)

Health Technology Assessment 2010; 14(46), 131-172



Resolution

Mask fit is critical, if full
face mask is not fit,
consider using Total face
mask to get sealed

Avoid using vent mask
with expiratory port on the
mask

For short-term use, place a
filter between mask and
expiratory port in the single
limb ventilator, avoid using
humidification

For long-term use or
patient complaints dry gas,
use dual limb vent and
provide humidification



Manual

ventilation

* Place filter between
resuscitator and mask

» Tight seal resuscitator

O mask when it is

utilized

Chan et al, Scientific reports (2018) 8:198



Department of intensive
care unit, Prince of wales
hospital, Hongkong,
China



Personal protection equipment

Lancet 2003; 361:1519-20.

Personal protection equipment (PPE)

* NO95 respirator/surgical mask for airborne/droplet
precautions

» Contact precautions: Disposable gloves, gown, cap

* Eye protection with non-reusable goggles and face-shield

» Powered air purification respirators (PAPR) may be used
when performing high-risk procedures (Figs 1a and 2a)

* Pens, paper, other personal items and medical records
should not be allowed into or removed from the room

* Immediate removal of grossly contaminated PPE and
showering in nearby facility

Respirology 2003; 8: S31-S35



PPE



Thanks for listening!

A Chinese respiratory
therapist stopped
transportation to view the
lingering light of the setting
sun with a COVID-19 patient

53
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