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ABSTRACT: Due to the lack of information on this topic, the Educational Group of
the Italian Association of Hospital Pneumologists performed an open, multicentre,
observational survey to evaluate home nebulizer practices in Italy.

From May–December 1999, all patients attending one of the 27 participating chest
clinics throughout Italy and who were or had been using a home nebulizer in the
previous 6 months were consecutively enrolled. All patients completed a self-
administered questionnaire on their current practices of home nebulization.

Of the 1,721 questionnaires delivered, 1,257 were returned with an overall response
rate of 73%. Most patients (82.8%) reported using their nebulizer for bronchopulmon-
ary symptoms and the remaining patients only used theirs for upper respiratory tract
diseases. Subjects using their nebulizer for lower respiratory symptoms were older
(pv0.001), predominantly female (pv0.001) and used their nebulizer more frequently
(pv0.001). Forty per cent of patientsw60 yrs old used their nebulizer regularly, at least
once a day. More than 60% of respondents never received any information from
healthcare workers on the correct usage of their nebulizer, and w75% received no
information on nebulizer hygiene and care. Patients who received information on the use
and maintenance of their nebulizer from caregivers more commonly attended to these
practices (pv0.01).

The present survey suggests that home nebulizer use and maintenance in Italy are
heterogeneous, and there is the need to implement better nebulizer practice.
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Aerosolization is the first-choice route of adminis-
tration for the treatment of many respiratory diseases.
Pressurized metered-dose inhalers (pMDIs), dry pow-
der inhalers (DPIs) and nebulizers are the devices
currently used to administer the aerosolized drugs to
the lungs. Among these delivery devices, nebulizers
are currently only considered as the first choice for
aerosol therapy when the prescribed drug cannot be
aerosolized by other systems or in patients unable to
draw maximal benefits from both pMDIs and DPIs.
In fact, nebulizers are cumbersome, not as efficient as
other inhalers and their use and maintenance is time-
consuming.

Guidelines are now available for the standardiza-
tion of nebulizer therapy [1–3] but they need to be
adapted to local habits. Currently, home nebulizer

practice seems to be very heterogeneous among differ-
ent countries [4]. In the UK, the National Health
Service usually supplies home nebulizer equipment,
as well as its monitoring and servicing [1]; however,
the level of supervision from caregivers, generally
reported to be good, seemed to be reduced when pati-
ents purchased their own home nebulizer [5]. In Italy,
subjects who had been prescribed a home nebulizer by
their physician purchased the device directly, while
drugs for nebulization were partially or fully paid
for by the National Health Service. To the authors9
knowledge, no formal nebulizer monitoring and
servicing system managed by healthcare workers is
currently available in Italy, excluding that for cystic
fibrosis patients. In Italy, only two district surveys,
performed among adults with lower respiratory tract
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diseases, investigated the current practices of home
nebulizers in Siena [6–7]. The authors of these sur-
veys suggested that home nebulizer therapy was quite
common in their district, and showed that the pre-
scribing physicians seldom advised patients on how to
use and maintain their home nebulizers [6–7]. These
remarks suggested the need for a nationwide survey
to evaluate how home aerosol therapy via nebulizers
is performed and whether there is a need for the
implementation of guidelines on nebulizer use and
maintenance in Italy.

Material and methods

The GENebu Project was an open, multicentre,
cross-sectional, observational study promoted by the
Associazione Italiana Pneumologi Ospedalieri (AIPO)
Educational Group. Participation was voluntary, but
all active members of the group took part in the
survey. It was carried out in 27 respiratory centres
throughout Italy, from May 1–December 31, 1999. In
order to standardize the design of this survey, periodic
meetings were held with and telephone contacts made
to all participating healthcare workers before and
during the study period. The centres encompassed
a range of geographical areas and environmental
settings, as they were located at different latitudes
across Italy (nine centres in northern, 11 in central,
and seven in southern Italy) and included highly
urbanized as well as rural areas (see centres listed
later).

The design of the GENebu Project has been
described elsewhere [8]. All of the patients who
attended one of the participating centres, had been
using a home nebulizer in the 6 months prior to
enrolment and agreed to take part in this study were
consecutively included. Once they had enrolled, all
subjects signed informed consent forms and received
a self-administered questionnaire, which they had to
fill in at home in order to accurately record the
nebulizer equipment used and every detail in the
practice of nebulization, and to prevent biased
answers. The diagnosis of the respiratory disease,
written at enrolment by the investigators, was the only
information not provided by the patient. A prepaid
envelope with the address of the recruiting centre was
also supplied to each patient to facilitate the return of
the questionnaire once completed. The questionnaire
was printed and computer-scannable and was pre-
liminarily prepared by the AIPO Educational Group
members. Its comprehensibility and reliability had
also been tested during a preliminary phase by a group
of patients that were not enrolled in the present
survey; a full copy of the questionnaire has already
been published [8] and is available on request from
the authors in the original Italian language. The
questionnaire included 38 questions on the practices
of home nebulization, as well as information about
the demographical and clinical characteristics of the
participants. The present paper includes answers to
the questions on the use and maintenance of home
nebulizers. The protocol did not include any objective
measurement of the validity of the answers, and

no attempt was made to obtain information from
patients who failed to return the questionnaire.

Analysis

Multiple logistic regression was used for analysis
of categorical variables. Unless otherwise stated, all
logistic models included sex and age to adjust for these
possible confounders. A p-value of ¡0.05 for a two-
tailed test was considered significant.

Results

Demographical and pathological characterisics

The authors received 1,257 questionnaires from the
1,721 distributed, yielding an overall response rate
of 73%. Basic information limited to age, sex and
diagnosis of all the patients who received the ques-
tionnaire was available from 12 centres. These centres
distributed 1,109 questionnaires, 282 of which were
not returned to the investigators. Patients who failed
to return the questionnaire were younger (median age
55 versus 65 yrs, Chi-squared for trend pv0.001),
suffered more often from nose and/or throat diseases
(19.6% versus 9.3%, pv0.001) and acute respiratory
conditions (9.9% versus 5.0%, p=0.003). Sex distribu-
tion was similar in the two groups.

The main diagnosis in patients who returned the
questionnaire is shown in table 1. More than 85%
of subjects had chronic lower respiratory diseases,
mainly chronic obstructive pulmonary disease and
asthma. When asked, 74.6% of patients reported using
their home nebulizer only for treating broncho-
pulmonary conditions, 17.2% only for upper airways
symptoms (nose and/or throat) and 8.2% for both
problems. In the following paragraphs, the group of
patients using nebulizers for bronchopulmonary con-
ditions (with or without upper respiratory symptoms)
will be differentiated from the group using nebulizers
only for nonbronchopulmonary problems.

As shown in figure 1, the age distribution signifi-
cantly differed between the groups; subjects with
bronchopulmonary disease were older (pv0.001). The

Table 1. – Diagnosis of the main respiratory diseases
among 1,257 enrolled patients

Disease n (%)

COPD 519 (41.5)
Bronchial asthma 345 (27.6)
Nose and throat disease 129 (10.3)
Lung cancer 20 (1.6)
Bronchiectasis 41 (3.3)
Tuberculosis and its sequels 9 (0.7)
Acute lower respiratory tract infection 65 (5.2)
Fibrocystic disease 3 (0.2)
Interstitial lung disease 28 (2.2)
Other chronic lung disease 98 (7.4)

COPD: chronic obstructive pulmonary disease.
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percentage of females among subjects with broncho-
pulmonary disease (60.3%) was significantly greater
than that in the group with nonbronchopulmonary
problems (41.2%, pv0.001). In adults, educational
background did not significantly differ between the
groups, with every level of scholarship represented.

Use of home nebulizers

As shown in table 2, the time since the subjects first
bought their nebulizer was similar in both groups,
but the patients with bronchopulmonary disease had
newer nebulizers at the time of the study than those

with upper respiratory symptoms (pv0.001). The
more frequent use of nebulizers by subjects with
pulmonary problems can explain this higher turnover.
In fact, the number of days in the last year (pv0.001)
and the number of times per day (pv0.001) that
they used their nebulizers were significantly greater, as
shown in table 3; the same patients reported a shorter
time since the last use of their home nebulizer
(pv0.001). Nevertheless, regular use of home nebuli-
zers, at least once a day, was much more common
in patientsw60 yrs old (40% versus 9%, pv0.001 after
adjustment for sex and presence of pulmonary
problems).

Table 4 shows the various medical sources of the
first advice given to patients in need of home aerosol
therapy with nebulizers. Among the medical spe-
cialists, mainly paediatricians and otolaryngologists
advised the group with only upper respiratory
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Fig. 1. – Age distribution of the study population. h: nonpulmon-
ary problems (n=217); u: pulmonary problems (n=1,040); &: total
population. The group without pulmonary problems was signifi-
cantly younger (pv0.001, logistic regression adjusted for sex) than
the other group.

Table 2. – Time of the first use of home nebulizer and time of purchasing for the current home nebulizer

Time of first use yrs Pulmonary problems Time since purchase of
current nebulizer yrs

Pulmonary problems

Yes No Yes No***

v0.5 9.7 5.8 v0.5 15.8 7.2
¢0.5v2 11.5 16.2 ¢0.5v2 17.7 18.8
¢2v5 26.9 18.7 ¢2v5 27.8 19.1
¢5 50.9 56.0 ¢5 37.3 49.8
No answer 1.0 3.3 No answer 1.4 5.1

Data are presented as percentage of subjects in the group. ***: pv0.001 versus the group with pulmonary problems, logistic
regression adjusted for age and sex.

Table 3. – Frequency of use for home nebulizers

Average frequency of
daily use per yr

Pulmonary problems Average frequency of
use per day

Pulmonary problems

Yes No*** Yes No***

v15 days 28.6 55.2 1 20.4 37.3
w15w60 days 37.3 33.3 2 52.4 48.8
Regular daily use 31.4 4.0 ¢3 26.1 6.4
No answer 2.7 7.5 No answer 1.1 7.5

Data are presented as a percentage of subjects in the group. ***: pv0.001 versus the group with pulmonary problems, logistic
regression adjusted for age and sex.

Table 4. – Source of first prescription for home aerosol
therapy with nebulizer

Type of physician Pulmonary problems p-value#

Yes No

General practitioner 37.2 42.5 v0.001
Pneumologist 42.5 4.0 v0.001
Allergologist 3.5 5.6 NS

Paediatrician 8.8 18.3 v0.05
Otolaryngologist 2.9 25.0 v0.001
Other specialist 4.7 1.6 NS

No answer 0.4 3.0

Data are presented as percentage of subjects in the group,
unless otherwise stated. NS: nonsignificant. #: logistic
regression adjusted for age and sex.
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symptoms, and pneumologists advised patients with
bronchopulmonary disease.

Without any significant difference, 70.5% of the
subjects with bronchopulmonary problems and 64.3%
of those with upper airways disease, respectively,
stated that they rigorously followed the indications of
the prescribing physician regarding the frequency of
nebulizations, while 27% and 31% of the same groups
reported that they used the nebulizer less often than
prescribed, particularly when their symptoms were
worse. Patients with bronchopulmonary disease who
received a regular daily prescription of home nebuli-
zations, reported the greatest compliance with this
treatment (pv0.01). The reported adherence to the
treatment did not seem to be influenced by the source
of nebulizer prescription, either by a general practi-
tioner or a medical specialist. The patients9 source of
information on the correct use of home nebulizers are
reported in table 5. Without any difference between
the groups,w60% of patients reported that they never
received any information from healthcare workers or
health supply retailers about the use of their home
nebulizer. As shown in table 6, patients with a lower
level of instruction received advice more often on
nebulizer use (pv0.001), while no relationship was
observed for sex and age. Nevertheless, none of the
subjects lacking instruction on nebulizer use felt this
was a problem.

Nearly all the respondents (98%) prepared the drug
solution in the reservoir just before nebulization.
Patients that did not reach dryness threw the residual
solution away, but 12% of subjects used the residue
again at varying times after the first interruption.
Without any difference between the groups, the

average duration of each nebulization in 35% of
cases was reported to bew15 min.

Maintenance of home nebulizers

The patients9 source of information on the correct
maintenance of home nebulizers are shown in table 5.
Few healthcare workers attended to these practices; in
fact, without any difference between the groups,w75%
of patients reported that they never received any
information from healthcare workers or health supply
retailers (usually pharmacists) on nebulizer mainte-
nance. Nevertheless, receiving information from a
caregiver (either a physician, nurse, or health supply
retailer) was more common in the group with
pulmonary diseases (42% versus 33%, pv0.05, after
adjustment for age and sex).

Patients with a lower degree of education received
more information on maintenance of nebulizers from
healthcare workers, as shown in table 6. No relation-
ship was observed for sex, age and source of medical
prescription. Twenty-five per cent of patients did not
clean their nebulizer after each use. Many patients
disinfected their nebulizer once a week (20.8%), while
others only disinfected once a month (13%), or never
(36.3%). Nebulizer cleaning and disinfecting practices
varied largely, as shown in table 7. After multivariate
analyses, more frequent cleaning and disinfecting was

Table 5. – Source of information of instructions on home nebulizer use and maintenance

Source of instruction on correct use Answers % Source of instruction on maintenance Answers %

Nurse/physiotherapist 6.5 Nurse/physiotherapist 4.2
Physician 19.3 Physician 7.1
Retailer 13.9 Retailer 12.7
Friend/relative 12.3 Friend/relative 10.2
Leaflet from manufacturer 39.1 Leaflet from manufacturer 41.1
None 11.3 None 22.4

Patients could give more than one answer to this item.

Table 6. – Relationship between level of education of
respondents and instruction on correct nebulizer use and
maintenance from healthcare workers

Education
yrs

Patients with
some instructions

on nebulizer use***

Patients with some
instructions
on nebulizer

maintenance***

No education 44.9 29.9
v6 44.9 26.5
¢6v9 36.8 26.2
¢9v14 32.8 20.6
¢14 20.0 13.3

Data are presented as %. ***: pv0.001, adjusted for age and
sex.

Table 7. – The most common modalities of nebulizer
hygiene

Method of cleaning Pulmonary
problems

Total

Yes No

Rinsing with tap water 53.5 46.8 52.2
Dipping and washing with

soap and water
9.3 10.7 9.6

Washing in dishwasher 0.7 1.2 0.8
Washing with distilled water 4.2 2.4 3.8
Washing with ethyl alcohol 8.4 9.1 8.6
Washing with hydrogen peroxide 1.5 1.6 1.5
Dipping in water and

heating until boiling
26.5 30.2 26.8

Washing with bleach 10.3# 15.9 11.1
Dipping and washing in a

vinegar solution
8.4# 4.0 7.5

Data are presented as %. Patients could give more than one
answer to this question. #: pv0.02, bivariate analysis.
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marginally associated with the female sex (p=0.06),
significantly associated with younger age (pv0.02)
and, interestingly, with receiving instructions from a
healthcare worker (pv0.001). The results did not differ
according to the presence of respiratory problems.
Even if possible, subjects did not always disassemble
the reservoir for cleaning; in fact, 70.1% dismantled it
regularly, 14.3% sometimes, and 14.6% never. Among
the respondents, 53.2% always dried the reservoir
after every use, whereas 35.1% never dried the
reservoir. Patients who had received some instruction
on the necessity of drying the reservoir after each use
did so more often than patients without any instruc-
tion (pv0.01). Without any difference between the
groups, when asked if they had periodically reviewed
the reservoir, only 10.1% of the patients reported
replacing it in accordance with the manufacturer9s
instruction, whereas 47.3% changed the reservoir only
in case of evident visual or auditory defects (e.g.
cracked parts, air leakage) and nearly 40% never
replaced it. Nevertheless, patients who had received
instructions from healthcare workers on the need for
periodic replacement of the reservoir changed it more
effectively than subjects without any information
(pv0.05). Six per cent of patients reported the
presence of macroscopic residuals in the tubes or the
reservoir of their nebulizer.

Healthcare givers never offered to supervise moni-
toring and servicing of home nebulizers, but the
authors9 patients did not feel that this was a problem.

Discussion

Due to the enrolment selection criteria, the present
study9s population included several applications for
home nebulizers and represented a spectrum of all
ages of users and respiratory diseases. Many subjects
reported using their home nebulizer only on some
days in the last year, probably when their symptoms
were worse, either during acute respiratory tract
infections or occasional episodes of breathlessness.
Other patients used their nebulizer at least once a day,
and, at the most, several times a day, particularly seen
in elderly patients with bronchopulmonary diseases.
The present data also suggest that in Italy, a good
number of physicians, both specialists and general
practitioners, have prescribed and are prescribing
home aerosol therapy with nebulizers.

In a survey performed in northern Italy during 1992–
1993, 1,104 20–44-yr-old asthmatic subjects reported
a compliance to the prescribed aerosol therapy of
y60% [9]. A slightly higher percentage, around two-
thirds of the authors9 patients, reported total adher-
ence to the prescribed nebulizers. The compliance
was particularly good in elderly bronchopulmonary
patients who used home nebulizers at least once a day.
It has previously been shown that patients may under-
report effective adherence to prescribed home nebu-
lizers [10], which may also be the case in the present
study. The perceived effectiveness of nebulizer treat-
ment was high in the authors9 patients (data not
shown), suggesting that the reported adherence to
treatment was sufficiently reliable. Similarly, TURNER

et al. [11] reported a direct relationship between
compliance with home nebulizer treatment and
perceived effectiveness of use.

Nevertheless, the present study suggests the need
for improvements in the current modalities of home
nebulizer use and maintenance in Italy. Optimal
nebulization time is considered to be v10 min, but
many of the patients took much longer. Many patients
that had a reservoir that could be disassembled did
not regularly take it to pieces in order to aid cleaning.
Cleaning and careful drying of the nebulizer after each
use were not always performed and its disinfection
was often occasional and not standardized. Nebulizer
equipment sometimes appeared dirty and was often
only changed when broken or in cases of evident
malfunction. The functions of the nebulizers were not
regularly controlled and serviced. Despite the wide-
spread lack of instructions on use and, above all,
maintenance of home nebulizers from healthcare
workers, the patients never complained. This finding
has been seen in a previous study [12] and it has been
shown that confidence in nebulizer use does not auto-
matically mean that the practices were appropriate [5].
Interestingly, when healthcare workers provided more
information on nebulizer use and maintenance, pati-
ents took better care of these practices.

It is widely accepted that in the absence of guide-
lines, misuse of nebulizers is common and a lack of
standardized hygiene procedures for home nebulizers
predisposes to bacterial contamination of the thera-
peutic aerosols and often sustains malfunctions in the
delivery systems [1–3]. Guidelines on the correct use
and maintenance of nebulizers have recently
been published [1–3] and the authors hope that the
implementation of these rules by Italian physicians
will not only help to improve the prescription of
aerosol therapy with nebulizers, but may even teach
patients the best practices of home nebulizer treatment
and verify whether use and maintenance of nebulizers
are effective.

The authors conclude that in Italy, home nebulizer
therapy was and remains widespread, with either
occasional or regular use for both upper and lower
respiratory tract diseases. The use and maintenance
of home nebulizers were heterogeneous and often
not optimal. The European standards for nebulizer
therapy [2, 3] will provide a foundation for the
adaptation and implementation of home nebulizer
practices in Italy, overcoming the current lack of
regulations.
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