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MICROBIAL IMMIGRATION
Microaspiration REGIONAL GROWTH CONDITIONS

Inhalation of bacteria
Direct mucosal dispersion

Nutrient availability
Oxygen tension

Temperature
pH
Concentration of inflammatory cells
Activation of inflammatory cells
MICROBlAL ELIMINATION Local microbial competiZion
Cough Host epithelial cell interactions
Mucociliary clearance
Innate and adaptive host defenses

REGIONAL GROWTH CONDITIONS

IMMIGRATION AND ELIMINATION

HRS HEALTH 7 SEVERE LUNG DISEASE

2026 Dickson RP, Huffnagle GB. The Lung Microbiome: New Principles for Respiratory Bactetiolegysimii€alth and Disease. PLoS Pathog. 2015 Jul
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e TON THUONG CO CHE PHONG VE

Changes in rheologic Infection &
properties Inflammation

Mucociliary Airways

clearance defects contrta:ute obstruction

Ineffective cough Parenchyma
reflex or mechanism

HRS Damage

Oct;58(10):1669-78.
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COPD
Viral infection
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Injured cell types

ILD
Bacterial infection

Asthma
Bronchiectasis

NI
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Fan W, Gui B, Zhou X, Li L, Chen H. A narrative review on lung injury: mechanisms

Basal cell Ciliated cell Club cell Goblet cell
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Glycocalyx

Alrway

| AT2 cell

Alveoli

Endothelial cell Fibroblast

ﬁfbmrit Care. 2024 Oct




e TON THUONG CO CHE PHONG VE

4 INFLAMMATION h

Neutrophils / Eosinophils

T cell infiltration

\Local / Systemic Immunodeficiency

‘.

The Vicious Vortex
(Flume, Chalmers & Olivier, 2018)

DYSFUNCTIONAL
EPITHELIUM
H Rs Epithelial cell dysfunction
2026 Mucus hypersecretion e
iary'dysfunction in COPD: effect of current

Roger. '
Ciliary dysfuncti
_Wizﬂ- = mﬁion& Pulm Pharmacol Ther. 2005;18(1):1-8.
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TON THUONG CO CHE PHONG VE
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Inadequate conditioning of \
respiratory gases C

Optimal humidification cannot be provided

by the upper airways, resulting in thicker
Cecretions and a slower mucus transport.

Cough impairment

Closure of the glottis is
impeded, hindering the ability
to generate an efficient cough.

|

Retained bacterial-laden
subglottic secretions

Micro-aspirations of gastric and

oropharyngeal content may colonize the
\ distal airways and cause hypersecretionj

Endotracheal tube cuff

Inflation of the ETT cuff drastically decreases
mucus transport velocity and exert a mechanical

(" Respiratory
muscle weakness

Decreased capacity to generate adequate
cough flows and breath spontaneously may
lead to mucus retention and prolonged

need for IMV.

barrier that impedes outward clearance.

Positioning of the patient

Semirecumbent position for VAP prevention

H Rs may enhance mucus retention through
gravity forces.

2026 Marti JD., Martinez-Alejos R. (2020) Respiratory and Mech?#ﬂﬂg@‘iowﬂagement: Av6iaénce of Complications. In:
L Ischarge
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OXYGEN 1'6 5'10 15 UPTO 70 Assuplfﬁolig'E

FLOW Litres/min Litres/min Litres/min Litres/min L|tres/m|n NEEDS

Sz 24-50% 40-60%  60-90%  100%  100%  100%

OXYGEN

ABSOLUTE

MEDICAL GAS 15 °C 0.3 mg/L




SINH BENH HOC -

22°C, ~50% RH

Temperature: 30°C Temperature: 35°C Temperature: 40°C
37°C,100% RH

RH: 100% RH: 80% RH: 60%
AH 30 mg/L AH 30 mg/L AH 30 mg/L
Temperature
Relative Humidity (RH)

Absolute Humidity (AH)
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e CHU'C NANG LONG CHUYEN

90% Humidity
for 15 minutes

100% Humidity

400 pum

Normal Occluded airway




e CHU'C NANG LONG CHUYEN

44 mg/L
Optimal
Humidity

Absolute humidity

miaged 'Y
pitfrefitf V-
s S AR
' man E

~30 mg/L

Exposure time
HRS

2026 | viiiams R, Rankin N, Smith T, et al: Relationship between the hu andtémperature of inspired
: : 4:1920, 1996
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Complications related to poor levels of
humidity are very commohn and i|3<:Iude:1

Dry mouth
and
cracked lips

Inabllity to

cough up NERE]
secretions congestion

Swelling

of tongue

Difficulty
Nacsl? | r?éscgral swallowing
HRS L and talking
2026
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Bubble

KIEM SOAT AM AM
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Membrane
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Gas temperature 10°C
Relative humidity 100%
Absolute humidity 9.4 mg/L

Room temperature 23°C
Relative humidity 50%
Absolute humidity 10 mg/L

Medical gas

administration

Upper airway
bypassed?

YES

Airway leak?

NO

|

No humidification required at flows
<4 L/min, with jet mixing at <50%
or with short-term mask therapy

With flows >4 L/min, use humidifier
(heated if >7 L/min)
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Increasing
% temperature

‘ idity &
% jndof;tggédlti N
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Water reservoir

Heater plate
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WATER VAPOR

W
*0

0.0001
Microns

VIRUS

0.017 -0.3
Microns

BACTERIA

0.2-10
Microns

EBULIZED

WATER DROPLE

/

1-40
Microns
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Dew Point %
37 °C (98.6 °F) ¢
]
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Outlet: 50°C
RH: 100%
AH: 84 mg/L

Delivery site: 37°C
RH: 100%
AH: 44 mg/L

H-O condensate

in tubing Patient
connection

.......

Room temperature: 22°C
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Expiratory Airway temp
limb of circuit sensor

- .
Heated wire
/ controller

Ventilator 35°C
% Patient
. N Y-connector
TI N

Humidifier Heated
outlet sensor

wires

35°C .~

Humidifier

HRS controller




e TRAO DOI AM NHIET (HME)

Increasing risk of ETT occlusion Decreasing risk of ETT occlusion

Hydrophobic Hygroscopic Heated
HME HME humidifier

A

35 40

HRS

2026 Regn, D.D. (2023). Humidification in Intensive Care Medicine: Humidification and jcations in Invégi-\-/e Mechanical Ventilation. In:
JESGiRES Avivfeds)Himisiigaggintherntensive:Care Unit. Springer, Cha
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|

Arch Bronconeumol. 2021;57 Supl 2:28-33
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TRAO DOl AM NHIET (HME)

KIEM SOAT AM AM

Humidification is recommended for all patients
undergoing invasive ventilation.

When providing HME to patients undergoing invasive
ventilation, it is suggested that a minimum humidity
level of 30 mg H,O/L is used.

HH devices are recommended for noninvasive
respiratory support, as they may improve patient
adherence and comfort.

HMEs are not recommended for noninvasive
ventilation.

It is suggested that the HH device achieves a humidity
level between 33-44 mg H,O/L and 34-41°C at the
circuit Y-piece, and relative humidity of 100%.

HMEs are not recommended in patients with low tidal
volumes (such as when lung-protective ventilation
strategies are used) due to the addition of dead space.

Due to the features and mechanisms by which HMEs operate, they are contraindicated in some patient groups,
including those with frank bloody or thick, copious secretions, an expired tidal volume < 70% of delivered tidal
volume, a body temperature < 32 °C, and those on noninvasive ventilation with large mask leaks.

HRS

2026 American Association for Respiratory Care; Restrepo RD, Walsh BK. Humidification.dukiaginvasive and noninvasive mechanical ventilation:

[ 2012, Respir Gare-20+2-May; g8 26—
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Water Vapor (Humidity)
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34 °C, 32 mg/L
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Water Vapor (Humidity)
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KIEM SOAT AM AM CHU PONG

Biao hoa @am am sinh ly Dé chiu, dung nap
Co ché phong vé Ho, lam sach hiéu qua

o n

Hien twong ngung tu Ngan ngwa bién chung

GIAM THO'I GIAN NAM VIEN
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