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Abstract

Aim: Inhaled racemic adrenaline was used for bronchiolitis in many hospitals in Finland prior to
new national current care guidelines for bronchiolitis in 2014, which limited its recommendations to
on-demand rescue therapy. We studied the drug’s use before and after the new guidelines to
gauge changes in prescribing habits.
Methods: This 2012-2016 study analysed how many 0.5 ml doses of racemic adrenaline were
used for children by emergency rooms, paediatric wards and paediatric intensive care units at four
university hospitals and estimated drug and staff costs.
Results: There were substantial differences in the yearly consumption of racemic adrenaline
between the hospitals before and after the bronchiolitis guidelines were published, with reductions
in drug costs and staff time. The overall use more than halved during the study period, particularly
in two hospitals where baseline consumptions were highest, but not in a third where baseline
consumption was already low. In the fourth, the baseline consumption was modest and there was
a constant decrease during the study years.
Conclusion: The current care guidelines for bronchiolitis had some impact on clinical practice as
the overall use of racemic adrenaline more than halved, but considerable differences remained in
the four study hospitals after their publication.
Key notes
¢ We examined the use of racemic adrenaline in four Finnish university hospitals from 2012-
2016, before and after 2014 when national current care guidelines on bronchiolitis limited
its recommendations to on-demand rescue therapy.
e The overall use of racemic adrenaline more than halved, suggesting that the guidelines had
an impact on clinical practice.
o However, we continued to find differences in its use between the hospitals before and after

the guidelines were published.
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INTRODUCTION

Acute bronchiolitis is a common respiratory disease in infancy and in Nordic countries it is defined
as the first episode of respiratory distress, with or without wheezing, before the age of 12 months
(). In contrast, the guidelines issued by the American Academy of Pediatrics in 2006 (2) and the
UK'’s National Institute for Health and Care Excellence in 2015 (3) are based on an upper age limit
of 24 months. The incidence of bronchiolitis is high in children under the age of one, with one in
three presenting with mild-to-moderate bronchiolitis and 1-3% with severe bronchiolitis being

treated in hospital (2,4).

The treatment of acute bronchiolitis has included inhalations of hypertonic saline, racemic
adrenaline or salbutamol, inhaled or systemic corticosteroids and repeated suctioning of the
airways. However, none of these interventions have proved to be effective (5-7) and none of the
current guidelines on managing bronchiolitis recommend routine use of bronchodilators or
corticosteroids (2,3). Cleaning the airways with suctioning is only useful if there is a lot of mucus in
the respiratory tract and is not recommended when there is just mucosal swelling. Some research-
based evidence has been published that suggests that inhaling racemic adrenaline may be useful
in selected patients with bronchiolitis (8), but mainly as a rescue therapy (9). The cornerstones of
the treatment for bronchiolitis are still monitoring breathing and feeding, and supplementary

oxygen and fluid and ventilator support if needed.

In the summer of 2014, national evidence-based current care guidelines for treating infant

bronchiolitis and other lower respiratory tract infections in children were published in Finland (10).



These guidelines did not recommend the use of racemic adrenaline for the routine treatment of

acute bronchiolitis, but stated that it could be used as an on-demand rescue therapy.

In children's hospitals, the only common indication for the use of racemic adrenaline in recent
years has been acute bronchiolitis (1). Other less common uses have included treating acute
laryngitis, acute severe asthma and as a rescue therapy for laryngeal spasms during, or after,

intubation.

Although different evidence-based guidelines are now being published more frequently in many
countries, their effectiveness has been insufficiently studied (11). However, a 2017 study reported
that the implementation of the UK bronchiolitis guidelines, which were published by the National
Institute for Health and Care Excellence in 2015 and supported by a simple educational
intervention, reduced the number of chest radiographs and antibiotics prescribed for bronchiolitis
(12). In the USA, the publication of the 2006 American Academy of Pediatrics bronchiolitis
guidelines was associated with reductions in the use of resources, including chest radiographies,

bronchodilators and corticosteroids (13).

The aim of this study was to evaluate the impact of the 2014 Finnish evidence-based current care
guidelines on the treatment of bronchiolitis in four university hospitals in Finland. The consumption
of racemic adrenaline was assessed each year from 2012 to 2016, before and after publication of

the national guideline on the treatment of bronchiolitis in 2014.

MATERIAL AND METHODS

This study evaluated the consumption of racemic adrenaline in the paediatric departments of four
Finnish University Hospitals - Kuopio, Oulu, Tampere and Turku — by using hospital pharmacy
records. We estimated the consumption based on the numbers of doses of racemic adrenaline

(racepinephrine 2.25% 0.5 ml) that the hospital pharmacies delivered to the paediatric departments



of the hospitals. As well as analysing total consumption, we obtained detailed information on the
amount used by the different paediatric units, such as the paediatric emergency room, the

paediatric infectious disease ward and the paediatric intensive care unit (PICU).

Cost data on the actual drugs were obtained from the pharmacy at Tampere University Hospital
and we used other data from the hospital on associated factors, such as staff time. All the costs
were evaluated using 2017 prices and were reported as Euros. The doses of racemic adrenaline
cost €2.30 each. The nurses’ time was evaluated in hours and their salaries were not taken into
account in the cost calculations. We estimated that it took 10 minutes to check the doctor’s order,
prepare the drug and solution ready for use and give the nebulised drug to the infant. This time
was under-estimated rather than over-estimated and any time taken to reassure the infant was not

included, although it was often needed.

The numbers of infants under the age of 12 months admitted for bronchiolitis to the paediatric
emergency room of Tampere University Hospital were available from the hospital’s electronic files
for 2013-2015 and they were 238 in 2013, 213 in 2014 and 172 in 2015. The bronchiolitis
diagnoses were confirmed with revisiting the patient records. According to the national Register for
Infectious Diseases, the total number of laboratory-confirmed respiratory syncytial virus (RSV)
infections in Finland was 4947 in 2016, compared to 1991, 2868 and 2436 in 2013, 2014 and

2015, respectively (14).

In addition we retrieved Government data on the number of children under 16 years of age
covered by the four hospital districts and these were: Tampere (91,010), Oulu (88,094), Kuopio

(26,518) and Turku (78,641) (15).

The consumption of racemic adrenaline was expressed as crude numbers of consumed doses and

as the number of consumed doses per 10,000 children aged less than 16 years in the population.



RESULTS

There were substantial differences in the yearly consumption of racemic adrenaline between the

four university hospitals both before and after publishing of the bronchiolitis guideline (Table 1).

There was also a significant decrease in the annual use of racemic adrenaline between 2012-2013
and 2015-2016 in Kuopio and Tampere, but not in Oulu where the baseline consumption was
already low (Table 1). In Turku, the baseline consumption was modest and there was a constant
decrease during the study years (Figure S1). The highest consumption in 2012 was in Tampere
(3,295), followed by Kuopio (2,283), Turku (1,135) and Oulu (468), but this had fallen by just over
54% in 2016 and the order had changed to Kuopio (1,373), Tampere (773), Oulu (650) and Turku
(326). When the rates were presented per 10,000 children under the age of 16 in 2012 and 2016,
they were 846 and 734 in Kuopio, 366 and 85 in Tampere, 144 and 42 in Turku and 56 and 74 in
Oulu. The overall reduction in the use of racemic adrenal across the four hospitals during the

study period was just over 54%.

In 2012-2013, when the consumption of racemic adrenaline was common in Tampere and Kuopio,
two-thirds of the consumption was in paediatric wards handling infection diseases. This was mainly
due to the fact that the most common cause for hospitalisation was bronchiolitis and those patients
were given racemic adrenaline inhalations. Although, the indications in the emergency room and
PICU showed more variations, bronchiolitis was also the most common disease treated with

racemic adrenaline.

The numbers of children admitted to the emergency room of hospital for bronchiolitis were
available from Tampere, and the numbers of doses delivered from the hospital pharmacy per an

admitted child were 14.7 in 2013, 11.5 in 2014 and 4.5 in 2015. In 2016, when there was a severe



RSV epidemic in Finland, the total numbers of laboratory-confirmed RSV infections were 2.5-fold,

1.7-fold and 2.0-fold higher than in 2013, in 2014 or in 2015, respectively.

The annual medication costs tended to be stable in Oulu and Kuopio and decreased in Tampere
and Turku, reflecting changes in their use of racemic adrenaline. In 2012, the annual costs varied
from €7,579 to €1,116 and in 2016 they varied from €3,158 to €750 (Table 2). Another notable
expense was the time that the nurses spent preparing the medicines and solutions ready for use
and administering the nebulised medicines to the infants. In 2012, the annual working time varied
from a total of 186 to 1,263 hours for the four hospitals and in 2016 it varied from 125 to 526 hours
(Table 2). The largest decrease, of 967 hours or 25.3 working weeks, occurred in Tampere. Other
expenses that should be taken into account, apart from the cost of each drug dose (€2.30), were
the two needles and two syringes required for one dose of racemic adrenaline (total €0.15), 2mL of
normal saline solution per dose (€0.03) and the pro-rata purchase price and servicing of the
nebuliser (€2.38) for each dose. These repeated costs €2.48 per dose, depended on the number
of racemic adrenaline doses that were used. In 2012, the repeated costs ranged from €1,193 to

€8,106 and in 2016 they ranged from €802 to €3,378.

DISCUSSION

Racemic adrenaline inhalations have been widely used in the Nordic countries to treat bronchiolitis
(1,9). The accumulating evidence against the routine use of adrenaline (2,9), meant that its use
was not recommended for clinical practice when the Finnish evidence-based current care
guidelines were published in 2014 (10). This study was conducted to evaluate the impact of these

guidelines on clinical practice comparing the two years before and after their introduction.



There were three key results that emerged from our study. First, the use of racemic adrenaline
decreased substantially after the Finnish guidelines were published, based on the number of doses
delivered by pharmacies to the departments in the four university hospitals. Second, although the
use of racemic adrenaline fell after the guidelines were published, its use continued to vary
considerably between the hospitals, especially with regard to the population-based analyses.
Third, the medication costs were relatively modest, but time that the nurses spent administering
racemic adrenaline showed a notable decrease. These results suggest that the evidence-based

current care guidelines contributed to real-life treatment practice.

In the present study, the greatest decrease in the consumption of racemic adrenaline was mainly
seen, as expected, in the hospitals that used the greatest quantities before the guidelines were
issued. In the USA, the overall consumption of bronchodilators in bronchiolitis decreased modestly,
from 70% to 58% in 2008-2012, after the 2006 American Academy of Pediatrics guidelines on the
management of bronchiolitis were published. However, the figures for racemic adrenaline were not
given separately (16). In hospitalised children in the USA, the use of racemic adrenaline for
bronchiolitis decreased from 17.8% in 2004-2005 to 12.2% in 2007-2008 (17). On the other hand,
some reports concluded that the use of bronchodilators remained stable after implementation of
the 2006 guidelines, both in ambulatory and hospital settings (18,19). A study published in 2017,
reported that, following the publication of the 2015 guidelines on managing bronchiolitis by the
UK'’s National Institute for Health and Care Excellence, a secondary paediatric unit in England
performed an educational intervention and the use of salbutamol decreased from 36% to 24%.
However, the authors pointed out that racemic adrenaline was not used by this hospital, either

before or after 2015 (12).

The use of racemic adrenaline varied a lot between the four university hospitals in our study. A
study of three of the four Finnish university hospitals featured in the current study was carried out
in 2008-2010, and substantial variation was observed in terms of other diagnostic and treatment

practices for bronchiolitis, such as the use of salbutamol inhalations, systemic corticosteroids or



intravenous versus oral fluid therapies (20). Notable variations that cannot be explained by disease
severity or readmission rates, have been reported from the USA and Spain (19,21,22).
Furthermore, the use of unnecessary treatment, such as bronchodilators, antibiotics and

corticosteroids, has been associated with longer stays in hospital in the USA (19).

A retrospective time series study from the USA revealed that, after the implementation of the
American 2006 bronchiolitis guidelines, the average total costs per patient fell by $197 in the
emergency room (23). This reduction was based on the decreased use of chest radiographs and
tests for viruses, as well as reductions in the medication used. Our study identified reductions in
the medication costs and the time spent by the nurses who prepared and gave the inhalations of
racemic adrenaline. In Tampere, the nurses’ annual total working time decreased by 967 hours
from 2012 to 2016, which was the equivalent of six months for one nurse working full time. The

reduction meant that nurses were free to carry out other duties in these busy departments.

The impact that evidenced-based guidelines and clinical practice guidelines have on everyday
practice remains unclear (11,24). A prospective closed-loop audit study performed in the UK
reported significant improvement in clinical practice after treatment guidelines were issued on the
treatment of pneumonia (25). Meanwhile a multicentre voluntary collaboration of 21 American
primarily community hospitals found that a web-based initiative that included data collection and
feedback to doctors on bronchiolitis resulted in a 29% reduction in the use of bronchodilators, a
68% reduction in the use of corticosteroids and a 44% reduction in chest radiography (26). In
Finland, a limited number of doctors treat infants with bronchiolitis, which means that the
implementation of the guidelines in the study hospitals was probably easier than in the case of
many other illnesses or in other settings than hospitals with specific paediatric expertise. Our study
showed that a certain level of harmonisation can be achieved between hospitals when national
guidelines are issued. However, educational or other interventions may be needed, because
significant differences in the treatment of bronchiolitis still existed, even between the university

hospitals in our study, after implementing the national guidelines.



The main strength of the study was that the results were based on real consumption figures at the
different paediatric units of the four university hospitals and the figures were obtained from the
hospital pharmacies. However, the study had two main limitations. Firstly, no data was available to
indicate why the racemic adrenaline was given to the patients, namely specific diseases and
indications. We only estimated that most of the inhalations on the paediatric infection wards were
given to bronchiolitis patients. Croup very rarely needs in-patient treatment in hospital (27) and
patients with asthma are hospitalised less than earlier and those hospitalised with severe asthma
are usually treated in an intensive care unit (28). In any case racemic adrenaline is only a rescue
therapy for severe asthma and it is needed very rarely. Secondly, the figures were only obtained
from four university hospitals and the use of racemic adrenaline in secondary-level hospitals as
well as in out-patient clinics, remains unclear. However, the hospitals we studied covered more

than 30% of the child population in Finland.

CONCLUSION

We found some evidence that the 2014 Finnish evidence-based clinical care guidelines on the
treatment of bronchiolitis had an impact on the everyday clinical care of children with regard to
reducing the use of racemic adrenaline. They also had some impact on the amount of nursing time
spent preparing and administering this treatment and reduced the already modest drugs costs.
Future studies should focus on the impact that evidence-based current care guidelines have on
children, including assessing cost effectiveness. Maybe such monitoring should be part of

producing and updating any guidelines.
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PICU, paediatric intensive care unit
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Table 1. The number of doses of racemic adrenaline (2.25%, 0.5ml inhalation solution) delivered

from the pharmacies to the paediatric department in the four Finnish university hospitals. The data

are presented separately for the emergency room (ER), paediatric infectious diseases ward (ward)

and paediatric intensive care unit (PICU) of each hospital during 2012-2016.

Hospital Unit 2012 2013 2014 2015 2016
Tampere Total* 3,295 366 3,498 388 2,460 270 780 85 773 85
ER 870 738 630 210 293
Ward 2,125 2,400 1,350 450 330
PICU 300 360 480 120 150
Oulu Total* 485 56 672 77 648 74 537 61 650 74
ER? - - - - -
Ward 230 291 240 248 325
PICU 155 251 270 185 210
Turku Total* 1,135 144 689 88 560 71 490 63 326 42
ER 280 417 110 30 146
Ward 290 120 330 310 145
PICU 270 150 60 116 30
Kuopio Total* 2,283 846 2,745 1,035 2,333 880 1,919 734 1,373 532
ER 367 286 324 260 270
Ward 1,625 1,894 1,709 1,305 920
PICU 79 55 25 23 53

*Total doses of racemic adrenaline (racepinephrine) and doses per 10,000 children aged less than

16 years. * The ER costs were included in the ward costs and could not be obtained separately.




Table 2. The costs of racemic adrenaline (racepinephrine 2.25% 0.5ml inhalation solution) and
working time of nurses (in hours) used for administering nebulisation in four university hospitals in

Finland during the years 2012-2016. In Finland, the regular working time of nurses is 38.25 hours

per week.

2012 2013 2014 2015 2016
Tampere
costs (€) 7,579 8,045 5,658 1,794 1,778
working time (h) 1,263 1,341 943 299 296
Oulu
costs (€) 1,116 1,546 1,490 1,235 1,495
working time (h) 186 258 248 206 249
Turku
costs (€) 2,611 1,585 1,288 1,127 750
working time (h) 435 264 215 188 125
Kuopio
costs (€) 5,251 6,314 5,366 4,414 3,158
working time (h) 875 1,052 894 736 526




Supplementary Figure 1. The annual consumption of racemic adrenaline in four university

hospitals in Finland in years 2012-2016 (racepinephrine 2.25% 0.5ml doses). The lower graph

shows the consumption adjusted to doses per 10,000 children under the age of 16 years.
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