Is the correct use of a dry powder
inhaler (Turbohaler) age dependent?
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Background: The metered-dose inhalers are the most com-
monly used devices in the treatment of asthma, but dry pow-
der inhalers (eg, Turbohaler) are being increasingly used.
Studies evaluating how well children can use a Turbohaler are
lacking.

Objective: We assessed whether the correct use of a Turbo-
haler could be easily taught to unselected stable asthmatic chil-
dren.

Methods: One hundred sixty-one asthmatic children aged 5 to
17 years (mean, 9.8 years) consecutively attending the outpa-
tient clinic were included in study. After a demonstration and
10 minutes of training, the inhalation technique was checked
in a standardized way (yes/no response). Keeping the device
upright, proper preparation of the drug dose and inspiratory
flow on inhalation were measured by the Turbohaler trainer.
Results: One hundred thirty-three children (83%) performed
every step correctly (ie, 96% of children older than 8 years but
only 55% of children between 5 and 8 years? < .001). Of 28
children incorrectly using the Turbuhaler-trainer, 20 generated
insufficient inspiratory flow through the device. There was no
significant difference in airway obstruction (expressed as per-
cent of predicted forced vital capacity, FEV{, and Tiffeneau
index) between correct and incorrect users, but when mea-
sured through the pneumotachograph, mean peak inspiratory
flow (expressed as percent predicted) was significantly lower in
those children incorrectly using the device. Turbohaler use was
reevaluated after 4.7 + 2.0 months in a subset of 64 patients.
Fifty-three of 64 (83%) children again used the device correct-
ly. Only 3 of 13 who used the device incorrectly at the first
evaluation used it correctly at the second evaluation.
Conclusions: We conclude that the correct use of the Turbo-
haler can be easily taught to asthmatic children older than 8
years. Those who use the device correctly after initial instruc-
tions continue to do so afterwards. (J Allergy Clin Immunol
1999;103:763-7.)
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Inhalation is the most direct route for drug delivery in
asthma therapy and leads to a rapid response to bro
chodilatorst It enables lower doses of drugs to be use
and reduces the risk of systemic side-effects. Metereq

Abbreviations used

FVC: Forced vital capacity
LED: Light-emitting diode
MDI: Metered-dose inhaler

PIF: Peak inspiratory flow

Several articles have highlighted the poor performance
of children using an MD%3 Even in adults, as many as
75% to 89% are reported to make at least 1 error during
inhalation from these devicé$.Breath-actuated devices,
such as the Turbuhaler, are easier to use and preferred by
children and their paren$t Van Der Palen et &reported
that 46% of patients with chronic obstructive pulmonary
disease use the Turbohaler device correctly. However, a
large study evaluating how well children can prepare the
drug dose and inhale through a Turbohaler is lacking.

The purpose of this study was therefore to assess
whether the correct use of the dry powder inhaler Turbo-
haler (Astra Draco, Sweden) could be easily taught to
nonselected asthmatic children.

METHODS
Patients

All children attending the asthma outpatient clinic were consec-
utively included in this study, provided that they had never used a
dry powder inhaler and were 5 years of age or older.

Study design

The Turbohaler-trainer is a device simulating the Turbohaler and
allowing a semiquantitative measurement of peak inspiratory flow
(PIF). Activation of 0, 1, 2, and 3 light-emitting diodes (LEDs) are
reported to correspond to flows less than 20, 21 to 40, 41 to 60, and
more than 60 L-min-1, respectively. This report was validated by
performing 134 inspiratory maneuvers through the Turbohaler-
trainer connected to the MasterScreen spirometer (Jaéger GmbH,

dWl'Jrzburg, Germany). One hundred seventeen of the 134 (87%)

nspiratory maneuvers were correctly classified as below or above

dos_e inhalers (MDls) are the most commonly usetso L.min-1 by using the cut-off of at least 2 LEDs being lit. Al
devices, but dry powder inhalers, such as the Turbohaleinhalations resulting in 1 or 3 LEDs being lit were below and above

are increasingly used.

40 L-min-1, respectively. Thirteen of 17 inhalations “wrongly”

resulting in 1 or 2 LEDs being lit were borderline values between
35 and 45 L-min-1. Therefore it was decided that the Turbohaler-
trainer was sufficiently accurate to classify the patients’ inspiratory
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Turbohaler use was thus evaluated in a manner that approximated
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Before being examined at the asthma clinic, children performed

according to 1994 American Thoracic Society critéfi&orced
vital capacity (FVC), FEY, and Tiffeneau index were measured
and expressed as the percentage of predicted values for height and
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TABLE I. Demographic and pulmonary function values
for the total group and for individuals using the Turbo-
haler correctly and incorrectly
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could not generate a sufficient inspiratory flow, and 19
could not correctly prepare the drug dose; 10 could do
neither.

Total Correct  Incorrect One hundred four of 108 (96%) children older than 8
group use use years and 29 of 53 (55%) children younger than 8 years
(n=161) (n=133) (n=28) Pvalues*  cq|d use the inhaler properlp € .001, as determined
Age () 9.8+28 104+27 7.0+12 <.000017 by chi-square test). Only 1 of 6 5-year-old children per-
(5.7-16.8) (5.7-16.8)  (5.8-10.3) formed every step of the inhalation correctly, but as
Sex (M/F) 94/67 77156 1711 78 many as 13 of 24 6-year-old children (54%) could do
FVC (% 10314 104£13  100+16 .19 so. Fifteen of 23 (65%) 7-year-old children, 13 of 14
Fg\r/ed(';ted) 1(35'3177) 1(38'33176) 537;12%4) 86 (93%) 8-year-old children, 19 of 20 (95%) 9-year-old
117 P - - : children, 50 of 52 (96%) 10- to 13-year-old children,
T.pred'Cted) (38-134)  (51-134)  (38-123) and all of the children 13 years old or older were scored
iffeneau (%) 82+10 819 84+11 .22 .
(43-100) (43-100)  (55-98) as using the Turbohaler correctly £ .001; Spearman
PIF (% 77+20 79+ 20 67 +20  <.007 rank correlation) (Fig 1). Thus older children were
predicted)  (26-132)  (26-131) (45-132) more likely to correctly perform every step of the pro-

Values are means + SD, with ranges in parentheses.

cedure.
There was no difference in proper Turbohaler use

*P values determined by means of 2-taileests. . . . .
Y between boys and girls when considering children below

8 years of age or children above 8 years of age (chi-

1 square test). There was also no significant difference in
marl were used. . . . .

After being examined at the asthma clinic, each child individual- ;everlty of airway Ob_StrUCtlon expressed as Tlﬁeneau
ly received verbal instructions on how to use the Turbohaler and z'ndex' percent of predicted '_:VC’ or percent of predicted
demonstration by the well-experienced research asthma nurse (GWFEV1 between correct and incorrect Turbohaler users (t
in a patient- and age-appropriate manner. The patients were thetest, Table 1) for the whole group or when considering
allowed to practice for 10 minutes during which corrections andonly children below 8 years. Mean PIF (expressed as per-
encouragements were given by the nurse if necessary. Subsequenicent predicted) measured by pneumotachograph was sig-

the child was asked to perform all parts of the inhalation indepen-nificantly lower in those using the device incorrectly
dently, and his or her technique was assessed by the investigator '(Table 1).

using a standardized scoring system as follows: keeping the devic

upright (yes/no response), proper preparation of the drug dosSecond assessment

(yes/no response), and inspiratory flow on inhalation measured by . . .
the Turbohaler-trainer. At least 2 LEDs being lit on the Turbohaler- The second .evaluatlon comprlsed 64 patients (39
trainer was considered as adequate. boys and 25 girls). The mean interval between both

Children correctly using the device were prescribed the Turbo-€Valuations was 4.7 + 2.0 (SD) months. Their mean age
haler as maintenance therapy. Those incorrectly using the devicwas 10.4 + 2.9 years. Fifty-three of sixty-four (83%)
were supplied with a placebo canister and asked to practice daily. Achildren used the Turbohaler correctly. Of those using
the follow-up asthma visit, pulmonary function was again mea-the Turbuhaler incorrectly, 8 were not able to properly
sured. Turbohaler use was again demonstrated, and 10 minutes prepare the drug, and 5 did not get 2 LEDs to light with
practice and corrections were again allowed. Finally, correct ushe Turbohaler-trainer. Seven of 18 (39%) children
was evaluated in the manner specified above. n _ below 8 years of age used the device correctly, and all

Statstical analysis was done with StatSoft Statistica for Win- jyen older than 8 years (n = 46) used the device cor-
dows version 4.5. For continuous variables with a normal distribu- . L !

rectly. There was thus again a significant age difference

tion, t tests were used. As nonparametric tests, chi-square test: . .
Fisher exact tests, and Spearman rank correlations were used. PrcbetWeen those using the device correctly and those

ability (P) values less than .05 were considered as statistically sigUsing it incorrectly (11.1 + 0.3 [SEM] years vs 6.7 + 0.2

sex according to Zaplet&}.For PIF, predicted values from Soly-

nificant. [SEM] years;P < .00001). All but 1 patient correctly
using the Turbuhaler at the first evaluation used it cor-
RESULTS rectly at the second evaluatio” € .001, Fisher's exact

First assessment

test). Only 3 of 13 patients incorrectly using the device

learned to use it correctly. All 3 were among the older

A first assessment of Turbohaler use was done irpatients who used the device incorrectly at the first
166 children attending the asthma clinic. Of them, 5evaluation (the upper half for age distribution).
could not perform pulmonary function tests and there-
fore were excluded from further evaluation. The meanDISCUSSION
age of these patients was 6.8 years (range, 6.3 to 7.
years). One hundred sixty-one children (94 boys anc Nearly all children 8 years of age and older could be
67 girls), ranging in age from 5 to 17 years (Table 1), easily taught to correctly use a Turbohaler device; in
comprised the study group. One hundred thirty three oabout half of the children below that age were we able to
these 161 (83%) children could perform every step cor-do so. Those who used the device correctly continued to
rectly. Of 28 children incorrectly using the device, 20 do so on follow-up. The restrictions to optimal use were
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FIG 1. Correct use of the Turbohaler according to age.

the inability to generate sufficient inspiratory flow to a PIF above 40 L-mi#). This cut-off is commonly
through the Turbohaler and the inability to correctly pre-used for dry powder inhalets. Other authors have
pare a drug dose. The latter could be performed by a paclaimed efficient use of the Turbohaler with inspiratory
ent, thereby increasing the proportion of possible correcflows as low as 30 L-miR.18 If this is correct, in our
Turbohaler use to 88% (Fig 2). This study is the only truestudy a larger proportion of young children are able to
field study that we know of in which teaching the correctcorrectly use a Turbohaler.
use of a Turbohaler is evaluated in a nonselected stab Hill and Slatet® showed in their in vitro study that the
asthmatic pediatric population with the wide range of air-emitted dose of budesonide from the Turbohaler device
way obstruction seen in asthma. We chose an instructicat an inspiratory flow of 60 L-mifreached 46.0% =+
period of 10 minutes because that time period can be re14.6% of the nominal dose. In another in vitro study
sonably applied in a routine asthma clinic or in any doc-Meakin et a0 found flow dependency of drug doses
tor's office for instructing the use of a simple device. In(terbutaline) released from the Turbohaler; at 30 L=hin
our opinion the quality of the instruction was very good.it fell to two thirds of those achieved at 60 L-ndinThe
A friendly, well-trained, and patient asthma nurse gavein vivo study of Borgstrom et &l showed that budes-
all explanations and instructions to each child individual-onide inhaled by means of the Turbohaler with a flow of
ly in an age-appropriate manner. 58 L-minrl leads to a lung deposition of 28% + 10%. At
Since dry powder inhalers were introduced, severaa flow of 36 L—minlthe deposition is only 15% + 3% (
studies have documented the efficacy of their use witl< .001). Thus lung deposition from the Turbohaler is
short-acting bronchodilators in addland childrer2.13  dependent on inspiratory effort, and when lower inspira-
Efficacy of this device has been demonstrated also itory flows are accepted as sufficient, the benefit of an
children, but always the evaluation concerned a smalincreased bronchial deposition is lost. This finding was
number of children or a selected group. Fuglsang anconfirmed in asthmatic children by Hirsch egal.
Pedersel? only studied 13 children, all over the age of 7 As could be expected, the mean spirometric PIF mea-
years. Hansen and PedeiSestudied only 14 children, surement was significantly higher in those patients cor-
all over the age of 8 years. Goren é¢ aksessed 59 chil- rectly using the Turbuhaler than in those using it incor-
dren and judged correct use of the Turbohaler solely brectly. Other authot§ have concluded that about 50% of
visually inspecting the holes in the dosing unit. In thatchildren less than 6 years of age can achieve a PIF around
study efficacy was evaluated by a clinical score before40 L-min—1. Indeed, in our study, when measuring PIF
and after drug administration. Placebo administration owith the IOS MasterScreen, all children did generate
a control group were not studied. Oldaeus éstldied  inspiratory flows of at least 40 L-min—1. This was not the
children known to correctly perform pulmonary function case in our evaluation by Turbohaler-trainer, as only 2 of
tests at a very early age. A more thorough study was pe6 children younger than 6 years of age could cause 2
formed by Laberge et &.They looked at 10 children LEDs to activate (Fig 2). The differences in inspiratory
between 3 and 6 years of age, and documented that all :flows measured with Jaéger I0S MasterScreen or Astra
children could generate a PIF above 39 L-hiHowev-  Turbohaler-trainer are best explained by the added Turbo-
er, similar to the study by Stahl et¥lchildren were haler resistance, as demonstrated in the in vitro study by
selected because they were known to have a correRichards and SaundefThe Turbohaler-trainer proba-
inhalation technique, and PIF was measured by using bly assesses the situation more realistically and closer to
pneumotachograph. the conditions of Turbohaler use in the home situation.
As a cut-off for sufficient inspiratory flow, we have In contrast to our findings, Stahl et@found a mean
chosen 2 LEDs on the Turbohaler-trainer (correspondinPIF through Turbohaler of 58 L-miheven in children
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FIG 2. Sufficient inspiratory flows through the Turbohaler-trainer according to age.

from 3 to 6 years of age. However, they measured PIf

We conclude that age is the main restriction for prop-

through a Vitalograph spirometer connected to the Tur-er use of the Turbohaler. Fifty-five percent of children
bohaler device, and children were selected for the studyounger than 8 years can be taught to use this inhaler cor-
because they could use the mini-Wright peak flow meterrectly, but nearly 100% of children older than 8 years can
properly and because they had a good inhalation tecklearn correct use. Severity of airway obstruction (as

nigue through the Turbohaler.

judged by pulmonary function tests) does not play a role

Direct comparative studies between dry powderin correct Turbohaler use. Children who correctly use the
inhalers and MDIs in children are rare. However, someTurbohaler after a single instruction continue to do so
studies have shown that the Turbohaler is easier to usafterwards.

and preferred by both parents and childriultquist

et aP4 confirmed that the majority of children with asth- gererences

ma consider the Turbohaler to be easier to use and mol
effective than an MDI. Warner and Chetébtshowed
that children prefer Turbohaler to another dry powder

inhaler, the Ventolin Rotahaler. Agertoft and Pedei&en 2.

showed that budesonide inhaled by means of the Turbc
haler is more effective than budesonide inhaled by mean
of an MDI with a spacer in the treatment of childhood
asthma.

Our evaluation of Turbohaler use in children is far
more satisfactory than any MDI evaluation reported in
childrer? or adults?7.28 The majority of children have
problems correctly timing and inhaling from an MDI; in

this study correct use of the Turbohaler is documented ii é.

83% of the included nonselected patients, and 88% of th
children generate a sufficient inspiratory flow.

In our study an equal proportion of patients scored
correctly at the first and second evaluation (both 83%).

Only a few patients (ie, the older subjects who did not &

initially use the device correctly) switch from incorrect to
correct use. However, we did not monitor compliance
with home training. If children cannot be easily taught to

use a Turbohaler, we suggest waiting until they are olde?0.

to use this device or use it with their parents’ help.
We clearly show that in a nonselected group of asth:
matic children that nearly all above age 8 years can us

the device, thereby confirming previous data. However,12.

in contrast to a selected patient group, we show that onl'
half of the children below age 8 years can use the devic
properly. Therefore the use in these youngsters should k
individualized.
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