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tems should be expected to provide a drug
output with about 50% of the particles below
5.0 um mass median diameter. It is important
to obtain an acceptable range of aerosol particle
sizes because of the way in which these are
deposited in the tracheobronchial tree.'”

Practical definitions

Fet nebuliser: a nebulising chamber where an
aerosol is generated from a flow of gas from an
electrical compressor or from a compressed gas
supply (air or oxygen). The gas passes through
a very small hole (the jet or Venturi) resulting
in liquid being sucked up through the small
hole from the chamber base and atomised.
The resultant large particles then impact upon
baffles to generate small respirable particles.®

Ultrasonic nebuliser: an electrically driven sys-
tem whereby a rapidly vibrating piezoelectric
crystal vibrates the drug solution and produces
aerosol particles of a respirable size.®

Flow rate through the nebuliser: the flow rate
of gas, whether from a compressed source or
from a compressor, that actually drives the
nebuliser chamber. It is not the same as the
flow rate from the compressor which will often
be considerably higher.” It is obtained by pro-
ducing a pressure-flow rate curve for the nebu-
liser. Recordings of circuit pressure are made
from zero flow (maximum pressure) to max-
imum flow (minimum pressure) using a rota-
meter, a compressor unit (or flow generator),
and pressure measuring device. By substituting
the nebuliser chamber for the rotameter the
pressure in the circuit can be obtained with a
constant flow rate from the flow generator.
From the pressure-flow curve the flow rate at
the nebuliser can be obtained.”

Volume output from the nebuliser: the volume of
solution leaving the nebuliser chamber. Whilst
useful as a general guide to nebuliser per-
formance, it does not give precise information
about the actual drug output.?

Drug outpur from the nebuliser: the actual
amount of drug that is released during nebu-
lisation. Because of a variety of factors, in-
cluding evaporation, a precise measure of drug
output (as opposed to volume output) must be
assessed using marker techniques.?

Residual volume: the volume of solution left
in a nebuliser chamber once nebulisation has
ceased and all of the aerosol particles have been
generated and have left the nebuliser chamber.
It is an important volume to take into account

suggested that it should be at I
residual volume. It is important
of the desirable fill volume whe
nebuliser drugs in prepackaged an

The definitions of aerosol out
particles, mass median diameter (
median aerodynamic diamete
respirable output, and respirabl
given in the paper by O’Callagh
on page S35.

Factors affecting nebuliser pe
The general term “nebuliser” u
the combination of the nebuliser
the compressor. Jet nebulisers u
constant output, but to prevent
breath-enhanced nebulisers are a
the output is enhanced in the inh
Ultrasonic nebulisers are effectiv
robust and more expensive than
systems and are generally not us
domiciliary therapy.

The major use of nebuliser
deliver bronchodilator therapy
cification of the nebuliser char
ministering bronchodilators is ¢
that required to deliver other ¢
antibiotics or pentamidine.

The output of a nebuliser is d
a combination of factors which r
into account, and will depend on
of the nebuliser chamber,® (2) tl
driving gas and the performance
of the compressor,” '°!! (3) the volu
(fill volume) of the drug at the
lisation,”* (4) the time taken to
solution of drug,”’® (5) the viscosit
sion, and concentration of the di
(6) the residual volume,’ and (7)
nebuliser chamber during nebulis:

The volume output and particle
saline, salbutamol, terbutaline
tropium bromide are similar.'* 1
cous solutions the volume out
slower (fig 1)."?"> The output of
be similar to salbutamol althoug
a suspension. However, the vc
from a nebuliser is not directly -
drug output,® and the drug o
availability are different betwe
dilators, antibiotics, and steroid
volume output is simple and prc
to the performance of nebulise
combinations.” '

Find authenticated court documents without watermarks at docketalarm.com.



http://thorax.bmj.com
https://www.docketalarm.com/

DOCKET

_ ARM

sUriabeUIbe Wkkiy W opeb iyt gty o 4 e sbirenitel ruibo UJ
output. The slightly more viscous antibiotic solution has a
slightly slower rate of output. Data from reference 14.

Selecting nebulisers and compressors

The choice of nebuliser and compressor de-
pends on various factors including cost, ease
of use and of maintenance, and overall per-
formance. There are many nebuliser chambers
and compressors available. Choice should be
based on assessment of the systems and com-
ments from other users. It is not advisable
simply to pick a nebuliser chamber and a com-
pressor at random. As will be discussed below,
the matching of a nebuliser and compressor
is important to achieve optimal performance.
Furthermore, under certain circumstances par-

ACRil11iiNv 0. x.\.uy Wwidllilival Uala Liiall wl
provide on the clinical use of the
also be obtained.

Nebuliser/compressor combir
The performance of a given nebu
is closely linked to the flow of tl
and, hence, the performance of tt
chosen to drive the nebuliser cl
therefore important to use a
of nebuliser chamber and con
delivers an acceptable volume ot
with an acceptable range of respir
over an acceptable period of
patient'7l216—23

Table 1 Examples of combinations of compressors and nebuliser chambers supplied for bronchodilator th
compressors have been divided into high, medium, and low flow rates and have been used with the nebu

indicated
Flow rate Compressor Nebuliser chambers sold Multivolr.
with compressor unit

High flow rate AFP Classic MicroMist No

(>6.0 I/min) AFP Aquillon MicroMist No
AFP Ultima MicroMist Recharge
AFP Tourer MicroMist Yes
Flaem Nuova Combineb Flaem Nuova Type 3 Yes
Flaem Nuova Micelfluss Pro Flaem Nuova Type 2 Yes
Medic-Aid CR50 Medic-Aid Sidestream No
Medic-Aid CR60* Medic-Air Ventstream No
Medic-Air Freeway Yes
Gast*t ?
Inspiron* MiniNeb, Incenti-Neb No
Medix M Flo Medix All No
Medix AC2000* Medix All No
Medix World Traveller Medix All Yes
Medix Econoneb Medix All No
Medix Minor*t Cirrus No
Medix Turboneb Cirrus No
Porta-Neb Medic-Aid Sidestream No

Medic-Aid Ventstream

Porta-Neb Multi Medic-Aid Sidestream Yes
SunMist Plus Perma Neb No

Medium flow rate Aeroneb HPT Cirrus No

(4.0-6.0 1/min) Atomolettet Own No
Flaem Nuova M70 Flaem Nuova Type 2 No
NebuPumpt Acorn No
Novair IT Cirrus No
Pari InhalierBoyt Own No
Pari TurboBoy Pari LC Plus, LC Plus Junior No
Pari JuniorBoy Pari LC Plus, LC Plus Junior No
Pulmo-Aidet Own No
SunMist Perma Neb No
DeVilbiss Traveller Perma Neb Yes

Low flow rate Aeroneb Standardt Own, Cirrus No

(<4.0 /min) Pari WalkBoy Pari LC Plus, Yes
Aeroneb HPt Own No

Others Aerolyser CF1Bt Wright Yes
Aerolyser CF1RYt Respi-Neb Yes
Aerolyser 2167 Respi-Neb Yes
Flaem Nuova Travelneb Flaem Nuova Type 3 Yes
Henley HCU-171 Hudson MK II Yes

*Wilson and Steventon have tested these compressors with 19 nebuliser chambers: Acorn, Aerflo, Cirrus, De’
Hudson II, Jet set, MicroCirrus, MicroNeb III, MiniNeb, Sandoz, Suremist, Turret Turbo, Unicorn, Unimis
and Wee Neb. With these compressors they all achieved flow rates at the nebuliser of >6.0 I/min.

1 These devices may not be currently available but are included since they may still be in use.
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Flaem Nuovo lype 3 0.5 8.0
Hudson Neb MKII ? ?

Hudson UD I 2.

Hudson UD II 1

Incenti-Neb ? 20
Jet set ? ?
MicroCirrust 1.2 10
MicroMist ? 10
MicroNeb 0
MiniNeb 2
Pari Boy 2.
Pari LC Plus 1

Pari LC Plus Junior 0
Perma Neb 1

Raindrop ?

Respi-Neb ?

Respirgard IIt 1.3
Sandoz ? ?
Medic-Aid Sidestream 0.7 12
System 22 Mizer 2.0 15
Turret Turbo ?

Unicorn 1035 ?

Unineb ? ?
Upmist ?

Venticaire ?

Medic-Aid Ventstream 1.0 10
Wee Neb ? ?
Wright ? 20

R R R R R R VRV V)

57 82
? 82
33 79
? 54
? ?
? 90
? 76
59 78
51 79
64 64
50 60
55 54
75 70
? ?
? ?
? ?
? ?
? 83
? 73
? 73
? 68
? ?
? ?
? ?
? 86
? ?
? 83

The data in this table have been compiled from various sources and provide a guide only. Whilst the residual
volumes are accurate, the percentage of solution nebulised at 5 and 10 minutes is the best figure obtainab
obtained for a fill volume of 2-2.5 ml and is generally taken from data obtained with its retail compressor. ']
under 5 pm is taken from various sources. Where a ? appears there are no data currently available from any kr
* Depends on configuration of nebuliser chamber (Type 2) and on type of compressor unit. Data are for diaph:

COmpressors.
1 Data with pentamidine.

BRONCHODILATOR THERAPY

We have divided some currently available nebu-
liser/compressor combinations into three bands
based on the flow rate at the nebuliser (table
1). High flow rate combinations produce more
than 50% of the particle size output less than
5 um diameter and have an MMD of less than
5 um.”'®1*2! The lower flow rate combinations
have less than 40% of their particle size output
below 5 um diameter and an MMD of more
than 9 pm. The performance of some of the
nebuliser chambers is given in table 2. Particle
size distributions may differ with different com-
binations of nebuliser and compressor (fig 2).
Breath assisted nebulisers such as the Vent-
stream and Pari LC have been shown to have
improved performance.?

An important point about nebulising broncho-
dilator drugs is whether or not there is a need
for a specific combination or combinations.
Whilst there are criteria for attaining an optimal
performance, this may not matter in practice
since subjective benefit and objective broncho-
dilatation are the most important factors.
There are a number of nebuliser/compressor
combinations currently available that do not
achieve the standard criteria.” However, these
systems are still being used and there have been
no reports to suggest that long term use of a

poor performance system has res
a reduction in the quality of life

hospital admissions. Part of the r
is probably that the doses of b
drugs being administered are I
even inefficient systems deliver er
ensure maximal bronchodilatatic
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Figure 2 Two examples of particle distril
the cumulative percentage of particles witl
particle sizes for a high flow rate combina
compressor with Neb MK II; flow rate 7
flow rate combination (AeroNeb Standarc
Cirrus; flow rate 3 l/min). The fill volum
was 2.5 ml of sterile water. For the Aquill
of particles less than 5 um was 83 %, whil
AeroNeb Standard it was 35%. Based on
reference 7.
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to be used with antibiotics.'®***® A powerful,
continuously rated compressor should be used
(table 3). Various nebuliser chambers have been
shown to be acceptable, although in some cases
nebulisation times were longer than is perhaps
ideally required by the patient.?

MUCOLYTICS AND SALINE

Where mucolytics such as acetylcysteine are
used, standard delivery systems, as shown in
table 1, can be used. The high and medium
flow rate systems appear to be adequate,*®*!
especially since there appears to be little differ-
ence in the rate of output of saline and of
bronchodilators.'*

RHDNASE

Current recommendations are based on limited
data.’?* rhDNase should be nebulised using
a jet nebuliser since ultrasonic nebulisers may
inactivate it or have unacceptable aerosol char-
acteristics. Recommended combinations are
given in table 4.

STEROIDS
These can be nebulised with medium or high
power systems as shown in table 5.

Volume-time output and fill volume
Four criteria should be considered:

(1) The minimum initial fill volume is de-
termined by the size of the residual volume of
the nebuliser chamber. The larger the residual
volume, the greater the initial fill volume will
need to be.”'”? The residual volume of the
modern, small volume, nebuliser chambers is
less than 1.0 ml (table 2) and for these a fill
volume of 2.0-2.5ml of drug solution is

Table 4 Recommended nebuliser/compressor combinations
for rhDNase therapy

Compressor Nebuliser chamber
Pulmo-Aide Hudson T Up-draft IT
Airlife Misty
All
Pari InhalierBoy Pari LL, Pari LC
Pari TurboBoy Pari LC Plus
Aiolos Aiolos
Medic-Aid Porta-Neb Medic-Aid Sidestream
Medic-Aid CR50 Medic-Aid Sidestream
Medic-Aid CR60 Medic-Aid Sidestream
AFP Aquillon MicroMist

Data from studies using Pulmozyme.

but in approxumately natf the tume. Data
Stidestream nebuliser under simulated tida
compressed air to drive the nebuliser. The
is 0.5 ml. For a fill volume of 2.5 ml nebu
“dryness” was six minutes which increase
using the 4 ml fill volume. The 70% incre
nebulisation time increased the drug outpu
Data from reference 12. Reproduced from
‘permission.

enough. Increasing the fill volum
volume nebuliser (Sidestream) w
same amount of drug but over a
of time (fig 3).!> Where the resid
greater than 1.0 ml, a larger init;
is required. Since many nebuliser
available in prepackaged ampot
or 2.5ml, it is important to en
nebuliser chamber used by a pati
a small residual volume or that
instructed to dilute the contents o
with normal saline and to make
fill volume to at least twice th
residual volume. Table 6 lists ¢
binations of nebuliser chambers
poules.

(2) The time taken to delive
important for patient complianc
mum time for nebulisation is °
Patients will generally not accept
times (fig 4), especially if the tre
quired several times per day.?’

(3) The end point of nebul
to be defined. There is some
nebulising “to dryness” is confusi
and is difficult for them to defir
nebulisers nebulise continuously
volume approaches the residual
“spluttering” occurs.’® At this pc

Table 5 Examples of nebuliser/compresso
suitable for corticosteroid therapy

Compressor Nebuliser chamber

Medic-Aid Porta-Neb Medic-Aid Vents
Medic-Aid Sides

Cirrus
Hudson
Turret
Medic-Aid Freeway Medic-Aid Vents
Medic-Aid CR60/CR50  Cirrus, All
DeVilbiss 646
Hudson Up-draf
Turret
AFP Aquillon MicroMist
AFP Tourer Medic-Aid Sides
AFP Ultima Medic-Aid Sides
Pari TurboBoy Pari LC Plus, L(
Pari JuniorBoy Pari LC Plus, L(

Data from various sources. This list is not ex
devices may be suitable.
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Adults
50 —

40 —

Number

Children
50 —

40 —
30 —

20 —

Number

10 —

0

Sodium cromoglycate Intal 2.0

Dornase alpha Pulmozyme 2.5

e

As above for 2.0 ml

Hudson UD II, Acorn, 1
Sidestream, Medic-Aid
Ventstream, Aiolos, Pari

It is taken that at least 50% of the drug solution should be available for nebulisation and without the need

normal saline. Data from British National Formulary.

T Also available in 1.0 ml ampoules containing 250 pg/ml. The 2.0 ml ampoule contains 500 pg/ml. Use of tl
will need dilution as no nebuliser chamber has a residual volume of less than 0.5 ml.

B Acceptable 0 Tolerable [0 Unacceptable

30 —

20 —

b

0 5 10 15 20 25

30
Nebulisation time (min)

10 15 20 25 30
Nebulisation time (min)

Figure 4  Patient acceptability of different durations of nebuliser treatments. Most patients
preferred a treatment time of 10 minutes or less. Unpublished data from R S E Wilson.

Number of patients
(2]
\

7-8 8-9 9-10 10-11
Minutes

Figure 5 Recognition by patients of “dryness” at the end
of nebulisation. The combination of a Charles Austen
compressor with a MiniNeb nebuliser would usually reach
residual volume in 10 minutes with a fill volume of
2.0-2.5 ml. Following explanation of the meaning of
“dryness”, patients timed the system to “dryness” with a
stopwatch in minutes and seconds (n = 39 episodes).
Unpublished data from § Pugh and R S E Wilson.

volume output is reduced beca
oration, drug output remains hig
period of time (fig 6). This
patients should be told to nebuli
tering occurs and then to continu
minute. Previous tests should hay
with the fill volume used, the sj
this point in 10 minutes or less.
that the compressor/nebuliser ce
working efficiently and has no fa
(4) During nebulisation (particu
units) large particles tend to adhe
of the nebuliser. Adherence becon
nebuliser ages. These large particl
couraged to fall back into the well
by tapping the side of the nebu
once the nebuliser begins to “splu
evidence that this may improve ot
50% over a given period of time (

Ease of use

The choice of nebuliser chamb
some extent, be based on its eg
general, chambers should (1) not
ponents that can be easily swallo
children (ideally, all nebulisers s
of a removable top and the sing
chamber); (2) be easily disassen
assembled by patients of all age
ticularly important in the elderly a
whose manual dexterity is sigt
paired); and (3) employ a chamb
left connected to the compressor.
surface, or be mounted on the
itself, and so be filled easily.

Mouthpieces/face masks and
circuits

Lung deposition is the same in a
children, when either a mouth
mask can be used.””’® Face mas
for infants and younger children,
gencies. Mouthpieces are recomu
steroids or anticholinergics are be
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