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Abstract: Although using aerosolized medications is a mainstay of treatment in children with asthma and 
other respiratory diseases, there are many issues in terms of device and interface selection, delivery technique 
and dosing, as well as patient and parental education that have not changed for half a century. Also, due to 
many aerosol devices and interfaces available on the market and the broad range of patient characteristics and 
requirements, providing effective aerosol therapy to children becomes a challenge. While aerosol delivery 
devices are equally effective, if they are age-appropriate and used correctly, the majority of aerosol devices 
require multiple steps to be used efficiently. Unfortunately, many children with pulmonary diseases have 
problems with the correct delivery technique and do not gain therapeutic benefits from therapy that result 
in poor disease management and increased healthcare costs. Therefore, the purpose of this paper is to review 
the current knowledge on aerosol delivery devices used in children and guide clinicians on the optimum 
device- and interface-selection, delivery technique, and dosing in this patient population. Strategies on how 
to deliver aerosolized medications in crying and distressed children and how to educate parents on aerosol 
therapy and promote patient adherence to prescribed medications are also provided. Future directions of 
aerosol therapy in children should focus on these issues and implement policies and clinical practices that 
highlight the potential solutions to these problems.
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Introduction

Using the inhalation route for drug delivery is preferred 
in the treatment of children due to the direct delivery 
of the medication to the lung, rapid onset of action, and 
less systemic side effects compared to the other routes 
of administration (1). In addition, the direct delivery of 
medication to the lung minimizes the drug dosage needed 
for treatment efficacy (2).

Due to many aerosol devices and interfaces available on 
the market and the broad range of patient characteristics 
and requirements, providing effective aerosol therapy to 
children becomes a challenge. Therefore, the purpose of 
this paper is to review the current knowledge on aerosol 
delivery devices used in children and guide clinicians on 

the optimum device- and interface-selection, delivery 
technique, and dosing in this patient population. Strategies 
on how to deliver aerosolized medications in crying and 
distressed children and how to educate parents on aerosol 
therapy and promote patient adherence to prescribed 
medications are also provided. We present the following 
article in accordance with the Narrative Review reporting 
checklist (available at http://dx.doi.org/10.21037/atm-20-
1682).

Methods

Using the keywords children, nebulizers, inhalers, facemask, 
high flow nasal cannula, and aerosols, the relevant published 
literature was searched in PubMed, Medline, CINAHL, 
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and Science Direct until January 2020. While randomized 
clinical trials, in vitro/bench studies, prospective, and 
retrospective studies, survey research and review papers 
were included, abstracts, commentaries, and letters to the 
editors were excluded in this narrative review. Also, only 
articles published in English were included in this paper.

Device selection 

Many aerosol delivery devices were developed more than 
50 years ago. However, the special needs of children due 
to their airway anatomy, breathing pattern, physical and 
cognitive abilities have not been considered until recent 
years. Although the majority of current aerosol delivery 
devices were designed for adults, it is important to review 
their characteristics and technical features as they are also 
used in pediatrics and infants. Nebulizers, pressurized 
metered-dose inhalers, soft mist inhalers, and dry powder 
inhalers constitute the cornerstone of aerosol therapy in 
children. However, they differ from one another in terms 
of technical features, operations, breathing techniques, and 
ease of use that are explained below. 

Types of aerosol devices

Nebulizers are widely used to deliver aerosolized 
medications to neonates, infants, and pediatrics. They 
transform liquid drugs into aerosols suspended in gas and 
one of the main advantages of nebulizers is that they can 
deliver a wide range of medications to children. However, 
they require power, have long treatment time compared 
to inhalers, and need extensive cleaning and maintenance 
after treatment. Also, contamination is a potential 
problem with nebulizers, and the power source needed 
to operate the nebulizer makes the therapy less portable 
and less convenient. Therefore, several modifications 
and innovations were made on the design of nebulizers 
over time to make them more efficient in the delivery 
of aerosolized medications to children. Some examples 
of those innovations include venturi devices, breath-
actuated, breath-synchronized, dosimetric, mesh, and smart 
nebulizers (3).

Jet nebulizers are the first-generation conventional 
nebulizers that are operated with compressed gas up to 10 
L/min. Variations in the delivery efficiency of jet nebulizers 
were reported from brand to brand and unit to unit of 
the same brand (4-6). While they are labor-intensive and 
inefficient, they are also inexpensive compared to ultrasonic 

and mesh nebulizers. Ultrasonic nebulizers generate high-
frequency vibrations in a piezoelectrical crystal to aerosolize 
the medication through sound waves. They are electrically 
powered and require gas flow generation through the fan, 
patient, or other gas sources to move aerosol from the 
device to the patient. The main problem with ultrasonic 
nebulizers is the heat generated during therapy that causes 
drug inactivation of proteins and an increase in drug 
concentration of suspension during therapy. Therefore, 
ultrasonic nebulizers are not used to deliver suspensions. 
Many clinicians consider mesh nebulizers as the nebulizer 
of choice because they are more efficient than other types 
of nebulizers available on the market (7-11). They create 
aerosols by pumping liquid through a mesh including 
thousands of apertures (9,12). For the most part, these 
nebulizers are continuous, which limits inhaled dose. 

Breath synchronized and smart nebulizers were 
developed to increase delivery efficiency and overcome 
issues with other types of nebulizers used in aerosol 
medicine. For example, adaptive aerosol delivery (AAD) 
technology and other variants determine the correct timing 
to deliver aerosolized medication and increase the precision 
and reproducibility of dosing through aerosol delivery at 
the beginning of inspiration (9,13-16). Smart nebulizers also 
improve lung deposition by reducing drug wastage during 
therapy and provide additional information regarding 
patient adherence to therapy and drug dosages delivered 
with each treatment (13-15,17-21).

Pressurized metered-dose inhalers (pMDIs) are a 
convenient therapeutic option for delivering aerosolized 
medications to children as they are portable and easy to 
operate. The treatment time with pMDIs is short, and 
they provide multi-dose convenience with consistent and 
accurate emitted dose (22-24). Issues of using the pMDI 
in children include difficulty in actuating the pMDI due 
to lack of hand strength, breath-hold, and inappropriate 
inspiratory flow (24-28).

Soft-mist inhalers (SMI) are small portable aerosol 
devices that are easy to operate, have short treatment 
time, and provides multi-dose convenience of liquid 
drug solution less than 20 µL (29,30). They reduce 
oropharyngeal deposition through slowly moving aerosol 
clouds in a prolonged spray duration up to 1.5 s. Thus, 
the SMI gives children enough time to coordinate their 
inhalation maneuver with the actuation of the SMI. Due 
to its small particle size and longer spray duration, the 
SMI decreases drug losses caused by inertial impaction 
and turbulent flow in the upper airway (29,31). Therefore, 
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lung deposition obtained with the SMI is relatively 
high compared to pMDI and DPI. Also, no volatile 
propulsive gases are required to operate SMI because it 
is mechanically pumped through a narrow nozzle system 
based on microchip technology (29-34). SMIs are not used 
in children less than 6 years of age.

Dry powdered inhalers (DPIs) deliver powdered 
medication in gelatin capsules, blisters, or reservoirs. 
Each capsule or blister includes a unit dose of powdered 
medication and carried via a substance like lactose. The 
unit-dose DPIs may be less convenient as each capsule 
needs to be loaded before treatment. Although the particles 
of DPIs are very large to deposit in the lungs, the turbulent 
airstream generated in the device during inspiration breaks 
up the particles to be carried into the lower airways. 
Therefore, the child’s inspiratory flow rate is extremely 
important in creating the correct particle size of the 
medication within the respirable range during therapy. Each 
device requires different effort and inspiration flow rate to 
generate particles within the respirable range; however, it is 
known that fast forceful inhalations improve the efficiency 
of DPIs. Therefore, the child needs to achieve a certain 
inspiratory flow rate to receive a sufficient amount of 
aerosol particles to the lungs. Although younger children 
under the age of 6 years usually don’t have the physical and 
cognitive abilities to generate adequate inspiratory flow for 
the effective use of DPIs, children who are 6 years of age 
and older may use DPIs independently. Since the successful 
delivery of aerosolized medication with DPIs relies on the 
magnitude of the inspiratory flow rate generated by the 
child, DPIs should not be used in acute conditions where 
the breathing of children is impaired.

Device selection in children

There are so many different aerosol delivery devices 
available on the market. Although they increase our chance 
to find the most appropriate delivery device for children, 
having so many options also make the device selection 
process complex for clinicians. Children possess different 
psychomotor skills in different age groups and there is no 
single aerosol device that meets the needs of all children 
due to heterogeneity of this patient population. Therefore, 
it is important to select an aerosol device based on the 
patient’s age, cognitive and physical abilities. The ease of 
use, acceptability, and tolerance of the device by the child 
as well as parents’ preference and perspectives should be 
considered when selecting an aerosol device for children 

with pulmonary diseases (35-39).
Figure 1 shows a screening tool for aerosol device 

selection in children. Either nebulizers or pMDIs with 
VHC should be used in infants less than 6 years of age as 
they don’t have the physical and cognitive abilities to master 
specific inhalation techniques required by other aerosol 
devices such as DPIs (35-37,40,41). Although nebulizers 
may be tolerated better in this patient population, they may 
be less desirable due to their long treatment time and less 
portability compared to pMDIs. Since pMDIs require a 
high degree of hand-breath coordination during therapy, 
it is important to use them with valued holding chambers 
(VHCs) in children less than 6 years old (41-43). Also, it 
is believed that hand-breath coordination and cognitive 
ability to control breathing develops by the age of 5 years. 
Therefore, it is essential to evaluate the child’s physical and 
cognitive abilities before using SMI in children. DPIs are 
not used in this patient population due to the requirement 
for a fast-forceful inspiration with DPIs (35-37,44,45).

Children between 6- and 12-year of age can generally 
perform specific inhalation techniques required by inhalers 
such as pMDIs, SMIs, or DPIs. Clinicians should train 
children and their parents on how to use DPIs correctly 
and effectively. Delivering aerosolized medications with 
nebulizers is also another alternative at this age. 

Adolescents who are greater than 13 years of age can use 
all aerosol devices available on the market. The selection 
of an aerosol device in this patient population should be 
done based on their inspiratory flow rate, hand-breath 
coordination, preference, and willingness to use the device 
(Figure 1) (36,37,40).

Also, the devices such as the In-CheckDial (Clement 
Clarke International Essex, United Kingdom) are valuable 
tools to assure that children can generate the minimum 
inspiratory flow rate with each DPI they are prescribed. 
Thus, the suitability of an inhaler for the child can be 
evaluated via an imprinted scale using different airway 
resistances and peak inspiratory flows through the In-
CheckDial (46-50). According to Amirav et al., the 
measurements of peak inspiratory flow with the In-Check 
Dial in 223 children with asthma with and without DPI 
experience showed that many children could not achieve the 
optimum inspiratory flow rate required with high resistance 
DPIs (48). As a handheld inspiratory air-flow meter, the 
In-Check Dial can simulate the resistance of an inhaler to 
identify the most appropriate inhaler for the child. Also, it 
is important to keep the aerosol device consistent to prevent 
any confusion with different inhalation techniques required 
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Birth to 5 years old 6–12 years of age

Inspiratory flow 
>30 L/min

13 years old and older

Inspiratory flow 
<30 L/min

How old is the child?

Evaluate the child’s inspiratory flow & 
hand breath coordination

Periodically evaluate:
*Child’s ability and willingness to use the 

drug, device and interface
*The convenience, durability, cost and 

reimbursement of the device

Nebulizer or pMDI with 
VHC

Nebulizer, pMDI with 
VHC, SMI or DPI

Good hand-breath 
coordination:

nebulizers, DPI, SMI or 
pMDI

Poor hand-breath 
coordination:

nebulizers, DPI, SMI or 
pMDI with VHC

All aerosol devices

Good hand-breath 
coordination:

nebulizers, pMDI or SMI 
(avoid DPI)

Poor hand-breath 
coordianation: 

nebulizers, SMI or pMDI 
with VHC (avoid DPI or 

pMDI alone)

Evaluate parents’ 
preference

Assess the child’s 
tolerance of the device

Figure 1 A screening tool for aerosol device selection in children based on child's age, hand-breath coordination, and inspiratory flow. 

with various inhalers. After selecting an appropriate aerosol 
device based on the child’s age and psychomotor skills, 
the same type of device should be used for the delivery of 
different inhaled drugs (36,51-53). Table 1 lists factors that 
need to be considered in the selection of an aerosol device 
for children.

Interface selection

Types of delivery interface 

The different types of interfaces such as mouthpiece, 
facemask, nasal cannula, pacifier mask, spacers, and VHCs 
are used for aerosol drug delivery to children (54,55).

Table 1 Factors need to be considered in the selection of an aerosol 
device for children

Factors Considerations

Drug-related 
factors

Therapeutic aim of the drug

Availability of the drug in a specific device

Device-related 
factors

Delivery efficiency of the device

Cost and reimbursement of the device

Durability of the device

Cleaning and maintenance of the device

Patient-related 
factors

Age

Physical and cognitive abilities

Patient’s tolerance, acceptance, and 
preference of the device
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Interface selection in children

There is no single interface that meets the needs of 
all children with pulmonary diseases due to patient 
heterogeneity and their variation in psychomotor skills. The 
need for and type of delivery interface will depend upon 
the patient’s age, tolerance, and acceptance of the interface 
during treatment. The precise age at which interface is 
required depends on the physical and cognitive abilities 
of each child. Also, interfaces that are easily tolerated by 
children should be used for aerosol therapy. Figures 2,3 
provide further recommendations with respect to interface 
selection based on the type of aerosol device and the age of 
the patient, respectively.

The mouthpiece is commonly used in older children 
and may deliver up to twice as much aerosol drug delivery 
compared to a facemask (8,10,54,56). Although the 
mouthpiece is the preferred interface for aerosol delivery, 
children less than 3 years old may not reliably maintain a 
seal around the mouthpiece during treatment. Therefore, 
other interfaces such as a facemask, pacifier mask, nasal 
mask, hood, or nasal cannula are useful in this patient 
population. 

Facemasks vary in terms of weight, flexibility, dead space, 
and design. A lightweight, flexible facemask with anatomical 
contours that has small dead space should be preferred in 
children to increase inhaled dose and tolerability during 
aerosol therapy (57-60). The design of facemasks is divided 
into two categories: (I) front-loaded facemasks and (II) 
bottom-loaded facemasks. While front-loaded facemasks 
direct aerosolized medication to the oronasal area, bottom-
loaded facemasks lead the particles to the upper part of 
the mask. The front-loaded facemask tends to be more 
efficient than bottom-loaded face masks and results in a less 
aerosol deposition to the eyes and face of children (61-66). 
Aerosol masks should be securely attached to the face. Even 
small leaks can greatly reduce inhaled dose. Up to 49% of 
children do not tolerate face masks, with fussing and crying 
which greatly reduces lung dose. 

The pacifier mask (Soother Mask, InspiRx, Somerset, 
New Jersey) is a relatively new children-oriented mask 
designed to improve lung deposition by eliminating fear, 
discomfort, and crying in infants and toddlers during 
aerosol therapy (Figure 4). The child’s pacifier is attached 
to the mask to improve tolerance to the treatment and 
achieve a good facemask seal when delivering aerosolized 

Figure 2 Recommendations concerning interface selection based on the type of aerosol device. 

pMDINebulizer DPI

Yes: 
Use the 

mouthpiece

Yes: 
Use a spacer

Yes: 
Use the 

facemask
Yes: 

Use a VHC with the 
mouthpiece

Yes: 
Use VHC with standard facemask

SMI

No: 
Does the child tolerate 

the facemask?

No: 
Use a VHC

No: 
Use the hood, 

HFNC or pacifier 
mask

No: 
Does the child tolerate 

the facemask?

No: 
Use the pacifier mask

Which aerosol device is appropriate for 
the child?

Can the child coordinate 
actuation and inspiration?

Can the child use a 
mouthpiece? No interface is 

needed
No interface is 

needed

Can the child use a 
mouthpiece?
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medications. Sucking the pacifier during therapy helps 
achieve the optimum face-mask seal during therapy. 
Although the comparisons of the pacifier mask with 
standard face mask showed similar lung deposition in 
infants less than 1-year-old (67), using a pacifier during 
aerosol therapy may calm the child and improve compliance 
to prolonged treatment time in young children (67-69). 

Transnasa l  pulmonary  aerosol  de l ivery  a l lows 
administration of oxygen and aerosol through the same 
nasal cannula and has become popular recently because 
young children are primarily nose breathers and tend 
to tolerate nasal prongs better than aerosol face masks. 
Studies reported that the efficiency of nasal aerosol 
delivery is superior to the oral delivery of aerosols in this 
patient population (70,71). The nasal cannula has been 
used in studies in which a mesh nebulizer was placed on 
the inspiratory inlet of a heated humidifier in simulated 

pediatrics, infants and premature babies and reports that 
aerosolized medications can be delivered through nasal 
cannula effectively (8,72-78). While decreasing flow rate 
improves lung deposition in children, a recent in vitro 
study showed that transnasal aerosol delivery is greater at  
0.25 L/kg/min than lower flows (76). Nebulizer placement 
prior to the humidifier allows larger particles to deposit in 
the humidifier chamber, reducing rainout at the cannula 
while increasing inhaled aerosol deposition compared to 
nebulizer placement proximal to the patient (73,79-81). 
During nasal oxygen administration, attempts to place 
aerosol facemasks over the cannula reduces inhaled dose. 
Greater aerosol delivery efficiency is achieved when the 
nasal cannula is removed (78). However, it is essential 
to weigh the benefits of increased aerosol deposition 
against the risks with interrupted oxygen delivery and 
lung derecruitment when the nasal cannula is removed for 
aerosol drug delivery to children. 

Although several types of nasal masks were designed in 
recent years to increase the inhaled dose in children, an in 
vitro study showed that aerosol deposition obtained with the 
nasal mask was less than that with the facemask in simulated 
infants and children using a jet nebulizer (66).

In children who cannot use the mouthpiece or tolerate a 
facemask, using a hood for aerosol drug delivery may offer 
a good alternative, if it does not agitate the infant or make 
them cry during therapy (82-86). The delivery efficiency 
of the hood (2.6%) is similar to the facemask (2.4%) in 
children with wheezing (85), while patient discomfort and 

4–5 years of ageBirth to 3 years old

Evaluate parents’ 
preference

Mouthpiece, facemask, 
HFNC, spacer or VHC

6–12 years of age 13 years old and 
older

How old is the child?

Mouthpiece, 
facemask, hood, 

HFNC, pacifier mask 
or VHC

Facemask, hood, 
HFNC, pacifier 
mask, or VHC

Assess the child’s 
tolerance of the device/

interface

Periodically evaluate  the 
patient's preference and 

willingness to use the 
interface

Figure 3 Recommendations for interface selection based on the age of the patient. 

Figure 4 Soother mask (reproduced with permission from InspiRx, 
Somerset, New Jersey). 
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treatment time with the hood is less than the facemask (84).  
Although aerosol deposition in the eye is a concern with 
the use of hood, previous research showed less facial-
ocular deposition in the face-side position than the face-
up position (87). Parents also preferred using the hood 
compared to the facemask (86).

Spacers and VHCs are the delivery interfaces used with 
pMDIs. While both them reduce oropharyngeal deposition, 
it is important to note that only VHCs decrease the need 
for hand-breath coordination during therapy. Spacers do 
not have one-way valves as opposed to VHCs that include 
low-resistance one-way valves preventing aerosols exiting 
the VHC until inspiration starts. Clinicians should prefer 
VHCs especially when the child has distressed breathing. 
Also, small volume VHC should be selected in infants and 
toddlers so that aerosol concentration in the add-on device 
will be higher and the child can inhale all medication from 
it with a few inspirations (35-37,58,60). Also, VHCs should 
be used with a facemask instead of a mouthpiece in small 
children because they don’t have the physical ability to seal 
the mouthpiece during therapy. While the large volume 
of spacers/VHCs can be an issue in infants and toddlers, 
no significant difference between small- and large-volume 
spacers was found on the bronchodilator response of older 
children with asthma (88).

Dosing

Children have smaller airways, lower tidal volume, lower 
vital capacity, and functional residual capacity than 
adults; therefore, most of the medication deposits in the 
oropharyngeal region and lung deposition in children is 
less than adults. Although children have smaller airways, 
decreased lung doses are appropriate for them due to their 
smaller lung surface area and body mass. As a result, the 
weight-corrected lung doses in children are similar to adults 
(35,36,40,89). Aerosols deposit in the central airways and 
poorly distributed in the lung due to non-uniform diseases 
such as localized bronchiectasis. Also, conditions such as 
purulent secretions in the airways, laryngospasm, enlarged 
tonsils and adenoids limit the delivery of aerosolized 
medications to the lung peripheries (45).

The particle size is an important concept in dosing and 
the efficacy of aerosol therapy. While particles greater than 
5 µm impact in the oropharyngeal area, aerosol particles 
less than 1 µm may remain in suspension and are exhaled 
during therapy. Therefore, particles with a mass median 
aerodynamic diameter (MMAD) between 1 and 5 µm are 

considered optimum in adults. However, optimal particle 
size for effective delivery of aerosolized medications to 
children is not known.

Also, most of the aerosolized medications have not been 
approved for use in pediatrics less than 2 years old. While 
label doses may be weight appropriate in older children, 
research on what dose is appropriate for small children is 
still lacking. Therefore, the lowest dose that works for this 
patient population can be considered as the correct dose to 
use during aerosol therapy.

Delivery technique

Aerosol delivery devices are equally effective if they are age-
appropriate and used correctly (36,37,52,90). However, the 
majority of aerosol devices require multiple steps to be used 
efficiently and many children with pulmonary diseases have 
problems with the correct delivery technique (91-94) and 
do not gain therapeutic benefits from therapy that result in 
poor disease management and increased healthcare costs 
(95,96). Multiple factors such as the device characteristics, 
children’s psychomotor skil ls ,  and the healthcare 
professionals’ knowledge lead to errors with the use of 
inhalers in children. For instance, current aerosol devices 
are designed for aerosol delivery to adults and each aerosol 
device requires a certain level of physical and cognitive 
ability, as well as hand strength, coordination, dexterity, and 
lung capacity to ensure optimal inhaler use. Also, health 
care professionals play a critical role in teaching children 
the correct technique and in maintaining their correct use 
of the device over time (97). Previous research showed that 
only 15% to 69% of clinicians across all disciplines could 
use aerosol devices correctly (25,98-101). This leads to an 
incorrect selection of aerosol devices and a lack of patient 
education and training on delivery techniques. Although 
children’s inhalation technique is poor, previous research 
documented that patient education, repeated follow-ups 
and monitoring is effective in improving their inhalation 
techniques (102-105). Therefore, clinicians should be aware 
of the issues with the delivery technique of each device, 
teach children how to use their aerosol devices correctly, 
and monitor their technique at every opportunity. Since a 
correct inhalation technique erodes over time, clinicians 
should also provide instructions repeatedly to children/
parents and follow up with them even though it is time-
consuming. The following section explains issues with the 
delivery technique of each device and provides potential 
solutions to these problems. 
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Delivery technique with pMDIs

While the pMDIs appear to be easy to use initially, using 
them effectively can be a challenge for children due 
to the requirements of shaking, priming, hand-breath 
coordination, and breath-hold (103,106-108). The pMDIs 
should be shaken and primed before therapy to ensure a 
homogenous mixture of the content and proper filling of 
the metering chamber. Otherwise, the drug is separated 
from the other ingredients in the canister of the pMDI 
when it is new and has not been used for 24 hours up to  
7 days, depending on the drug formulation. After the patient 
releases a metered volume of drug, and propellants by 
pressing down the canister to actuate a dose of medication, 
taking a deep, slow breath may be complex for this patient 
population. Also, children may not achieve a good hand-
breath coordination and breath-holding required for the 
effective use of pMDIs. They may not have the strength 
and dexterity of their fingers to actuate the pMDI during 
therapy when they need to use the pMDI independently. 
Sometimes, they inhale either too early or too late after 
the actuation of the pMDI (95,108,109). A clinical study 
conducted on children in the primary care setting showed 
that only 8% of children were able to demonstrate the 
correct delivery technique with pMDIs (110). 

Due to issues of using pMDI alone in children, add-on 
devices such as spacers and VHCs are used with pMDIs to 
optimize aerosol drug delivery by providing slow velocity 
and small particle size during therapy. Using a pMDI 
with a VHC will overcome the hand-breath coordination 
problem in children and improve lung deposition. Due 
to the distance between the pMDI and the VHC, larger 
particles deposit on the sides of the chamber and help 
smaller particles deliver to the lungs. It will reduce the 
oropharyngeal deposition that will lead to fewer side effects 
in the upper airways such as thrush when corticosteroids are 
used in the treatment of children with pulmonary diseases. 

While there are many different types of pMDI add-on 
devices are available on the market, they differ in terms of 
size, shape, and material used in the device. The spacers and 
VHCs have various sizes ranging from 50 to 750 mL. Since 
children have low tidal volumes, low volume spacers/VHCs 
are recommended for aerosol drug delivery to this patient 
population. Otherwise, when a large volume spacer is used 
with pMDI, the child will need to take several breaths to 
empty the spacer and increase the delivery of aerosolized 
medications to the lungs. According to the study conducted 
by Schultz et al., two tidal breaths are sufficient enough 

to receive aerosol from a small volume spacer while three 
breaths should be taken with larger spacers for optimum 
drug delivery to children between 2- and 7-year of  
age (111).

The breathing technique with add-on devices is simple 
and only requires normal tidal breathing in small children 
less than 4 years of age who need a facemask attached 
to the spacer/VHC as they cannot hold the mouthpiece 
tightly with their lips during therapy. In small children, 
parents should deliver aerosolized medications with VHCs 
and ensure that the valve functions properly. Previous 
research showed a significant improvement with a deep 
inspiration followed by breath-hold using the pMDI and 
VHC in children from 4- to 15-year-old (112). Also, it is 
important to note that multiple actuations into the spacer/
VHC will decrease aerosol drug delivery to the child, and 
the reduction in lung dose will be more with small low 
volume spacers (28,113). Another issue with spacers/VHCs 
is its electrostatic charge that will reduce the inhaled dose. 
Therefore, washing spacers with detergent is recommended 
before use to eliminate static charge and increase aerosol 
delivery to children (89,114-117). Clinicians can also use 
non-electrostatic spacers for the treatment of children, 
when available (118).

Delivery technique with DPIs

Unlike pMDIs, DPIs are breath-actuated. Therefore, they 
don’t require hand-breath coordination during therapy. 
Children should be trained not to exhale into the inhaler 
after the dose is loaded because it will increase the humidity 
in the device and blow out the dose. Also, DPIs should not 
be stored in high humidity conditions that will dissolve the 
drug or form large agglomerates, which will be difficult to 
disperse into small particles during therapy.

Regardless of the type of inhaler used in the treatment 
of children with pulmonary diseases, small children exhale 
most of the medication because they cannot hold their 
breath after inspiration from the inhaler. However, it is 
important to note that breath-holding of 5 seconds is 
recommended with pMDIs in children up to 10 years of age 
to improve peripheral deposition of the medication (112).

Delivery technique with nebulizers

The delivery technique with nebulizers only requires 
normal tidal breathing, and a breath-hold is not needed for 
effective aerosol delivery, unlike inhalers. 
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Delivery technique with different interfaces

In children older than 3 years of age, a mouthpiece should 
be sealed with lips, and children should be instructed to 
take breaths through the mouth to increase the efficiency 
of the treatment. When a facemask is used for the delivery 
of aerosolized medications to children, it is essential to have 
a tight face-mask seal during therapy. While a good face-
mask seal will increase the inhaled dose and reduce aerosol 
deposition in the eye and face of children, it also leads to 
crying, fussing and intolerance of the mask by children 
(62-64,119-122). In this case, another interface such as the 
hood, nasal cannula, or pacifier mask should be used for 
aerosol therapy. Also, drug deposition in the eye of children 
is an issue especially with inhaled anticholinergic drugs that 
may cause blurring vision, pupil dilatation, and glaucoma. 
Therefore, clinicians should monitor children with caution 
during aerosol therapy with the facemask and hood. 

Although the blow-by technique was used in crying 
and uncooperative children by directing aerosol from 
the nebulizer to the child’s face, it is well known that the 
blow-by technique is inefficient in delivering aerosolized 
medications to this patient population (65,123,124). 
Therefore, clinicians should not use the blow-by technique 
during aerosol therapy.

Crying and distressed children

Crying decreases inhaled dose due to a very long expiration 
followed by short and fast inspiration. Gastrointestinal 
deposition of aerosols was 50% higher in crying children 
than their non-crying peers (125), and it is a challenge 
to have a good face-mask seal during aerosol therapy in 
distressed and crying children. Therefore, previous research 
reported that lung deposition in crying babies was 0.35% as 
opposed to 2% with pMDIs in quite breathing (126) Since 
the delivery of aerosols with nebulizers was also 4-fold less 
in crying infants (127), it is essential to decrease distress and 
comfort babies through games or another effective way of 
distraction before aerosol therapy. Alternatively, previous 
research suggested administering aerosolized medications 
to children while they are asleep (128). Since the breathing 
pattern of children is more regular during sleep than when 
they are awake, the delivery of aerosolized medications 
during sleep may improve lung deposition and patient 
outcomes. However, it is essential not to wake children 
with the administration of aerosolized medications because 
previous research showed that 69% of the children woke up 

and 75% of them distressed during treatment (129). 

Parental education

Parental education is important in the treatment of 
children. However, aerosolized medications are usually 
prescribed without any information or demonstration on 
how to use the aerosol device and interface effectively. 
Therefore, parents do not know what to do in difficult 
situations such as crying and fussing during aerosol 
therapy with the facemask. They may either force their 
children to keep the mask on or end up using the blow-
by technique, which will reduce the efficiency of aerosol 
therapy significantly. As a result, parents report poor 
clinical response to the prescribed medications. In this 
case, clinicians usually change the type of medication 
prescribed or increase the dose by assuming the parents 
used the correct delivery technique during aerosol therapy. 
Then, parents are concerned about the side effects of the 
medications prescribed to their children. Therefore, it is 
important to explain what is prescribed for the treatment of 
their children, why it is important to take the medication, 
and how it is going to help their children. The side effects 
of the medications should be discussed and the barriers to 
adhere to the treatment should be explored. Also, using a 
shared vision about the disease and its treatments will lead 
to success in disease management (130,131).

Although parents understand the importance of using 
aerosol devices correctly, they will not be able to use them 
without effective instructions. Therefore, it is important to 
prepare one-on-one individualized education sessions and 
provide effective instructions to parents that will improve 
treatment adherence and clinical outcomes (132). While 
written instructions and videos are helpful; each training 
session should include verbal instructions on how to use 
aerosol devices correctly that accompanied by repeated 
demonstrations and follow-ups. Since the correct inhalation 
techniques erode over time, instructions on how to use 
the device correctly should be given repeatedly to achieve 
and maintain the correct inhalation technique in children. 
Verbal instruction, combined with demonstrations and 
repetitive training over time will help maintain the correct 
delivery technique during aerosol therapy. Clinicians can 
use simple teaching devices to develop the psychomotor 
skills of parents needed to use an aerosol device effectively. 
They can also prepare a personalized inhaler technique 
labels that highlight the incorrect steps on the label that will 
help them when they deliver inhaled medications to their 
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children at home (133). 
It is also essential to promote adherence to therapy 

in children through their parents. Several strategies that 
can be used by clinicians to improve treatment adherence 
include: (I) educate parents about the role, effectiveness 
and side effects of inhaled medications prescribed for the 
patient, (II) educate parents about severity of disease and 
risk of not using the medication, (III) determine whether 
the cost of medication is an issue and search for lower-cost 
alternatives, (IV) simplify aerosol-dosing regimen as much 
as possible by using the combination of aerosol formulations 
(bronchodilator plus corticosteroids) or reducing treatment 
frequency to daily or twice daily medications, and (V) 
provide a written treatment plan specifying actions and 
times that will help parents know what to do in critical 
situations. Since it is imperative to include parental 
education in future practices with the delivery of aerosolized 
medications to children, Table 2 provides general principles 
recommended for parental education.

Also, it is important to note that device and interface 
selection as well as treatments and dosing are different in 
acute care settings designed to treat an acute condition 
that requires immediate evaluation and treatment with 
continuous monitoring of the patient. For instance, 
nebulizers may be used for aerosol drug delivery to children 
instead of inhalers in acute care. Usually, children in 
respiratory distress do not tolerate conventional interfaces 
such as facemask, and clinicians choose to deliver aerosolized 
medications via HFNC to improve patient comfort and 
tolerance during aerosol therapy. The drug dosages used in 
acute care is usually greater than the dosages used in stable 
patients. Since a patient-centered approach is used in acute 
care settings, clinicians also focus on parental education and 
guidance to help them support their child’s progress after 
discharge. Interacting with patients and their parents at the 

hospital will help clinicians teach the necessary information 
about what type of treatment they need to do at home, why 
it is important to adhere to prescribed therapy and how 
they should use their aerosol delivery devices when they are 
discharged. Thus, patients and their parents can have the 
necessary knowledge and skills needed for effective aerosol 
therapy in children before they return home. 

Limitations and future research

Aerosol drug delivery to children has been improved 
if we had a better understanding of the efficiency and 
functional differences of aerosol devices, interfaces, drug 
formulations, and dosages used in premature babies, 
toddlers, and children. Since the medication and dosage 
recommendations depend on the delivery technique, aerosol 
device, and interface used during therapy, it is important 
to prepare guidelines that specify these parameters to help 
clinicians select appropriate delivery systems for children of 
various ages. While the majority of the studies on aerosol 
drug delivery to this patient population are in vitro/bench 
studies, it is essential to standardize in vitro studies with 
better lung models that replicate children’s anatomy and 
breathing parameters. Therefore, clinical research that 
will evaluate the safety, therapeutic efficacy, and delivery 
efficiency of aerosol therapy is needed.

In summary, although using aerosolized medications 
is the mainstay of treatment in children, there are many 
issues faced by clinicians in terms of device and interface 
selection, delivery technique and dosing, as well as patient 
and parental education that have not changed for half a 
century. Future directions of aerosol therapy in children 
should focus on these issues and implement policies and 
clinical practices that highlight the potential solutions to 
these problems.
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