IMPROVED EFFICACY OF AEROSOL DELIVERY
TO DISTAL AIRWAYS IN PEDIATRIC SUBJECTS
USING A NEW SPACER MOUTH-MASK

Hasan Yiiksel (1), Luigi Berardino (2), Diydem Yiiksel (3),
Ozge Yilmaz (1), Zeynep Burak (4)

SUMMARY: Aerosol nebulization is one of the safest and most effective ways of treating airway diseases especially in chil-
dren. Failure of inhaled asthma treatment is mainly due to inadequate deposition of drugs in the peripheral area of the lungs.
The aim of this study was to compare the efficacy of a traditional mask and that of a new spacer mouth-mask (Nebula, Markos
Mefar, Italy) when used with a jet nebulizer, by measuring aerosol deposition in the lungs, oropharynx, upper airways, and
gastrointestinal tract.

Twelve children without respiratory disease aged between 8 and 13 years were included in the study. Aerosol inhalation was
performed using a jet nebulizer with 2 mL of saline solution containing 20 Mci of Tc99m-DTPA. The first group initially perfor-
med aerosol inhalation using a traditional facemask and then, one week later, using the new spacer mouth-mask. The second
group performed aerosol inhalation using the new spacer mouth-mask first and then, one week later, using a traditional mask.
Scintigraphic ventilation images were then obtained, and aerosol deposition in the trachea, oropharynx, lungs and stomach
was measured. -

In the first group, the radioaeroscl deposition in the peripheral lung area using the new spacer mouth-mask was greater
97.8+7.0 vs 68.5+7.9 (p=0.04). On the other hand, the oropharyngeal radioaerosol deposition was greater using the traditional
mask: 50.2+5.2 vs 20.3+11.8 (p = 0.028). Similarly, in the second group the peripheral lung deposition was greater and the oro-
pharyngeal deposition was less using the new spacer mouth-mask: 97.3+9.4 vs 70.2+11.2 and 20.7 + 8.9 vs 46.3+16.8 (p=0.028
and 0.046 respectively).

In canclusion, the new design of the spacer mouth-mask allows greater aerosol deposition in the peripheral lung area and less
in other parts such as the oropharyngeal area, the central airways and the stomach.
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INTRODUCTION

he delivery of aerosolized drugs to the lungs by
inhalation is recognized as the safest and most

effective way to treat airway diseases such as
wheezy-child, asthma, etc. (1).
However, this method of administration may be chal-
lenging in early childhood and therefore many factors
must be considered when selecting a suitable admi-
nistration method for young children (2, 3). These fac-
tors include a lack of cooperation from the young
child, the need for administration during tidal brea-
thing and the need for a method that is suitable for
both nasal and oral breathing (3). Nebulization is one
of the most efficient and commonly used ways of
administering drugs, especially to asthmatic children
in early and late childhood (2). Failure of inhaled asth-
ma treatment is mainly due to inadequate deposition
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of drugs in the peripheral area of the lungs, i.e. the
smaller airways where action is required (2). This is a
major concern, especially in children, where it is due
in most cases to lack of cooperation. Using the nebu-
lization of a liquid preparation of inhaled drugs such
as bronchodilators, corticosteroids, etc., they can be
effectively delivered to the peripheral airways where
major pathogenetic events occur. However, improve-
ments in nebulization techniques and equipment are
essential if successful treatment is to be achieved (4)
The clinician who plans the treatment for asthma
needs to know the characteristics of the inhalation
devices in order to be able to select the most suitable
device for the patient. This includes knowledge of
nebulizers and spacers as well as the characteristics
of the mask. Determination of the advantages and
disadvantages of a particular mask will aid in desi-
gning a better treatment plan and providing more
successful inhaled treatment education.

The aim of this study was to compare the efficacy of a
traditional mask and a new spacer mouth-mask
(Nebula, Markos Mefar, ltaly) when used with a jet
nebulizer, by measuring aerosol deposition in the lungs,
orapharynx, upper airways, and gastrointestinal tract.
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MATERIAL AND METHODS

M Subjects: Twelve children between 8 and 13 years
of age, who had no evidence of respiratory disease,
were included in the study, which was carried out in
February and March 2006. These children had been
referred to the Nuclear Medicine department for gas-
troesophageal reflux scintigraphy (GER) and ventila-
tion images were obtained just before GER scintigra-
phy was taken.

B Study Design: The subjects were divided into two
groups. The first group initially performed aerosol
inhalation using a traditional facemask and then, one
week later, using the new spacer mouth-mask. The
second group performed aerosol inhalation using the
new spacer mouth-mask first and then, one week
later, using a traditional mask. Both groups perfor-
med aerosol inhalation using a jet nebulizer for one
minute with the respiratory pattern at tidal volume.
Ventilation images were then obtained (Dual-Headed
Gamma Camera, Siemens AG) and quantification stu-
dies were performed to measure the aerosol deposi-

tion in the trachea, oropharynx, lungs and stomach.
B Radionuclide Images and Quantification Analysis:
Aerosol inhalation was performed by the patients
using a jet nebulizer (PharmaNeb, Marcos Mefar,
Italy) with 2 mL of saline solution containing 20 Mci of
Tec99m-diethylenetriaminepentaacetic acid (DTPA kit,
Amersham). Tc99m -DTPA in suspension in an isoto-
nic saline solution is not absorbed from the lungs into
the bloodstream after deposition, thus helping to pro-
vide a static distribution of aerosol within the lungs
during the image acquisition. The half-life of the
administered Tc99m activity was not calculated since
the study took a total of only 10 minutes.

A single posterior view planary ventilation image was
taken. Quantification analysis was performed separa-
tely using data from the central and peripheral zones
of the right and left lungs and other regions. Regions
of interest (ROIs) were drawn over the interested
areas which comprised the peripheral and central
zones of the lungs, the orapharengeal region, the tra-
cheal region and the stomach, according to the pre-
viously reported modified method (Influence of inha-

Figures 1: Regions of Interest (ROls) drawing over the interested areas to estimate the counts from central lung fields (a), peripheral zones of the
lungs (b), oropharyngeal region (c), tracheal region (d) and the stomach (e).
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led steroids on pulmonary epithelial permeability to
Tc99m-DTPA in atopic asthmatic children (5) (Figure 1).
The total lung count was estimated as the sum of the
peripheral and central counts.

M Statistical Analysis: Statistical analyses were perfor-
med using the SPSS 13.0 (Chicago IL) computer pro-
gram. The deposition in the peripheral and central lung
areas, the oropharynx, the trachea and the stomach,
using the traditional and the spacer mouth-mask were
compared using Wilcoxon's signed rank test with p
values <0.05 considered statistically significant.

RESULTS

The age range of the children in group 1 was 8 to 11
years (meanzstandard deviation (SD) 9.7+1.2). The
children in group 2 were aged between 9 and 13 years
{(mean+SD 10.8+1.5).

In the first group, who received aerosol treatment ini-
tially with the traditional mask, the deposition of
radioaerosol in the central lung area, oropharynx, tra-
chea and stomach was higher with the traditional
mask than with the new spacer mouth-mask.
(110.0£20.9 vs 85.3+15.2, 50.2+5.2 vs 20.3+11.8,
17.0£1.3 vs B8.2+2.6, 13.0+3.4 vs 9.8+2.3; p for all <
0.05). On the other hand, radioaerosol deposition in
the peripheral lung area was greater with the new
spacer mouth-mask (97.8+7.0 vs 68.5+7.9, p=0.04)
(Table 1 and Figure 2).

Similarly, in the second group, the deposition of
radioaerosol in the central lung area, oropharynx, tra-
chea and stomach was higher with the traditional
mask (105.0+32.9 vs 92.3+25.3, 46.3 = 16.8 vs
20.7+8.9, 30.7+26.1 vs 23.3+25.1, 18.3+6.6 vs 11.5+6.2
respectively, p values were 0.34, 0.046, 0.027 and
0.027 respectively). However, radioaerosol deposition
in the peripheral lung area was significantly higher
with the new spacer mouth-mask (97.3+9.4 vs 70.2 +
11.2, p=0.028) (Table 2 and Figure 3).

Radioaerosol deposition was greater in the central
lung regions than in the peripheral lung regions in
both groups and with both masks.

DISCUSSION

Inhaled drug therapy is the mainstay of the treatment
of asthma and other lower airway diseases characte-
rised by airway inflammation from childhood to adul-
thood (3). However, there are important factors, espe-
cially in children, that have an influence on drug deli-
very to airways. These include cooperation, use of the
proper mask, lower tidal volumes and inspiratory
flows, determination of appropriate doses and mini-

misation of side effects (6). Efficient aerosol delivery
-

depends above all on the deposition in the lungs
while minimising deposition in the gastrointestinal
tract and upper airways. The aim of our study was to
assess the efficacy of a new mask by measuring
radioaerosol deposition in the peripheral and central
lung areas, as well as in the oropharynx, the trachea
and the stomach.

' Old mask New mask P
97.8+7.0 |0027 |

. | Peripheral Iung| 68.5+7.9

Central lung  [110.020.9  85.3:15.2 | 0.044
' Oropharynx | 50252 | 20.3:11.8 0.028 |
\Trachea | 17.0s1.3 | 82:26 |0.027 |
'Stomach | 13.0:3.4 | 9.8:2.3 0026

Table 1: Radioaerosol deposition in 1he fsrst
group with the old and the new masks.
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Figure 2: Radioaerosol deposition in the

‘ peripheral lung area was greater with the new
spacer mouth-mask.
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jPeripheraI lung| 70.2¢11.2 | 97.3:9.4 0.028 |

i Central lung  [105.0:32.9 92.3:25.3 0.344
| I_Oropharynx 46.3£16.8 | 20.7+8.9 | 01046

p’rachea 30.7+26.1 | 23.3£25.1 | 0.027

Stomach 18.3+6.6 | 11.5:6.2 |0.027 |

Table 2: Radioaérosol deposition in the second
group with the old and new masks.
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Figure 3: Radioaerosol deposition in the
peripheral lung area was significantly higher
with the new spacer mouth-mask.
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Inhaled therapy is influenced by the interaction bet-
ween the patient and the inhalation device (7).
Facemasks are often used for inhalation therapy in
young children (8). The factors that influence mask
efficiency include mask-face seal, mask dead space,
cooperation, resistance and the diluting effect of air
entering the mask through the exhalation ports (9).
The efficiency of drug delivery using this system
depends on the fit of the mask and the patient's
cooperation (10). Most of these factors are involved in
masks used with spacers.

The facemask functions as an aerosol reservoir for jet
nebulizers (7). Therefore, the facemasks used with the
jet nebulizers should be soft enough to form a com-
plete seal with the face (7). Other studies have also
emphasised the importance of facemask design in the
efficiency of drug delivery (7). If there is inadequate
seal, air entry will dilute the aerosol and decrease
delivery (7). However, there is an advantage of jet
nebulizers in that the flow of gas from the compressor
keeps the mask full of aerosol particles, thus facilita-
ting inhalation (8). During nebulized aerosol therapy,
the volume of gas containing particles may exceed
the minute ventilation causing the extra gas to be lost
around the mask (8). Whatever the shape or design of
the mask, lack of cooperation significantly reduces
the efficacy of inhalation therapy and this is a major
factor in children (4). In a previous study, it was repor-
ted that round facemasks provided an increased effi-
cacy of inhalation therapy, however these results
were obtained by measuring drug accumulation in a
filter positioned between the spacer and the mask and
therefore did not show lung deposition (4).

The nebulizer output is similar in child and adult brea-
thing patterns, but children inhale less of the aerosol
{11). The lung deposition of albuterol delivered by jet
nebulizer has been shown to be around 5.4-11.1% in
children (12). Another study has reported that 1.56% of
the nebulized drug reaches the right lung and that one
third of that penetrates the peripheral lung area with
7.8% of deposition occurring in the upper respiratory
and gastrointestinal systems. No correlation was
reported between the deposition indices and the clini-
cal response (13). The administration of radiolabeled
albuterol to wheezy infants via nebulizer mask has
been reported to be 2.4% (14). In another study it was
reported that the percentage of pulmonary drug depo-
sition was the same using a nebulizer or a metered-
dose inhaler with holding chamber, but that the delive-
ry rate per minute and the total dose deposited were
significantly higher with the nebulizer (11). Therefore,
the determination of the most suitable device for the
patient is essential for successful therapy. In this study,
it was detected that the peripheral lung deposition was
significantly higher with the use of the spacer mouth-
mask. This is a major indicator of therapy efficacy.

Scintigraphy allows the measurement of uptake and
clearance of a radioactive substance labeled to a
molecule with the desired biological or physiological
properties (15). Planar imaging is the method of choi-
ce for assessing lung deposition of inhaled medica-
tions, and pulmonary drug delivery, i.e. total deposi-
tion of aerosols, can be assessed with scintigraphy
(15). In this study, scintigraphic images were used to
measure central and peripheral lung deposition and it
was shown that the central lung deposition was grea-
ter with the traditional mask whereas the peripheral
lung deposition was greater with the spacer mouth-
mask. This finding is important since the peripheral
lung area is the target of aerosol therapy.

Moreover, scintigraphy can be used to measure the
distribution of the aerosol in the oropharynx and the
gastrointestinal tract (1,15). In our study, the radioae-
rosol deposition in the oropharynx, trachea and sto-
mach was lower with the spacer mouth-mask. This
favours the prevention of side effects associated with
the accumulation of aerosol particles in tissues other
than the lungs. In terms of radiation, the effective
dose of radiation can be kept below 1mSv with scinti-
graphy and this is low compared to many radiologic
techniques.

In conclusion, the new design of the spacer mouth-
mask allows for more efficient aerosol treatment with
greater peripheral lung deposition and is expected to
decrease the side effects attributed to aerosol deposi-
tion in other parts of the lungs, upper airways and
stomach.
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