Iterapia en
on Mecanica

)

Diffusion

o
@
o

0.60

Deposition Fraction
o
3
i
£3
2

0.20 N

0.01 0.10 1.0 10 100 500
Aerodynamic Diameter (microns)

erapia en VM

Nebulizers MDIs
100

o '||||0

[m]
o
&
PSS P e P
I Dhand y Tobin, AIRCCM 1997 _

Nominal dose delivery, %
3
5 8 8

B

22/12/20

Table 1.

Advantages of Inhaled Therapy

Direct delivery of drug to site of action

Rapid onset of action

Lower dose (than systemic administration) to produce desired effects
Minimizes systemic adverse effects

Rajiv Dhand MD
RESPIRATORY CARE e JUNE 2004 VoL 49 No 6
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Dhand y Tobin, Eur Repir J 1996 _
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ventilacién normal
y sujetos en VM
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Igualmente se reportan

cambios significativos en la
Raw

30
Time min

o o
05 15 30 45 60

Time min Dhand, AJRCCM 1995
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Before inhalation
of albuterol

After inhalation

of albuterol

Aerosolterapia en Ventilacién
Mecanica

éCuales son los factores que afectan el
rendimiento de la aerosolterapia en ventilacién
mecanica?

¢éExisten diferencias clinicas entre la nebulizacidn
y los IDM?

éCual es la dosis a utilizar en VM?

¢COmo se comporta la aerosolterapia en nifios?

| o -

E—

Aerosolterapia en Ventilacion
Mecanica

Factores que influyen en la
Aerosolterapia en VM

Relacionados con el
Inhalador de Dosis Medida

Relacionados con el
Ventilador

Modo ventilatorio
Curva Inspiratoria

Volumen Corriente

Frecuencia Respiratoria
Relacion Ti/Ttot (Duty Cycle)

Relaaon.adc.;s Mecanismo de Trigger
con el Circuitc

ionados
con el Paciente

do Ventilatorio/Flujo Inspiratorio

s 2 2 2 2 2o
R & R @ @ =

albuterol amount (mg)

I

o

Volumen Control v/s Presién Control \

oVev-C aVCV-R mpPCY

VCV-C= Vol Control/
Flujo Constante
VCV-R= Vol Control/
Flujo Descendente

PCV= Presién Control

2s

high compliance/high resistance

—

low compliance/low resistance

Hess D et cols.

Intensive Care Med
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Nebulizers
RR Fill Volume Delivery
250 ., " (Breaths/min) (mL) (%)
* Selogra entregar 2 3 30
mayor cantidad de g 200 M 40 Umin 20 3 160
. B % i 20 2 25
droga aerosolizada 3 80 Limin 5 : ot
g s - -
cuando el Ti/Ttot es £ 150 20 3 205
mayor y cuando el 8 20 2 313
0 inspiratori H ]
f|UjO |nsp|rator|o es g 100 MDIs A mayor volumen corriente, mayor
menor a Delivery entrega de medicamento.
< Mode ey
50- (%) . "
Modos y con sincronia
CMV 303 adecuada aumentan la entrega de
04 AC 319 i
025 050 025 050 coap ro,  |medlcmento
TirTtot cPAP 312
Fink et cols, AJRCCM 1999 CPAP 216 Fink et cols, Respir Care 1999
CPAP 49
—

Sincronia Inspiracién/Espiraciéon
Table 2. — Airway pressures, resplratory system mechanics and cardiac frequency before and after salbutamol
i with and without pause (EIP) of 5-s duration
o EIP With EIP
30 T 1 15 min 30 min 60 min B 15 min 30 min 60 min
B Aerovent NH Pek cmH0 313247+ 307244 348248 3142407
H Aerovent H PiemH,0 248245 234246 254246
25| [ Marquest NH cmH,0 933.6% 10.543.4% 213246
| E—— Enin e OL1s 10.73.0¢ 11.0£26% 140417 24225
s 18.4£3.0¢ 18.0£25% 216219 105227+
20 Akunnol_vs 78517 61323 6715 71512
= Cars mL-cmH, ,04 4691]‘) U 46.2x14.1  46.8+20.1 473159
° T PEEP: cmH,0 .2 . 67£3.1% 8148 71243
% fc beats-min! Ql B—l 89.7£16.0 87.8+17.3 B84.8+I187 88.6x194 S‘) 9+20.1  86.8+18.7
c 15 Values are meansso. B: baseline; Ppk, P1, Pp: Peak, lower and plateau airway pressures at end-inspiration; Rmin, Rmax: minimum and
=3 maximum airflow resistances; AR: difference between Rmas and Rmin; Cstrs: respiratory system static inflation end-inspiratory compli-
o ance: PEEP: intrinsic positive end-expiratory pressure: fC: cardiac frequency. *: significantly different from baseline values (p<0.05,
@ 10 | two-way analysis of variance).
s .
= La aplicacion de una pausa inspiratoria de 5
£ segundos no reporta beneficios adicionales
0 11 mi - e a una adecuada técnica inhalatoria
min E 1 min
‘ Diot et cols, AJR o Respir J 1998

Factores que influyen en la Tipo de Espaciador

Aerosolterapia en VM

Relacionados con el Relacionados con el
Ventilador Inhalador de Dosis Medida

E ; <
sl EF e

S . g 5 i Fountviowd
Posicion del espaciador en el circuito u.m | 3 —jn,,_ﬂ.,

Timing de la activacion del IDM — ..

Tipo de espaciador o adaptador

Arfe™ MeiSpacer Chamber

Tipo de IDM utilizado

Relacion:
con el Circuito

nelacivnados
con el Paciente
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Importancia del adaptador

—e— MDI
—A— NEB .
100 puffs a través de
e un codo no disminuye

la resistencia

Resistive Pressure (cm H,0)

A R PR
00 25 50 75 100 125 150
Dose (albuterol, mg)

Manthous, Am Rev Respir Dis 1993
E—

Albuterol Excretion
% nominal dose
S

ol

MDI+ MDI+ Nebulizer
elbow spacer
adapter

\ Duarte et cols, AJRCCM 1996
E—

&2

=

]

5 -
=

2

@

=)

=

@

= *

3

o

=]

8

T

<<

MDI on Inspiratory
E reservoir

e

Activacion del Inhalador

Albutersl (g)

10

Inhalation Exhalation
Actuation

Braconnier y Hess, Respir Care 2005
S

Humedad en la Aerocamara

Table 1.

{1

Mean Percentage of Drug Mass

Time/Test Condition R
Dry chamber* 218 %33

Ih 23%21

2h 11.4+38

ih 12308
Heater off 127+ 03

* The P values were 004 compared o 2 3, 009 compassd 10 3 b asd 013 conparsd to

bealer off.

I

]

Factores que influyen en la
Aerosolterapia en VM

Relacionados con el
Inhalador de Dosis Medida

Relacionados con el
Ventilador

Tipo de nebulizador
Volumen de llenado

Flujo de gas

Intermitente o continuo
Duracién de la nebulizacion
Posicién en el circuito

Relacionadc
con el Circu

onados
-. Paciente
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Nebulizadores Nebulizadores
. Producen particulas 2 Nebulizers
* El disefio del de 1 a3 um: mayor ‘
nebulizador depésito en tracto 4
(modelo) respiratorio inferior ® ®
s
¥ TIpO de solucion Se ven afectados por g 10
e Presion de la fuente la humedad y la T e
5
de gas T] HT
¢ Flujo de trabajo o ‘ '% .
@ & &
S
- &)
1 ]
o —
Cuando detener la .
. - Nebulizadores
nebulizacion
oe b e Requieren conectarse  ® 24 horas en el circuito
. I a30cmdelay, generan
o usando el circuito contaminacion.
z A
£ os €Omo a€rocamara e Utilizar nebulizador
£ estéril, retirar,
01 desensamblar, lavar
T con agua estéril,
Volome remaining (m) enjuagar y secar con
aire seco.
Malone et al, Chest 1993
‘ e CDC, Atlanta, USA  —=]
e — ——
/ T /
Tipo Jet
Expiration

(continuo o activado por inhalacidn)

Air from
compressor compressor




alla Vibratoria

Albuterol Delivery by 4 Different Nebulizers Placed in
4 Different Positions in a Pediatric Ventilator In Vitro Model

Ariel Berlinski MD and J Randy Willis RRT-NPS

Berlinski, A. , and Willis, J. R. Respir Care 2013;58:1124-1133

Expiratory limb

Filt

er

Test
Lung

Ventilator

Humidifier

1
CD B A

Fig. 2. Testing set-up. Position A: At the ventilator on the inspira-
tory side. Position B: Between the humidifier and the inspiratory
limb. Position C: Between the inspiratory limb and the Y-piece.
Position D: In the inspiratory limb, 30 cm before the Y-piece. ETT =

endotracheal tube. J

025mg/3m. W50mg/35mL ®7.5mg/4mL

2,000

1,500

1,000

Albuterol Captured at the End of the ETT (ug)

Humidifier

Aerogen Solo Hudson Updraft Il Maquet Salter 8900

Vibrating Mesh Opti-Neb Ultrasonic j
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Horn'transducer
7

 —

Nebulizers tested.

i, A. , and Willis, J. R. Respir Care 2013;58:1124-

dalus Enterprises, Inc.

\

Comparison of Vibrating Mesh, Jet, and Breath-Enhanced Nebulizers
During Mechanical Ventilation

Sunya Ashraf, Michael McPeck, Ann D Cuccia, and Gerald C Smaldone

ible a la humedad en el
con el jet nebulizer.

rating mesh nebulizer was not predictable, with random failure
perimental runs).

ivered similar particle distributions.

rosol delivery avoids humidifier contamination, and breath-enhanced
gy can ensure better control of drug delivery.

'. . [Respir Care 2020;65(10):1419-1426. |
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The optimal of jet i vibrating mesh izer and pMDI during invasive
and noninvasive ventilation

Ventilation type  Ventilator Nebulizer type Nebulizer optimal position
Invasive Dual limb  Jet neb-ventilator integrated breath  Close to Y piece in the inspiratory limb, or
ventilation with ventilator  synchronized between Y piece and patient airway
bias flow Jet neb-continuous Inlet or outlet of humidifier
Vibrating mesh nebulizer Inlet or outlet of humidifier
PMDI with spacer Close to Y piece in the inspiratory limb, or
between Y piece and patient airway
Noninvasive Dual limb  Jet neb-ventilator integrated No evidence
ventilation ventilator  jey neb-continuous, vibrating mesh  Between mask and Y piece
nebulizer
Single Jet neb-continuous, vibrating mesh  Between mask and fixed leak exhalation
limb nebulizer, pMDI with spacer port
ventilator

Ann Trans! Med. 2020 Sep; 8(17): 107

.21037/atm-20-1313

VenTIator MISgrated J6t REDUZer  VIDTatng Mesh NeDuzer

Ann Trans| Med. 2020 Sep; 8(17): 107
Tk @ doi: 10.21037/atm-20-1313

Position A: between artifcial airway and the Y piece
Position B: inspiratory limb just before the Y piece
Position C: inspiratory limb 20-30 om away from the Y piece

Relacionados con el Relacionados con el
Ventilador Inhalador de Dosis Medida

Tamano del TET
Humedad del gas inspirado
Densidad del gas inspirado

Relacionados
con el Circuito

Relacionados
con el Paciente

22/12/20

Position A: between mask and the Y piece Position C: between mask and exhalation port
Position B: inspiratory limb just before the Y piece Position D: between exhalation port and inspiratory limb

LJ

ventilator

Ann Trans| Med. 2020 Sep; 8(17): 1071. doi: 10.21037/atm-20-1313
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= TEMPERATURA 'Y HUMEDAD
Tamano del Tubo Traqueal
iiiaey
e Aerosolterapia en Tubos Traqueales de :a;
diametro interno 3,0 a 6,0 mm disminuyen § 30 ok
la dosis de entrega medicamento H] il
Silil20
¢ No hay diferencias entre los tubos de P
didmetro 7,0a 9,0 g0
§ *
w
" O'Riordan, 92 Fuller, 92 Diot, 95 Fink, 96
. . | .
— —

V‘I’e#np:ratura y Humedad

Densidad del Gas Inspirado
asociados a Tiempo de Activacion P

30— — - Bieo 9 O He.0p8020
T W Aerovent NH 3 - A Ho-0g 6040
M Aerovent H b ; 140 v gu..ozwu
O Marquest NH £ § v g :',07 200
- : 8 100 ®o,
= 5 H 3
@ § g 60
g H e st posin
= 20
8 04 08 08 10 12 14 16 04 06 08 10 12 14 16
.g Gas Density, gm /L Gas density, gm/L
£
o i s
11 min E 1 min
‘ Diot et al, AJIRCCM 1995 —_ ‘ Goode, Fink, Dhand, Tobin, AJRCCM 2001
E— E—
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Nebulizador y Densidad del gas Factores que influyen en la

Jo— L Aerosolterapia en VM

Severidad de la obstruccién bronquial
Mecanismo de la obstruccion

Oxygen

Albuterol Delivery, ug
w
o

Presencia de hiperinsuflacidon dinamica
Sincronia Paciente/Ventilador

0, He-0,  He-Op

6 Umin 6 Umin 15 Lmin
Gas Operating Nebulizer Il!l!!l!l !!!! W
e Al con el Paciente
EN— EN—
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Seleccion del Paciente

e Tipicamente crisis asmaticas y
exacerbaciones EPOC

e Pacientes con signos de hiperinsuflacién o
con presencia de sibilancias

e Se ha reportado utilidad de albuterol en
SDRA que usualmente presentan Raw
aumentada.

‘ Duarte, Respir Care 2004

—

Signos de Hiperinsuflacion

Inspiration

wees Normal
— Patent

Time (sec)

Flow (Limin)

Evaluacion de la Respuesta al
Broncodilatador

Rinsp: (PIM-P plat) /F insp

Cambio de 10 % se
considera significativo

PEEPi

PEEP=0

Pausa Espiratoria 3-5 seg

em 10

PEEP

[

Al

\ | o | o
— ———
/ _ espuesta clinica: nebulizaciones v/s IDM
Loop Flujo/Vnliiman P i
o | webnspoums :;__'
Aumento del Flujo i 4, No hay diferencias
Espiratorio ' . significativas en la
-
v respuesta de la Raw
Normalizacién de la onanter H con nebulizadores o
. - 3"
curva espiratoria - DL
5 Juebisioum
g o
B P S
3
B o »
q — = —
T — \ T —
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Dosis en nebulizacion

6‘ —e— MDI
I A
22 - NEB .
§ " 2,5 mg nebulizados
o ® .
5 st producen cambios en
2 18 "
8 | la Raw
o 16
g) 1
G 14
k7
o L
@ 12

. A . .
0.0 25 50 75 100 125 15.0
Dose (albuterol, mg)

i

Dosis IDM

Figure 4
4 puffs (400 mcg) * Pl .
generan una respuesta g
broncodilatadora g
SRS

| |
Manthous, Am Rev Respir Dis 1993 ‘ Dhand, AJRCCM 1996
——
o ,
En Pediatria: Nbz v/s IDM
Table 3 Difference in percentage change in respiratory mechanics with MDI versus
SVN s
Time {h) Crs (SEM) p Rrs (SEM) » E
0.5 66 7.8) 0.67 —6.5(7.5) 033
1 11.3 (10.1) 0.52 —0.6(10.4) 095
2 7.0 (10.5) 0.58 —7.1(17.9) 0.64
4 _18.6 (142) 018 -160(1%.6) 048 Infant Child Aduit
ime
Statistically significant {p<0.05) differences in percentoge changes in respiratory mechanics with MDI versus
SVM at sach sample time determined by Wilcaxen signed rank test. Values represent means (SEM).
Crs, respirctory system compliance (ml/em H.OJ; Rrs, respiratory system rasistance (cm H;0/ml/ssc); MDI, 5 3
P e e p e B ol e s
EE
T . e >
Sin diferencias significativas Sg ~
|
= 6 Months Age
Garner, Arch Dis Child 2002 R | Rubin, Fink Respir Care Clin N Am 2001 Q|
‘ ——— ‘ ———
— 4 . ’ ’ . .
Deposito segun Respuesta clinica:
adaptador 4 puffsy 1,5 mg albuterol
w — -
b 2
FTIewp—— % - 0
s | . Bt 5 N =
[ — S I = 1.
—_ N 3 =
-~ o e 5, 2 i <
§ il :
s 2. 3 ° i
3 H g rug
~ 5 /s I 5
. = |0 2 a0 w0l
§ § - :
‘ Bl L T
Time Time
.
o = o ™
| ——
Wildhaber, Chest 1998 Torres, Chest 1997
i\ —_ =
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L B VAFO??

Ao Iul'vl\crir\i\“‘p:u:cr = MDI canister
elbow adipter -

N I =

To ventilator

Rps0®
\ resistor
N\ ETT :lAapl:v | =
N L 1 T
x= [l= B —
T ] To g
22mm adapter simulstor

Conserve® 0,3 pm
circuit filter

g

Table 1. Percentage albuterol delivered to the lung simulator by metered dose inhaler with actuator

30% 40% 50%
5 Hz 0.28 * 0.06 NA NA
10 Hz 0.67 + 0.20%° 0.26 + 0.06 0.26 + 0.08
15 Hz 0.36 = 0.08° NA NA

Table 2. Percentage albuterol lost in the expiratory limb of the circuit by metered dose inhaler with

actuator
30% 40% 50%
5 Hz 3.87+0.73 NA NA
10 Hz 328 +137 449 + 096 5.29 + 0.99°
15 Hz 332+ 052 NA NA

— . — .
‘ Garner, Crit Care Med 2 ‘
———
BEEaciones para |as administraciéon de MDI en
Table 2. Using a Nebulizer During Mechanical Ventilation Table 3.  Using a Metered-Dose Inhaler During Mechanical
Ventilation
1. Clear secretions from the endotracheal tube
2. Be sure the tidal volume is > 500 mL B
3. If possible, decrease the inspiratory flow to = 60 L/min L. Clear secretions from the e“d"?‘"he“l tube
4. Place the drug solution in the nebulizer. Total volume in the 2. Be sure the tidal volume is > 500 mL
nebulizer should be 4-6 mL 3. If possible, decrease the inspiratory flow to = 60 L/min
5. Place the nebulizer in the inspiratory limb, 30 cm from the Y-piece 4. Be sure the actuator-spacer device is in the inspiratory limb
6. Be sure the gas flow to the nebulizer is = 6 Limin 5. Shake the MDI and place it into the actuator-spacer device
7. If possible, nebulize the lution only during inspiration DT 2 s
. N T - 6. Actuate the MDI at the onset of inspiration
8. Tap the nebulizer intermittently during operation S s Ama o - i
9. When nebulization ends, disconnect the nebulizer from the 7. Wait 20-30 s before administering the next MDI actuation
ventilator circuit
- - il
‘ Duarte, Respir Care 2004 Duarte, ieSp" Care 2004
——— ———

Gracias
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