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Data on inhaler technique and its effects on maternal and fetal outcomes during pregnancy are seldom reported. +e primary
objective of this study was to evaluate inhaler technique and identify errors in inhaler use among pregnant women with asthma.
Secondary objectives were to identify factors associated with poor inhaler technique and study the association between inhaler
technique and maternal and fetal outcomes.+is was a cross-sectional, face-to-face, prospective study of 80 pregnant women with
physician-diagnosed asthma. Seventy-three and 41 asthmatic pregnant women reported using pressurized metered dose inhalers
(pMDIs) and dry powder inhalers (DPIs), respectively. Overall, wrong inhaler technique was observed in 47 (64.4%) subjects.
Among pMDI users, correct inhaler use was observed in only 26/73 (35.6%) of the patients, with lack of coordination between
inhalation and generation of the aerosol and failure to breathe out gently before using the inhaler, being the most common errors.
Among DPI users, 21 (51.2%) demonstrated correct inhaler use, with failure to perform a breath-hold for 10 seconds after inhaling
the powder and to exhale gently before using the inhaler being the most common errors. Significant associations between inhaler
technique and patient’s understanding of asthma medications and the kind of follow-up clinic (respiratory versus nonrespiratory
clinic) were found. No significant associations between inhaler technique and various maternal and fetal outcomes or asthma
control were found. In conclusion, improper inhalation technique is significantly prevalent in pregnant asthmatic women,
particularly among those being followed in nonspecialized respiratory clinics. +e lack of significant association between the
inhaler technique and asthma control (and hence maternal and fetal outcomes) may simply reflect the high prevalence of
uncontrolled asthma and significant contribution of other barriers to poor asthma control in the current patient’s cohort.
Multidisciplinary management of asthma during pregnancy with particular emphasis on patient’s education is imperative.
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1. Background

Asthma is a serious global health problem that imposes a
great burden on healthcare systems and patients. It affects
1–18% of the population in different countries, and its
prevalence is increasing in many other countries [1]. +e
prevalence of asthma during pregnancy may be higher than
previously estimated and appears to be continuing to in-
crease [2, 3]. Inadequate asthma control during pregnancy is
associated with a significant risk for several adverse preg-
nancy outcomes including perinatal death, intrauterine
growth retardation, preeclampsia, premature delivery, and
low birth weight [4–7]. Optimal management of asthma
during pregnancy is crucial for protecting both mother and
fetus. Inhaled medications are the cornerstone treatment of
patients with asthma. +e use of inhaled therapy has a
number of advantages over systemic (oral or intravenous)
administration. It allows a smaller dose to be administered, a
faster onset of action, and fewer systemic side effects [8–10].
+ere is a wide variety of different inhalers currently in the
market; they can be broadly classified into pressurized
metered dose (pMDI), dry powder (DPI), breath-actuated
metered dose (BA-MDI), and soft mist inhalers [8]. In day-
to-day asthma care practice, the most commonly used de-
vices are the pMDIs and the DPIs. pMDIs are portable,
convenient, and multidose devices. +ese advantages have
made them very popular and most widely used devices for
inhalation therapy in asthma [11]. Poor inhaler technique
has been shown in multiple studies to be significantly as-
sociated with poor asthma control, increased risk of exac-
erbation, and hospitalization even after statistical
adjustment for age, smoking, inhaler device type, and self-
reported adherence [12, 13]. Furthermore, recent studies
have unveiled the health-economic burden of poor inhaler
technique in the developed world. Lewis et al. estimated a
cost of €782 million attributable to poor inhalation tech-
nique across three countries (the UK, Spain, and Sweden) for
the two most commonly used DPIs in 2015 [14]. Hence,
assessing and emphasizing proper inhaler technique during
each asthma-related health visit is a cornerstone step of
asthma management and has been emphasized in all asthma
guidelines [1, 15]. +e correct use of pMDIs entitles per-
forming all the following 5 steps [16]: (1) removing cap and
shaking the inhaler, (2) breathing out gently before using the
inhaler, (3) putting the mouthpiece in the mouth and ap-
plying good seal with the lips, (4) pressing the canister down
at start of inspiration and continuing to inhale slowly and
deeply, and (5) performing a breath-hold for at least 10
seconds. For DPIs, performance of all the following steps
defines a correct use [16]: (1) breathing out gently before
using the inhaler, (2) placing the inhaler in the mouth and
creating an adequate seal with the lips, (3) deep and forceful
inhalation of the powder, and (4) removing the inhaler from
the mouth and performing a breath-hold for 10 seconds.
Incorrect use is defined as the failure to perform at least one
of these steps [16]. Different patient’s characteristics can
influence the correct use of inhalers including age, educa-
tional attainment, race, and patient’s understanding of
asthma and its treatment [17–19]. Historically, some errors

were identified as “critical” or “essential” based on an as-
sumption that if they are not performed correctly, little or no
medication reaches the lungs [20]. Among the most im-
portant critical errors for pMDI use are removing mouth-
piece cover and shaking the device and coordination
between device actuation and inhalation, and for DPI use,
the most important critical errors are removing/opening
mouthpiece and inhaling forcefully and deeply [20]. Re-
cently, the CRITIKAL study provided the first evidence-
based identification of the effects of such critical errors on
asthma control and exacerbations [21]. In the CRITIKAL
study, failure of performing deep and forceful inhalation
among DPI users and lack of coordination between device
actuation and inhalation among pMDI users led to a greater
likelihood of uncontrolled symptoms and a higher rate of
exacerbations [21]. We have shown in the QAKCOP study
that tremendous improvements in maternal and fetal health
care and socioeconomic status did not reflect on asthma
control and care during pregnancy in this wealthy nation
[22]. About 65% of asthmatic pregnant women in the
QAKCOP study had uncontrolled asthma during their
pregnancy, and the inhaler technique was incorrect in 64.4%
[22]. Nevertheless, data on inhaler technique and the effects
of wrong technique on maternal and fetal outcomes during
pregnancy are seldom reported in the medical literature.+e
primary objective of this study was to evaluate the inhaler
technique and identify errors in inhaler use among pregnant
women with asthma. Secondary objectives were to identify
factors associated with the poor inhaler technique and study
the association between the inhaler technique and maternal
and fetal outcomes (including preterm labor, miscarriage/
abortion, preeclampsia/eclampsia, antepartum/postpartum
hemorrhage, rate of cesarean section, development of ma-
ternal asthma symptoms during delivery, intrauterine
growth retardation, congenital anomalies, low birth weight,
and neonatal respiratory distress).

2. Methods

+is was a cross-sectional, face-to-face, prospective study of
80 pregnant women with physician-diagnosed asthma. +e
study was approved by the Institutional Review Board of
HamadMedical Corporation (Doha, Qatar) (IRB No. 13245/
13). +e study was conducted from January 2014 to De-
cember 2016. Inclusion criteria included randomly selected
(systematic random selection) pregnant women with
physician-diagnosed asthma who were using inhaler therapy
and attended women’s hospital and Hamad General Hos-
pital (the largest tertiary hospital) in Qatar during the study
period.+e study settings included Hamad General Hospital
outpatient medical and respiratory clinics and outpatient
and inpatient settings of women’s hospital. All study subjects
were presented verbally and in writing with detailed in-
formation about the study and its objectives.

2.1. Assessment of Inhaler Technique. Participants who
provided informed consent were interviewed face-to-face by
one of the authors of this report for an average of 30 minutes
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and were requested to demonstrate their inhaler technique
to the interviewer using their own inhalers. +e Global
Initiative for Asthma (GINA) criteria mentioned in the
introduction section of this paper were used to determine
the correct use of inhaler [16]. None of the patients who were
invited to participate declined, yielding a 100% participation
rate.

2.2. Assessment of Asthma Control. We used the Asthma
Control Test (ACT) to assess the level of asthma control in
the study subjects. +e ACT has been previously validated
during pregnancy and demonstrated good internal consis-
tency and was responsive to changes in asthma course.
Significant associations between asthma control during
pregnancy by the Global Initiative for Asthma (GINA)
classification and ACT have also been demonstrated [23–
25]. +e ACT scores range from 5 (poor control of asthma)
to 25 (complete control of asthma). An ACT score >19
indicates controlled asthma [25].

2.3. Follow-Up of Participants. Following the initial in-
terview mentioned above, participants were interviewed
again via phone at 6 months postpartum to assess details of
asthma course and maternal and fetal outcomes of preg-
nancy. To confirm the accuracy of information provided by
participants at this time and minimize recall bias, electronic
health records were also reviewed to identify maternal
asthma symptoms during labor, maternal and fetal com-
plications at birth, weight of the baby at birth, and the
presence of congenital malformations.

2.4. Statistical Analysis. Qualitative and quantitative data
were expressed as the frequency with percentage and mean
SD with median and range. Descriptive statistics were used
to summarize demographic and all other clinical charac-
teristics of the participants. Associations between at least 2
qualitative or categorical variables were assessed using χ2
test. For small cell frequencies, χ2 test with a continuity
correction factor or the Fisher exact test was applied. Pic-
torial presentations of the key results were made using
appropriate statistical graphs. A two-sided P value less than
0.05 was considered statistically significant. All statistical
analyses were performed using SPSS 22.0 (SPSS, Inc.,
Chicago, Illinois).

2.5. Quality Assurance. Prior to starting the study, all
physicians involved in conducting interviews with patients
received training sessions on how to conduct the interview,
asthma guidelines (GINA), and the correct use of inhalers.

3. Results

+e characteristics of the study population are summarized
in Table 1. Seventy-three and 41 asthmatic pregnant women
reported using pMDIs and DPIs, respectively, in the current
study. Salbutamol inhaler (when needed) was used by the 73
PMDI users. DPIs used by patients included salmeterol/

fluticasone propionate (Seretide Diskus®, GlaxoSmithKline,
United Kingdom) (26/41), budesonide/formoterol
(Symbicort® Turbuhaler, AstraZeneca, United Kingdom)
(13/41), and Budesonide DPI (Pulmicort® Turbuhaler,
AstraZeneca, United Kingdom) (2/41). Overall, wrong in-
haler technique was observed in 47 (64.4%) subjects. Among
patients who were using pMDIs, correct inhaler use was
observed in only 26/73 (35.6%). +e most commonly ob-
served error with the use of pMDIs was lack of coordination
between inhalation and generation of the aerosol (observed
with 68.1% of patients), followed by failure to breathe out
gently before using the inhaler (61.7%) (Table 2). Among
patients who were using DPIs, 21 (51.2%) demonstrated
correct inhaler use. +e most commonly encountered error
with the use of DPIs was the failure to perform a breath-hold
for 10 seconds after inhaling the powder (65%) followed by
failure to exhale gently before using the inhaler (55%)
(Table 2). We found significant associations between poor
inhaler technique and patient’s understanding of types of
asthma medications (P � 0.002) and the kind of clinic in
which asthma follow-up was conducted (respiratory versus
nonrespiratory clinic) (P � 0.030) (Table 3). We did not find
significant associations between the inhaler technique and
various maternal and fetal outcomes (Table 4). Interestingly,
unlike asthma in general population in this country, we did
not find a significant association between the poor inhaler
technique and level of asthma control in pregnant women,
which may reflect the multiple factors contributing to poor
asthma control during pregnancy [22, 26]. None of the
patients was using an aerochamber/spacer.

4. Discussion

+ere are different factors that influence aerosol deposition
into the lungs. +e technique of inhaler use by the patient is
an important patient-related factor. Even with a perfect
inhalation technique, almost one-third of the delivered
inhaled dose has impacts on the oropharynx when using
inhaler devices [27, 28].With poor inhalation technique, this
wasted amount could be further magnified. Hence, following
correct inhaler technique steps is crucial to minimize further

Table 1: Patient’s characteristics.
Age (years) (n � 80)

Mean 31.6 ± 6.2
Median 32

Age at onset of asthma (n � 78)
Mean 13.3 ± 11.1
Median 12.5

Educational level (n � 77)
Elementary and primary 5 (6.5%)
Secondary and above 72 (93.5%)

Total number of pregnancies (n � 75)
One pregnancy 12 (16%)
Two pregnancies 15 (20%)
+ree or more pregnancies 48 (64%)

Asthma control using ACT (n � 75)
Uncontrolled 49 (65.3%)
Controlled 26 (34.7%)
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oropharyngeal deposition and ensure adequate dose delivery
to the lungs. When using pMDIs, slow inhalation (over 4-5
seconds in an adult) after a deep exhalation helps to min-
imize such deposition in the upper airway and enhance
delivery of the drug to the lungs. On the contrary, when
using DPIs, the patient has to inhale as deeply and hard as
possible to overcome the internal resistance to flow and
generate the aerosol for inhalation. DPIs also require tur-
bulent energy to deaggregate their formulations and produce
a fine-particle dose during the inhalation maneuver. +e
greater the energy imparted by the patient’s inspiratory flow
rate, the more effective the particle deaggregation [29, 30].
Coordination between inhalation and generation of the
aerosol, so that inhaler should be activated just after onset of
inspiration, is crucial to increase drug deposition in the lung
during pMDI use [27, 28, 31–33]. Breath-holding further
facilitates sedimentation and residence time and thus en-
hances diffusion by Brownian motion and deposition in the
peripheral airways [28, 31]. Using radiolabelled Teflon
particles with a mass median aerodynamic diameter of 3.2
microns, Newman et al. found that a 10-second compared
with a 4-second breath-hold significantly increased lung
deposition of the particles [33]. In many pMDIs (particularly
old chlorofluorocarbon (CFC)), the active drug is present as
a micronized suspension rather than a solution. As a result,
failure to shake the device either before use or between
successive dosages can result in improper dispersion or
“settling” of the suspension in the propellant, which was
clearly shown in studies to reduce the delivery of both β2-
agonists and corticosteroids by up to 50% [34, 35]. Although
modern pMDIs contain hydrofluoroalkane (HFA) (solu-
tion) instead of CFC, nevertheless, not all of these devices
have the active drugs in true solution. +erefore, shaking of
the device continues to be an important step when using

pMDIs [34–37]. +e finding of a high rate of incorrect
inhaler use among patients in the current study concurs with
the findings from previous studies that revealed a global
suboptimal inhaler technique among asthmatic patients. In a
study from the UK, Hardwell et al. found that over 85% of
asthma patients were unable to use their pMDI devices
correctly at the start of the study. Furthermore, despite
training, majority of symptomatic asthma patients in their
study population continued to be unable to use their pre-
scribed pMDIs correctly [38]. In a study from a neighbor
country, 73% of pMDI users and 92% of DPI users com-
mitted at least one critical error [39]. A recent systematic
review identified an overall prevalence of correct inhaler use
in only 31% of patients using inhalers [40]. Our study also
identified poor coordination between inhalation and gen-
eration of the aerosol and failure to exhale before firing as the
most commonly encountered errors with pMDI use. Mul-
tiple previous studies also identified poor coordination of
activation of the pMDI and inspiration to be the most
common critical error of pMDI use. In a study of over a
thousand out-patients attending hospital during a three-
month period, Crompton observed 51% of those patients to
have difficulty in coordinating aerosol release with in-
spiration [41]. Melani et al. reported that 50% of pMDI users
in their study failed to exhale before actuation of the device
[13]. A recent systematic review that evaluated errors in
inhaler use revealed that the most frequent pMDI errors
were in coordination (45%), speed and depth of inspiration
(44%), and no postinhalation breath-hold (46%). +e most
common errors for DPI use were lack of full expiration
before inhalation (46%) and lack of postinhalation breath-
hold (37%) [40]. Contrary to public belief, patients do not
always find DPIs easier to use or use them more efficiently.
In a study of 1644 adult patients, critical errors were ob-
served in 12% of patients using pMDIs, 35% of patients using
DPI/Accuhaler, and 44% using DPI/Turbohaler [13, 28].
While the main disadvantage of pMDIs is the need of co-
ordination between pressing down the canister and inhaling
the medication, DPIs have the disadvantage of requiring
high inspiratory flow rate. +e rate required to deliver the
medication in pMDIs is about 30 L/min while the rate re-
quired for DPIs is higher (ranging from 30 to 120 L/min)
[29]. Furthermore, because of the wide range of DPI designs,
healthcare educators often find challenges in developing and
updating instructions regarding the inhaler technique. +e
current study revealed that the inhaler technique among
asthmatic pregnant women is not an exception with regard
to the prevalence and types of critical errors. Furthermore, as
we have demonstrated in a previous study on asthma in
general population in this country [26], there was a sig-
nificant association between the inhaler technique and the
patient’s general knowledge about asthma medications as
well as type of clinic in which asthma follow-up was con-
ducted (respiratory vs. nonrespiratory clinics). Deficiency in
asthma education and self-management skills is probably
the most important reason to contribute to a poor
inhaler technique during pregnancy. In addition, many
pregnant subjects have concerns about the use of asthma
medications during pregnancy and fear their effects on infant’s

Table 2: Errors in inhaler use.

Wrong inhaler step No. of patients
(%)∗

Errors in MDI use (no. � 47)
Removing cap and shaking the inhaler 15 (31.9)
Breathing out gently before using the

inhaler 29 (61.7)

Putting the mouthpiece in the mouth and
applying good seal with the lips 3 (6.4)

Pressing the canister down at start of
inspiration and continuing to inhale slowly
and deeply (coordination between inhalation
and generation of the aerosol)

32 (68.1)

Performing a breath-hold for at least 10
seconds 7 (14.9)

Errors in DPI use (no. � 20)
Breathing out gently before using the

inhaler 11 (55)

Placing the inhaler in the mouth and
creating an adequate seal with the lips 5 (25)

Deep and forceful inhalation of the powder 5 (25)
Removing the inhaler from the mouth and

performing a breath-hold for 10 seconds 13 (65)

∗Some patients performed more than one wrong step.
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well-being. +is, in turn, may result in poor adherence and
follow-up of their asthma during pregnancy time and hence
poor asthma education including inhaler use [22]. +e

influences of various physiologic changes in respiratory
function that happen during pregnancy on inhaler use are
unknown, and it would be interesting to address such

Table 3: Association between inhaler technique and different factors.

Variable Correct inhaler use (N) Incorrect inhaler use (N) P value
Patient’s knowledge about types of asthma medications

0.002Does not know the difference between reliever and controller 9 34
Knows the difference between reliever and controller 17 12

Type of asthma follow-up clinic
0.030Respiratory clinic 10 7

Not respiratory clinic 16 40
Duration of asthma

0.5011–10 years 7 15
11–20 years 10 10
>20 years 9 22

Age of asthma onset
0.97515 years or less 14 25

>15 years 10 20
Nationality

0.751
Qatari 8 18
Arab 11 14
Asian 5 13
Others 2 2

Patient’s level of education
0.114High school or less 15 20

University or higher 10 26
Monthly income

0.814Up to 10,000 QR 4 14
10001–20,000 QR 11 14
>20,000 QR 3 4

Total number of pregnancies (gravida)

0.257One pregnancy 1 10
Two 5 10
+ree or more 17 26

Asthma control using ACT
0.619Controlled 9 15

Uncontrolled 14 31
Type of DPI used

0.000Seretide Diskus 11 15
Symbicort Turbuhaler 9 4
Budesonide Turbuhaler 1 1

Table 4: Association between inhaler technique and maternal and fetal outcomes.

Outcome Correct inhaler use Incorrect inhaler P value
Any maternal complication of pregnancy

0.542No any maternal complication 15 16
Development of any maternal complication 9 21

Cesarean section
0.560Cesarean section 10 20

Normal vaginal delivery 11 15
Development of asthma symptoms during delivery

0.109No asthma symptoms during delivery 15 18
Asthma symptoms during delivery 8 20

Any infant complication (respiratory distress/
congenital anomalies) 0.641No infant complication 17 30
Development of any infant complication 7 8

Low birth weight
0.278Normal birth weight 17 23

Low birth weight 1 7

Canadian Respiratory Journal 5



influences in future studies. +e finding of high prevalence of
inhaler errors in this study augments the international-
guideline suggestions that management of asthma during
pregnancy should be multidisciplinary. Several healthcare
professionals should coordinate asthma management during
pregnancy. +ese include nurses, asthma educators, phar-
macists, midwives, and primary care physicians, as well as
respiratory specialists and obstetricians [42, 43]. An interesting
finding in this study is the lack of association between the
inhaler technique and asthma control. +is finding should be
interpretedwith caution as itmay have been due to the fact that
the majority of the study participants (65.3%) were categorized
as poorly controlled asthma. Furthermore, we recently iden-
tifiedmultiple other barriers to asthma control in this cohort of
pregnant women [22]. Lack of a significant association between
the inhaler technique and asthma control may simply reflect
the significant contribution of such barriers to poor asthma
control. Similar finding of lack of association between inhaler
technique and asthma control due to the presence of multiple
other reasons for poor asthma control was also reported from
Jordan [44]. In a study from Malaysia, Loh et al. assessed the
relationship between technique efficiency and frequency of
daily short-acting β2-agonist (SABA) use and asthma exac-
erbations over a 12-month period [45]. +ere were no sig-
nificant differences between the efficient and inefficient inhaler
users in relation to frequency of daily SABA use or asthma
exacerbations over the study period.+e lack of difference was
attributed to other factors such as patient’s compliance to
treatment, adequacy of treatment with maintenance inhaled
corticosteroids (ICS), differences in asthma phenotype, and
differences in perception of dyspnea among asthmatic patients
[45]. Despite the lack of statistical significance concerning the
association between the inhaler technique and maternal and
fetal outcomes in the current study, one could observe a trend
towards an association with regard to certain outcomes such as
development of any maternal complication, rate of cesarean
section, and development of asthma symptoms during de-
livery. A caution should be exercisedwhen interpreting the link
between pregnancy outcomes and the inhaler technique due to
the small size of the study population. To the best of our
knowledge, the current study is among the first to address
errors in the inhaler technique in pregnant asthmatic women.
It shed the light on an important aspect of asthma care in
pregnant women related to medication use. In this study,
patients’ interview was conducted face-to-face by trained
physicians with good background knowledge of asthma and
asthma guidelines who were not responsible for asthma care of
the participants. +is has permitted direct observation of the
inhaler technique by the interviewing physician.

4.1. Limitations of the Study. Besides the small number of
participants, an important limitation of this study is the
reliance of physician diagnosis of asthma due to the
underuse of spirometry in this country. +is could result in
an impure asthma cohort. Furthermore, the cross-sectional
design of the study permitted the inhaler technique and
asthma control assessment only at a single point in time
during pregnancy and hence may not reflect the whole figure

throughout pregnancy. As asthma control is the major
asthma-related determinant of fetal and maternal outcomes
in asthmatic pregnant women, the finding of lack of asso-
ciations between the inhaler technique and maternal and
fetal outcomes in the current study may simply reflect the
lack of association between the inhaler technique and
asthma control. Finally, there are wide discrepancies within
the literature regarding definitions and descriptions of in-
haler errors and their classification as either “critical” or
“noncritical.”+is heterogeneity and lack of consensus could
be a contributing factor to extremely different conclusions
even with the same inhaler device type [46].

5. Conclusions

Improper inhalation technique is significantly prevalent in
pregnant asthmatic women, particularly among those being
followed in nonspecialized respiratory clinics and those with
poor asthma education. +e lack of significant association
between the inhaler technique and asthma control (and
hence maternal and fetal outcomes) may simply reflect the
high prevalence of uncontrolled asthma and significant
contribution of other barriers to poor asthma control in the
current patient’s cohort. Multidisciplinary management of
asthma during pregnancy with particular emphasis on
asthma and medication education is highly needed.
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