May 10, 2026 115F & BERBENERE

Inhalation Therapy for Critically Ill Patients |} 00~
During Mechanical Ventilation Weaning 2

FERERRY ESEM

PEBEASHRER EEWE

fi B A 7 B2 B E % W IR INERE EE
PEBEASED 2 IEIUR

ErBEE 5 ESFRAIMEEE XEEE




1. T connection 2. T connection 3. Y connection
Air vents: open Air vents: close Air vents: close
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What do you think when aerosol thénjépy use
in ventilated patients with COVID-19 ?




Aerosol Therapy During Mechanical Ventilation
From Drug Delivery to Ventilator Strategy

Drugs Bronchodilator

Bronchodilators
Short- v.s. long-acting

Ventilator Devices
settings — | Nebulizer, MDI, SMI
Position, Vt, rate Nebulizers,

Heated humidifier pPMDils

Outline

Arzu et al, Nurs Crit Care 2012; 15(4): 192-203 ’



Prevalence

Aerosol therapy
ICU Intubated

24% 22%



Prevalence

Drugs Aerosols (n = 9714) Patients (n = 678)
Bronchodilators 7960 (82 %) . 600 (89 %)
Short acting beta-2-adrenergic agonists 6780 (95 %) BronChOdlIatorS 463 (86 %)
Long acting beta-2-adrenergic agonists 88 (1 %)

82% (SABA 95%),5 47,

Corticosteroids 1233 (13 %) ] ) 173 (26 %)
Beclomethasone dipropionate 269 22 %) | Corticosteroid 31 (18 %)
Budesonide 897 (74 %) 130 (77 %)
Fluticasone 606G % |13% 11 (6 %)
Other 5 (<1 %) 1 (<1 %)
Anti-inlecuous drugs 09 (5 %) 31 (5 %)

[ Amikacin 31 (6 %) | 9 (30 %)
Amphotericin B 33 (6 %) 4 (13 %)

[Colistn 700 (9 %) ] Antibiotics 19 (63 %)
Gentamicin 21 (4 %) 2 (7 %)
Ceftazidime 6 (1 %) 3 (10 %)
Tobramycin 14 (4%) 2 (<] %)
Mucus modulating drugs 241 (3 %) 39 (6 %)
Acetylcysteine 136 (61 %) 22 (65 %)
Recombinant human deoxyribonuclease 12 (5 %) 7 (21 %)
2-Mercapto ethane sodium sulfonate (Mesna) 93 (42 %) 11 (32 %)
Electrolyte solutions 503 (5 %) 71 (9 %)
0.9 % sodium chloride” A0 (87 %) 65 (91 %)
Hypertonic sodium chloride 16 (3 %) 2 (3 %)
Sodium bicarbonate &7 (9 %) 4 (6 %)
Other 14 (<1 %) 5 (<1 %)

5

Ehrmann et al, ICM 2016: 42: 192-201



Prevalence

Device n = 9714
Aerosol generation devices

Jet nebulizer 56% | Jet nebulizer 5436 (56 %)
Ultrasonic nebulizer 940 (10 %)
Vibrating mesh nebulizer 999 (10 %)

MDI 23% Hand held devices® 2216 (23 %)
Instillation” 123 (T %)

Metered dose inhaler Ventilation during aerosol delivery

M DI Spontaneous breathing 4832 (50 %)
NIV® 350 (4 %)
Invasive ventilation 4532 (47 %)
Number of molecules within one aerosol
1 53583 (57%)
2 3657 (38 %)
>3 474 (S5 %)

Ehrmann et al, ICM 2016; 42: 192-201 6



Prevalence

Ventilator settings - Stop? Ventilator
. moston , — heated Settings
Location  aperv:41% before Y: 30% e 16% | e humidifier Changed?
\‘ B

Ventilator
settings
changed : 4%

Connection tube between Y

piece and tracheal tube: Expiratory limb protection
removed (if used): 4% filter use : 67%

Ehrmann et al, ICM 2016; 42: 1927201



Global Initiative for 2026

Chronic Obstructive

Lung Disease REPORT

Global Strategy for the Diagnosis, Management, and
Prevention of Chronic Obstructive Pulmonary Disease

Initial Pharmacological Treatment

Figure 3.8

INITIAL treatment - for patients with COPD who are naive
to maintenance pharmacological treatment

EXACERBATION
HISTORY
(PER YEAR)
One or more (2 1) GROUPE
moderate or severe LABA + LAMA*
exacerbations in the
previous year consider LABA+LAMA+ICS* if blood®os = 300
= =4
Zero (0) GROUP A GROUPB
moderate or severe .
exacerbations in A bronChOdIIator LABA + LAMA*
the previous year
Y, 0O #
~/
MMRC 0-1, CAAT < 10 J mMRC > 2, CAAT > 10 J
Ry
SYMPTOMS

*Single inhaler therapy may be more canvenient and effective than multiple inhalers; single inhalers improve adherence to

treatment

Exacerbations refers to the number of exacerbations per year; eos: blood eosinophil count in cells per microliter; mMRC:
modified Medical Research.Council dyspnea questionnaire; CAAT™: Chronic Airways Assessment Test™.



Bronchodilator Therapy in AE COPD
Key Conclusions

1. First-line Bronchodilator: Inhaled SABA £ SAMA. Avoid excessive dosing due to side
effects

2. Delivery Method
*pMDI and nebulizer show similar efficacy
*Nebulizer may be easier for critically ill patients

3 Nebulization Strategy
*Prefer air-driven nebulization
*Avoid oxygen-driven nebulization to reduce risk of CO, retention

Global Initiative for chronic obstructive lung disease, 2026 9



Bronchodilator Therapy in AE COPD
Key Conclusions

Although no clinical studies have evaluated the use of inhaled LABDs (either beta2agonists
or anticholinergics or combinations) with or without ICS during an exacerbation, we
recommend continuing these treatments during the exacerbation or to start these
medications as soon as possible before hospital discharge.

4. LABA /LAMA/ICS
*Continue maintenance inhaled therapy during exacerbation
*Restart before discharge if temporarily withheld Nebulized LABA

Current Evidence
*Limited direct comparative trials

*Retrospective data suggest possible reduction in 30-day readmission with nebulized
LABA

Global Initiative for chronic obstructive lung disease, 2026 10



Deposition | -
Before Ventilator  EXplratory Expiration

Enter the lung S filter Y-piece 7-22%
Ll
Circuit Hap \, Catheter mount

10-44% —
n — / Endotracheal
- J_ | Trau - T tube

Reservoir Patient

Heated water
bath

Dugernier et al. Critical Care (2017) 21:264 11



Deliver to lung

Jet
Nebulizer

3-7%

T

.
>

Ambie tll-'—b

Patient

Drug los o ¥ & Interface

J
during e h ation- . =
Baffle/Orifice éF‘ .
. /
.

qu uid in reservoir

Compressed gas source

I
MDI+ chamber L
at Y-piece

38%

Vibrating mesh

Ultrasonic

Nebulizer Nebulizer
5% 10-15%
LN 5 -, &

[

Mark et al. Chest. 1999;115(6):1653—7.



Deposition
mechanism

The Airway

2
@ownian motion
(diffusion)

S Alveoli
Impaction 2-5um

First 10 branches
COPD, asthma,
ventilator-associated tracheobronchitis

sedimentation

Dhanani et al. Critical Care (2016) 20:269



Deposition

Distribution in the lung

Distal tip of the airway

Trachea Whole lung
Main bronchus
Achieving effective 490/0 5 1 O/O
drug deposition at
the target site o _
remains a major Distribution of both lungs
challenge. R’t lung L't lung

33% 17%

Klockare et al. J Clin Nurs. 2006;15(3):301-7. 14



Short-acting bronchodilators mechanical ventilated patients

TasLe 3, INVESTIGATIONS OF BRONCHODILATOR THERAPY AND ATRWAY RESPONSE
IN MEcHANICALLY VENTILATED PATIENTS

Author, year

ireference #) Aerosol device Response

Dirug idose, mg)

TasLE 3, (CONTINUED)

Author, ywear
(referenee #) Berotec'N

100 MCg e

Divnig (dose, mg) Aerosol device

Mouloudi, 2000090 Albutersl (0.2, pMDI-spacer Sign PR P
Gay, 1587™) Metaproterenol Small-volume aerosol Increase in expivatory flow at recoll pressure of 6em (L) ok Onton: ko g
(1.5 mg) generator H20, and reduction in peak pressure and intrinsic 5 Sl
PEEP Mouloudi, 2000 Albuterol (06mg)  pMDl-spacer Sign
Wegener, 19577)  Ipratropium pMDI and adapter Decrease in inspiratory airway resistance and I
X (02 mg) significant increase in paOy ur
Fuller, 19907 Fenoterol (08 mg)  pMDlspacer Decrease in peak alrway pressure not significant with Mouloudi, 2001 Albuterol (04mg)  pMDl-spacer Sign
Fenoterol Nebulizer either device ! in
e i

Salbutamol, fenoterol, ipratropium nebulizer & MDI
Significant decreased airway pressure and resistance.

ATl

5, 75mg)
Yang, 1994 Ipratro pium Nebulizer Significant reduction in peak airway pressure, mean

(0.5 mg) airway pressure and mean airway resistance
Fernandez, 1994 Fenoterol pPMDI and short Significant decrease in airway resistance with

(0.1 mg)+ catheter combination

Ipratropium

(004 myg)

Dhand, 1995 Significant reduction of airway resistance for up to
6l min

Albuterol (0.5,1.5  pMDIspacer Significant reduction in airway resistance with 1.5 and
Almg A0mg albuterol
cumulative
dose)

Albuterol (04,1.2,  pMDlspacer Significant reduction in airway resistance with 04, 1.2
2.8mg and 28 mg of albuterol
cumulative
dose)

Albuterol {1.6mg)  pMDIspacer
with or without
end-inspiratory

Albuterol (1L0mg)  pMDIspacer

Man thous, 199315

Dhand, 1996'

Mouloudi, 19958™ Significant reduction inairway resistance, No effect of

end-dnspiratory pause

alse
Waugh, 1995 Albuterol (0.4, pMDI and chamber Reduction in airway resistance with 4 puffs and 8
(.8mg) spacers puffs, No difference in response between 2 chamber

Spacers

Significant reduction inairway resistance. No effect of
tidal volume SmL/kg versus 12mL/ kg body
welght

Significant reduction in aleway resistance with both
pMDI and nebulizer

Mouloudi, 1999 Albuterol {6 mg) pMDIspacer

Fenoterol
(0.2 mg)+
Ipratropium
(04 myg)
Fenoterol
(125 myg) +
Ipratropium
(0.5 myg)

Albuterol (0.4,
1.0mg)
Albuterol
25mg

Guerin, 19991 pMDI-spacer

Nebulizer

Dluarte, 2000 Significant reduction in airway resistance with both

pMDl-spacer
pMDI and nebulizer for up to 2h

Nebulizer

ventilation with similar tidal volumes

Significant reduction in airway resistance for up to 8h,
but the duration of effect was variable and
unpredictable in individual patients,

Expiratory resistance of the respiratory system
[expiratory Rrs) was several-fold higher than
inspiratory resistance. After albuterol, there was
significant reduction in expiratory Res with increase
in the rate of lung emptying toward the end of
expiration. Changes in expiratory Rrs did not
correlate with changes in end-inspiratory inspiratory
resistance after albuterol

Mal liotakis, 2008™  Salmeterol
(0. T mg)

pMDE-spacer

Kondili, 2011 Albuterol (04mg)  pMDI-spacer

i **p<0on
3
A
§
Airway 5" |

r

resistance.s

. Time. min -
amin 2h
Ari et al. J Aerosol Med Pulm Drug Deliv 2012; 25(6): 319-32.
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Lo n g -a Cti n g Bz -ag O n ists Malliotakis et al. Critical care 2008; 12(6): R140.
Mechanical ventilated patients Significant decreased airway

pressure and resistance.

Salmeterol (25mcg/puff) 4 puff Evident at 30min; remained 8 hours (6-10h)

MDI + spacer; inspiratory limb

(a) P <0.05 (b) P <0.05

Peak airway pressure Airway resistance rrs
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4 puffs of salmeterol 25 ug/fluticasone 125 ug combination therapy

ICS + LABA for AE COPD decrease resistance and peak
inspiratory pressure (30mins-2 h -3 h)

Changes in various parameters (%)

0 -_— -
= -4
‘\ —— Rrs —¢ - PIP —=a- MAP
-5 -
S
o 10
(3]
c
o
£ 15
._$
<]
—20 -
30 min 3h
-25 | : : : : :
Baseline 0.5 1 1.5 2 2.5 3

Time (hours)
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Chen WC, et al. Int J Chron Obstruct Pulmon Dis. 2016 Jan 27;11:167-74.



MDI: greater delivery efficiency than jet nebulizer

Table 1. Mean Inhaled Mass and Lung Dose as Percent of Nominal Dose Delivered Distal to the Trachea With Each Aerosol Device

=
2.5mg/3ml TT 0.1mg x 4 puff . 1/6E|’\]ﬁ,i|5IJEETr
e —
Salbutamol (SABA) Jet Nebulizer pMDI P Jet Nebulizer pMDI P
Inhaled mass, mean *+ SD pg 97.3 + 14.0* 63.6 + 0.4+ 01 79.6 + 3.8 50.1 = 8.2 005
Lung dose, mean + SD % 3.9 + 0.5% 147 + 0.1§ 001 32 + 0.1 116 = 1.9 002

A L 3.8f=4s 3.6154 v

' Heated
humidifier

filter
Collecting

filter

Passive test lung Collecting

filter

Arzu et al. Respir Care. 2015;60(11):1570-1574.

Passive test lung
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Position & Protection Filter
e nm em Collection Filter
Humldlfler \ / Ventilator

A ETT | .
of aerosol (¢ Loiece
. . ~Bore Tubing .
d eVI CeS T T I TR

Dual Chamber Test Lung

Tidal volume 500 mL L 15-cm Large
Ramp flow pattern Position 1 \ Bare Tubing
15 breaths/min

Position 2 Position 3
Peak inspiratory flow 60 L/min on
PEEP 5 cm H20 _ Heated humidifier

/ ? / Bore Tubing % T

d& /—:d g
) t 15-cm Large

Bore Tubing

Arzu et al. Respir Care. \ -
2021%;55(7):837p—l844_ ' Position 1 Position 2 | Position 3
' - ’ T 19



Position |nhaled drug mass (%)

(" ETT 15-cm Larg—;\‘\ MDI [ Ventilator
/ _/E.;.me Tubing BS Nebuli l Jet Nebulizer
& g VM Ne bu Il_zer % T S 15cm from
% 15 eb lllf IzerY . 15-cm Large VentllatOr
—" _ Y cm beftore Y-pliece Position 3 Bore Tubing
35 ”" 35 —
Q Position —— ot Position 3
SS. 30 — —a— Mesh | 5 307 —— Jet
0 —a— Ultrasonic| S —a— Mesh
% 25 - ~==Q=_DMDI g 25 =t |J|trasonic
=== pMDI
i 204 T S ot—
- @)
5 151 il
()
B 10- ﬂ_ 1 5 10 B
m c—
5 - T 5] =i
= ~3 =
v Non-humidified Heated/Humidified 0 Non-humidified Heated/Humidified

Arzu et al. Respir Care. 2010;55(7):837—-844.
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Procedure Metered-dose inhaler

Nebulizer

Choose the device

MDI plus a cylinder chamber
Locate the device

In the inspiratory line between

10 to 30 cm from the Y piece
1 i Locate Bottom-up in the chamber
the device p ey
ine
ICU Ventilator
L |

Patient

iR,/
MDI il

Metered dose inhaler k

MDI + chamber

~
-

Seretide’ s
Evohaler bl
s

=

Inspiratory limb
15cm from Y piece
MDI+ Spacer

Guerin. J Aerosol Med Pulm Drug Deliv. 2008 Mar;21(1):85-96 21

Small volume nebulizer

Horizontal

Expiratory
Line

ICU Ventilator

Patient

Inspiratory
line

Pneumatic
Nebulizer



Procedure Metered-dose inhaler Nebulizer

Minimize humidity of the air ' 2. STOP Heater-numidifier
Clear the airways 3. Sputum suction

Please wait

until the end of the talk o

Guerin. J Aerosol Med Pulm Drug Deliv. 2008 Mar;21(1):85-96 22



Procedure Metered-dose inhaler Nebulizer

Adjust ventilator settings a. V1 500 mL: make sure that plateau

. . pressure if measurable =32 cm H,O
4- Ventllator Settlngs b. Duty cycle =0.30 and/or inspiratory

flow 30-50 L/min: make sure that
Deep Vt 500m| intrinsic PEEP does not rise
c. No change in applied PEEP and F,0,

Slow
0.6
o)
2 _ 0.5 oo o
TVt/ f -% 0.4 Slow and deep
o
S S ~—
1. TVt H3E = 03-
= O Tidal breathing
= 2
2. lf L [‘E o 0.2 - °
(]
0.1 4
00 | | | I
0 5 10 15 20
Murray & Nadels et al, Textbook of Respiratory Medicine, 6th edition Period of breathing (VT/2)

Guerin. J Aerosol Med Pulm Drug Deliv. 2008 Mar;21(1):85-96
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Increased inspiratory flow reduces the inhaled dose.

a b

50 - 50 -

e 40- $ 40 -

8] Y "

: | o " oo

2 20- § 20- § ' ‘ "

= ®

=

~ 10- 10- »

rs =-0.83; p <.001 re =-0.68; p < .001
0 | I 1 | 1 0 I 1 1 1 1
0 10 20 30 40 50 0 10 20 30 40 50
Flow (L/min) Flow (L/min)

FIG. 4. Correlations between the inhaled dose with inspiratory flow. Nebulizers were placed at inlet of
heated humidifier (a) and 15 cm away from the Y-piece (b).

J Aerosol Med Pulm Drug Deliv. 2024 Jun;37(3):125-131 24



An inspiratory pause reduces the inhaled dose.

a At inlet of the humidifier b At 15 cm from the Y-piece

:\340_ - _ 404

Eso— ? ] = A a3

N BB 7

T 20- // % % = “H = % T
A T[] = nn

Ventilator settings

FIG. 2. Comparisons of the inhaled dose with and without an inspiratory pause across different ventilator settings. Inhaled
doses (mean=*SD) without an inspiratory pause (clear bars) versus with an inspiratory pause (bars with slash lines).
Nebulizer was placed at the inlet of humidifier (a) and 15cm away from the Y-piece in the inspiratory limb (b). SD,
standard deviation.

J Aerosol Med Pulm Drug Deliv. 2024 Jun;37(3):125-131 25



Inline suction catheter 07 P=o01  P<.00 P<001  P=.168
reduces the inhaled dose 40—
% 30
@ 20- T & -
g / 7 VT
" e
1 1

0 | | | | |
G G-Sux H H-Sux G G-Sux H H-Sux
At the humidifier At the Y-piece

FIG. 5. Comparisons of inhaled dose with versus without

an inline suction catheter with two nebulizer placements.

Ventilator settings were V1 560 mL, RR 20 breaths/min, Ti

1.0 seconds, and I:E of 1:2 and without Ti- ., (G) and with

0.3 seconds Ti-payse (H), with nebulizer pfaced at two neb-

ulizer placements. Sux: with an inline suction catheter; bars
J Aerosol Med Pulm Drug Deliv. 2024 Jun;37(3):125-131  with slash lines: setting with a Ti-p,yse.



Procedure

Metered-dose inhaler Nebulizer

Proceed inhalation

5. Inhalation
timing

a. Shake the canister. a. Fill the nebulizer with optimal
b. Actuate at the beginning of volume. If unknown fill with
mechanical inspiration. 4-6 mL.
c. Allows at least 30 sec between b. Select optimal flow to power
two actuations. the nebulizer. If unknown, choose 6-8
L/min.

Synchronization with ¢ Adjust minute ventilation if required to

keep V7t constant.

the reSpiratOry CyC|e: d. Set the optimal duration of nebulization.
: - - . [f unknown, choose 30 min.
during inspiration

30- 60 sec interval
between serial actuation

Dose-escalation protocol

27



Procedure Metered-dose inhaler Nebulizer

Observe inhalation Observe emitted aerosol cloud Observe nebulizer volume for
6. Observe for adequate aerosol adequate aerosol generation
. generation until sputtering
Monitor patient & monitora. Heart rate, SpO,, blood a. Heart rate, SpO,, blood pressure
pressure
b. Patient-ventilator synchronization

Return to baseline after a. Disconnect MDI plus chamber

inhalation or nebulizer

b. Reset previous ventilatory
7. Return to baseline settings

c. Heater-humidifier or heat and
moisture exchanger ON

28



RESPIRATORY CARE 2020 VOL 65 NO 7

In Vitro Evaluation of Aerosol Performance and Delivery Efficiency
During Mechanical Ventilation Between Soft Mist Inhaler and
Pressurized Metered-Dose Inhaler

Wei-Ren Ke, Wei-Jhen Wang, Tzu-Hsuan Lin, Chao-Ling Wu, Sheng-Hsiu Huang,
Huey-Dong Wu, and Chih-Chieh Chen

— MOUTHPIECE
PN T —— L .o Respimate
B x };( BUTTON U Soft moisture inhaler
Spioltor Re ’ i
2E wan smmat j W -’ — : '
' } u-l' . S M I
75 mkrogram { 25 microgy — || SAFETY CATCH—— i |
Z | i — '[ ‘ ..'1'.!' DJ‘
SN N e | [ — e — =
= Sl =Y e - a_
(s : :_-'__l'g_-:-_- g — ——r. i iy | ——
Ll Gt |7 '*‘é‘.x | CLEAR BASE ll5‘==... &
G T ) - PIERCING ELEMENT oL, |
— ! M

CARTRIDGE
29



2 puffs of tiotropium (2.5 y g/puff) with T-adaptor connection

LAMA for stable COPD decrease resistance and peak
inspiratory pressure (1h - 6h — 12 h)

20% -

-e-PIP ——Pplat -=-Rrs

10% +

Percent changes

0% 4

-10% +

Airway resistance

-20% —— t t t i
0 1 3 6 12 24

h

Figure 1. Percent changes (A-difference %) in Peak inspiratory pressure (PIP), mean airway pressure
(Pmean), plateau pressure (Pplat), and maximum resistance of the respiratory system (Rrs).

30

Fu et al. Pharmaceutics 2021, 13, 51.



FPD <5 um (% DM)

504 connectors spacers | AeroTrach |Respimat
4 * (spontaneous) | adapter
40 -
30 -
20 -
,
'
10" % @ A
v A
IR e
oq + ' J I | I I I T T
- 6 \5.' é
8 2 5 & 8
— 1)
- - r 2P h 2 gg 8E
S £ £ 2@ 5 £ E E 5 &
T ¢ & 2 ¢ B D & ¥ &

Dellweg. J Aerosol Med Pulm Drug Deliv. 2011 Dec;24(6):285-92

31



OPS

Jpmmmeen- Collection filter

g Endotracheal tube

Position 1

Single chamber test lung 3 pos ition

2 inhaler, spacer, VHC 1 pMDI vs SMI

------------------------------------

_____________

e Ventilator
VHC (150 mL) ’

4 timing

T1: onset of inspiration
T2: onset of expiration || ==
T3: end of expiration

=== Expiratory limb

/////I///ll Wiy
[T

iy
= /
3

Position 3

J

Position 2

o ///////lllIIlllIIIIll\\!ll!_"'

R — Inspiratory limb




Position SMI

Inhaled dose (%)

MDI
30{ A T3 301B T1
[ T
S
20~ o 204
n
@]
©
I =
K]
©
10 < 10- T
I
0 | L I 0 L L |
P1 P2 P3 P1 P2 P3
Position Position
(O e | 5== ”k

Single chamber test lung

Position 1

* Position 2

15cm before Y-tube

/

Position 3

........... Inspiratory limb




SMI generated smaller MMAD (mass median aerodynamic diameter) than the pMDI
the PSD(particle size distribution) of the SMI showed bimodal distribution

Respimate

Soft moisture inhaler

SMI

MOUTHPIECE
AIRVENT ——

DOSE-RELEASE —U
BUTTON
SAFETY CATCH—— lll n
a -

CLEAR BASE ‘i
PIERCING ELEMENT “’ ;__

CARTRIDGE

40

Mass fraction (%)
S &

N
o

Dk

HH

— SMI
»— pMDI

1 10
Aerodynamic diameter (um)



Timing

A m— SM|
T1: onset of inspiration —— pMDI
T2: onset of expiration 30-
T3: end of expiration ~ 1
G
B o0 End o
SMI: end of expiration e " . Tt
_ : N B expiration
pMDI: onset of inspiration 3
The spray duration TS
SMI:1.431+0.12s
pMDI: 0.17 £ 0.03 s
Ti:0.9s : T1t T2 T3
Timing of actuation .
Metered dose inhaler‘i‘.iil S)fet?nrc,)'lsrtn:?rﬁ\aler o
Fespr oy Isture i e T®
Ny = |y

SAFETY CATCH— it Lil

el &=

| -

CLEARBASE— s |” £ 5

PIERCING ELEMENT ‘__ | m
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pharmaceutics ml\ny

Article
Optimal Connection for Tiotropium SMI Delivery
through Mechanical Ventilation: An In Vitro Study

Tien-Pei Fang 12, Yu-Ju Chen 3, Tsung-Ming Yang 4, Szu-Hu Wang !, Ming-Szu Hung ", T-a d d pto r
Shu-Hua Chiu !, Hsin-Hsien Li 5, James B. Fink ¢ and Hui-Ling Lin 1-2-5*

B T-adaptor

A RTC adaptor

Passive test lung

ET?tube

Y-adaptor

Pharmaceutics 2020, 12, 291 6 a



Comparison of drug dose

'\ RTC adaptor

Spontaneous
breathing
32 = Al
© 10 o = apr 22.8%
_8 7-_6_%) (- T-
o . B T-E
_g Bl Resuscitator
B o
g 51 2.2% 2.8%
[= 1.2% 1.0%
1
0 —
?} & AN /\g’ &
N \?: &@
&
<

Y In-line Y-adaptor <&
Actuation during Expiration 57



| .3,'Y connection

1. T connection - 2.Tconnection
Air vents: open Air vents: close
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Nebuliser Type Influences risk of release of patient-derived bioaerosol to

environment

Air flow through the JN
during operation

S

nebule

Compressed
air source Cup

Medication

&~ Compressed

air source

Drug refill process for a jet nebuliser (JN) which results
in an open ventilator.

Joyce, M.; et al. Pharmaceutics 2021, 13, 199.

Bioaerosol released from

4/ \ the JN during dosing
Drug / 4/ \>

Drug
nebuIe
i Medication
cup
o0 AN
— =l — — [l ) —

Air flow through the
circuit during VMN operation

Air flow through the
circuit during VMN dosing

For a a vibrating mesh nebuliser (VMN) which
maintains the closed ventilator circuit and mitigates
the risk of release of patient-derived bioaerosol to
environment.

42



Average particulate concentrations number and PEEP during drug refill
Vibrating mesh nebulizer

Table 1. Median and IQR (interquartile range) particulate number concentrations across all test runs Table 2. Average + SD PEEP (positive end expiratory pressure) during nebuliser drug refill.
detected for simulated drug refill at the two-minute mark.

PEEP (cmH;0) Average + SD

Particulate Number Concentrations (#/cm—3) Median and IQR Vibrating Mesh Nebuliser Jet Nebuliser
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Application of Aerosol Therapy in Ventilated Patients during COVID-19 Pandemic

St rategy 1. Do not use a jet nebulizer or pMDIs for aerosol delivery to ventilator-dependent
patients with COVID-19 due to the breakage of the circuits for the placement of the
device before aerosol therapy.

2. Use mesh nebulizers in critically ill patients with COVID-19 receiving ventilator
support as they can stay in-line for up to 28 days, and reservoir design allows adding
medication without requiring the ventilator circuit to be broken for aerosol drug
delivery. Unlike jet nebulizer, the medication reservoir of mesh nebulizers is
isolated from the breathing circuit that eliminates the nebulization of contaminated
fluids.

3. Placing the mesh nebulizer prior to the humidifier can improve the efficiency of the
treatment and further reduce retrograde contamination from the patient.

4. Attach a HEPA filter to the expiratory limb of the ventilator to reduce secondhand
aerosol exposure and prevent the transmission of infectious droplet nuclei through
the ventilators.

5. Do not combine aerosol therapy with pulmonary clearance techniques such as chest
physical therapy and suctioning.

6. Use in-line, or closed system suction catheters if the patient with COVID-19 is
intubated and needs endotracheal suctioning during mechanical ventilation because
they can be utilized up to 7 days without having to break the ventilator circuit.

7. Wear personal protective equipment, including an N95 respirator, goggles/face

Ari, et al, Respiratory Medicine 167 (2020) 105987 shield, double gloves, gown or apron if the gown is not fluid resistant.
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X Position

MDI / SMI: Inspiratory limbs,15cm from Y piece
VMN: heated humidifier inlet

n Aerosol Delivery via Invasive Ventilation

. °}hanging fill volume
@ or diluent volume
Changing
artificial airways

Changing mode
and parameter

v Iy

2,

Li et al. Annals of Intensive Care (2023) 13:63 46



B Aerosol Delivery via Non-invasive Ventilation

ﬁhanging fill volume

or diluent volume
Interrupting or discontinuing Changing mode
noninvasive ventilation and parameter

oo0o0o0o O
& > —— g ©
Aerosol Delivery via High-flow Nasal Cannula

o Discontinuing HFNC 3 | h fI
or not in-line with HFNG H W
JUI L | I g o

A

G@ Q__ Nasal cannula
<O
&»ﬂ %"

*in some in vitro experiments a continuous JN placed in those positions is less efficient than VMN for aerosol delivery.  Li et al. Annals of Intensive Care (2023) 1863
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Advancing Safe Mechanical Ventilation Using Offline RL With Hybrid Actions and Clinically Aligned
Rewards

Muhammad Hamza Yousuf, Jason Li, Sahar Vahdati, Raphael Theilen, Jakob Wittenstein, Jens Lehmann

Invasive mechanical ventilation (MV) is a life-sustaining therapy commonly used in the intensive care unit (ICU) for patients with severe and acute conditions. These
patients frequently rely on MV for breathing. Given the high risk of death in such cases, optimal MV settings can reduce mortality, minimize ventilator-induced lung
injury, shorten ICU stays, and ease the strain on healthcare resources. However, optimizing MV settings remains a complex and error-prone process due to patient-
specific variability. While Offline Reinforcement Learning (RL) shows promise for optimizing MV settings, current methods struggle with the hybrid (continuous and
discrete) nature of MV settings. Discretizing continuous settings leads to exponential growth in the action space, which limits the number of optimizable settings.
Converting the predictions back to continuous can cause a distribution shift, compromising safety and performance. To address this challenge, in the IntelliLung project,
we are developing an Al-based approach where we constrain the action space and employ factored action critics. This approach allows us to scale to six optimizable
settings compared to 2-3 in previous studies. We adapt SOTA offline RL algorithms to operate directly on hybrid action spaces, avoiding the pitfalls of discretization. We
also introduce a clinically grounded reward function based on ventilator-free days and physiological targets. Using multiobjective optimization for reward selection, we
show that this leads to a more equitable consideration of all clinically relevant objectives. Notably, we develop a system in close collaboration with healthcare
professionals that is aligned with real-world clinical objectives and designed with future deployment in mind.

Comments: Accepted to AAAI-26
Subjects: Machine Learning (cs.LG); Artificial Intelligence (cs.Al)
Cite as: arXiv:2506.14375 [cs.LG]
(or arXiv:2506.14375v2 [cs.LG] for this version)
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Summary

Prevalence

BD, ICS, Abx
Nebulizer most
Different MV settings

Deposition
of the aerosol therapy

Central airway
Limited by secretion and
atelectasis

I -

Drugs
AE: Short-acting, Nebulizer
May add long-acting BD when condition is stable

Devices
MDI / SMI+ spacer/Chamber > VMN > JN

Ventilator settings

MDI / SMI: Inspiratory limbs,15cm from Y piece
VMN: heated humidifier inlet

Vit 1, RR |, | Inspiratory flow

MDI: inspiration, SMI: Y-connector, expiration
30-60s interval, 1 dose
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