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Errors in Inhalation Technique and Efficiency
in Inhaler Use in Asthmatic Children
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As inlialalKjn iher.tpy oilers ihe at lvanlages til

small dosage, itifrec.|tient systemic side ellecis,

and a rapid onset (JI action, its use has bee time

inc:reasingly widespread in the day-tcj-day iiiaii-

agcmeiil of aslhnialit pal ients . 1 Itjwcvfi', cor-

ret'l use ol an iiihalt'i is iiitith more diflicull

than swallowing a tablet, and it has bcc:n slitjwii

that many adult patients use their inhalers

incorrectly (2, 3, 6, 7, 11). Unfor tuna te ly , tinly

little specific informatitjn is available abfiul ihc-

problems that children experience wheti t rying Icj

use their inhalers and about the inlluentc- of

these ])rt)blems on the airway response tcj a

brcjnc hodilattjr.

W e perffjrmed this study in an at tempt I(J

clarify some (jf these questitjns. In addil ion, we

have tried to evaluate the inlluetice of some tif

the factors which we aiilit i])a(ed might be cif

impor tance ltir I he tiutcomc cjf inhalaticjn

therapy in children.

Mi-mions
'Fhe 267 asthmatic children with perennial asthma

who attended the out-patient clinic dtir ing a

4-montli pcritjd were asked to pailic:ipate. l'",leven

refused, thus the study c:omprised 236 children

(1 72 boys and 84 girls agt-d 4-16 years (mean 9.7

years) (Fig. 1). Of these, K52 deinonstraled a

]5ressurizedaer(js(jl(PA), 83 an aercjstil vyilh a (tihe

spacer (TS) , and 39 a rolahaler ( R O ) .

T(j be included in llie siticly the children had

(o be receiving inhalation tberajsy on a regular

basis with the inhaler that was originally pre-

scribed when treatment was slailed. Inhal.ititjii

lliera|5y was always suspended for 12 li and oral

lironchodilattJis lor 24 h befcjie the study.

Infcjrmed consciil was tibtained I'lcjiii all chil-

dren and their parents .

'Fhe children were familiar with pulmonary

lunctioii measureineiils belore the sttidy began.
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I'\)rrccl t'x|)tral(ity voltimt- in I .s (i'MsV,) wa.s

measured wilh a dry wcdgf s|)iroinctcr (Vitalt)-

gra|5li) and the Ijcsl o( three tiiea.stiretneiUs wa.s

tised tor analy.sis.

O n the <lay ol sttidy ihc jiroeedure was as

follows: /\l(er (he itiitial |niltiit)nary funetititi

nieasitreinenl the ehildren were asketl to deni-

otisUale iheir itse oi the ty|)e cil brotKhculilator

inhaler they notniaiiy tisetl al home, and the

fdllowmi.; re(-oi-dings wete inatle:

1) whether the patt-tils heiin-d (he ehild with (he

itihalalKiti,

2) whether (he ihtld reeeived treatitient at

home widi otily otie (ype ol' inhaler or with

(-omhmadons ol aenj.sol devices, e.g. heelci-

imuhasone with a eonventional aerostil and a

bcta,,-agonis( with a (vthe spaeer aetcisoi,

3) who had inslr iuled (he child in (ho use o l d i e

inhaler (general pra( titioners, hospi(al nurses,

hospital doc(oi-s, tie insditt (ot s a( (he pedia(t ic

allergy unit) ,

4) whelher (he inhalatit>ti (echniqtte had beeti

(-ontrolled a( the (itne of prescriiition Ijy (he

aid of pn lmonaty fnnclitjn (iieastirenients

( P F M ) beftjte and at'(er treatment with a

be(a,,-agonis(,

5) time interval siiiee las( (otittt)! ol itihalatioii

tcchmqite,

()) errors in inhalation (echnique (Table 3),

PFM was relocated 10 tiiiii alter the detnotist ta-

lion. II' I'l'-V, a( (ha( (ime .showed an increase

S I ."̂  '/'(' (lie mhalat ion techniqite was assessed as

"elh<ten(" regardless of (he tittmber of er ro ts ,

atid no lurther reeordmgs were made . Il (he

impro\-eiticti( in FKV, was < 15% in s|ii(e ol 'an

a])paretit ae teptable inhala(io(i t e thn ique (he

(hild repea(ed (he denions(ra(ioti , bu( widi (he

nose citised wi(h a nose (lip cJuring inliaiation. If"

(his testthetl tn an imrease in Fl'.V, 5: 1 5'^i' (he

assessinetK was "itis|)iratioti (ht-cittgh the tiose"

.\ti(l tit) hut her recordtnt;s were made .

l'nially, (o ensttte (ha( a 1 .'i % increase iti

F1''V| (tntld be ob(ainetl a( (he time ol sttidy. all

(htltlren who had not yet shown an tiKteast- iti

Fl'"\'| > \5% wet-e treated with a total of three

[niffs til' (erinualine gi\-en wi(h a 730 nil spat er

(Nebuhaler*') . If this (teattnent did not tt-sult in

an inipro\enien( in FKV, > 15 % (he assess-

ment was "not tf\-ersible".

Ptiltnonar\' hiiKdon nieasttrenients weic only

exahiated in th i ld ien who had reversible asth-

ma and a pt etrealmetK l'"l",V, < ST)'/<> of the

ptedicted vahte on the day oi' study.

When a child was unable (o load (he eapsule

in(t) the R O , (he in\-e.stigator loaded and (he

child eon(inued (he (lemonsd a(ion.

II (he capsule did no( break wheti (he R O

was twisted the child was g i \en a new capsule

only if the child itself discovered (he mistake.
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Statistics

Chi-square tests without correction for continuity
were used to compare frequencies. Adjoining
classes ol data were pocjied if the ntimber in a class
was too small. It was assumed that there was no
difference and expected values were calculated by
use of the tjbserved values of the t)ther variables. P
> 0.03 was cfjnsidered not significant.

When frequenc ies in varujus grcjups were com-
pared, 1 he inlluenceofother variables affect ing the
result was always taken into account by adjusting
the rates for these factors before making the com-
parison. When su( h adjustments were made, only
results frcjm subgrt)U|)s consisting of five or more
patients were used foranalysis, 'Values adjusted in
this way are given as "standardized" (slaiid.).

RESUL'FS

In 109 cliildien (43 %) the deiiKJiistration of inha-
lation technique resulted in an increase in FE'V,
> 15 % (ellicieni inhalaticjn technique) and in 133
(32 %) the increase in FEV, was < 13 % (ineffi-
cient inhalation technique). Ftjurteen patients
(3 %) did not. have reversible asthma on the day <jf
study.

Influence of age

1"S aenjsols were used tritirt: often by younger and
PA aerosols more oil en by older ehildi en (/^< 0.03).

The occurrence of efficient technique and llie
mean number cjf errors in the various age
groups are shown in Fig. 1 . No statistically
significant systematic variation wilh age was
found, either when the results ficjni all inhalers
were grouped together or taken separately.
Hcjwever, a comparison of ihe results frt)rn chil-
dren under 6 years with those from ihe rest of
the children showed a significantly lower Ire-
quency of elTieienl technique (0% vs. M "/<<)
and a higher mean luimber of errors (3.9 vs.
3.3) in the younger age grt)U|j (/•" < 0.01 lor
both variables).

When the frequency of each single error was
studied separately, only nasal inhalation varied
systematically with age. This error was more
ccjtnmon in younger than in older children {P
< 0.01).

Eighteen (jf 93 c:hildren aged 3-8 years were
helped by their parents. 'Fhis was not adjusted
for when the: iiilluence of age was evaluated.

Pyfie of inhaler used

The lrc't|uency ol elficient lechni(|tie and the

mc-an n u m b e r ol errti is in ihe diree inhaler

groups are given in 'I 'able 1; the T S g roup was

significantly belter than the tjtheis tin both vari-

ables. Ctjordinat ion prcjblems, rapid inhala t ions

and ceasing to inspire when the aeroscjl |)articlcs

reached the soft palate, were more c o m m o n after

PA than after 'FS demons t ra t ions ('Fable 2).

There was no difference in the occurrence of

Table

r l ' e c | i i e n ( V

1

2
3
4
fi

(j

Mean
Mean No.

ol ellmenl

P e l i e n i

w i l h P I ' M

54
28

82
2

32
12

of errors

n i h a h i l I o n l e i h l i l i | i i e

were la

PA

43 (28)

3.'i (31)

100 Cl)

I't (3.'-!)

27 (11)

•"> CO

46
3.3

arid

u.ghl

Ir

slandaMllzeil li
i n h a l e r u s e l iv

e c i u e n e y o f iff ,

TS

81 (21)

M (1(1)

83 (IH)

H (7)

.M (13)

71 (7)

.'J9

2.6

lean number' ol errors in
si.\ dif lerenl i i is lr i ielors

1 ieill l echmc |ue ( '/»)

RO

60 (.'•,)

W, (9)
711 (10)
29 (7)
17 (6)

- (0)

46
3.3

a s t h r r r a l i i t

Meati

61

44
84
15
33

/ '<t).(l l

/'<(1.OI

/'<O.OI

hildren > 6 years who

No. of errors

Mean

2.7
3.-I

1 .6
4.4
3.1

3.1
/ ' < 0 . 0 1

P A - p r c ' s s i r r i z ed a e r o s o l , T S - t u b e s p a c e r a e r o s o l , R O - r o l a h a l e r . T h e n u m b e r of ( h i l d r e n in e a i h g r o u p is g i v e n in

p a r e n l h e s i s . P F M - e o n l r o l ol i n l i a l a l i o n l e i h n i i | i i e b y m e a n s of p u l m o n a r y f m i e l i o n m i - a s i i r e m e n l al i h e l i m e of i r i s l r iu l i o n .
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effuient inhalation technique or tiumber ol
errors between the If)!) ehildren treated with
only one (ype of inhaler (49 % with efficient
(echnique anti mean tiutiiber of errors 3.1) and
the 97 children treated with combinations of the
three inhalers (50 % with efficient technique
and mean number ol errors 3.2).

Importance of instruction

The efficiency in inhalation techniqtie and the
tuimber of errors greatly depetided on the per-
son who hati tatight the child the use of the
inhaler (Fable I). Fhe iiistrt.ictor with the best
results more olten used ptihrionary lunction
measurements to control (echtiK|ue belore pte-
scribing, and used FS aerosols more Irecitiendy
than did the less .sticcessltil mstrtuiors ((his was
adjusted for when the comparison was made).

Pidmonary function mmsurement (PFM)

Eighty-eight ehildren had had their inhalation
techtiique eontrolled by pulnionaiy funclion
measurements, and inhaled therapy had nt)t
been prescribed tmtil the child was able to tise
the inhaler efficiently. The mean ntitiiber of
errors in these (hildren was 2.3 and 87 % used

their aerostils effeeiently. In con(ras(, the in-
haler was used efficiently by only 25 % of the
168 children not controlled by PFM and their
mean number of errors was 3.5 (/•" < 0.01 for
both variables).

Time since instruction

No systemic \-ariation in time interxal stnce
inslrtic(ion was observed, either when the
results of all inhalers were pooled or when the
restilts of each inhaler, or the frequency of eaeh
single error, were studied sepatately (Fig. 2).

Errors and increase in EEl]

Fliere was a s(atis(i( ally stgnthcan( nega(tve
ctirrelation between (he number of errors and
the increase in FEV, (r = -0.56; P < 0.01),
and, on average, the 109 children with an effi-
(leiK techni<|ue made sii^nifu antly fewer errors
(mean = 1.9) (han (he 133 children with an
inefficient technique (mean = 4.6) {P < 0.01).
t\)ordina(ion problems, ceasing (o inspire when
firing (he aerosol, atid inhalation thtough the
nose, seemed to be more important (han txher
errt)rs for the iticrease in ¥K\\ (T,>blt- 3).

Tabu- 2

Frcc | tu-t i (-y of t h e m o s t (-(iinnKin nii.'^takc.'; oIi.s(-i-\-c-(l in 2.̂ if) i h i l d n - n (U-i iKnis t r .a t inq th i - i r us(- of :in i n h a l r

F o r g ( - t t m ) ^ lo sliak(- llii- ( a n i s t r r

Fot-lT(-t(iiii^ (o <-\lial(- lu-lorc- l l r i n i ;

N<-<k llt-\(-il ( l i i r inj^ i i i l i a l a t i o i i

C A u i r d i n a t i o n | i ro l i l ( - tns

I' 'ast i n h a l a l i o n

H r r a t h - l i o l d i i i v ; < 7 .s

S t o p (li inspii-.-ition WIH-I I t l i iuL; a r r o s o l

I n s p i r a t i o n t h r o u g h t h e n o s r

S i l l m i a x i n i a l i n s p i r a t i o n

U n a b l e t o l o a d c a p s u l e i n t o tin- R O

T u r n i n g R O a f t e r l o a d i n g tin- ( a p s u U - *

R O - e a p . s n l e iliil no t b i ( - a k * ' *

R C ) - e a p s n l ( - no t < ( i inj i l i - l r ly r i n p t u - d

I l t - l p I ron ) t h e p.n-(-nls

I'A
(;, = 132)

49%

12%.
55 % •
67 % *
42 %
38 % •
24 %
23 %

IS
{» = 85)

34 %

.•il %.

14%

17 '>;. •

28 % '
:i9';;.

6 % •

19%

RO
(« = 39)

62%
13%

41 %

46%
15%.
36%
10';;-

P < 0,01.
P o w t l c r n n i ( ( i n c c t K ' ( i i s l i " i l ) u i < ' ( l i n l l i c ( . i i i s n i c s , o i s o m e j ) o v v i i c r h . u i t a l i c T i n i u of ( h e K C )

l i ; i i r o r t l i c ( h i l d i c n ( l i s ( o \ - c r c ( l l l u - m i s t a k e l l u - m s c l v c s .
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Fig. 2. Variation in mean number of errors in inhalation tec:hnic]ue (•) and frequency of efficient inhaler use (B) with lime
interval since instruction in 256 asthmatic chilcjren dcmot>strating their inhaler use. The figures above the columns indicate
the number of children in eac:h group.

DISCUSSION

It appeared that children and adults experience
the same problems in the use of inhalers (2, 3,
6, 7, 11). However, considering the association
between regular inhaler use, which was pre-
scribed in all children, and correct technique
(3), the problems seemed more pronounced in
children (3). The present study not only evalu-
ated and quantified errors in inhalation tech-
nique, but also gave information about various
factors which influence the success of inhalation
therapy.

Table 3

I'rc;quency of observed errors in inhalation techniciite in
asthmatic: children with efficient inhalation technique (n =
91) and inefficient inhalation technique {n = 114). 123
children u.sed a pressurized aerosol and 82 used a pressuri-

zed aerosol with a tube spacer

Effteicnt Inefficient

Forgetting to shake the eannister
Forgetting to exhale before firing
Neck flexed during inhalation
Coordination problems
Fast inhalation
Breath-holding < 7 s
Stop of inhalation when firing aerosol
Inspiration through the nose
Submaximal inspiration

" P < 0.01; " P < 0.05.

30"
35"

8
16*
31*

30" •
2"
5*

27"

54
66

17
58

68

52
46
46

62

which influence the success of inhalation
therapy.

The quality of the initial instruction was
found to be of paramount importance for the
outcome of child inhalation therapy. This is in
accordance with the results of Self (10) but in
contrast to the findings of Epstein (3). Epstein,
however, did not make an evaluation of the
staffs teaching competence in order to ensure
that differences between the instructors really
did exist.

The poor results in many children indicated
that, too often, inadequate effort is made to
instruct the child, or that the instructors are
incompetent, as suggested in a recent paper (1).
Unfortunately, the number of initial instruc-
tional visits was not recorded, but it is our
experience that many children need two or
three follow-up visits before they have learned
and remembered the correct use of the inhaler
(9).

Only in children under 6 years was age
apparently an obstacle to successful inhaler use.
In general, the pattern of errors in this age
group was the same as in older children, only
the number of errors was greater. Therefore, to
improve results, these children need better tui-
tion with particular attention to nasal inspira-
tion, a problem which seems to be more com-
mon in the younger age groups (9).
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It has been suggested that patient compliance
might be improved if only one device is used for
the inhalation of all drugs prescribed (2). As it
is undoubtedJy more convenient for the patient
to use only one kind of inhaler, combinations of
inhalers should be avoided. However, when
combinations cannot be avoided, our results
showed that effective inhaler use eould be main-
tained.

The better results in the TS group were in
agreement with earlier findings in children suf-
fering from acute bronehoconstrietion (8).
However, the poor results in children demon-
strating the rotahaler were surprising since this
device was designed to make inhaled therapy
more simple. This finding may have been influ-
enced by the fact that the RO was rather new in
Denmark at the time of study, and, con-
sequently, the instructors may not have been so
familiar with it. This emphasizes that the sim-
plicity of an inhaler is no substitute for careful
tuition by experieneed instructors. Finally, we
do not know the reasons for choosing a PA, a
TS or an RO, and it is possible that some
selectioti process at the time of prescribing may
have influenced the results.

The use of pulmonary function measure-
ments at the time of instruction is likely to
reflect the enthusiasm of (he instructor, and the
better resttlts in children with PFM rnay largely
be ascribed to the fact that instructors using
PFM normally gave repeated and more careful
instruction than those who did not. However,
coordination problems, ceasing to inspire when
firing the aerosol, and inspiration through the
nose, are not always obvious by observation
alone, and sometimes these errors will not be
noticed if PFM is not done to control the tech-
nique (4, 9). Finally, PFM may have some
learning value.

In adults the importance of repeated tuition
and regular cheeks of inhaler use at follow-up
elinies has been stressed (2, 5). This was not
supported by the findings in the present study.
The results were not influenced at all by the
time interval since last tuition. It was more a
question of "once learned never forgotten" -
provided the inhaler is used regularly.

The study did not allow a more detailed

evaluation of the inlluenee of the various errors
on bronchodilation. Many children had an effi-
cient technique in spite of several errors, and
only ceasing to inhale when the aerosol was
actuated, coordination problems, and inspira-
tion through the nose after firing the aerosol
into the mouth, were almost invariably accom-
panied by a reduced increase in FEV,.

Conclusion

Many asthmatic ehildren use their inhalers inef-
ficiently because they have not been thoroughly
instructed at the time of prescription. Most
children over 5 years can be taught effective use
of an inhaler provided careful tuition is given,
and the best result is achieved when instruction
is combined with eontrol of pulmonary function
to demonstrate an effective use of the inhaler.
Once an efficient technique has been learned it
is rarely forgotten. For many children, a pres-
surized aerosol with a tube spacer seems easier
to use.
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