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ABSTRACT  Asthma action plans (AAPs) reduce healthcare utilisation, improve quality of life and are
recommended across guidelines. However, fewer than 25% of patients receive an AAP, partly due to
prescribers’ inability to complete “yellow zone” instructions (how to intensify therapy for acute loss of
control). We sought to review best evidence to develop a practical, evidence-based tool to facilitate yellow
zone guidance in adults.

We reviewed recent asthma guidelines and adult studies addressing acute loss of asthma control
(January 2010 to March 2016). We developed evidence-based rules for yellow zone therapy and
operational guidelines to maximise adherence and minimise errors.

We reviewed three guidelines and 11 manuscripts (2486 abstracts screened). Recommendations were
comparable but some areas lacked guidance. For 15/43 asthma regimens, the commonly recommended
four- to five-fold yellow zone inhaled corticosteroid dose increase was problematic due to regulatory dose
limits. We identified evidence-based alternatives for 8/15 regimens. Operational guidance included
increasing to a maximum of four inhalations while maintaining baseline inhaler frequency and device in
the yellow zone.

We developed a practical implementation tool to facilitate AAP delivery at the point of care, addressing
existing gaps and uncertainties. Our tool should be implemented as part of a multifaceted approach to
augment AAP usage.
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Introduction

Asthma is one of the most common chronic diseases in Europe, is increasing in prevalence, and is
projected to carry a healthcare expenditure of more than €19 billion [1]. Although effective therapies exist,
up to 53% of patients remain poorly controlled [2, 3].

An asthma action plan (AAP) is an individualised written plan produced by a healthcare professional for a
patient with asthma, providing education and guidelines for self-management of worsening symptoms in a
“traffic light” configuration [4]. A “green zone” describes adequate control and corresponding baseline
medications, a “yellow zone” describes loss of control and corresponding instructions for therapeutic
intensification, and a “red zone” indicates severe symptoms that should prompt immediate medical assistance [5].
A Cochrane review of 36 randomised controlled trials (RCTs) demonstrated that use of a written AAP in
conjunction with education and regular clinical review significantly reduces healthcare utilisation,
absenteeism and asthma symptoms, and improves quality of life [4]. Furthermore, AAP use has been
associated with a 70% reduction in mortality [6]. In accordance with this strong evidence, international
asthma guidelines recommend that all patients receive a written AAP [7-9].

Despite these data, AAP provision and use remains poor. In a study examining patients in the European
Community Respiratory Health Survey II, only 30% of asthmatic patients who had used inhaled
corticosteroid in the past year received a personalised AAP [10]. The principal barriers to AAP uptake are
at the level of the provider and include lack of time, experience and confidence in creating appropriate
AAP recommendations [11-13]. In one study, 30% of motivated physicians attending an asthma skills
workshop were unable to prepare an adequate AAP [13]. Although recent asthma guidelines attempt to
address this knowledge gap by providing evidence-based recommendations for changes to therapy in the
yellow zone of the AAP, practical implementation remains complex and no implementation tools are
widely available [7-9, 14].

We sought to develop a practical, evidence-based point-of-care guide for populating AAP yellow zone
instructions in adult patients (age >18 years) with persistent asthma on regular maintenance therapy, with
a goal of facilitating AAP delivery.

Methods

Evidence review

We used recommendations in international guidelines complemented by a literature search as the basis for
our algorithm.

Guideline review

We searched major international asthma guidelines published in the last 5 years (prior to December 2016)
for recommendations regarding AAP yellow zone formulation. We included guidelines produced by the
Global Initiative for Asthma (GINA) [7], the British Thoracic Society/Scottish Intercollegiate Guideline
Network (BTS/SIGN) [8] and the Canadian Thoracic Society (CTS) [9].

Literature review

The literature search in the oldest included guideline (CTS) was performed in October 2010. Accordingly,
we searched for English-language studies involving human adult subjects, using asthma search terms as
MeSH and keywords in Ovid MEDLINE, EMBASE and the Cochrane Central Registry of Controlled Trials
from January 2010 to March 2016 (a complete list of search terms can be found in appendix 3). We
included all RCTs, reviews and systematic reviews that described strategies for adjusting controller therapy
for acute loss of asthma control in adults with persistent asthma on regular maintenance therapy. A. Kouri
and S. Gupta reviewed all abstracts and categorised them as definitely, possibly or definitely not meeting
inclusion criteria, and then reviewed full manuscripts for all abstracts definitely or possibly meeting
inclusion criteria to determine whether they should be included. Any differences were settled by discussion,
leading to consensus.

We examined all citations of interest from reference lists of retrieved articles and used a reference harvesting
approach on all included papers, using Web of Science and Google Scholar, to identify any additional
relevant publications.

We searched all included publications for guidance in areas where guideline recommendations were
lacking or divergent and for new evidence.

Algorithm development
Based on this review, we established evidence-based rules for therapeutic intensification in the yellow zone.
In cases where guideline recommendations and/or literature search findings diverged, we reviewed original
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studies cited by guideline writers to determine which approach was best supported. Next, we attempted to
apply these rules to a catalogue of common controller medication dose and frequency regimens (for each
commercially available medication). We documented regulatory limits on total daily doses for each
medication according to international drug licensing agencies (appendix 2, table S1). In cases where yellow
zone doses exceeded recommended daily limits across agencies, we searched guideline references and our
search results and developed evidence-based alternative approaches where possible. Given that more than
one medication type, dose and/or frequency could be used to operationalise yellow zone instructions, we
developed practical rules to simplify and standardise prescriptions while maximising patient adherence and
minimising patient errors. These rules were based on best evidence where available and on expert opinion
where no evidence was available. Relevant expertise included asthma guideline development (A. Kaplan,
L-P. Boulet), primary care practice (A. Kaplan) and guideline implementation (L-P. Boulet, S. Gupta).

Results

Evidence review

Guideline review

Included guidelines provided mostly comparable recommendations for self-management of acute loss of
asthma control using an AAP (table 1).

Literature review

We identified 2486 abstracts between January 2010 and March 2016. Of these, 51 (2%) possibly met and
2435 (98%) did not meet inclusion criteria. Upon full manuscript review, 11 (22%) of 51 citations
“possibly meeting inclusion criteria” met inclusion criteria. We did not identify any additional citations of
interest from the manual search or from reference harvesting. The 11 included reports consisted of 1 RCT,
1 practice guideline, 3 narrative reviews and 6 systematic reviews. Upon detailed analysis, the RCT was not
applicable to an outpatient AAP, as it tested the effects of a nebulised inhaled corticosteroid against
systemic corticosteroids [15]. The practice guideline and 8 of the 9 reviews had either been directly cited in
one or more of the guidelines we reviewed, or all individual studies included in the publication had been
cited in one or more guidelines. Accordingly, where relevant, data from these studies had already been
accounted for in our algorithm. However, the remaining review cited a relevant trial that had not been
referenced in the included guidelines, comparing high-dose ciclesonide to prednisone for acute loss of
asthma control. Although the dose used exceeded regulatory limits for total daily dosing, the study
demonstrated both equivalence and safety and its findings were therefore incorporated into our algorithm [16].
See appendix 2 table S2, for full discussion of reviewed studies.

Algorithm development

For inhaled corticosteroid (ICS) monotherapy, the CTS and BTS/SIGN guidelines were consistent,
recommending increasing the ICS dose by a factor of four to five (with strong levels of evidence; table 1)
[8, 9]. The BTS/SIGN guideline limited its recommendation to patients on a low baseline ICS dose (200 pg
beclomethasone diproprionate (BDP) equivalent). However, referenced studies included patients on
moderate and high baseline ICS doses, suggesting that this practice should apply to various dose levels. We
do note that a single trial demonstrated that immediate doubling of ICS dose in response to a drop in
peak expiratory flow (PEF) can reduce asthma exacerbations [17]. However, this finding has not been
replicated and most patients do not routinely monitor PEF. Although more evidence is required in this
area, the balance of existing evidence favours increasing the ICS dose by four- to five-fold.

For non-ICS/formoterol combination therapy, CTS guidelines recommended taking a similar approach to
that in patients on ICS alone (quadrupling the ICS component), whereas GINA guidelines recommended
increasing the ICS component without specific dose guidance (except a maximum ICS dose of 2000 pg
BDP equivalent). Both groups acknowledged a dearth of evidence in this area and made these
recommendations based on consensus [7, 9]. We adopted the CTS approach, which provides a pragmatic
rule for yellow zone dose intensification. In one exceptional circumstance, we recommended simply
quadrupling the dose of a fluticasone furoate/vilanterol combination inhaler, as vilanterol doses of up to
100 pg have been shown to be safe for short courses of therapy [18, 19].

For ICS/formoterol therapy using the adjustable maintenance dosing (AMD) approach, GINA guidelines
recommended quadrupling the maintenance ICS/formoterol dose (to a maximum of 72 pg-day™'
formoterol), whereas CTS guidelines recommended increasing the number of puffs to a maximum of 4
puffs twice daily (48 pg-day™" formoterol) [7, 9]. These slightly divergent recommendations were based on
a nearly identical set of studies (GINA guidelines cited a 2006 review by RepDEL et al. [20], which included
six trials, whereas CTS guidelines cited a 2007 review by Epwarps et al. [21] which included the same six
trials and an additional five trials) and assigned similarly high levels of evidence (table 1). However, all
cited studies compared yellow zone dose intensification in patients on budesonide/formoterol-AMD to a
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TABLE 1 Guideline recommendations for managing acute loss of asthma control in adults using an asthma action plan (AAP)

BTS/SIGN 2016 [8]

GINA 2016 [7]

CTS 2012 [9]

Criteria for initiating increase in

controller medication
(“activating the yellow zone”)
and duration of change

How to adjust ICS monotherapy

during acute loss of asthma
control

How to adjust ICS/LABA

combination medications
during acute loss of asthma
control (other than ICS/
formoterol combination
medications)

How to adjust ICS/formoterol

combination medications
(used as AMD or MART)
during acute loss of asthma
control

Instructions for patients who do

not respond to first-line
therapy (increases in their
controller therapy) during
acute loss of asthma control

Alternative action plan

instructions for specific
patient populations unlikely to
benefit from increases in
inhaled controller medications
alone during acute loss of
asthma control

Personalised action plans should be
triggered by symptoms and/or peak
flows (PEF between 60 and 80% best
suggested for increase in inhaled
corticosteroid). Timing and duration
of change not specified

In adult patients on a very low dose of
ICS, a five-fold increase in dose at
the time of an asthma attack leads to
a decrease in the severity of asthma
attacks. Duration of change not
specified.

Doubling the dose of ICS at the time
of an exacerbation is of unproven
value.

Level of evidence: Level 1+%

No specific recommendations.

Level of evidence: N/A

AMD: No specific recommendations
pertaining to AAPs.

MART: No specific recommendations
pertaining
to AAPs.

Level of evidence: N/A

Patients may safely hold an emergency
supply of prednisolone tablets for use
if their symptoms continue to
deteriorate and/or if their peak flow
falls to 60% of their best.
Recommend prednisolone 40-50 mg
daily for at least 5 days or until
recovery.

Level of evidence: Level 1++"

In patients already taking moderate or
high doses (400 ug-day™' BDP
equivalent daily) of inhaled
corticosteroids, begin oral steroids
(prednisolone 40-50 mg daily for at
least 5 days or until recovery).

Level of evidence: N/A

When there is a clinically important
change from the patient’s usual
level of asthma control, for
example, if asthma symptoms are
interfering with normal activities, or
PEF has fallen by >20% for more
than 2 days. Duration of change 1-
2 weeks

At least double ICS; consider
increasing ICS to high dose
(maximum 2000 ug-day™' BDP
equivalent).

Level of evidence: Evidence BT

Step up to higher dose formulation of
ICS/LABA, or consider adding a
separate ICS inhaler (to maximum
total 2000 pg-day™' BDP equivalent).

Level of evidence: Level DT

AMD: quadruple maintenance dose
(maximum formoterol 72 ug-day™').
MART: continue maintenance dose
and increase reliever use
as needed (maximum formoterol
total 72 ug-day™").
Level of evidence:
AMD: Level BT
MART: Level A"

Patients who fail to respond to an
increase in reliever and controller
medication for 2-3 days or
deteriorate rapidly should take
prednisone 1 mg-kg™"-day™"
(maximum 50 mg] for 5-7 days.

Level of evidence: Level AT

In patients who present with PEF or
FEV1 <60% of their personal best or
predicted value, or have a history of
sudden severe exacerbations, start
prednisone 1 mg-kg~"-day™"
(maximum 50 mg) for 5-7 days.

Level of evidence: Level A"

Action plans should outline when and
how to adjust reliever and controller
therapy for loss of control. Specific
symptoms, or PEF thresholds and
timing for increasing controller
medication not provided. Duration of
change 1-2 weeks

Increase the ICS dose by four- or
five-fold for 7-14 days in adults with
a history of severe exacerbations in
the past year requiring systemic
steroids.

Level of evidence: Grade 2C*

Fourfold or greater increase in ICS
dose for 7-14 days in individuals
who are exacerbation-prone.

Level of evidence: Consensus”

AMD: increase to a maximum of four
inhalations twice daily for 7-14 days.

MART: continue use in lieu of
increasing the ICS dose of
fixed-dose ICS/LABA combination
therapy.

Level of evidence:
AMD: Grade 2B*
MART: Grade 2B*

No specific recommendations.

Level of evidence: N/A

In individuals over the age of 15 years
with a history of severe acute loss of
asthma control in the preceding
year, start prednisone 30-50 mg
daily for at least 5 days.

Level of evidence: N/A

#. 1++ indicates high quality meta-analyses, systematic reviews or randomised controlled trials (RCTs), or RCTs with a very low risk of bias;
1+ indicates well-conducted meta-analyses, systematic reviews, or RCTs with a low risk of bias (British Thoracic Society/Scottish Intercollegiate
Guideline Network (BTS/SIGN) recommendation ranking system). T: Level A: recommendation from RCTs, from a rich body of data, from
well-designed studies with a consistent pattern of findings, from a large number of studies with a substantial number of patients. Level B:
recommendation from RCTs, with limited body of data, from studies with limited number of patients, from subgroup or post-hoc analyses, or
meta-analyses of RCTs or studies with inconsistent results. Level D recommendation from expert opinion, based on clinical experience or
knowledge that cannot be included in category C. (Global Initiative for Asthma (GINA) evidence levels.) *: 2B is a weak recommendation with
moderate quality of evidence. 2C is a weak recommendation with low quality of evidence. Consensus recommendation implies lack of evidence,
where a recommendation is made based on expert opinion and practice experience. (GRADE system). CTS: Canadian Thoracic Society;
ICS: inhaled corticosteroid; LABA: long-acting beta-agonist; AMD: adjustable maintenance dosing with ICS/formoterol combination inhalers;
MART: maintenance and reliever therapy using an ICS/formoterol combination inhaler; PEF: peak expiratory flow; BDP: beclomethasone
diproprionate; FEV1: forced expiratory volume in 1's; N/A: not available.
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higher baseline fixed dose of budesonide/formoterol. Accordingly, they concluded that yellow zone dose
intensification is preferred to a higher baseline dose (with no change in the yellow zone), but did not
answer the question as to which approach would be preferred in the yellow zone. A lack of available data
to answer this specific question was noted by CTS guideline writers [9]. Practically, for typically
recommended starting dose levels (budesonide/formoterol 100/6 pg or 200/6 pg 1 puff twice daily), GINA
and CTS recommendations amounted to the same yellow zone change. Their recommendations diverge in
patients on unconventional dose regimens (e.g. 100/6 pg 3 puffs twice daily or 200/6 ug 2 puffs twice
daily). In these cases, following the CTS recommendation to increase to 4 puffs twice daily would equate
to doubling (or less) the total ICS dose, which guidelines universally discourage. We therefore adopted the
GINA guideline recommendation to quadruple the maintenance ICS/formoterol dose (table 2).

For ICS/formoterol therapy using the MART (maintenance and reliever therapy) approach, GINA and
CTS guidelines recommended continuing this approach in the yellow zone, with a consistently high level
of evidence [7, 9].

Guidelines were consistent in their recommendation that a short course of oral corticosteroids (OCS)
should be considered as second-line therapy in the yellow zone when initial increases in inhaled therapy
are not effective and/or if a clinical deterioration occurs (table 1) [7, 8]. We adopted specific criteria
provided by all guidelines for such use of OCS (table 2). GINA and CTS guidelines also recommended
considering OCS as first-line therapy in patients with certain high-risk features (table 1). Accordingly, we
added these caveats to our yellow zone recommendation table (table 2). It should be noted that an AAP
that includes conditional recommendations for ICS dose increases followed by addition of an OCS can be
confusing to some patients. To address this, OCS recommendations could be operationalised by providing
criteria for patients to contact their provider for an OCS prescription, while reserving a standing
prescription with a conditional self-management plan only for patients with excellent self-management
skills (table 2, footnotes). Also, although we have included the option to add OCS after failed initial ICS
intensification as part of the yellow zone, some AAPs have operationalised this through an extra “orange
zone” and others by including OCS in the “red zone” [22, 23]. This recommendation should thus be
operationalised in accordance with the particular AAP format that the clinician is using.

Finally, certain patients were on baseline ICS doses that did not permit a four- to five-fold dose increase
without exceeding regulatory limits for the total daily dose. In such patients on fluticasone, budesonide or
ciclesonide, we were able to make evidence-based dose increase recommendations guided by specific studies
demonstrating the safety and efficacy of dose increases (see section “Additional rules”). However, for other
medications where such data are lacking, we offered two options: either temporarily exceeding regulatory
limits by increasing the ICS dose four-fold, or going straight to a short course of OCS. Although we
concede that having two options adds complexity, there are important considerations that lend support to
each approach, leading to a conclusion that the therapeutic decision in this situation requires
individualisation. Considerations favouring exceeding regulatory dose limits with ICS include that 1)
regulatory limits on total daily ICS doses are intended for chronic use and not short-term use as part of
step-up therapy in an AAP; 2) short-term use of doses exceeding regulatory limits has been shown to be
safe in other medication preparations (ciclesonide in particular) [16]; and 3) one of the main goals of AAPs
is to avoid a requirement for systemic steroids, which have several documented risks and side-effects.
Considerations favouring going straight to a short course of OCS include that 1) pharmacists and patients
often object to dispensing and consuming medications at doses that exceed product monograph
specifications; 2) safety data for short-term higher dose usage are not available for these medications; and 3)
many primary-care clinicians may not feel comfortable writing prescriptions that exceed regulatory dose
limits, thus limiting the practical usability of such a recommendation in real-world care.

Additional rules
In cases where above rules could not be implemented due to maximum daily ICS dose limits (appendix 2,
table S1), we developed additional evidence-based rules where applicable (table 2).

High-dose fluticasone

For patients on a baseline daily fluticasone dose greater than 500 pg (ICS alone or in a combination inhaler),
a four- or five-fold dose increase would exceed the regulatory limit of a total daily dose of 2000 pg. However,
two studies suggest that a four- to five-fold intensification might not be required in these patients. Levy ef al. [24]
and D1 Franco et al. [25] compared fluticasone 2000 pg-day™" (with or without a long-acting beta-agonist
(LABA)) to a course of OCS in patients presenting to the emergency department with asthma exacerbation
severe enough to warrant systemic steroids. Given a mean baseline dose of approximately 800 pg
BDP-equivalent (equivalent to 800 ug fluticasone [9]), this represented an approximately 2.5-fold increase.
Both trials found high-dose inhaled fluticasone to be non-inferior to OCS [24, 25]. Baseline doses were
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TABLE 2 Proposed evidence-based instructions for managing acute loss of asthma control in adults using an asthma action plan

Baseline controller medication (green zone) Recommended changes during acute loss of asthma
control (yellow zone)

ICS monotherapy Increase the daily ICS dose by four- to five-fold for 7-14 days,
provided the dose does not exceed the regulatory limit
on total daily dose
What to do if a four- to five-fold increase exceeds the
daily dose limit

Fluticasone monotherapy at >500 pg total daily dose Increase the total daily fluticasone dose to 2000 pg-day’1
for 7-14 days
Budesonide monotherapy at >600 pg total daily dose Increase the total daily budesonide dose to 2400 pg-day™'
for 7-14 days
Ciclesonide monotherapy at >200 pg total daily dose Increase total daily ciclesonide dose to 1600 ug-day™" for 7-14 days®
Other medications Option 1: increase the daily ICS dose by four- to five-fold for
7-14 days, temporarily exceeding the regulatory limit on total
daily dose'

Option 2: prednisone 30-50 mg daily (or equivalent OCS regimen)
for 5-7 days”®

Fixed dose ICS/LABA combination therapy Increase the daily ICS dose by four- to five-fold for 7-14 days, provided
the dose does not exceed the regulatory limit on total daily dose of
ICS (add ICS alone unless increase of ICS/LABA possible without
surpassing regulatory limit on total daily dose of LABA)
What to do if a four- to five-fold increase exceeds the
daily dose limit

Fluticasone/salmeterol at >500 pg fluticasone total daily dose Increase the total daily fluticasone dose to 2000 pg-day™
for 7-14 days (by adding fluticasone)

Budesonide/formoterol at >600 ug budesonide total daily dose Increase the total daily budesonide dose to 2400 pg-day™
for 7-14 days (by adding budesonide)

Other medications Option 1: increase the daily ICS dose by four- to five-fold

for 7-14 days, temporarily exceeding the regulatory limit on
total daily dose [by adding an ICS to the ICS/LABA therapy)™8

Option 2: prednisone 30-50 mg daily (or equivalent OCS regimen)
for 5-7 days”®

ICS/formoterol combination therapy using MART approach Continue MART therapy as prescribed
Special clinical scenarios
Patients with a history of sudden and severe exacerbations Prednisone 30-50 mg daily (or equivalent OCS regimen) for 5-7 days™

and/or presenting with PEF or FEV1 <60% of personal
best/predicted (severe exacerbation)
Patients who fail to improve clinically within 2-3 days of Prednisone 30-50 mg daily (or equivalent OCS regimen) for 5-7 days*
increase in controller medication, and/or have a rapid
clinical deterioration, and/or have a PEF or FEV1 that
falls to <60% of their personal best value

#. this dose exceeds regulatory limits (across jurisdictions) for routine daily use but has been shown to be safe and effective for treatment of acute
loss of asthma control, in a clinical trial. T: total daily dose limits are intended for chronic daily use and a short-term dose increase beyond these
limits is unlikely to carry any significant safety risks. However, formal safety testing data are not available and the decision to pursue this approach
should be based on patient and clinician comfort. *: in patients with adequate experience self-managing their asthma, consider providing a
standing prescription for oral corticosteroid (OCS) for these situations, with instructions to contact the primary healthcare provider after initiating
OCS. For others, advise contacting their physicians to obtain an OCS prescription if they meet the criteria outlined in the asthma action plan.
Ensure that all patients are appropriately counselled about the risks of short-term OCS use. §: fluticasone furoate/vilanterol inhaled corticosteroid
(ICS)/long-acting beta-agonist (LABAJ therapy can simply be quadrupled. Although the resulting vilanterol dose (100 pg) daily would exceed
regulatory limits, this has been shown to be safe for short courses of therapy (see text for references). MART: ICS/formoterol as maintenance and
reliever therapy; PEF: peak expiratory flow; FEV1: forced expiratory volume in 1 s.

highly variable and did not predict treatment failure [24]. These data suggest that increasing the total daily
fluticasone dose to 2000 pg-day~" has a similar efficacy to a course of OCS, regardless of baseline ICS dose
(see appendix 4 for further trial details). Given that patients who are self-managing through the yellow zone
of an AAP would be expected to have less severe symptoms than patients seen in the emergency room, an
increase to 2000 pg-day™" of fluticasone could be a reasonable alternative to OCS in patients whose baseline
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fluticasone dose is greater than 500 pg-day '. GINA guidelines also indicated that high-dose ICS has an
equivalent effect to a short course of OCS (table 1).

Moderate- and high-dose budesonide

For patients on a baseline daily budesonide dose greater than 600 pg (ICS alone or in a combination
inhaler), a four- or five-fold dose increase would exceed the regulatory limit on total daily dose of 2400 pg.
However, trials by FrrzGeraip et al. [26] and Nana et al. [27] demonstrated non-inferiority between
high-dose budesonide and OCS in patients discharged from the emergency room after an asthma
exacerbation (see appendix 4 for further trial details). As above, these data suggest that increasing the total
daily budesonide dose to 2400 pg-day ' may have a similar efficacy to a course of OCS and presents a
reasonable yellow zone option in patients with a baseline budesonide dose exceeding 600 pg-day .

High-dose ciclesonide

For patients on a baseline daily ciclesonide dose of greater than 200 pg, a four- or five-fold increase would
exceed the regulatory total daily dose limit of 800 ug. However, a trial by Van DEN BErGE et al. [16] found
that in 130 patients with worsening asthma, a 2 week course of ciclesonide 800 ug twice daily was similar in
efficacy to prednisolone 40 mg daily for improvement in FEV1, morning PEF and symptoms. Importantly,
no serious adverse events occurred with this high dose of ciclesonide and there were fewer overall adverse
events than with prednisolone. These data suggest that ciclesonide can be safely and effectively increased
past its regulatory total daily dose limit, allowing for quadrupling in patients on high baseline doses.

It should also be noted that exact symptom- and peak expiratory flow-based criteria, as well as the timing
for initiating an increase in controller medications (“activating the yellow zone”) during acute loss of
asthma control were not specifically detailed in each guideline (table 1) and have been shown to be
somewhat variable across existing AAPs [23, 28]. However, based on RCTs demonstrating the efficacy of a
four- to five-fold increase in ICS dose [29, 30], we recommend that patients initiate yellow-zone therapy
within 24-48 h of loss of control.

Practical implementation

We established basic principles for formulating yellow zone prescriptions. These principles aim to establish
a consistent approach while maximising patient adherence and minimising patient errors, applying best
evidence where available and expert opinion where evidence is lacking (table 3).

Finally, we applied our algorithm and practical guidelines to a collection of common controller medication
types and regimens, creating a yellow zone dose escalation chart that can be printed and posted in the
clinical environment for practical use (printable charts, by region, in appendix 1).

Discussion

We have used best evidence from the latest international asthma guidelines and an updated literature review
to create a practical algorithm for populating asthma action plans. Recommendations for intensifying
controller therapy during acute loss of asthma control were broadly similar across major international
guidelines, with more variance in areas lacking evidence. Of interest, our guideline review revealed that
different international groups ascribed noticeably different levels of evidence to similar recommendations
(table 1). For example, for ICS monotherapy, BTS/SIGN guidelines recommended a five-fold dose increase
as a level 1+ recommendation (corresponding to well-conducted meta-analyses, systematic reviews or RCTs
with a low risk of bias), whereas CTS guidelines recommended a four- to five-fold increase as a level 2C
recommendation (a weak recommendation with low-quality evidence). Our literature review did not find
any significant new contributory studies published between the dates of the CTS and BTS guideline
literature searches (appendix 2, table S2). Accordingly, variation probably resulted from differences in
methodology, including evidence selection, synthesis, appraisal and recommendation formulation [37].

In attempting to apply guideline recommendations to develop a practical algorithm for use in a real-world
clinical environment, we found several areas where recommendations were lacking or offered guidance that
was difficult to operationalise. For example, for baseline regimens where intensification approaches were
not supported by strong evidence (e.g. non-ICS/formoterol ICS/LABA medications), BTS/SIGN guidelines
did not offer guidance (table 1). Additionally, even unanimously agreed-upon recommendations, such as
increasing ICS doses by four- to five-fold, could not be universally applied due to regulatory limits on total
daily doses. It would be infeasible to apply this recommendation in 15 of the 43 common dose regimens
included in our practical chart (Appendix 1, Europe; our literature search identified alternative approaches
for eight of these 15 cases). These factors support the commonly reported primary care perception that
expert guidelines are too ambiguous [38] and rigid for application in individual patients [39, 40]. This
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TABLE 3 Proposed practical guidelines for adjusting maintenance medications during acute loss of asthma control

Recommendation

Rationale

Supporting evidence

Maintain the controller medication as part
of the “yellow zone” dose, where possible

Add additional inhalations while maintaining
the baseline controller medication frequency,
where possible

Increase the number of inhalations of the
baseline controller medication to attain the
target dose rather than prescribing an
additional inhaler, where possible

When it is necessary to add a new inhaler in
the “yellow zone,” use the same device type
as the baseline controller medication

Do not exceed 4 inhalations per use, and
in cases where it is necessary to add a

Reinforces that “green zone” controller
medications are never to be stopped and
minimises chances of the patient
continuing with the incorrect puffer after
yellow zone treatment is complete

Minimises dosing frequency, maintains
consistency with the controller regimen,
thereby minimising medication errors and
maximising adherence

Minimises cost and complexity of filling a new
inhaler prescription and maximises
adherence

Maintains consistency with the baseline
controller medication, thereby minimising
medication administration errors and
maximises adherence

Ensures practical applicability of yellow zone
regimen, thereby maximising adherence

Adherence shown to decrease when
maintenance medications are
changed [31, 32]

Adherence shown to be inversely correlated
with dosing frequency [33, 34]

Adherence shown to decrease when new
inhalers are added or more than one
inhaler is recommended [35, 36]

Adherence and asthma control shown to
worsen when device type is changed [31]

MDI and DPI inhalers require up to 1 min
per puff [36]

new puffer in the yellow zone, use a dose
which favours the least number of
inhalations per use

More than 4 min per use is not practical
and may decrease adherence (expert
opinion)

Excessive cost of treatment and the
possibility of medication waste may
negatively affect adherence

Consider patient-relevant issues such as
medication cost and product shelf-life,
particularly when proposing a requirement
for new prescriptions in the “yellow zone”

Adherence has been shown to be inversely
correlated with socioeconomic status and
income in some studies [36]

MDI: metered dose inhaler; DPI: dry powder inhaler.

poor “usability” is a consistently identified barrier to recommendation implementation [41, 42] and may
be a factor in the observed low AAP usage rates in primary care [43].

Another important practical consideration is that recommended yellow zone doses could be achieved in
various ways, including changes in the number and/or frequency of inhalations and/or through addition of
a new inhaler or temporary replacement with a new inhaler. Despite this, guidelines did not specify how
dose intensifications should be operationalised. A lack of any clear published guidance in this area
probably also explains the large variability in yellow zone instructions across existing AAPs [23]. Given
that both knowledge of available medication doses and formulations and time are major barriers to AAP
usage in busy primary care environments, this uncertainty may also contribute to poor uptake [12, 13].
We attempted to address this by developing a series of practical implementation guidelines based on
evidence and expert opinion. Our approach sought to minimise patient confusion and dosing errors while
maximising patient satisfaction and adherence — notoriously difficult factors to elicit and to prioritise in
guideline production [44]. This approach seeks not only to improve adherence to AAPs among patients,
but also to address clinicians’ concerns that patients may not effectively follow their AAPs, which in itself
is a barrier to AAP delivery [45].

Our work has several limitations. As noted, our principal recommendations were based on major
international guidelines, but our exception rules were based on small numbers of individual studies. It
should be noted, however, that the evidence for AAP yellow zone formulation remains limited, and most
guideline recommendations were also based on a small number of studies or expert consensus. Some of our
practical rules for dose intensification regimens also relied on expert opinion and common sense, when
evidence was lacking. Although we believe that this was necessary in order to produce a usable
implementation tool, we recognise that more research is required to support our approaches in some of these
areas. Our rules also do not provide guidance in patients with mild asthma who are not on regular controller
therapy. Unfortunately, a literature review has found insufficient evidence to provide a recommendation for
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such patients [9]. We also appreciate that ensuring adherence to ICS is often challenging due to ICS aversion
among patients [46] and that recommendations to further increase doses by four- to five-fold as part of an
AAP will require patient education at the time of AAP delivery. Finally, we did not directly involve patients
in developing these rules, which could have provided an important perspective.

We provide easy-to-follow, printable, paper-based algorithms that can be posted in a clinical setting, to
inform completion of the AAP yellow zone (one each for Europe, Canada and the USA, in appendix 1).
However, given that time is another major barrier to AAP delivery [3, 12, 47], integration of this algorithm
into an electronic clinical decision support system would enable automated AAP generation, addressing both
knowledge and time barriers to AAP delivery at the point of care. Accordingly, our team developed the
Electronic Asthma Management System (eAMS), which features a patient questionnaire completed through a
smartphone, tablet or PC interface in advance of the clinical visit, followed by real-time EMR (electronic
medical record)-integrated advice for clinicians regarding asthma control status and corresponding
medication adjustments, along with a pre-populated, personalised AAP (all content and recommendations
can be altered by clinicians if required). A clinical trial of this system is currently under way.

In summary, we have developed a practical implementation tool to facilitate AAP delivery at the point of care,
addressing the gaps and uncertainties in existing international guidelines. This tool addresses physician-level
knowledge barriers as well as patient-level barriers surrounding adherence. However, other important barriers,
including physician time and access to AAPs and patient aversion to steroid medications remain important
determinants of AAP adherence. Our tool could be used as a paper reference guide or integrated into an
electronic medical record system at the point of care. A future study should measure its impact on the
frequency of AAP delivery, the quality of AAPs, patient uptake and patient-level outcomes. Future interventions
should use our tool as part of a multifaceted approach to address the multiple known barriers to AAP usage.
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