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Abstract: Nebulizers are used by the great majority of cystic fibrosis patients for delivery of
cornerstone treatments. Inhalation technique and adequate disinfection and maintenance are
important for optimizing medication delivery. In this study, inhalation technique and nebulizer
disinfection/maintenance were assessed in cystic fibrosis patients by direct observation in clinic and
completion of a scoring sheet. A total of 108 patients were recruited. The maximum inhalation
technique score was attained by 30.5% and adequate inhalation technique score by 74.08% of patients.
The inhalation technique score was best with the vibrating mesh nebulizer (p = 0.038), while patient
age and number of nebulized medications did not affect ITS significantly (p > 0.05). Nebulizer
disinfection/maintenance score was excellent in only 31.48%. Most families kept the nebulizer clean
and used appropriate disinfection method, but only half of them replaced the nebulizer and nebulizer
cup at the recommended time intervals. Nebulizer disinfection/maintenance score was positively
affected by a number of nebulized medications and negatively by years of equipment use (p = 0.009
and p = 0.001, respectively). Even though inhalation technique and disinfection/maintenance practices
were found to be adequate in a large proportion of cases, there is still a need for regular review and
education. The type of nebulizer was associated with improved inhalation technique, but more data
are required before making specific recommendations.
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1. Introduction

Life expectancy and quality of life in cystic fibrosis (CF) patients has greatly improved in recent
years as a result of aggressive treatment [1,2]. Many of the prescribed medications are delivered through
inhalation and oftentimes through a nebulizer. Nebulization is time consuming, and nebulizers need
to be cleaned and disinfected adding to the treatment burden [3]. Furthermore, inhalation technique is
important for optimal efficacy of nebulized treatments [4,5]. It has been shown that adherence with
nebulizer use and maintenance is challenging for CF patients, while inadequate disinfection can lead
to bacterial and fungal contamination of the equipment [6–9].

There is often confusion on what is the best way to clean and disinfect a nebulizer, an issue that
adds extra burden to patients and their families [3,10,11]. It has been reported that manufacturers’
instructions are not always consistent with guidelines for CF patients and that patients receive
conflicting information from different sources [6,12–14]. This evidence underlines the importance of
healthcare providers reviewing instructions with CF patients and their families.
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Current clinical practice at our institution is that patients and their families be instructed on
cleaning and disinfecting the nebulizer whenever a new device is purchased. The first dose of any
nebulized medication is administered in clinic, and the appropriate technique is reviewed. Inhalation
technique and nebulizer cleaning/maintenance are assessed at regular intervals. However, limited
published information is available regarding the factors that affect inhalation technique and equipment
maintenance. It was hypothesized that older children with better FEV1 percent predicted would
have better inhalation technique and that nebulizer cleaning/maintenance scores would be higher if
fewer inhaled medications were used. Hence, the aims of the present study were: (i) to assess patient
inhalation technique; (ii) to evaluate appropriateness of nebulizer disinfection method and maintenance;
and (iii) to identify factors affecting inhalation technique and nebulizer disinfection/maintenance.

2. Patients and Methods

2.1. Patients, Study Design, and Data Collection

Cystic fibrosis patients followed at the Cystic Fibrosis Department of Agia Sofia Children’s
Hospital were recruited for this prospective study. The study was approved by the Agia Sofia Scientific
Council on 24 May 2017, Ref Number: 3685/14-02-2017. Written informed consent was obtained from
the children’s parents or patients if older than 18 years. There were no exclusion criteria. Families were
contacted by phone and were instructed to bring their home nebulizer for assessment at a clinic visit
or during a hospitalization. Information collected was age, nebulizer type (vibrating mesh nebulizer
vs. jet nebulizer), number of nebulized medications, and FEV1 percent predicted during the visit.
The Quanjer 2012 Global Lung Initiative Equations were used for FEV1 percent calculation [15].

A scoring sheet was developed to assess nebulizer disinfection methods, nebulizer maintenance,
and patient inhalation technique (Appendix A). The scoring sheet comprised of three parts: (i) the
general information part; (ii) the disinfection/maintenance part; and (iii) the patient inhalation technique
part. In the general part, information on the type of nebulizer, year of purchase, and number of nebulized
medications was obtained. In the disinfection/maintenance part, information on cleanliness/condition
of the nebulizer parts, applied disinfection method, and frequency of replacement of nebulizer parts
was recorded. In the inhalation technique part, patient inhalation technique and body posture during
nebulization were assessed. Inhalation technique was defined as good for older children if there
was good seal of the lips around the mouthpiece and the breaths were slow and deep. For younger
children, technique was considered good if the mask fitted well over the mouth and nose and if the
infant/young child was not crying excessively during the nebulization. If one of the above needed to
be corrected, technique was considered moderate, if all technique aspects needed correction it was
considered fair. A score of 3 was assigned to good inhalation technique, a score of 2 to moderate, and 1
to fair. Body posture was considered good if the child was sitting upright and the neck was not bent
or overextended for older children, while for infants, it was considered good if the infant was sitting
on the parent’s lap without fussing excessively. Similarly to technique, if one element of the posture
assessment needed correction, then body posture was considered moderate, and if all elements needed
corrections, it was considered fair. A score of 3 was assigned to good body posture, a score of 2 to
moderate, and 1 to fair. Therefore, the maximum score for patient inhalation was 6 if both inhalation
and posture was good, each getting a score of 3.

The same health care provider (ET) completed all assessments and assignment of scores.
Questions to patients or their families were asked in an open-ended format. Inhalation technique and
disinfection/maintenance scores (primary outcome measures) were calculated by adding individual
scores for each of the questions (questions 4, 5, 6, 7 for disinfection/maintenance score). The maximum
score for disinfection/maintenance score was 9, while a score of 6 or greater was defined as adequate.

Explanatory variables that were selected for analysis included: patient age, years of nebulizer
use, number of nebulized medications, nebulizer type (vibrating mesh vs. jet nebulizer), and FEV1

percent predicted (for children older than 6 years). It was thought that older children and children
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that have been using a nebulizer for a longer time would have higher technique scores. It was also
hypothesized that children with higher FEV1 percent predicted would have higher scores. Regarding
maintenance score, higher number of medications increases treatment burden and might negatively
affect maintenance scores, as the nebulizer would be used more frequently. It is unknown if nebulizer
type affects inhalation technique or maintenance, however faster nebulization might improve technique,
as it decreases treatment time.

2.2. Statistical Analysis

Three regression analysis models were tested: (i) patient inhalation technique as primary
outcome and patient age, number of nebulized medications, and nebulizer type as explanatory
variables; (ii) patient inhalation technique as primary outcome and patient age, number of nebulized
medications, nebulizer type, and FEV1 percent predicted as explanatory variables in children aged
>6 years; (iii) nebulizer disinfection/maintenance score as outcome measure and years of nebulizer use,
number of nebulized medications, and type of nebulizer (vibrating mesh nebulizer vs. jet nebulizer)
as explanatory variables.

3. Results

3.1. Patient Characteristics

A total of 108 patients were studied, with a median age of 10 years (range 2–21 years), 37% of
whom were male. Ninety-one patients were older than 6 years and provided reliable spirometry
results; median FEV1 percent predicted was 99% (range 36–147%). Thirty-six (33.33%) participants
used a vibrating mesh nebulizer and the remaining 72 (66.66%) subjects used a jet nebulizer. Twenty-six
(24.07%) patients were receiving one nebulized medication, 43 (39.81%) two medications, 23 (21.30%)
three medications, and 16 (14.81%) four medications.

3.2. Patient Inhalation Technique and Nebulizer Disinfection/Maintenance Scores

The inhalation technique score was maximal in about a third of cases (31.48%). Approximately
one third of patients (30.56%) attained the maximum score for nebulizer disinfection/maintenance
score and approximately three quarters (74.08%) had an adequate score (6 and above). Results are
summarized in Table 1.

Table 1. Technique and maintenance total scores.

Patient Inhalation Technique Total Score, N (%) Patients, N (%)

2 7 (6.48)

3 11 (10.19)

4 42 (38.89)

5 14 (12.96)

6 34 (31.48)

Nebulizer disinfection/maintenance total score, N (%)

2 2 (1.85)

3 3 (2.78)

4 8 (7.4)

5 15 (13.89)

6 11 (10.19)

7 19 (17.59)

8 17 (15.74)

9 33 (30.56)
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When subscores were considered, many patients had excellent inhalation technique and posture
scores, but the majority still required guidance for further improvement (Figure 1). Most families
kept the nebulizer clean and used an appropriate disinfection method, but only half of them replaced
the nebulizer and the nebulizer cup at the recommended time interval. The nebulizer was in perfect
condition in only half of patients (Figure 1).
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Figure 1. Patient inhalation technique and nebulizer disinfection/maintenance subscores.

3.3. Factors Affecting the Patient Inhalation Technique Score and the Nebulizer Disinfection/Maintenance Score

Nebulizer type (vibrating mesh compared to jet nebulizer) positively affected the inhalation
technique score, while patient age, number of nebulized medications, and FEV1 percent predicted were
not significantly associated with the score (Table 2). Patients and families were more likely to have a
better disinfected/maintained nebulizer if the nebulizer was newer and if more nebulized medications
were administered, while the nebulizer type did not seem to have a significant role (Table 3).
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Table 2. Associations between age, number of nebulized medications, nebulizer type, FEV1 percent
predicted (for group aged >6 years) with patient inhalation technique score.

Regression Model 1: Inhalation
Technique (Outcome Measure)

r = 0.271; p = 0 .046

Regression Model 2: Inhalation
Technique in Children >6 Years Old

(Outcome Measure)
r = 0.296; p = 0.092

Beta Standardized
Coefficients p Value Beta Standardized

Coefficients p Value

Patient age 0.106 0.319 0.136 0.230

Number of nebulized medications −0.005 0.963 0.068 0.530

Nebulizer type
1 = vibrating mesh nebulizer

0 = jet nebulizer
0.214 0.038 0.232 0.034

FEV1 percent predicted 0.100 0.380

Table 3. Associations of nebulizer disinfection/maintenance score with years of use, number of
nebulized medications, and type of nebulizer.

Regression Model: Disinfection/Maintenance Score (Outcome Measure)
r = 0.434; p < 0.001

Beta Standardized Coefficients p Value

Years of nebulizer use −0.295 0.001

Number of nebulized medications 0.235 0.009

Nebulizer type
1 = vibrating mesh nebulizer

0 = jet nebulizer
0.166 0.065

4. Discussion

In the current study, inhalation technique and nebulizer disinfection and maintenance status were
assessed in patients with cystic fibrosis by direct observation in clinic and completion of a scoring
sheet. Excellent inhalation technique and nebulizer disinfection/maintenance scores were attained by
only one-third of patients/families. Inhalation technique was best with a vibrating mesh nebulizer,
while only half of patients/families replaced the nebulizer and nebulizer cup at recommended time
intervals. Thus, nebulizer condition was negatively affected by the years of equipment use.

Inspiratory flow rate and body posture influence the surface area of lung deposition [5]. It is
recommended that patients should maintain the upright sitting position when they receive nebulized
medications for taking advantage of optimal lung mechanics and maximizing medication deposition [16].
Direct patient observation at home using videotaping has demonstrated that inhalation technique is
frequently suboptimal [17]. This finding has been confirmed in the present study. The great majority
of our patients have required further guidance to perfect their inhalation technique.

A vibrating mesh nebulizer was related to higher inhalation technique scores relative to the
jet nebulizer. While type of nebulizer has been shown to affect treatment time, little is known
about how the nebulizer type could affect inhalation technique in patients with cystic fibrosis [18,19].
More specifically, a mesh nebulizer reduces the duration of nebulization [18,20,21]. Although there is
no specific explanation for the recognized association between technique and nebulizer type, reduced
nebulization time might be a critical factor.

Interestingly, the number of nebulized medications and patient age are not associated with the
inhalation technique score, indicating that adequate technique is feasible in children with cystic fibrosis
regardless of their age and their treatment burden. In the subset of patients with available spirometry
results, FEV1 percent predicted was also not associated with technique score, but this finding could be
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secondary to the high proportion of subjects with normal lung function in our patient cohort (median
FEV1 percent predicted 99%).

Nebulizer cleaning and disinfection is an important aspect of care in patients with cystic fibrosis.
There have been studies indicating that appropriate disinfection is related to reduced nebulizer
contamination with pathogens [9,22]. Available evidence reveals that disinfection of the nebulizer
once daily is adequate [23]. There are published guidelines on appropriate cleaning and disinfection
techniques that are specific to patients with cystic fibrosis and that are not always consistent with the
manufacturer’s instructions [4,12]. There are several approved cleaning and disinfection techniques in
the guidelines; steam and hot water disinfection techniques are commonly used. There is evidence
that steam and hot water disinfection are both associated with decreased nebulizer output, therefore it
is important to check the nebulizer regularly to assess nebulizer function [24].

Moreover, replacement of the nebulizer cup at the recommended intervals is of paramount
importance as particle formation and medication delivery change with equipment use and especially
when using vibrating mesh nebulizers [20]. In the present study, the frequency of nebulizer parts
replacement and disinfection methods were assessed. It was found that replacement of nebulizer
parts was not performed at the recommended time intervals in half of the cases. This finding could
be the result of limited family financial resources. As a result, number of years of nebulizer use was
associated with worse maintenance scores.

Most families disinfected the nebulizer using one of the methods recommended in published
guidelines [4,12]. In the majority of cases, a baby bottle sterilizer has been utilized as steam disinfection
is an easy and effective way to disinfect nebulizer parts [10]. It should be noted that a few families
(5.55%) have been using vinegar for disinfection, a previously recommended method. Vinegar is
an effective disinfectant for P. aeruginosa but not for other important pathogens like S. aureus [12].
It is possible that families have received this instruction from the retailer, as it was mentioned in the
manufacturer’s instructions. In response to this finding, the retail company has been contacted and
been advised about this important change of practice regarding nebulizer disinfection. The instructions
given by the retailer now reflect this change in practice.

Interestingly using more nebulized medications was associated with a better maintenance score.
There is no clear explanation for this study finding. Higher number of nebulized treatments is often
associated with higher disease severity and many of the nebulized medications are antibiotics for
P. aeruginosa infection. Hence, we speculate that patients using more nebulized treatments might better
recognize the importance of being meticulous with disinfection compared to patients with less severe
disease or without P. aeruginosa infection.

A limitation of the present study is that family attitudes towards the importance of disinfection
have not been assessed. In a recent study, a gap between recognition of the importance of disinfection
and the actual consistency in following the recommended disinfection procedures was identified [21].
In addition, we have not adjusted our results for families’ socioeconomic status or education level.
In a recent study on the relationship between family attitudes and nebulizer cleaning and disinfection
practices, no significant difference has been shown, and thus, family attitude parameters might not
have affected our results [21]. Finally, this study included patients with CF and their families attending
a single CF center in Greece. Hence, it is unknown if these findings apply to other counties.

5. Conclusions

Even though inhalation technique and disinfection practices were found to be adequate in a large
proportion of cases, there is still a need for regular review and education of patients and their families.
Type of nebulizer was associated with improved inhalation technique, but more data are necessary
before making a specific recommendation. Number of nebulized medications did not affect inhalation
technique or disinfection/maintenance scores, underscoring that family engagement and adherence to
treatment might be more important than the actual treatment burden.



Children 2020, 7, 153 7 of 9

Author Contributions: Conceptualization: A.P., A.G.K., E.T., I.L., data collection: E.T., A.P., methodology: A.P.,
A.G.K., I.L., data analysis: A.G.K., A.P., writing—first draft preparation: A.P., writing—review and editing:
A.G.K., I.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Special thanks to Kimon Sfingos for the administrative support and to all the CF patients and
their families.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A

Children 2020, 7, x FOR PEER REVIEW 7 of 9 

 

inhalation technique or disinfection/maintenance scores, underscoring that family engagement and 
adherence to treatment might be more important than the actual treatment burden. 

Author Contributions: Conceptualization: A.P., A.G.K., E.T., I.L., data collection: E.T., A.P., methodology: A.P., 
A.G.K., I.L., data analysis: A.G.K., A.P., writing—first draft preparation: A.P., writing—review and editing: 
A.G.K., I.L. 

Funding: This research received no external funding. 

Acknowledgments: Special thanks to Kimon Sfingos for the administrative support and to all the CF patients 
and their families. 

Conflicts of Interest: The authors declare no conflict of interest. 

Appendix A 

 
Figure A1. Scoring sheet Caption. 

  

Figure A1. Scoring sheet Caption.



Children 2020, 7, 153 8 of 9

References

1. Elborn, J.S. Cystic fibrosis. Lancet 2016, 388, 2519–2531. [CrossRef]
2. Cohen-Cymberknoh, M.; Shoseyov, D.; Kerem, E. Managing cystic fibrosis: Strategies that increase life

expectancy and improve quality of life. Am. J. Respir. Crit. Care Med. 2011, 183, 1463–1471. [CrossRef]
3. Moore, J.E. The importance of the mundane—Nebuliser care and hygiene. J. Cyst. Fibros. 2016, 15, 4–5.

[CrossRef] [PubMed]
4. Heijerman, H.; Westerman, E.; Conway, S.; Touw, D.; Gerd Döring for the consensus working group. Inhaled

medication and inhalation devices for lung disease in patients with cystic fibrosis: A European consensus.
J. Cyst. Fibros. 2009, 8, 295–315. [CrossRef] [PubMed]

5. Laube, B.L.; Jashnani, R.; Dalby, R.N.; Zeitlin, P.L. Targeting aerosol deposition in patients with cystic
fibrosis: Effects of alterations in particle size and inspiratory flow rate. Chest 2000, 118, 1069–1076. [CrossRef]
[PubMed]

6. Blau, H.; Mussaffi, H.; Mei Zahav, M.; Prais, D.; Livne, M.; Czitron, B.M.; Cohen, H.A. Microbial contamination
of nebulizers in the home treatment of cystic fibrosis. Child Care Health Dev. 2007, 33, 491–495. [CrossRef]

7. Peckham, D.; Williams, K.; Wynne, S.; Denton, M.; Pollard, K.; Barton, R. Fungal contamination of nebuliser
devices used by people with cystic fibrosis. J. Cyst. Fibros. 2016, 15, 74–77. [CrossRef]

8. Riquena, B.; Monte, L.D.F.V.; Lopes, A.J.; Silva-Filho, L.V.R.F.D.; Damaceno, N.; Aquino, E.D.S.;
Marostica, P.J.C.; Ribeiro, J.D. Microbiological contamination of nebulizers used by cystic fibrosis patients:
An underestimated problem. J. Bras. Pneumol. 2019, 45, e20170351. [CrossRef]

9. Brzezinski, L.X.C.; Riedi, C.A.; Kussek, P.; Souza, H.H.D.M.D.; Rosário, N. Nebulizers in cystic fibrosis:
A source of bacterial contamination in cystic fibrosis patients? J. Bras. Pneumol. 2011, 37, 341–347. [CrossRef]

10. Hohenwarter, K.; Prammer, W.; Aichinger, W.; Reychler, G. An evaluation of different steam disinfection
protocols for cystic fibrosis nebulizers. J. Cyst. Fibros. 2016, 15, 78–84. [CrossRef]

11. MacFarlane, M.; Carson, L.; Crossan, A.; Bell, J.; Moore, J.E.; Millar, B.C. Nebuliser cleaning and disinfection
practice in the home among patients with cystic fibrosis. J. Infect. Prev. 2020, 21, 14–22. [CrossRef] [PubMed]

12. O’Malley, C.A. Device Cleaning and Infection Control in Aerosol Therapy. Respir. Care 2015, 60, 917–927.
[CrossRef] [PubMed]

13. Lester, M.K.; Flume, P.A.; Gray, S.L.; Anderson, D.; Bowman, C.M. Nebulizer use and maintenance by cystic
fibrosis patients: A survey study. Respir. Care 2004, 49, 1504–1508. [PubMed]

14. Bell, J.; Alexander, L.; Carson, J.; Crossan, A.; McCaughan, J.; Mills, H.; O’Neill, D.; Moore, J.E.; Millar, B.C.
Nebuliser hygiene in cystic fibrosis: Evidence-Based recommendations. Breathe (Sheff) 2020, 16, 190328.
[CrossRef] [PubMed]

15. Quanjer, P.H.; Stanojevic, S.; Cole, T.J.; Baur, X.; Hall, G.L.; Culver, B.H.; Enright, P.L.; Hankinson, J.L.;
Ip, M.S.; Zheng, J.; et al. Multi-ethnic reference values for spirometry for the 3–95-yr age range: The global
lung function 2012 equations. Eur. Respir. J. 2012, 40, 1324–1343. [CrossRef] [PubMed]

16. Porter-Jones, G.; Francis, S.; Benfield, G. Running a nurse-led nebulizer clinic in a district general hospital.
Br. J. Nurs. 1999, 8, 1079–1084. [CrossRef]

17. Bos, A.C.; Tiddens, H.A.; Minh, K.T.; Heeres, I.; Overweel-Uijterlinde, J.L.; Kok, A.E.; Andrinopoulou, E.R.;
Janssens, H.M. Daily Observations of Nebuliser Use and Technique (DONUT) in children with cystic fibrosis.
J. Cyst. Fibros. 2016, 15, 645–651. [CrossRef]

18. Naehrig, S.; Lang, S.; Schiffl, H.; Huber, R.M.; Fischer, R. Lung function in adult patients with cystic fibrosis
after using the eFlow rapid for one year. Eur. J. Med. Res. 2011, 16, 63–66. [CrossRef]

19. Lenney, W.; Edenborough, F.; Kho, P.; Kovarik, J.M. Lung deposition of inhaled tobramycin with eFlow
rapid/LC Plus jet nebuliser in healthy and cystic fibrosis subjects. J. Cyst. Fibros. 2011, 10, 9–14. [CrossRef]

20. Coates, A.L.; Green, M.; Leung, K.; Chan, J.; Ribeiro, N.; Ratjen, F.; Charron, M. A comparison of amount and
speed of deposition between the PARI LC STAR(R) jet nebulizer and an investigational eFlow(R) nebulizer.
J. Aerosol Med. Pulm. Drug Deliv. 2011, 24, 157–163. [CrossRef]

21. Rottier, B.L.; van Erp, C.J.; Sluyter, T.S.; Heijerman, H.G.; Frijlink, H.W.; de Boer, A.H. Changes in performance
of the Pari eFlow rapid and Pari LC Plus during 6 months use by CF patients. J. Aerosol Med. Pulm. Drug Deliv.
2009, 22, 263–269. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/S0140-6736(16)00576-6
http://dx.doi.org/10.1164/rccm.201009-1478CI
http://dx.doi.org/10.1016/j.jcf.2015.11.006
http://www.ncbi.nlm.nih.gov/pubmed/26725966
http://dx.doi.org/10.1016/j.jcf.2009.04.005
http://www.ncbi.nlm.nih.gov/pubmed/19559658
http://dx.doi.org/10.1378/chest.118.4.1069
http://www.ncbi.nlm.nih.gov/pubmed/11035679
http://dx.doi.org/10.1111/j.1365-2214.2006.00669.x
http://dx.doi.org/10.1016/j.jcf.2015.06.004
http://dx.doi.org/10.1590/1806-3713/e20170351
http://dx.doi.org/10.1590/S1806-37132011000300010
http://dx.doi.org/10.1016/j.jcf.2015.07.005
http://dx.doi.org/10.1177/1757177419855603
http://www.ncbi.nlm.nih.gov/pubmed/32030099
http://dx.doi.org/10.4187/respcare.03513
http://www.ncbi.nlm.nih.gov/pubmed/26070583
http://www.ncbi.nlm.nih.gov/pubmed/15571641
http://dx.doi.org/10.1183/20734735.0328-2019
http://www.ncbi.nlm.nih.gov/pubmed/32684992
http://dx.doi.org/10.1183/09031936.00080312
http://www.ncbi.nlm.nih.gov/pubmed/22743675
http://dx.doi.org/10.12968/bjon.1999.8.16.6514
http://dx.doi.org/10.1016/j.jcf.2016.03.005
http://dx.doi.org/10.1186/2047-783X-16-2-63
http://dx.doi.org/10.1016/j.jcf.2010.08.019
http://dx.doi.org/10.1089/jamp.2010.0861
http://dx.doi.org/10.1089/jamp.2008.0712
http://www.ncbi.nlm.nih.gov/pubmed/19466906


Children 2020, 7, 153 9 of 9

22. Murray, T.S.; O’Rourke, T.K., Jr.; Feinn, R.; Drapeau, G.; Collins, M.S. Nebulizer cleaning and disinfection
practices in families with cystic fibrosis: The relationship between attitudes, practice and microbe colonization.
J. Cyst. Fibros. 2019, 18, 823–828. [CrossRef]

23. O’Malley, C.A.; VandenBranden, S.L.; Zheng, X.T.; Polito, A.M.; McColley, S.A. A day in the life of a nebulizer:
Surveillance for bacterial growth in nebulizer equipment of children with cystic fibrosis in the hospital
setting. Respir. Care 2007, 52, 258–262. [PubMed]

24. Collins, M.S.; O’Brien, M.; Schramm, C.M.; Murray, T.S. Repeated hot water and steam disinfection of Pari
LC Plus nebulizers alter nebulizer output. J. Cyst. Fibros. 2019, 18, 233–235. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jcf.2019.05.008
http://www.ncbi.nlm.nih.gov/pubmed/17328823
http://dx.doi.org/10.1016/j.jcf.2018.08.005
http://www.ncbi.nlm.nih.gov/pubmed/30224332
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Patients and Methods 
	Patients, Study Design, and Data Collection 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Patient Inhalation Technique and Nebulizer Disinfection/Maintenance Scores 
	Factors Affecting the Patient Inhalation Technique Score and the Nebulizer Disinfection/Maintenance Score 

	Discussion 
	Conclusions 
	
	References

