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LAMA: Antagonista muscarínico de longa duração de ação; LABA: agonista ß2 de longa ação; ICS: Corticosteroide Inalado; pMDI: inaladores pressurizados doseáveis; TDI: Transition Dyspnea Index; SFC: Salmeterol/Fluticasona 50/50µg 2x dia; ∆: diferença entre 
terapêuticas. 1. RCM XOTERNA® BREEZHALER® 05/2019; 2. Wedzicha JA, Banerji D, Chapman KR. Indacaterol/Glycopyrronium Versus Salmeterol/Fluticasone for COPD Exacerbations. New England Journal of Medicine. 2016;374:2222-2234; 3. Vogelmeier CF, Gaga M, 
Aalamian-Mattheis M, Greulich T, Marin JM, Castellani W, et al. Effi cacy and safety of direct switch to indacaterol/glycopyrroniumin patients with moderate COPD: the CRYSTAL open-label randomised trial. Respir Res. 2017 Jul 18;18(1):140; 4. Molimard M, Raherison 
C, Lignot S, et al. Chronic obstructive pulmonary disease exacerbation and inhaler device handling: real-life assessment of 2935 patients. Eur Respir J 2017; 49:1601794; 5. Wedzicha JA,Drecamer M,Ficker JH, et al. Analysis of chronic obstructive pulmonary disease 
exacerbations with the dual bronchodilator QVA149 compared with glycopyrronium and tiotropium(SPARK): randomised, duble-blind, parallel-group study. Lancet Respir Med, 2013;1:199-209; População estudo CRYSTAL: Doentes com Doença Pulmonar Obstrutiva 
Crónica moderada e com ≤ 1exacerbação no ano prévio; População estudo FLAME: Doentes com DPOC com história de ≥1 exacerbações no ano prévio à inclusão.
Xoterna Breezhaler 85 microgramas/43 microgramas, pó para inalação, cápsulas (indacaterol/glicopirrónio) Nota Importante: Antes de prescrever consulte o Resumo das Características do Medicamento. APRESENTAÇÃO: Pó para inalação, cápsulas conten-
do 143 microgramas de maleato de indacaterol equivalente a 110 microgramas de indacaterol e 63 microgramas de brometo de glicop irrónio equivalente a 50 microgramas de glicopirrónio. Cada dose libertada (a dose libertada do aplicador bucal do inalador) contém 
110 microgramas de maleato de indacaterol equivalente a 85 microgramas de indacaterol e 54 microgramas de brometo de glicopirrónio equivalente a 43 microgramas de glicopirrónio. INDICAÇÕES: Xoterna Breezhaler é indicado como tratamento broncodilatador de 
manutenção para alívio dos sintomas em doentes adultos com doença pulmonar obstrutiva crónica (DPOC). POSOLOGIA E MODO DE ADMINISTRAÇÃO: Adultos: A dose recomendada é a inalação do conteúdo de uma cápsula uma vez por dia, usando o inalador
Xoterna Breezhaler. Deve ser utilizado o inalador fornecido com cada nova prescrição. Populações especiais de doentes: Compromisso renal: pode ser usado na dose recomendada em doentes com compromisso renal ligeiro a moderado. Em doentes com compro-
misso renal grave ou com doença renal terminal que necessitem de diálise, este deve ser usado se o benefício esperado superar o risco potencial. Compromisso hepático: pode ser utilizado na dose recomendada em doentes com compromisso hepático ligeiro
a moderado. Não estão disponíveis dados para a utilização em doentes com compromisso grave da função hepática. População idosa: pode ser utilizado na dose recomendada em doentes idosos (idade igual ou superior a 75 anos). População pediátrica (<18 anos):
a segurança e efi cácia não foram estabelecidas. Não existem dados disponíveis. Modo de administração: As cápsulas de Xoterna Breezhaler devem ser administradas pela via inalatória oral e apenas com a utilização do inalador Xoterna Breezhaler. As cápsulas não 
devem ser engolidas. Xoterna Breezhaler deve ser administrado à mesma hora do dia todos os dias. Se for omitida uma dose, esta deve ser tomada assim que possível no mesmo dia. Os doentes devem ser instruídos a não tomarem mais do que uma dose por dia.
As cápsulas devem ser sempre conservadas no blister de origem para proteger da humidade, e apenas retiradas imediatamente antes da utilização. Os doentes devem ser instruídos sobre como administrar o medicamento corretamente. Os doentes que não sentiram 
melhorias na respiração devem ser questionados se estão a engolir o medicamento em vez de o inalar. CONTRAINDICAÇÕES: Hipersensibilidade às substâncias ativas ou a qualquer um dos excipientes de Xoterna Breezhaler. ADVERTÊNCIAS/PRECAUÇÕES: ♦ Xoterna 
Breezhaler não deve ser administrado concomitantemente com medicamentos contendo agonistas beta-adrenérgicos de longa duração ou antagonistas muscarínicos de longa duração ♦ asma: não deve ser usado no tratamento da asma, os agonistas beta2-adrenér-
gicos de longa duração podem aumentar o risco de acontecimentos adversos graves relacionados com a asma, incluindo mortes relacionadas com a asma, quando utilizados no tratamento da asma ♦ utilização aguda: não está indicado para o tratamento de episódios 
agudos de broncospasmo ♦ hipersensibilidade: se ocorrerem reações de hipersensibilidade, em particular angioedema, urticária ou erupção cutânea, o tratamento com Xoterna Breezhaler deve ser descontinuado e deverá ser instituída terapêutica alternativa
♦ broncospasmo paradoxal: administração de Xoterna Breezhaler pode resultar em broncospasmo paradoxal, o que pode pôr em risco a vida. Se tal ocorrer, o tratamento deve ser interrompido imediatamente e deverá ser instituída terapêutica alternativa ♦ efeitos 
anticolinérgicos relacionados com glicopirrónio: utilizar com precaução em doentes com glaucoma de ângulo estreito e retenção urinária ♦ efeitos sistémicos de beta-agonistas: tal como com outros agonistas beta2-adrenérgicos, deve ser utilizado com precau-
ção em doentes com perturbações cardiovasculares (doença arterial coronária, enfarte agudo do miocárdio, arritmias cardíacas, hipertensão); em doentes com perturbações convulsivas ou tirotoxicose, e em doentes com resposta aumentada aos agonistas beta2-adre-
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nérgicos pode produzir aumento da glucose plasmática. Ao iniciar o tratamento com Xoterna Breezhaler, a glucose plasmática deve ser monitorizada cuidadosamente em doentes diabéticos. Xoterna Breezhaler não foi estudado em doentes com diabetes mellitus 
inadequadamente controlada, portanto, é recomendada precaução e monitorização apropriada nestes doentes. ♦ Xoterna Breezhaler contém lactose. Doentes com problemas hereditários raros de intolerância à galactose, defi ciência total de lactase ou malmá absorção 
de glucose-galactose não devem tomar este medicamento. GRAVIDEZ: apenas deve ser usado durante a gravidez se os benefícios esperados para o doente compensarem os potenciais riscos para o feto . TRABALHO DE PARTO: Informação relacionada com inda-
caterol – tal como com outros medicamentos contendo agonistas beta2-adrenérgicos, Xoterna Breezhaler pode inibir o trabalho de parto devido ao efeito relaxante no músculo liso uterino. ALEITAMENTO: apenas deve ser considerado se os benefícios esperados para 
a mulher compensarem qualquer potencial risco para a criança. FERTILIDADE: os estudos de reprodução e outros dados em animais não levantam preocupações no que respeita a fertilidade quer em machos quer  em fêmeas. INTERAÇÕES: ♦ Não foram conduzidos 
estudos de interação específicos com Xoterna Breezhaler. A informação sobre o potencial de interações é baseada no potencial para cada uma das suas duas substâncias ativas. ♦ não deve ser administrado conjuntamente com bloqueadores beta-adrenérgicos (incluin-
do colírios) exceto se existirem razões imperiosas para a sua utilização ♦ ovs fármacos conhecidos por prolongar o intervalo QT podem aumentar o risco de arritmia ventricular ♦ a administração concomitante de outros agentes simpaticomiméticos pode potenciar os 
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ções medicamentosas relevantes quando glicopirrónio é coadministrado com cimetidina ou outros inibidores do transporte de catiõ es orgânicos. EFEITOS INDESEJÁVEIS: O perfi l de segurança é caracterizado por sintomas beta-adrenérgicos e anticolinérgicos típicos  
relacionados com os componentes individuais da associação. Outras reações adversas mais frequentes relacionadas com o medicamento foram tosse, nasofaringite e cefaleias. Reações adversas de Xoterna Breezhaler: ♦♦ Muito frequentes (≥1/10): infeção
do trato respiratório superior. ♦ Frequentes (≥1/100, <1/10): nasofaringite, infeção do trato urinário, sinusite, rinite, hipersensibilidade, hiperglicemia e diabetes mellitus, tonturas, cefaleias, tosse, dor orofaríngea incluindo irritação da garganta, dispepsia, cáries dentárias, 
obstrução da bexiga e retenção urinária, pirexia(1), dor torácica. ♦ Pouco frequentes (≥1/1.000, <1/100): angioedema, insónia, glaucoma(1), doença cardíaca isquémica, fi brilhação atrial, taquicardia, palpitações, broncospasmo paradoxal, disfonia, epistaxis, gastroente-
rite, xerostomia, prurido/enxantema, dor musculosquelética, espasmos musculares, mialgias, dor nas extremidades, edema periférico e fadiga. ♦ Raros (≥1/10.000, <1/1.000): parestesias. (1)Reação adversa observada com Xoterna Breezhaler mas não com os compo-
nentes individuais. TITULAR DA AUTORIZAÇÃO DE INTRODUÇÃO NO MERCADO: Novartis Europharm Limited. REPRESENTANTE LOCAL: Laboratório Medinfar-Produtos Farmacêuticos, S.A. Rua Henrique de Paiva Couceiro, Nº 29, Venda Nova, 2700-451 Amadora, 
Portugal. Escalão de comparticipação: B (69%). Medicamento sujeito a receita médica. Para mais informações deverá contactar o titular da AIM/representante local do titular da AIM. XOT_RCM201905_IEC_V09 
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Estamos de volta com mais um número da edição em língua Portuguesa de artigos das Revistas Thorax e 
Archives of Disease of Childhood. Nesta edição selecionamos alguns artigos que esperamos sejam do vosso 
agrado. Informamos os nossos leitores que, por motivos editoriais, na presente e em futuras edições apenas serão 
traduzidos os títulos e os resumos dos artigos. 
O primeiro artigo foca-se no artigo de revisão “Se é “apenas” asma, porque é que ainda há crianças a morrer?” 
que revisita a National Review of Asthma Deaths cinco anos depois e constata que os resultados em crianças com 
asma no Reino Unido continuam a estar abaixo dos resultados de outros países europeus. A presente revisão 
reporta os resultados de um estudo de entrevistas recente com 126 profissionais de saúde sobre o limiar de 
referenciação para clínicas especializadas em asma grave. Esta revisão proporciona uma definição operacional 
simples de asma grave com base nas atuais orientações nacionais e internacionais e descreve os benefícios poten-
ciais do encaminhando atempado das crianças de alto risco para especialistas em asma grave.
O segundo destaque vai para a “Orientação da British Thoracic Society para a utilização de macrólidos de longo 
prazo em adultos com doença respiratória”. São detalhados os consensos da BTS em relação à utilização destes 
antibióticos em doentes específicos com asma, bronquiectasias, DPOC e bronquiolite obliterante. 
Em seguida recomenda-se a leitura do artigo “O índice de massa corporal e a alteração de peso estão associados a 
trajetórias da função pulmonar adultas: o estudo prospetivo ECRHS”. Os autores procuraram estimar trajetórias 
de função pulmonar durante a idade adulta a partir de perfis de alteração de peso de 20 anos usando dados do 
estudo European Community Respiratory Health Survey (ECRHS) de base populacional incluindo 3673 partici-
pantes com idades entre 20 e 44 anos com medições repetidas de peso e função pulmonar. Os autores concluem 
que o aumento de peso moderado e elevado ao longo de 20 anos esteve associado à redução acelerada da função 
pulmonar, enquanto a perda de peso esteve relacionada com a sua atenuação. O controlo do aumento de peso 
é importante para a manutenção de uma boa função pulmonar na vida adulta.
Na secção de “Controvérsias e desafios na medicina respiratória” poderão ler duas cartas ao Editor sobre o uso de 
CPAP e VNI comunitárias durante a epidemia COVID-19. Na primeira carta os autores respondem aos autores 
da segunda e comentam que apesar de poder existir um risco potencialmente aumentado, embora desconhe-
cido, de transmissão viral para outros elementos da família e prestadores de cuidados não se deve recomendar 
a interrupção genérica da utilização de CPAP. Contudo, se uma pessoa a fazer CPAP desenvolver sintomas 
compatíveis com COVID-19 ou for positivo mesmo que assintomático, parece sensato que interrompa a sua 
utilização por um período de cerca de duas semanas. Na segunda carta os autores apelam para a necessidade de 
uma opinião consensual sobre instruções mais claras para os pacientes e seus médicos, no interesse das famílias 
dos pacientes e dos seus cuidadores, sobre como isolar os doentes enquanto estiverem a usar VNI ou CPAP em 
casa, as disposições de segurança para os membros da família e a análise de risco-benefício da VNI temporária 
ou Cessação do CPAP.
O artigo seguinte, “Gestão da bronquiolite grave: impacto das orientações NICE” tem como objetivo com-
preender o impacto das orientações relativas à bronquiolite do National Institute for Health and Care Excellence 
(NICE) para a gestão de crianças referenciadas para unidades de cuidados intensivos pediátricos (UCIP) com 
bronquiolite. Os autores concluem que a utilização de nebulizador aumentou e observou-se um aumento da 
utilização de oxigénio por cânula nasal de fluxo elevado e uma redução da utilização da ventilação por pressão 
positiva contínua, isto apesar da orientação nacional em sentido contrário. 
O último artigo avalia a “Implementação do rastreio orientado de cancro do pulmão em população de risco 
elevado no âmbito da prática clínica no NHS através de tomografia computorizada de dose reduzida”. Os autores 
concluem que a abordagem tem sido implementada com sucesso na prática clínica de rotina e é eficaz em termos 
de melhorias de fase da doença e envolve indivíduos em áreas carenciadas.

Esperamos que a seleção de artigos vá ao encontro dos vossos interesses e desejamos uma boa leitura.

Jaime Correia de Sousa
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RESUMO
Os resultados de crianças com asma no Reino 
Unido continuam a estar abaixo dos resultados de 
outros países europeus. A mortalidade mantém-se 
inaceitavelmente elevada e, em contraste com os 
adultos com asma, a maioria das mortes ocorre na 
1 em cada 20 crianças com asma que sofre de asma 
grave. Apesar da evidência de que as crianças com 
asma têm melhores resultados com cuidados de 
subespecialistas, muitas crianças com asma grave 
não lhes são referenciadas e existem barreiras em 
todos os níveis do sistema de cuidados de saúde do 
Reino Unido. A National Review of Asthma Deaths 
(NRAD) recomendou que a revisão por especialista 
deve ser requerida no caso de terem ocorrido 3 ou 
mais cursos de esteroides orais, duas ou mais visi-
tas a unidades de urgência ou um internamento 
hospitalar. A presente revisão reporta os resultados 
de um estudo de entrevistas recente com 126 pro-
fissionais de saúde. Mais de metade dos clínicos 
gerais (n=49) reportaram que adotam um limiar 
mais elevado do que o mencionado. Os pediatras 
gerais (n=47) estabelecem um limiar ainda mais 
elevado. Os seus limiares medianos para uma refe-
renciação para um subespecialista em asma foram 
de 4 cursos de esteroides orais, 3 internamentos 
hospitalares e 30 dias de absentismo escolar no 
ano anterior. Esta revisão proporciona uma defini-
ção operacional simples de asma grave com base 
nas atuais orientações nacionais e internacionais 
e fornece um exemplo dos critérios de referencia-
ção recentemente adotados para clínicas de asma 
pediátrica grave nas West Midlands.

INTRODUCTION
In 2014 the National Review of Asthma Deaths 
(NRAD) carefully reviewed the care that had been 
received by individuals in the UK who had died 
from asthma. It highlighted the need for impro-
vements, particularly in the care of children and 
young people (CYP) aged 0–19 years with asthma. 
The review concluded that there were poten-
tially avoidable factors in 27 out of 28 of the cases 
involving CYP for whom records were available.1 

Worryingly, despite NRAD being a confidential 
enquiry, the records for a further eight CYP who 
died from asthma in the year of the study were not 
returned by their doctors.2 

NRAD also highlighted an apparent compla-
cency in the care of young people with asthma. 
Poor recognition of the risk status was found to be 
an important avoidable factor in 78% (22/28) of 
and in almost a third (5/16) of the CYP in primary 
and secondary care respectively.1

In summarising the NRAD findings 5 years 
later, Asthma UK highlighted the ongoing poor 
quality of care for children with asthma in the UK. 
Aspects of care were well below the expected stan-
dard for about a quarter of the cases reviewed and 
almost hal of CYP.3 This report should have been 
a ‘wake-up call’ to everyone caring for CYP with 
asthma in the UK. However, preventable asthma 
deaths in CYP have continued unabated and this 
has led to calls for national action to fully imple-
ment the NRAD recommendations.4 5

The recently published (2019) Nuffield Report 
found that the UK still has the highest asthma 
mortality rate among young people aged 10–24 in 
the European countries included in the compari-
son. The asthma mortality rate for the UK was 
approximately twice as high as that of the next 
worst European country.6 This is despite access to 
numerous evidence-based guidelines and treatment 
options.7 8

WHY ARE WE LETTING CHILDREN DOWN SO
BADLY?
Several factors could account for these poor outco-
mes. These include a significant variability in the 
quality of healthcare provided,1 failure to make a 
diagnosis of asthma or subsequently recognise risk of 
poor outcome or to implement national guidelines. 
Recent coronial reviews have also identified a lack of 
continuity of care with failure of one person taking 
overall responsibility for CYP with severe or difficult 
to treat asthma with some CYP suffering from a lack 
of basic care provision,3 coupled with a poor unders-
tanding of symptoms by CYP, parents and healthcare 
providers.9 10 Three separate Coroner’s Regulation 28 
notices concerning asthma deaths in CYP have been 
issued in the last 4 years.11

Children are not just little adults. Asthma in 
children is not the same as adult asthma.12 In con-
trast to adults, where deaths occur across all severi-
ties and more than half (58%) occur in individuals 
with mild or moderate asthma, deaths in children 
are most common in those with severe asthma with 
more than half (58%) of deaths in CYP occurring in 
this group.2 While population estimates vary severe 
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Se é “apenas” asma, porque é que ainda há crianças a morrer?
Will Carroll,1,2 Sadie Clayton,3 Susan Frost,4 Atul Gupta,5 Steve Holmes,6 Prasad Nagakumar,4 Mark 
Levy 7,8
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What is already known?

u The UK has the highest rate of asthma 
deaths for children and young people 
(CYP) aged 10–24 years in Europe.

u A confidential review of asthma deaths 
in 2014 identified avoidable factors in 
almost all cases involving CYP.

u Asthma outcomes are better in adults 
and children who have specialist care.

What is already known?

uThis commentary summarises the advice 
from available national and international 
asthma guidelines highlighting where 
evidence exists.

u It presents new data on how self-reported
 thresholds for referral in primary and 

secondary care deviate from existing 
guidelines.

u  It describes the potential benefits of 
referring high risk children for specialist 
care.
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asthma is likely to occur in 5% or less of CYP with asthma.13–15 
Studies show that subspecialist care is associated with improved 
outcomes16 for CYP with asthma. However, the observational evi-
dence from NRAD and population studies show that a significant 
proportion of CYP with persistent poor control are not referred 
onwards, with barriers existing between primary, secondary and 
tertiary care.1 17 There is now a body of evidence summarised in 
the new Global Initiative for Asthma (GINA) strategy document 
that individuals with ‘so called’ mild asthma are also at risk of poor 
outcomes. This is largely due to the adverse effects of regular use of 
short-acting beta-2 agonists (SABAs) and insufficient prescription 
of or adherence to inhaled corticosteroids (ICS) which has resulted 
in fundamental changes to the international recommendations for 
the treatment of asthma.6 18

WHAT IS SEVERE ASTHMA?
Part of the problem that exists is that there is variation in the defi-
nition of severe asthma which is currently defined retropetively 
based on the amount of treatment required to maintain control 
(see box 1).7 19 

CYP with poor symptom control despite being prescribed high 
dose asthma medication do not always have severe asthma. Some 
have alternate diagnoses and others will have modifiable factors 

such as non-adherence. These individuals have difficult asthma.7,19 
Difficult asthma is at least twice as common as severe asthma.13 
While severe asthma currently accounts for up to 50% of asthma-
related healthcare costs20 the treatment landscape for CYP with 
severe asthma is changing as newer drugs become available.15

IT IS NOT JUST ADULTS WHO ARE SLIPPING THROUGH THE NET
A recent interview study involving 219 healthcare professionals 
in the UK revealed that referral thresholds for CYP with asthma 
remain high.21 The results of self-reported referral thresholds for 
participants in primary (n=79) and non-subspecialist secondary-
care clinicians (n=47) are summarised in table 1. The results are 
remarkably similar to those seen in the recent asthma UK report 
‘Slipping through the net’ which described the experience of health-
care professionals working in adult asthma services.22 Primary care 
healthcare professionals (General Practitioners (GPs and asthma 
nurses) report referring on to secondary care clinics (general pae-
diatricians) when CYP with asthma have received a median of 
three courses of oral steroids, or had two Accident and Emergency 
(A&E) attendances or when a CYP has had 21 days off school in 
a year. Once in secondary care and under the care of a general 
paediatrician the referral thresholds to tertiary services (specialist 
difficult asthma clinics) are even higher; with children needing to 
have a median of four asthma attacks, four courses of oral steroids, 
three A&E attendances or hospital admissions, or more than 30 
days off school in a single year before being referred. Moreover, 
a significant proportion of generalists reported uncertainty about 
what the referral threshold should be. An inquest in the matter of 
the preventable asthma death of a 10-year-old girl heard that des-
pite having 48 attacks, including 10 with life threatening features, 
she was never referred to a respiratory paediatrician.11

More than half of GPs and almost three-quarters of general pae-
diatricians who answered self-reported adopting a higher threshold 
than the recommendations of NRAD which suggested specialist 
review if there had been three or more courses of oral steroids, two or 
more visits to accident and emergency or an admission to hospital.1 

A delayed specialist referral pathway is not simply putting CYP with 
severe asthma at increased risk. Caring for people who experience 
an asthma attack costs over 3.5 times more than for those whose 
asthma is well managed, and the estimated annual cost of treating a 
child with asthma is higher than the cost for an adult. In 2007–2008, 
38% of emergency admissions for asthma were children aged under 
15 and admissions per head of population were over twice as high 
for children as for adults.23 Most importantly, many newer treatments 
are only available to children who are seen in specialist clinics.24

Children, parents and healthcare providers seem to be willing 
to accept this situation, consistently reporting suboptimal control 
in population studies.9 25 26 It is disappointing that, despite access 
to high quality asthma guidelines, education and treatments, 
children’s asthma care remains so poor in the UK.6

WHAT CAN WE DO ABOUT IT?
These data confirm that risk is often poorly assessed and managed 
in CYP with asthma. Reliance on relievers and reluctance to use 
preventer inhalers regularly is a particularly important warning 
sign and this should be reviewed when a prescription is issued and 
discussed at every opportunity.

The evidence suggests that we should adopt a zero tolerance 
approach to asthma attacks, which have previously often been referred 
to as exacerbations. The word ‘attack’ helps to emph sise that asthma 

 

Box 1 Working definition of severe asthma in 
children and young adults*

Confirmed asthma diagnosis with:
optimised treatment
u Higher dose inhaled corticosteroid (≥800 μg beclome-

thasone dipropionate (BDP) equivalent daily for children 
6–12 years,  ≥1600 μg BDP equivalent daily for chil-
dren>12 years).

u ±long-acting beta-2 agonist, ±leukotriene receptor anta-
gonist (if appropriate).

u Adherence and inhaler technique checked and verified.
AND
uncontrolled symptoms
u Assessed using childhood asthma control test (c-ACT) 

(children 4–11) and ACT (children≥12). Asthma control 
questionnaire or similar could also be used.

OR
asthma attacks
u ≥2 courses of oral corticosteroids for three or more days 

in the last 12 months.
u Any hospital admission for asthma attack in the last 12 

months.
u Any previous paediatric intensive care unit (PICU) admis-

sion or mechanical ventilation ever.

*Definition based on combination of Global Initiative for Asthma 
guidelines 2019, Scottish Intercollegiate Guidelines Network/British 
Thoracic Society guidelines 2019 for treatment of asthma and inter-
national European Respiratory Society/American Thoracic Society 
guidelines on definition, evaluation and treatment of severe asthma 
2014.

Table 1  Self-reported thresholds for referral onwards of healthcare professionals (all values reported as medians (IQR))

Number in year before referral? Attacks Courses or oral steroids A&E attendances Hospital admissions Days off school

Primary care (n=79) 3 (2) 3 (2) 2 (1) 1 (1) 15 (12)
GPs (n=49) 4 (2) 3 (2) 2 (1) 2 (1) 18 (15)

‘Not sure’(n (%)) 7 (14) 9 (18) 7 (14) 4 (8) 20 (41)

Practice nurses (n=30) 2 (1) 3 (1) 2 (1) 1 (1) 15 (12)

‘Not sure’(n (%)) 4 (13) 3 (10) 2 (%) 3 (10) 10 (38)

General paediatricians (n=47) 4 (1)  4 (1) 3 (1) 3 (2) 30 (21)

‘Not sure’(n (%))   9 (19) 8 (17) 14 (30) 9 (19) 18 (38)
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attacks are not acceptable or ‘to be expected’. They are a signal that 
something serious has gone wrong and should always be followed up 
and investigated.1 A recent large population survey using general prac-
tice records showed that less than 6% of UK children aged 12–17 years 
had an asthma attack in a 12-month period.27 Subsequent assessment 
in primary or secondary care should include a careful review of treat-
ment (particularly excess SABA and insufficient ICS prescriptions), 
inhaler technique, adherence, asthma control and lung function (in 
those old enough to perform it).1 7 8 Risk of hospitalisation increases 
significantly with SABA use once CYP use more than three cannis-
ters (600 doses) of SABA per year (OR 1.7 95%CI (1.1 to 2.4)). Use of 
more than 12 cannisters per year is associated with a very significant 
increased risk of hospital admission for CYP asthma (OR 4.1 95%CI 
(2.0 to 8.3)).28 CYP who are then found to have difficult to treat or 
severe asthma (see box 1) should be referred to a subspecialist or severe 
asthma service.1 7 19 The available national and international guidelines 
all have slightly different definitions of what constittes severe asthma 
in CYP, however all agree that severe asthma only exists when there is 
a confirmed diagnosis of asthma and the symptoms or attacks persist 
despite optimised treatment (see box 1 for the definition used by the 
two paediatric asthma centres in the Midlands).

HOW SHOULD SEVERE ASTHMA BE MANAGED IN CYP?
CYP with poor asthma control are at increased risk for asthma attacks 
and death,1 29 and if severe may be eligible for treatment with newer 
biological agents. In many cases, asthma control can be improved by 
addressing adherence issues, by increasing the treatment offered or 
reducing exposure to triggers.8 This can be done in any setting but 
requires training, time and tenacity. Recent international guidance 
stresses the importance of referral to specialist care in individuals 
who continue to have asthma attacks or whose asthma symptoms 
persist despite higher treatment levels (see box 2).7

In the UK, the definition of an asthma specialist is rather blur-
red. This lack of clarity has some benefits but many perils. Anyone 
can declare themselves an asthma specialist, irrespective of training 
and resources, and this must cease if outcomes for children are to 

 

Box 2 When to refer to specialist care (red flags 
for referral)*

Any child presenting to secondary care with a diagnosis of
severe or difficult-to-treat asthma or who has
u Had ≥2 courses of oral corticosteroids (OCS) for three or 

more days in the last 12 months.
OR
u Had more than one hospital admission (inpatient or A&E) 

in the last 12 months.
OR
u Ever had a PICU admission requiring ventilatory support 

(mechanical/non-invasive).
OR
u Persistent poor control or unclear diagnosis for ≥3 mon-

ths.
OR
u Has a requirement for long-term (≥1 month) OCS main-

tenance therapy.
OR
u Has other factors that increase the risk of death from 

asthma for example,
– IgE mediated food allergy anaphylaxis.
– Heavy use of short-acting beta-2 agonist (≥1 canister/200 

doses per month).
– Adverse behavioural or psychosocial factors

*Definition based on Global Initiative for Asthma guidelines 2019 
and Scottish Intercollegiate Guidelines Network/British Thoracic 
Society 2019 guidelines for treatment of asthma

be optimised. In some centres, this role has been fulfilled by general 
paediatricians with an interest in respiratory disease. Many refer-
rals from primary care to a paediatric department will assume the 
patient has been picked up by a paediatrician with a more specialist 
interest. However, only a small proportion of paediatricians have 
access to the full range of multidisciplinary expertise, investigations 
and treatments that are required to both diagnose and treat severe 
asthma. This includes access to dedicated asthma nurses, adherence 
monitors eg, Smarthaler devices or similar, lung function testing 
including spirometry and fractional exhaled nitric oxide measures, 
flexible bronchoscopy, cardiopulmonary exercise testing, specialised 
imaging as well as having an understanding of and access to newer 
biologic agents. The GINA 2019 booklet on severe and difficult to 
treat asthma provides guidance at all levels of care for diagnosing 
and managing these individuals.6 The ability of the asthma nurse 
specialist to perform a home visit is also considered vital30 (see box 
3) as is access to a dedicated multi-disciplinary team.

LEARNING FROM RECENT EXPERIENCE IN ADULTS WITH
SEVERE ASTHMA
There is strong emerging evidence that adults with severe asthma 
do better when seen and assessed in severe asthma centres. In the 
Netherlands, a single day review has been shown to have a long- 
-term impact on asthma control, quality of life and healthcare 
utilisation.31 The emergence of newer technologies for measuring 
adherence and the advent of biological therapies for those who 
remain poorly controlled have been incorporated into the new 
NHS England guidance for adult asthma services.24 32

Adults with severe asthma now benefit from the expertise of 
severe asthma centres.32 33 These have been developed using a ‘hub 
and spoke’ model, with care being coordinated from a central hub. 
This has significantly improved access to specialist support and 
to emerging and novel therapeutics for adults with severe asthma. 
National data are not available, however in the North West alone, 
the adult severe asthma hub has recommended initiation of biolo-
gics in 790 adults with severe asthma between 2015 and 2018 which 
are now licensed for use in children.15

Without changes in behaviour from primary and secondary 
care, CYP with asthma will be denied the same opportunities. 
suggesTed ReFeRRAl pAThWAy While one size will never fit all, 
pathways for referral and good practice guides have been developed 
for use in the UK.34 An example of one is given in figure 1 (below). 
This can be used to guide referrals. Nonetheless, there may be cir-
cumstances where referral is merited ‘off pathway’ before all criteria 
are fulfilled, for instance when diagnostic doubt exists and/or when 
there have been life-threatening events such as paediatric intensive 
care admission.

 

Box 3 proposed requirements for children and 
young people severe asthma service

A specialist multidisciplinary paediatric asthma service 
that has:

u  At least two respiratory paediatricians with specific 
asthma training and expertise.

u Asthma nurse specialist(s). And direct access to other spe-
cialty services, such as:

u Flexible bronchoscopy.
u Lung function lab with certified spirometry specialists.
u Lung physiology.
u Physiotherapy.
u Pharmacist.
u Clinical psychologist.
u Mental health services.
uSocial worker/safe guarding lead.
u Ear, nose and throat specialist (ENT).
u Speech and language therapy.



Revisão

10 Carroll W, et al. Arch Dis Child 2020;105:494–498. doi:10.1136/archdischild-2019-318215

ADVICE FOR REFERRING TEAMS
When referring to a specialist multidisciplinary team it is useful to 
include as much information about the child and any test results 
or treatments they may have received as possible. This can include 
date of confirmed asthma diagnosis, confirmation of adherence 
and inhaler technique checks, current treatments and doses, copies 
from records of all asthma prescriptions issued in the previous 12 
months, results from any tests performed for example, lung func-
tion (spirometry, best annual PEFR, fractional excretion of nitric 
oxide), skin prick or serum eosinophil count, any social/safeguar-
ding concerns (such as not being brought for review in practice or 
hospital) or family history that should be taken into consideration 
and any comorbidities that are present.

It could also involve relevant historic medication prescribed 
print outs, previous hospital admission and A&E correspondence, 
and information relating to family and carer belief systems relating 
to asthma and the medications used.

CONCLUSION
The Nuffield report has provided us with a stark reminder, 5 years 
after NRAD, that the UK still has much more to do to improve the 
care of CYP with severe asthma. All too often asthma attacks in 
children are treated as isolated acute incidents by a variety of dif-
ferent healthcare professionals in different settings including pae-
diatric emergency departments and out of hours services. Referral 
to specialist multidisciplinary care recognises and addresses the 
chronic nature of the disease and ensures the consistency of care 
that these children deserve.

Conflicting guidelines and a lack of clear referral pathways 
for CYP with severe asthma mean we are destined to repeat our 
failures. These result in significant delays in referral which must 
be overcome if we are to tackle the poor outcomes seen for UK 
children with asthma.
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SUMMARY OF RECOMMENDATIONS AND GOOD
PRACTICE POINTS
Asthma
Recommendations
u  Oral macrolide therapy could be considered to 
reduce exacerbation frequency in adults (50–70 years), 
with ongoing symptoms despite >80% adherence to 
high-dose inhaled steroids (>800 µg/day) and at least 
one exacerbation requiring oral steroids in the past 
year. This recommendation reflects the population 
within the AMAZES RCT which represents the highest 
quality evidence of macrolide therapy leading to a sig-
nificant reduction in exacerbations. (Conditional)
u  Treatment with azithromycin should be con-
sidered for a minimum of 6–12 months to assess 
evidence of efficacy in reducing exacerbations. 
(Conditional)
u Oral macrolide therapy should not be offered as a 
way to reduce oral steroid dose; in some individuals, 
this may result as a consequence of a reduction in 
exacerbations or symptoms.  (Strong)

Good practice points
✓ Optimisation of other asthma therapies including 
establishing good adherence to inhaled therapies 
should be performed before considering a trial of 
oral macrolide therapy. 
✓ Referral to a respiratory specialist or specialist 
asthma service should be considered prior to initia-
tion of macrolide therapy aimed at reducing exacer-
bation frequency.

✓ For safety purposes, an ECG should be perfor-
med prior to initiation of macrolide therapy to assess 
QTc interval. If QTc is >450ms for men and >470 ms 
for women, this is considered a contraindication to 
initiating macrolide therapy. Baseline liver function 
tests should also be measured.

✓ Patients should be counselled about potential 
adverse effects before starting therapy including gas-
trointestinal upset, hearing and balance disturbance, 
cardiac effects and microbiological resistance.

✓ Microbiological screening of sputum before  
and during macrolide therapy may be clinically help- 
ful in patients who are able to expectorate sputum. 
This would allow monitoring for development of 
resistance and detect changes in microbial growth 
to direct appropriate antibiotic therapy if required. 
However, the resource implications of this approach 
have not been assessed.

✓ If oral macrolide therapy is considered, justi-
fication for ongoing treatment should be guided by 
clinical response based on specific outcome measu-
res including exacerbation frequency, symptoms and 
quality of life assessed at baseline.

✓ A risk:benefit profile should be considered in 
each individual if significant side effects from oral 
macrolide therapy develop. If gastrointestinal side 
effects occur at the higher dose of azithromycin (500 
mg thrice weekly), a dose reduction to azithromycin 
250 mg thrice weekly could be considered if macro-
lide therapy has been of clinical benefit.

✓ Liver function tests should be checked 1 
month after starting treatment and then every 6 
months. An ECG should be performed 1 month 
after starting treatment to check for new QTc pro-
longation. If present, treatment should be stopped.

✓ Symptom improvement with macrolide treat-
ment may be minimal and not consistent across all 
people with asthma. If macrolide therapy is consi-
dered for symptom reduction, this should be for a 
defined period (6–12 months) and stopped if no 
symptomatic improvement is seen. Use of a validated 
symptom score, such as the ACQ, may be useful to 
help make this assessment less subjective.

✓ If the desired clinical outcome is achieved, the 
possibility of breaks in therapy may be considered 
to reduce treatment burden for patients. It is unclear 
whether this may also reduce antimicrobial resis-
tance rates. Please see quick reference guide in online 
supplementary file 1.

Bronchiectasis
Recommendations
✓ Long-term macrolide treatment could be offered to 
reduce exacerbations in those with high exacerbation 
rates (ie, 3 or more per year). (Strong)
✓ The dosing regimens with the greatest supportive 
evidence, when using macrolides to reduce exacer-
bation rates, are azithromycin 500 mg three times a 
week, azithromycin 250 mg daily and erythromycin 
ethylsuccinate 400 mg twice a day. A starting dose 
of azithromycin 250 mg three times a week could 
be used to minimise side effect risk with subse-
quent titration according to clinical response. 
(Conditional)
u When using macrolides to reduce exacerba-
tion rates, therapy
should be offered for a minimum of 6 months. 
(Strong)
u Macrolides can be considered with the aim 
of improving quality of life but may require a 
long period of therapy (eg, 1 year) for signifi-
cant effects. (Conditional) 

Good practice points
✓  Therapies should be optimised in accordance 
with BTS Bronchiectasis Guidelines before 
considering long-term macrolide therapy (eg, 
airway clearance techniques and attendance at 
pulmonary rehabilitation courses).
✓  Macrolides should only be started following 
discussion and shared decision-making 
between the patient and a respiratory specia-
list.
✓  For safety purposes, an ECG should be per-
formed prior to initiation of macrolide therapy 
to assess QTc interval. If QTc is >450 ms for 
men and >470 ms for women, this is conside-
red a contraindication to initiating macrolide 
therapy. Baseline liver function tests should 
also be measured.
✓ Patients should be counselled about potential 
adverse effects before starting therapy inclu-
ding gastrointestinal upset, hearing and balance 
disturbance, cardiac effects and microbiologi-
cal resistance. Microbiological assessment of 
sputum should be performed before therapy, 
including investigation for NTM. Macrolide 
monotherapy should be avoided if an NTM is 
identified. When evaluating for NTM infection,
macrolides should not be used for 2 weeks 
before microbiological testing.

uAdditional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
thoraxjnl-2019-213929).
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Bronchiolitis obliterans (including post transplantation)
Recommendations
u Low-dose, long-term azithromycin (250 mg thrice weekly)
could be considered to prevent the occurrence of BOS post 
lung transplantation. (Conditional).
u Low-dose azithromycin (250 mg alternate days for a trial 
period of 3 months) could be considered to treat BOS occu 
ring in lung transplant recipients. (Conditional) use of macro-
lides in other respiratory conditions.

Cough
Recommendations
u Long-term macrolide antibiotics should not be used 
to manage patients with unexplained chronic cough. 
(Conditional)

Organising pneumonia
There is insufficient evidence to make a recommendation.

Safety issues
Gastrointestinal effects
Good practice points
✓ Prior to initiating low-dose macrolide therapy, patients should 
be warned of the possibility of gastrointestinal side effects.
✓ Gastrointestinal side effects may be ameliorated by dose 
reduction although this may also reduce clinical efficacy.
✓ Clinicians should carefully consider the risk-to-benefit 
balance when considering therapy for those with pre-existing 
gastrointestinal symptomatology.

Cardiac effects
Good practice points
✓ Prior to initiating low-dose macrolide therapy, patients 
should be asked if they have a history of heart disease, pre-
vious low serum potassium measurements, a slow pulse rate, 
a family history of sudden death or known prolonged QT 
interval. Patients with such a history should not receive low-
dose macrolide therapy without careful consideration and 
counselling of the increased risk of adverse cardiac effects.
✓ Prior to initiating low-dose macrolide therapy, a drug hi 
tory looking for agents that might prolong the QTc inter-
val should be sought (see online supplementary appendi-
ces 3 and 4). Patients taking such agents should not receive 
lowdose macrolide therapy.
✓ Prior to initiating low-dose macrolide therapy, an ECG 
should be performed to exclude a prolonged QTc interval 
defined as >450 ms for men and >470 ms for women (see 
methodology in online supplementary appendices 3 and 4). 
Patients with a prolonged QTc interval should not receive 
low-dose macrolides.
✓ One month after initiating low-dose macrolide therapy, a 
second ECG should be performed to exclude the develoment 
of a prolonged QTc interval. Patients who develop a prolonged 
QTc interval on low-dose macrolides should stop the macrolide.
✓ If any new drug that could potentially prolong QTc time is
started or if dose increases are made, repeat ECG assessment.

Ototoxicity
Good practice point
✓ Prior to initiating low-dose macrolide therapy, patients 
should be asked if they have a history of hearing or balance 
difficulties. Such patients should be made aware of the poten-
tial for a further, almost always reversible, deterioration good 
practice points in hearing or balance with macrolide therapy.
Patients with pre-existing hearing or balance difficulties who
wish to proceed with treatment should be asked to report any 
change in hearing or balance promptly.

Other side effects
Good practice points
✓ Prior to initiating low-dose macrolide therapy, baseline liver
function tests (LFTs) should be checked.
✓ LFTs should be checked after 1 month of treatment and 
then every 6 months thereafter for the duration of therapy. 
antimicrobial resistance.

✓ Accurate assessment of baseline exacerbation rate should 
be determined before starting long-term macrolides for bron-
chiectasis.
✓ Liver function tests should be checked 1 month after star-
ting treatment and then every 6 months. An ECG should be 
performed 1 month after starting treatment to check for new
QTc prolongation. If present, treatment should be stopped.
✓ Subsequent follow-up at 6 months and 12 months should 
determine whether benefit is being derived from therapy. If 
there is no benefit, treatment should be stopped.
✓ Even if benefit is seen, consideration should be given to 
stopping treatment for a period each year, for example, over 
the summer. Such a drug holiday may help with reducing the 
development of resistance while maintaining efficacy because 
the vicious cycle has been broken. See quick reference guide 
in online supplementary file 1.

Chronic obstructive pulmonary disease
Recommendations
u Long-term macrolide therapy could be considered for 
patients with COPD with more than three acute exacerbtions 
requiring steroid therapy and at least one exacerbation requi-
ring hospital admission per year to reduce exacerbation rate. 
(Conditional)
u Long-term macrolide therapy could be considered for a 
minimum of 6 months and up to 12 months to assess the 
impact on exacerbation rate. (Conditional)

Good practice points
✓ Non-pharmacological and pharmacological therapies 
should be optimised prior to considering long-term macrolide
therapy. This includes smoking cessation, optimised inhaler 
technique, optimised self-management care plan, airway clea-
rance techniques and attendance at pulmonary rehabilitation 
courses.
✓ Macrolides should only be started following discussion and
shared decision-making between the patient and a respiratory 
specialist.
✓ For safety purposes, an ECG should be performed prior to 
initiation of macrolide therapy to assess QTc interval. If QTc
is >450 ms for men and >470 ms for women, this is co sidered 
a contraindication to initiating macrolide therapy. Baseline 
liver function tests should also be measured.
✓ Patients should be counselled about potential adverse 
effects before starting therapy including gastrointestinal 
upset, hearing and balance disturbance, cardiac effects and 
microbiological resistance.
✓ Microbiological assessment of sputum should be performed
before therapy, including investigation for NTM. Macrolide 
monotherapy should be avoided if an NTM is identified. 
Repeat assessments are recommended with clinical decline 
or during exacerbations to monitor resistance patterns.
✓ Accurate assessment of baseline exacerbation rate should be 
determined before starting long-term macrolides for patients
with COPD and a CT scan should be considered to exclude a 
possible diagnosis of bronchiectasis.
✓ A risk:benefit profile should be considered in each indi-
vidual if significant side effects from oral macrolide therapy 
develop. If gastrointestinal side effects occur at the higher 
dose of azithromycin (500 mg thrice weekly), a dose redu tion 
to azithromycin 250 mg thrice weekly could be considered if 
macrolide therapy has been of clinical benefit.
✓ Liver function tests should be checked 1 month after star-
ting treatment and then every 6 months. An ECG should be 
performed 1 month after starting treatment to check for new 
QTc prolongation. If present, treatment should be stopped.
✓ Subsequent follow-up at 6 and 12 months should deter-
mine whether benefit is being derived from therapy by using 
objective measures such as the exacerbation rate, CAT score or 
Quality of Life as measured by a validated assessment tool such 
as SGRQ. If there is no benefit treatment should be stopped.
✓ It is not necessary to stop prophylactic azithromycin during
an acute exacerbation of COPD unless another antibiotic with 
potential to affect the QT interval has also been prescribed. See 
quick reference guide in online supplementary appendix 1.
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Good practice points
✓ The risks associated with increasing antimicrobial resis-
tance should be discussed with patients prior to starting low-
dose macrolide therapy. Patients should understand the risk 
that there may not be an effective antibiotic for them, or 
someone else, when needed in the future.
✓ Prior to initiating low-dose macrolide monotherapy, patients
should be asked if they have a history of previous or current
NTM infection or disease. Current NTM infection should be 
managed with reference to BTS guidance and precludes low-
dose macrolide monotherapy. Successfully treated NTM dise-
ase should not preclude low-dose macrolide monotherapy.
✓ If there is any clinical suspicion of possible NTM dise-
ase, patients should be screened via examination of sputum 
samples prior to starting therapy. If positive for recognised 
potential pathogenic species, low-dose macrolide prophylaxis 
is contraindicated.

SECTION 1: INTRODUCTION
Aim of the guideline
The aim of this guideline is to examine the evidence for the 
use of long-term, low-dose macrolide agents in the therapy 
of adult respiratory diseases and to develop guidance for 
clinicians in such use of these agents.

Intended users of the guideline and target patient populations
These guidelines will be of interest to UK-based clinicians 
caring for adults with respiratory disease including respira-
tory physicians, acute/general medicine physicians and respi-
ratory specialist nurses. The guidelines may also be of interest 
to GPs, community matrons and practice nurses, hospice staff 
and community respiratory teams, physiotherapists, micro-
biologists, pathologists, pharmacists, haematologists and lung 
transplant teams.

Scope of the guideline
The Guideline Development Group (GDG) has examined the
use of macrolides in adults (>16 years) where the duration of
treatment exceeds that usually employed to treat an acute 
infection and the dosage is less than that usually employed 
to treat an acute infection. Such usage is considered to be 
exerting an effect through mechanisms other than a direct 
antibacterial one, commonly described as immunomodulatory 
mechanisms. We have characterised this as long-term, low-
dose usage and have examined such usage (often in compa-
rison with conventional therapy) in the following conditions:

Asthma.
Bronchiectasis.
COPD.
Bronchiolitis obliterans.
Chronic cough.
Organising pneumonia.
Diffuse panbronchiolitis.

In addition, the GDG has looked at safety issues surrounding
the long-term use of macrolides at both patient and popula-
tion levels to help formulate pragmatic guidance in this area 
based on the best available evidence combined with clinical 
experience. areas not covered by the guideline These guide-
lines exclude paediatric practice. The use of macrolides in 
cystic fibrosis has not been included recognising the parallel 
work of the National Institute for Health and Care Excellence 
(NICE) (Cystic fibrosis: long term azithromycin. Evidence 
Summary ESUOM.37 November 2014) in this area. Long-term 
macrolides for chronic rhinosinusitis have not been included.
The use of macrolides as antibacterial agents to treat respira-
tory infection is excluded.

Limitations of the guideline
Healthcare providers need to use clinical judgement, know-
ledge and expertise when deciding whether it is appropriate 
to apply recommendations for the management of patients. 
The recommendations cited here are a guide and may not be 
appropriate for use in all situations. The guidance provided 
does not override the responsibility of healthcare professionals 
to make decisions appropriate to the circumstances of each 

patient, in consultation with the patient and/or their guardian 
or carer. The GDG recognises that none of the macrolide anti-
biotics are licensed in the UK for long-term low-dose usage as 
immunomodulatory agents at the time of guideline develop-
ment. members of the GdG

The GDG was chaired by two respiratory consultants— Dr 
David Smith (DS) and Dr Ingrid Du Rand (IDR). The GDG had 
a wide membership and included colleagues from respiratory 
medicine, pharmacy and microbiology. A patient representative 
was on the group for the duration of the process. Those on the 
group were not required to be BTS members. Mrs Joan Mcarthy 
was the lay representative. A full list of members can be seen 
at online supplementary appendix 2.
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SECTION 2: METHODOLOGY OF GUIDELINE PRODUCTION
Establishment of guideline development group
The GDG was convened in June 2016, with the first meeting 
taking place in October 2016. The full GDG met three times 
during the development of the guideline and kept in close con-
tact by teleconference/WebEx and email throughout the process. 

Methodology
This is the first BTS guideline to use the GRADE approach as 
part of the process of guideline development. Previous gui-
delines have used the SIGN methodology. BTS has made this 
change reflecting common practice in guideline development 
internationally across all medical specialities. The advantages 
of the GRADE approach are described in detail in the GRADE 
handbook and the BTS GRADE guideline production manual. 
GRADE specifies an approach to framing questions, choosing 
outcomes of interest and rating their importance, evaluating 
the evidence, and incorporating evidence with considerations 
of values and preferences of patients and society to arrive at 
recommendations.1 The methodology used to write the gui-
deline adheres strictly to the criteria as set by the AGREE II 
collaboration, which is available online (www.agreetrust.
org/resource-centre/agree-ii/). The British Thoracic Society 
Standards of Care Committee guideline production manual is 
available online (https://www.brit-thoracic.org.uk/quality-im-
provement/guidelines/).

Summary of key questions, outcomes and literature search
Clinical questions were formulated in the PICO (Patient, 
Intervention, Comparison and Outcome) format (see table 1). 
The key questions are summarised below.
1. Should long-term, low-dose macrolides be used in the treat-
ment of adults with asthma?
2. Should long-term, low-dose macrolides be used in the treat-
ment of adults with bronchiectasis?
3. Should long-term, low-dose macrolides be used in the treat-
ment of adults with chronic obstructive pulmonary disease?
4. Should long-term, low-dose macrolides be used in the treat-
ment of adults with bronchiolitis obliterans?

Table  1 Summary of outcome measures

Population Intervention Control Outcomes

Adults with asthma

Adults with bronchiectasis

Adults with COPD

Adults with bronchiolitis

obliterans

Adults with chronic cough

Adults with organising
pneumonia

Adults with diffuse
panbronchiolitis

Long-term, lowdose 
macrolides

Placebo u Quality-of-life measures
u Symptom improvement/symptom score
u Exacerbation rates
u Hospital admission rate
u Disease progression and changes in
lung function tests
u Mortality
u Exercise capacity/tolerance
u Sputum volume/colour/character and
microbiological resistance/dysbiosis
u Drug monitoring/side effects/toxicity
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5. Should long-term, low-dose macrolides be used in the treat-
ment of adults with chronic cough?
6. Should long-term, low-dose macrolides be used in the treat-
ment of adults with organising pneumonia?
7. Should long-term, low-dose macrolides be used in the treat-
ment of adults with diffuse panbronchiolitis?
The following patient-centred outcomes were identified by the 
group when the scope of the guideline was agreed:

Quality-of-life measures.
Symptom improvement/symptom score.
Exacerbation rates.
Hospital admission rate.
Disease progression and changes in lung function tests.
Mortality.
Exercise capacity/tolerance.
Sputum volume/colour/character and microbiological resis-
tance/dysbiosis.
Drug monitoring/side effects/toxicity.

The PICO framework was used to define the scope of the gui-
deline and formed the basis of the literature search. The initial 
search was completed in February 2017 by York University. 
Systematic electronic database searches were conducted in 
order to identify all papers which might potentially be inclu-
ded in the guideline. For each question, the following databa-
ses were searched: Cochrane Database of Systematic Reviews 
(CDSR), Database of Abstracts of Reviews of Effects (DARE), 
Health Technology Assessment Database (HTA), Cochrane 
Central Register of Controlled Trials (CENTRAL), MEDLINE and 
MEDLINE In-Process, EMBASE and PubMed. The search stra-
tegy is available for review in online supplementary appendix 1. 

Appraisal of the literature 
The literature search was run in 2016. The search was limited 
to papers published in English. The search identified a total of 
5225 abstracts; after initial screening, this was reduced to 1152.
Criteria formulated for initial screening of the abstracts were
u Whether the study addressed the clinical question.

uWhether the appropriate study type was used to produce the best 
evidence to answer the clinical question.
u Abstract was in English.
u Studies in which macrolide therapy was used to treat acute respi-
ratory tract infection were rejected.
uAbstracts were not rejected on the basis of the journal of publica-
tion, or the country in which the research was performed.
The full list of abstracts was retained and is kept in an archive. The 
literature search was repeated in December 2017 to capture additio-
nal published evidence while the guideline was in development prior 
to finalising the draft document. Additional references were included 
from critical appraisal of the literature and review of existing evi-
dence base as appropriate.

Letters, conference papers and news articles were then remo-
ved—518 abstracts were rejected at this stage. IDR and DS read the 
remaining abstracts, marked those considered relevant to the scope 
of the guideline and allocated each relevant abstract to a clinical ques-
tion(s). In total, 634 abstracts were allocated to clinical question(s).

The literature search was updated in late 2017 and identified 138 
additional abstracts that were reviewed and 14 papers were selected 
to be critically appraised. GDG members were allocated to work on 
individual questions in small groups.

Each abstract was read and at least two members agreed whether 
the paper was relevant, possibly relevant or irrelevant to the particu-
lar clinical question. Papers were excluded at the title/abstract sift if 
the following applied:
u If the paper did not address the clinical question and at least one 
of the outcomes concerned.
u If it was a case series of less than 20 patients—however, this was 
not an absolute cut-off. Professional judgement was applied such that 
some smaller case series were considered if evidence was sparse, and 
indeed some case reports of more than 20 patients were excluded if 
there was higher quality evidence available.
u If the language of the full paper was not English.
Full papers were obtained for all relevant, or possibly relevant, abs-
tracts. Each paper was read in full and critically appraised by at least 
two members of the GDG to confirm relevance to the clinical ques-
tion and the presence of at least one outcome of interest.

Each paper was then appraised by outcome(s), to generate a best esti-
mate of the effect on each outcome and an index of the uncertainty 
associated with that estimate where possible. An evidence profile 
entry was completed for each outcome which included grading of 
the quality of the evidence. The type of evidence available for each 
outcome varied from systematic reviews through to case series; for 
each outcome, the highest quality evidence available was included. 
GRADEPro was used to generate the evidence profiles, published 
online on the BTS website where they are available for review (see 
online supplementary appendix 2). GRADEPro (https://gradepro.
org/) is an easy-to-use, all-in-one web-based electronic guide-
line development tool to support guideline development using the 
GRADE process and methodology. In addition, it provides an elec-
tronic platform to present evidence tables, considered judgement and 
assessment of the evidence base.

The GRADE approach to rating the quality of evidence begins with 
the study design (table 2) and then, through a process of considered 
judgement, applies five reasons to possibly rate down the quality of 
evidence and three reasons to possibly rate up the quality (table 3).

The GDG reviewed each clinical question during the regular 
meetings and consensus was reached. In assessing the evidence the 
guideline development group combined low and very low evidence 
into one category (Low) as the body of evidence was limited. develo-
pment of recommendations 

Having generated evidence profiles for each of the clinical que 
tions the GDG as a whole then considered the importance of each of 
the outcomes for each clinical question and proceeded to grade the 
overall body of evidence for critical and important outcomes.

The GDG went on to decide on the direction and strength of 
recommendations considering the quality of the evidence, the 
balance of desirable and undesirable outcomes and the values nd 
preferences of patients and others. GRADE specifies two categories 
of strength of a recommendation as shown in table 4. Good practice 
points (GPPs) were developed by consensus in areas where there was 
no quality evidence but the GDG felt that some guidance based on the 
clinical experience of the GDG might be helpful to the reader. These 
are indicated as shown below.

√ Recommended best practice based on the clinical experience of the 
guideline development group

From the outset, it was acknowledged that there would be little high-
quality evidence for some of the clinical questions identified. In this 
instance, low-grade evidence was considered, along with expert opi-
nion via consensus at the meetings. Cost-effectiveness was not con-
sidered in detail as in-depth economic analysis of recommendations 
falls outside of the scope of the BTS guideline production process. 

Table 2 Categories of evidence

Characteristics Confidence

High Based on consistent results  rom 
wellperformed randomised controlled trials

Further research is very unlikely to change the
estimate of the effect

Moderate Based on randomised controlled trials 
where there is evidence of bias or from 
other well-conducted study types (eg, well-
executed observational studies)

Further research is likely to have an impact on 
the estimate of the effect

Low Based on observational evidence or
from controlled trials with several
serious limitations

Further research is likely to
have an important impact

Very low Based on case studies or expert opinion Estimates of effect are far from certain and 
more research is needed

Table 3 Categories of evidence

Confidence

Decrease
grade if*

Serious or very serious limitation to study quality. Important inconsistencies in results
Some or major uncertainty about directness of the evidence Imprecise or sparse data 
(relatively few participants and/or events). High probability of reporting bias.

Increase
grade if

Magnitude of the treatment effect is very large and consistent. Evidence of a large dose–
response relation. All plausible confounders/biases would have decreased the
magnitude of an apparent treatment effect.

*Each quality criterion can reduce the quality by one or, if very serious, by two levels. See BTS GRADE 
guideline production manual for further details (https:// www.brit-thoracic.org.uk/quality-improvement/
guidelines/).
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However, the GDG were asked to be mindful of any potential econo-
mic barriers to the implementation of recommendations and GPPs. 
Research recommendations were also highlighted and are listed in 
PICO format in an online supplementary appendix 3. 

Drafting the guideline
The GDG corresponded regularly by email and meetings of the full 
group were also held in the period between July 2016 and early 2019. 
The guideline was discussed at an open session at the BTS Winter 
Meeting in December 2018. A revised draft guideline document 
was circulated to all the relevant stakeholders for consultation in 
December 2018 followed by a period of online consultation. The BTS 
SOCC reviewed the draft guideline in March 2018 and March 2019.

Review of the guideline
This guideline topic was chosen to inform practice in a growing clini-
cal area, but also to act as a pilot for the use of GRADE methodology 
for all future BTS guidelines. The GDG recognise that the topic area 
would include a range of diseases with differing levels of evidence and 
thus act as a useful learning exercise for the introduction of GRADE 
methodology. It is not proposed to update this guideline as a dis-
tinct entity—the intention is for macrolide use to be encompassed in 
future diseasespecific guideline updates. declarations of interests BTS 
Declarations of Interest forms have been completed by all members 
for each year they were part of the GDG. Details of these forms can 
be obtained from BTS Head Office. “Declarations of Interests” was a 
standing item at each GDG meeting.

Stakeholders
Stakeholders were identified at the start of the process. All stakehol-
der organisations were notified when the guideline was available for 
public consultation and a list is published in online supplementary 
appendix 2. 

Other available guidance
The GDG were aware of parallel workstreams within the BTS (eg, 
the BTS guideline for bronchiectasis in adults)2 and in other orga-
nisations (eg, NICE) either complete or in progress at the time 
this guideline began development. Some of those in progress have 
subsequently been published and overlap with this guideline. The 
majority of these guidelines are disease specific rather than focusing 
on a single drug group. The pool of evidence available for these 
guidelines is the same, but the sample drawn from that pool is often 
slightly different. In addition, the methodology applied and the 
resources available to individual organisations are also variable. It 
is thus not surprising that the recommendations sometimes differ 
between contemporaneous documents. We have included a list of 
recently published guidelines and Cochrane reviews which overlap 
with this document.
BTS Guideline for Bronchiectasis in Adults 20192

NICE CF diagnosis and management Oct 20173

NICE Asthma diagnosis, monitoring and management Nov 20174

NICE Chronic obstructive pulmonary disease (acute exacerbation): 
antimicrobial prescribing Dec 20185

NICE Bronchiectasis (acute exacerbation): antimicrobial prescribing 
Dec 20186

NICE COPD guideline 20187

GOLD guideline COPD 20198

ERS/ATS COPD Exacerbations 20179

Cochrane Prophylactic antibiotic therapy for COPD 201810

Cochrane Prolonged antibiotics for non-cystic fibrosis bronchiectasis 
in children and adults 201711

Cochrane Antibiotics for exacerbations of asthma 201812

Cochrane Macrolide antibiotics for bronchiectasis 201813

Cochrane Macrolides for chronic asthma 201514

GINA 2018 Global Strategy for Asthma Management and Prevention15

Cochrane Adverse events in people taking macrolide antibiotics vs 
placebo for any indication 201916 Within each of sections 4, 5 and 6, 
a summary of other guideline recommendations for that disease has 
been included.

SECTION 3: INTRODUCTION TO THE USE OF MACROLIDES IN
RESPIRATORY CARE
The term macrolide describes compounds with a macrocyclic lactone 
ring of 12 or more elements. Within this definition are a variety of 
drugs including antibiotics, antifungals, prokinetic agents and immu-
nosuppressants. The most commonly used macrolide antibiotics have 
14-membered or 15-membered lactone rings and include the first 
macrolide, erythromycin, which was launched commercially in 1952. 
Further 14-membered macrolides include clarithromycin and roxi-
thromycin; the 15-membered azithromycin became available in the 
1980s. Macrolide antibiotics are active orally, have excellent tissue 
penetration and antimicrobial activity against many Grampositive 
bacteria, some Gram-negative organisms and some ‘atypical’ respi-
ratory pathogens such as legionella and mycoplasma together with 
some mycobacterial species. This makes them a popular choice for 
respiratory tract infections.

Early studies with macrolide antibiotics in asthma in short anti-
microbial courses17 and in longer, lower-dose regimens18 were the first 
to suggest a possible non-antimicrobial mode of action, possibly as a 
steroid-sparing agent. Diffuse panbronchiolitis (DPB) was recognised 
as a distinct clinical entity in Japan in 196919 having a poor prognosis, 
25% mortality at 10 years without Pseudomonas aeruginosa infection 
or >75% with P. aeruginosa. The first report of a dramatic response to 
low-dose, long-term treatment with erythromycin appeared in 198720 

and led to further confirmatory studies of macrolide efficacy in DPB. 
This acted as a catalyst for the subsequent exploration of the non-an-
timicrobial effects of macrolides.21

The mechanisms behind the immunomodulatory effects of 
macrolides have been widely researched. They include alterations in 
airway secretions through effect on ion transport and mucus produc-
tion. Changes in the inflammatory process occur through effects on 
cytokine production, adhesion molecule expression and the functions 
of inflammatory cells, airway epithelial cells and other cells. Sublethal 
effects on bacteria include disruption of biofilms, interference with 
quorum sensing and reduced bacterial adherence, toxin production 
and mobility.22 The recognition of these immunomodulatory proper-
ties has led to the investigation of potential benefit from low-dose, 
longterm macrolides in a number of other chronic inflammatory 
airway diseases including cystic fibrosis, bronchiectasis, COPD, 
asthma, cryptogenic organising pneumonia (COP), chronic rhinosi-
nusitis and bronchiolitis obliterans. In some of these conditions (eg, 
cystic fibrosis), the evidence base supporting the use of macrolides is 
large but in others (eg, COP) it is small. 

Alongside this increase in the longer-term use of macrolides as 
immunomodulatory agents, concerns regarding the safety of these 
drugs used in this way have appeared.23 Gastrointestinal side effects 
are unsurprisingly common but rarely serious; however, ototoxi-
city and effects on myocardial tissue are potentially more harmful. 
Alterations in the microbiome of individuals and populations and the 
rapid emergence and persistence of macrolide-resistant organisms 
have also prompted discussion.24 It should also be noted that the 
rising rates of antimicrobialresistant pathogens is of global concern. 
Any consideration of the benefits of an individual patient receiving 
an antibiotic needs to be carefully balanced against the risk of incre-
ased resistance— both for that individual patient but also for other 
individuals, both now and in the future.

It was against this background of expanding use of macrolides in 
inflammatory respiratory diseases that BTS decided to commission 
a guideline aimed at supporting best practice in a developing arena.

Table 4 Explanation of the terminology used in BTS recommendations

Strength Benefits and risks Implications

Strong. It is recommended and so ‘offer’ Benefits appear to outweigh the risks (or vice versa) for the
majority of the target group

Most service users would want to or should receive this
intervention

Moderate Risks and benefits are more closely balanced, or there is more
uncertainty in likely service users values and preferences

The service users should be supported to arrive at a decision
based on their values and preferences
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SECTION 4: ASTHMA
Introduction
The majority of asthma treatments aim to reduce airway inflam-
mation with subsequent symptomatic improvement. Pathologically, 
asthma is characterised by airway inflammation and bronchial hyper-
responsiveness. Airway inflammation can be predominantly neutro-
philic or eosinophilic in nature.15 Despite an increase in therapeutic 
options and clear guidance on stepwise management, asthma symp-
toms can be difficult to manage and exacerbations remain a predo-
minant feature for many. Adherence to treatment can be challenging. 
Newer therapeutic options, including biologics, can be expensive, 
require frequent monitoring and are limited to specific clinical phe-
notypes.15 25 

There has been significant interest in the potential role of oral 
macrolide therapy as an option in asthma. It is relatively inexpensive, 
easy to adhere to and has a physiologically relevant mechanism of 
action which may reduce airway inflammation in asthma. There is 
also evidence suggesting increasing asthma severity may be linked to 
chronic colonisation with Chlamydiae and Mycoplasma pneumoniae. 
It has therefore been postulated that benefit from macrolide therapy 
may also be through its antibacterial effects on these and other lung 
organisms.26

As a consequence, there have been a number of studies over seve-
ral decades examining the response to macrolide therapy in asthma 
which vary considerably in design and outcome measures. The first 
study examining the role of macrolides in asthma was their use as a 
steroid-sparing agent in 1970.17 Studies since have examined their 
role in reducing airway inflammation and bronchial hyper-responsi-
veness, impact on symptoms and quality of life and most recently on 
their ability to reduce exacerbation frequency. 

Evidence base
Examining the evidence base for macrolide therapy in asthma is particu-
larly challenging because of the significant heterogeneity in study designs, 
outcome measures and study populations, as well as the heterogeneity of 
the asthma population itself. A Cochrane review of macrolide therapy 
in asthma identified significant publication bias, poor study design and 
lack of consistency in outcome measures as the key barriers to making 
recommendations based on the available evidence.14 Considering the 
size of the clinical population and burden of disease in this population,15 
there is a relative paucity of high-quality evidence regarding macrolide 
use in asthma. There are relatively few studies with small study popula-
tions which are often underpowered to detect appropriate changes in the 
outcome measures used. The study populations are also varied limiting 
the applicability of their results to the wider asthma population and the 
ability to determine where macrolide therapy should sit within an asthma 
treatment regime. Despite this, across multiple outcome measures statis-
tical significance was achieved in many studies, but the magnitude of the 
changes seen were very small. The clinical significance of these changes 
varies from unknown to unlikely to be of any clinical benefit. This is 
reflected in the recommendations made in this guideline. No evidence 
of the impact of macrolide therapy on mortality, exercise capacity, disease 
progression or sputum production in people with asthma was found the-
refore no recommendations in regard to these outcomes can be made in 
this guideline. In all cases, macrolides should be considered after current 
therapy has been optimised and adherence established. 

Other recent guidance
Recommendations on macrolide therapy are not included in cur-
rent NICE/BTS/SIGN asthma guidelines.4 25 NICE guidance suggests 
referral to an asthma specialist and consideration of the addition of 
a trial of ‘an additional drug’ (which could include a macrolide) if 
asthma is uncontrolled in adults (aged 17 and over) on a moderate 
maintenance ICS dose with a LABA (either as MART or a fixed-dose 
regimen).

Quality of life (QoL)
QOL was the most consistently assessed outcome measure in stu-
dies of macrolide therapy in asthma. All but one study27 used the 
well-validated Asthma Quality of Life Questionnaire (AQLQ) score. 
This score was first validated in 1992 and has a minimal mportant 
difference (MID) of 0.5.28 This is critical to appraising this body of 
evidence, as in similarity with the symptomatic improvements seen, 
after treatment with macrolides there is consistent small but statis-

tically insignificant (p>0.05) improvement in QOL seen across the 
majority of studies.14 27 29–36 In two studies comparing macrolide the-
rapy with placebo,33 34 this change reached the MID of the AQLQ. The 
first used 8 weeks’ treatment with clarithromycin34 and the second 
was the open-label treatment arm of a study of 48 weeks’ treatment 
with  azithromycin.33

It is therefore clear that treatment with macrolides may result in 
measurable improvements in QOL for people with asthma, but the cli-
nical impact of these changes remains unknown and may be very small.

Symptoms
Thirteen studies used symptom scoring as an outcome in response 
to macrolide therapy.14 27 29–31 34–41 There was considerable variation in 
the scoring systems used, from the validated Asthma Control score 
(ACQ) to simplified unvalidated scoring systems, created specifi-
cally for an individual study. Overall, 10 of the studies demonstrated a 
reduction in symptoms. Three studies29 31 33 demonstrated an increase 
in symptoms, of which only one used a validated and reproducible 
symptom score. Although the majority of studies demonstrated an 
improvement, the actual changes were minimal, unlikely to be of cli-
nical significance and reached statistical significance in only three 
cases.37 38 41 None of the studies using the ACQ score demonstrated 
a change which would meet the ACQ minimal important difference 
(MID) (0.5).42

Further work is needed to see if these improvements may be of 
greater significance over more prolonged treatment periods, and 
whether symptomatic improvement is related to the impact of macro-
lide therapy on exacerbation rate. 

Exacerbations
Exacerbations of asthma are defined as an increase in symptoms, 
accompanied by a reduction in peak flow rate (PEFR), of graded seve-
rity dependent on the degree of clinical and PEFR deterioration.4 25  
Exacerbation rate is the definitive outcome measure in regard to the 
clinical efficacy of macrolides in other respiratory diseases, and the 
major purported driver for their use in cystic fibrosis, bronchiecta-
sis and COPD.14 Two studies30 40 have been specifically designed to 
address this question in asthma. In other studies, exacerbations have 
been measured as a secondary outcome, with differing definitions 
between studies and insufficient statistical power to detect a reduc-
tion in exacerbation frequency. A meta-analysis of these studies 
showed exacerbations requiring steroids in 19.6% (31/158) of those 
treated with macrolides and 24.2% (32/132) of those not receiving 
macrolide treatment.14 However, this reduction was not sufficient to 
reach statistical significance (p>0.05).

Of the two studies30 40 specifically designed to determine a 
reduction in exacerbation frequency in response to azithromycin, 
the AMAZES trial demonstrated a significant reduction in exacer-
bations (p<0.0001),40 but the AZIZAST trial did not (p=0.68).30 
This may reflect the duration of treatment (AMAZES=48 weeks; 
AZISAST=6 months), dose effect (AMAZES=500 mg thrice weekly; 
AZISAST=250 mg thrice weekly) or differing study populations. 
AMAZES recruited a larger population (n=420) on high-dose inha-
led steroids with an average of one exacerbation in the previous year, 
whereas the AZISAST population was smaller (n=109) with higher 
inhaled steroid doses and two exacerbations in the previous year (see 
table 5). Both studies also had slightly differing definitions of an exa-
cerbation. These studies are the highest quality evidence found for 
the purposes of this guideline and were suitably powered to detect a 
change in exacerbation frequency.

The AZISAST study demonstrated no significant difference 
between exacerbation rates with 48% (26/54) of the placebo group 
and 47% (26/55) of the azithromycin group experiencing an exacer-
bation (relative risk 0.98, 95% CI 0.68 to 1.43, p=0.68).30 In AMAZES, 
61% (127/203) of the placebo group experienced an exacerbation 
compared with 44% (94/213) of the azithromycin group giving an 
incidence rate ratio of 0.59 (95% CI 0.47 to 0.74, p<0.0001)40 (see 
table 5). Both studies assessed whether the predominant type of lung 
inflammation impacted the effectiveness of macrolide therapy.

In a predefined subgroup analysis of the AZISAST population, 
those with non-eosinophilic asthma showed a significant reduction 
in exacerbations in response to azithromycin treatment, with exacer-
bations occurring in 33% (9/27) of the azithromycin group compared 
with 62% (18/29) of the placebo group (relative risk 0.54, 95% CI 0.29 
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to 0.98, p=0.037).30 In AMAZES, both those with eosinophilic asthma 
and non-eosinophilic asthma demonstrated a reduction in exacerba-
tions, with a slightly greater reduction seen in the eosinophilic group. 
The incidence rate ratio in the eosinophilic group was 0.52 (95% CI 
0.29 to 0.94, p=0.030) and 0.66 (95% CI 0.47 to 0.93, p=0.019) in the 
non-eosinophilic group.40 This difference in outcomes may be partly 
explained by the differing definition of phenotypes between the two 
studies. In AZISAST, non-eosinophilic asthma was defined by a frac-
tion of exhaled nitric oxide (FeNO) lower than the upper limit of 
normal and a blood eosinophilia ≤200/ µL.30 In AMAZES, non-eosi-
nophilic asthma was defined by a baseline sputum eosinophil count 
<3% or blood eosinophil count <300/μL if sputum unavailable.40

Overall, this evidence suggests that macrolide therapy may vary 
in its effectiveness between differing asthma phenotypes and that cli-
nical benefit may be determined by more than the predominant type 
of inflammation. Further work is needed to investigate the impact 
of macrolides on exacerbation rate in differing asthma phenotypes 
and populations. However, it appears from AMAZES40 that there is 
evidence of a reduction in exacerbations, but studies may need to 
run in larger populations for a longer duration to assess this effect 
successfully.

Steroid dose reduction
The original studies of macrolide use in asthma had the aim of redu-
cing steroid dosage,17 but this has not been the stated outcome of a 
study using macrolide therapy since the 1990s. With the advent of 
newer biologic therapies and the focus on clinical phenotyping, there 
has been a move away from using therapies as steroid-sparing agents, 
towards a stratified approach to asthma therapy.

The three studies using steroid reduction as an outcome all used 
troleandomycin for between 2 and 52 weeks.43–45 All showed a reduc-
tion in steroid dosage, which has been confirmed in two Cochrane 
Reviews.14 39 However, these studies also included paediatric populations. 
Troleandomycin is also not widely used and is not available in the UK. 

Lung function/pefr
FEV1 remains a key outcome measure in trials of airways diseases. 
However, in asthma, FEV1 can show considerable variation and is used 
as a secondary outcome measure in many studies. Peak flow was used 
frequently as a primary and secondary outcome, but with considerable 
variation in timing, rigour of performance and units of measurement. 
Overall FEV1 improved in response to oral macrolide therapy, but to a 
small degree which may not result in any clinical improvement.14 31 35 37 39 46  
This is illustrated by the results of four meta-analyses which indivi-
dually compared FEV1 responses across 15 studies using a range of 
macrolides. The Cochrane meta-analysis demonstrated a 0.08 L (95% 
CI 0.02 to 0.14 (p=0.0097)) improvement in FEV1 (47); the Tong et al 
metaanalysis showed a 0.11 L (95% CI 0.06 to 0.16 (p<0.001)) impro-
vement36; and Reiter et al showed no effect on FEV1 (standa dised mean 
difference (SMD) 0.05 (95% CI −0.14 to 0.25 (p=0.60)).41 FEV1 (% pre-
dicted) was only analysed in the Tong et al meta-analysis, showing a 
SMD of 0.27% (95% CI 0.05 to 0.59 (p=0.10)).36 The fourth meta-analy-
sis was confined to studies examining troleandomycin, showing a 0.06 
L (95% CI −0.8 to 0.92 (p=0.88)) change in FEV1.

39

Morning PEFR was the most commonly measured parameter across 
studies. A positive change in morning PEFR was seen in several studies, 
of a relatively smaller magnitude than that seen in FEV1. 

14 30 35 36 41 

The Cochrane and Tong et al meta-analyses showed a 2.22 L/
min (95% CI 9.73 to 14.17 (p=0.72))14 improvement and a SMD 0.25 
(95% CI 0.1 to 0.39 (p+0.001))36 in morning PEFR, respectively. 
A third meta-analysis by Reiter et al also showed a 6.7 L/min (95% 
CI 1.35, 12.06 (p=0.014)) improvement, but this analysis included 
paediatric study populations.41 The change in evening PEFR is more 
mixed across studies, with some showing a reduction35 rather than 
improvement, although with a smaller evidence base.14 29 30 With the 
known variability of PEFR in asthma, again it is difficult to judge the 
clinical importance of these changes.

Inflammation 
Studies examining the impact of oral macrolide therapy on inflamma-
tion in asthma have used a variety of outcome measures in both 
blood and sputum. In keeping with common clinical phenotypes, 
the impact of macrolides on both neutrophilic and eosinophilic 
inflammation has been assessed. Two meta-analyses14 examined the 
effect of macrolide therapy on sputum and blood eosinophil counts 
measured in three separate RCTs after treatment with roxithromy-
cin, clarithromycin and azithromycin. Consistent reductions in blood 
eosinophils were shown (mean difference (MD) −33.5 (95% CI −30.9 
to −36.11)×104/mL (p<0.00001)), but only the study examining clari-
thromycin (MD −74×104/mL) demonstrated a reduction in sputum 
eosinophils.37

Five studies examined the impact of roxithromycin,46 clari-
thromycin37 and azithromycin31 on sputum neutrophils. One study 
demonstrated an increase in sputum neutrophils (MD 19.2 (95% CI 
−24.2 to 62.6), p>0.05) in response to azithromycin,47 but pooled 
results of the other studies, as part of a meta-analysis, demonstrated 
an overall reduction of −0.25% (95% CI −0.62 to 0.13, p=0.20).36

Emerging biomarkers in the form of matrix metalloproteinase 
(MMP-9), neutrophil elastase and eosinophilic cationic protein 
(ECP) have also been examined. Clarithromycin resulted in a reduc-
tion in sputum MMP-9 and neutrophil elastase after 8 weeks of treat- 
ment.34 Serum and sputum ECP were both reduced after treatment 
with clarithromycin and roxithromycin.37 46

FeNO is increasingly used as a biomarker of inflammatory acti-
vity in  asthma and a measure of response to therapy.

Three randomised trials used FeNO as an outcome measure all 
demonstrating a small and non-significant reduction in response 
to treatment with 12 weeks of azithromycin (−1.94 (95% CI −5.97 
to 2.10) ppb (p=0.34)),31 26 weeks of azithromycin (MD −1.6 ppb 
(p=0.52))30 and 16 weeks of clarithromycin (−4.6 (SE ±4.2) ppb 
(p=0.5)), respectively.35

While there is considerable variation in study populations, treat- 
ment regimens and outcome measures, the overall picture is that 
macrolides do reduce airway inflammation in asthma. Further work 
is needed to clarify if this translates into clinically relevant improve-
ments for patients and to determine which inflammatory biomarker 
may be of most use in determining response to treatment.

Bronchial hyper-responsiveness
Bronchial hyper-responsiveness has been used as an outcome measure 
in a number of studies of macrolide therapy in asthma31 37 46 to provide 
proof of physiological effect and potential explanation for improvement 
in other clinical outcome measures. The studies confirm that macrolide 
therapy does result in improvements in bronchial hyper-responsiveness 

Table 5 Comparison between the AZISAST and AMAZES trials

Population Intervention Follow-up Patients intervention/control Primary outcomes

Brusselle et al
(AZISAST)30

18–75 years
GOLD step 4/5
>1000 µg fluticasone or
equivalent
2 exacerbations requiring OCS
in past 12/12
FeNO in normal limits

Azithromycin 250 mg
thrice weekly

26 weeks 109
55/54

Exacerbation rate

Gibson et al
(AMAZES)40

18 years or older
Diagnosis of asthma 
(postbronchodilator reversibility
>12%/airway hyperresponsiveness 
or PEFR
variability >12%)
Partial loss of asthma control—
ACQ≥0.75

Azithromycin 500 mg
thrice weekly

48 weeks 420
213/207

Exacerbation rate
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measured by methacholine challenge test (PC20/PD20). Two studies 
were specifically designed to assess bronchial hyper-responsiveness as 
a primary outcome.37 48 When pooled, they demonstrated a 1.99 (95% 
CI 0.46,3.52 (p=0.011)) SMD improvement in methacholine response. 
A second meta-analysis of five studies demonstrated an improvement 
of 0.9 (95% CI 0.5,1.75 (p=0.04)).36 

Other studies demonstrated varying magnitudes in the degree of 
improvement seen, likely related to differing macrolides, treatment 
dosages, duration of treatment, study populations and measurement 
differences.31 35 37 46 48 While these findings support a physiological 
mechanism of action of macrolides through a reduction in airway 
inflammation and bronchial hyper-responsiveness, there seems to 
be a lack of clear correlation between the degree of improvement 
seen and any corresponding improvement in clinical outcomes. This 
requires further investigation in future trials.

Microbiology
Five studies specifically reported the impact of oral macrolide the-
rapy on microbiological outcomes. Black et al conducted an RCT of 
6 weeks of roxithromycin versus placebo in 232 people with asthma 
and raised IgG/IgA antibody titres to Chlamydia pneumoniae.29 This 
demonstrated a reduction in IgG antibodies, but not IgA in response 
to treatment; but with no clinically significant changes in other out-
come measures. Hahn et al demonstrated that high IgA but not IgG 
antibodies to C. pneumoniae were significantly associated with more
severe asthma symptoms at the end of follow-up.33 Azithromycin 
resulted in improvements in IgA antibodies regardless of whether 
IgA antibody levels were high or low at the start of treatment.33

Sutherland et al attempted to conduct a PCR-stratified RCT based 
on PCR positivity for C. pneumoniae or Mycoplasma pneumoniae.35 
Due to lower than anticipated numbers of PCRpositive participants, 
the two arms could not be successfully matched in number, but com-
parison of the two groups showed no significant differences in out-
come between PCR positive (n=12) and PCR negative (n=80) after 
treatment with 16 weeks of clarithromycin.35

The AMAZES study monitored a subgroup of study participants 
for emergence of antimicrobial resistance to azithromycin within 
serial sputum samples over the 48-week study period.40

At the study end, resistance to macrolides was found in 19/39 
(48.7%) receiving azithromycin and 12/42 (28.6%) receiving placebo.40 
AZISAST performed a similar subgroup analysis in 46 participants 
demonstrating an increase in macrolide-resistant streptococci from 
47.8% to 87% participants in the azithromycin group and a reduction 
from 39.1% to 35% of participants in the placebo group.30 Interestingly, 
the percentage of macrolide-resistant streptococci reduced from 73.8% 
to 45.9% in the 4-week washout period at the end of the study.30 
Further analysis of the oropharyngeal microbiome of a subgroup from 
AZISAST demonstrated a fivefold increase in Streptococcus salivarius 
and corresponding fivefold decrease in Leptotrichia wadei during azi-
thromycin treatment. However, azithromycin had little impact on the 
rest of the microbiota. In keeping with the culture-based microbiology, 
the microbiome had already returned to pre-treatment levels in 50% 
participants by the end of the 4-week washout period.49

This suggests that chronic macrolide therapy may increase anti-
microbial resistance to macrolides. This result has yet to be repro-
duced in other large studies and the clinical impact of this remains 
unknown. It is also unclear whether this increase in resistance is tem-
porary or fluctuating. However, it does suggest that monitoring for 
antimicrobial resistance may be of benefit in those receiving chronic 
macrolide therapy. Use of breaks in chronic therapy, if the desired 
clinical outcome is achieved, may be considered to reduce resistance, 
as is the practice in some bronchiectasis services. Further work is 
needed to examine this relationship in more depth and determine 
the clinical impact of increasing resistance rates.

Safety and adverse events
Reporting of adverse events in the majority of studies was of low 
quality with no specific assessment for the well-documented adverse 
effects of macrolide therapy in the majority of studies.

However, overall there was little evidence of significant reactions 
or side effects secondary to macrolide therapy in asthma. The most 
commonly reported side effects were gastrointestinal, including nau-
sea and abdominal pain. In the meta-analysis performed by Reiter et 
al, a significantly increased risk of nausea was seen in those receiving 

macrolide therapy.41 Black et al also showed that 12.4% (13/105) of the 
roxithromycin group developed nausea compared with 4.5% (5/112) 
of the placebo group.29

The AMAZES and AZISAST trials specifically assessed and 
reported adverse events as part of the planned study protocols.30 40 
In AMAZES, the overall serious adverse event (SAE) rate in the azi-
thromycin group was 7.5% (16/213) compared with 12.8% (26/203) 
in the placebo group.40 Gastrointestinal side effects were more com-
mon in those on azithromycin compared with placebo—diarrhoea 
(33.8% (72/213) vs 19.2% (39/203)) and abdominal pain (17.8% 
(38/213) vs 14.8% (30/203)).40 QTc prolongation was not seen more 
commonly in the azithromycin group with 0.5% (1 participant) of 
each group developing ECG changes during the study.40 There was 
also no difference in the rates of tinnitus (0.9% (2/213) vs 1% (2/203)) 
or hearing loss (2.8% (6/213) vs 3.4% (7/203)) seen.40

In AZISAST, the SAE rate was identical in both placebo and azi-
thromycin groups (11%).30 Discontinuation of treatment was more 
common in the placebo group (9% (5/54 vs 4% (2/55)). Diarrhoea, 
nausea and abdominal pain were also more common in the placebo 
group. Two participants in the azithromycin group developed abnor-
mal liver function tests, but the severity of this was not reported. No 
participants reported any change in their hearing.30

Overall, it appears that macrolides are well tolerated in people 
with asthma, although the quality of evidence is low and inclusion 
of formal assessment for adverse events should be included in future 
studies. There is a slightly higher incidence of gastrointestinal side 
effects which did not lead to cessation of treatment. Warning of the 
possibility of these side effects developing should be given to patients 
on initiation of treatment. There is insufficient evidence on the fre-
quency of other adverse events specifically QTc prolongation, liver 
function abnormalities and audiological changes to make a formal 
recommendation on screening for these events. In general, partici-
pants with evidence of QTc prolongation or hearing loss were exclu-
ded from study populations further limiting the applicability of this 
evidence to the wider asthma population.

Outcome weighting
In the creation of this guideline, a set of key outcome measures in 
relation to macrolide therapy in management of respiratory disease 
were determined. However, this guideline’s scope covers a spectrum 
of respiratory disease and the importance of individual outcome 
measures within each disease area varies. In regards to asthma, the 
GDG gave importance to those outcomes of most clinical relevance 
to respiratory physicians managing people with asthma and our 
recommendations reflect this. The group only made recommenda-
tions on these outcomes where the quality of evidence and magnitude 
of change was deemed sufficient to be of clinical utility. Therefore, 
recommendations are made in regard to exacerbation reduction, but 
not in relation to symptoms or quality of life as the changes seen in 
these outcomes were too small to be clinically important.

The body of evidence in regard to other outcomes, which may 
be of scientific or physiological relevance, is outlined in the evidence 
summary below, but no recommendations have been made in areas 
where the outcome is not used as a clinical endpoint—for example, 
bronchial hyper-responsiveness. 

Evidence summary
Oral macrolide therapy improves quality of life in people with asthma, 
but changes are small and their clinical significance is uncertain. 
(Moderate) Treatment with macrolides results in an improvement 
in asthma symptoms in some patients although this is small in mag-
nitude and may not be applicable to all patients with asthma.(Low)
Oral macrolide therapy can reduce exacerbations of asthma in adults 
(50–70 years) with ongoing symptoms despite >80% adherence to 
high-dose inhaled steroids (>800 µg/day) and at least one exacerba-
tion requiring oral steroids in the past year. (Low)

Azithromycin given thrice weekly at 500 mg over 48 weeks results 
in a reduction in asthma exacerbations. (Low)

In some individuals, oral macrolide therapy may result in a reduc-
tion in oral steroid dose, but this is not a consistent finding. (Low)

Oral macrolide therapy can result in a small improvement in lung 
function and PEFR in people with asthma. (Low) 

Oral macrolide therapy may reduce airway inflammation in 
asthma. (Low) 
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Oral macrolide therapy may reduce bronchial hyperresponsive-
ness in asthma. (Low) Two studies demonstrated that treatment with 
oral macrolides (azithromycin) may result in an increase in bacteria 
within sputum resistant to macrolides, but currently there is no evi-
dence of this adversely affecting clinical outcomes. (Low)

Oral macrolide therapy may result in an increase in gastrointes-
tinal side effects including abdominal pain, nausea and diarrhoea. 
(Low) There is insufficient evidence to make any recommendation on 
the impact of oral macrolide therapy on mortality, exercise capacity, 
disease progression or sputum characteristics in people with asthma.

Recommendations
u Oral macrolide therapy could be considered to reduce exacerba-
tion frequency in adults (50–70 years), with ongoing symptoms des-
pite >80% adherence to high-dose inhaled steroids (>800 µg/day) and 
at least one exacerbation requiring oral steroids in the past year. This 
recommendation reflects the population within the AMAZES RCT 
which represents the highest quality evidence of macrolide therapy 
leading to a significant reduction in exacerbations. (Conditional)
u Treatment with azithromycin should be considered for a minimum 
of 6–12 months to assess evidence of efficacy in reducing exacerba-
tions. (Conditional)
u Oral macrolide therapy should not be offered as a way to reduce 
oral steroid dose; in some individuals, this may result as a conse-
quence of a reduction in exacerbations or symptoms. (Strong)

Good practice points
✓ Optimisation of other asthma therapies including establishing 
good adherence to inhaled therapies should be performed before 
considering a trial of oral macrolide therapy.
✓ Referral to a respiratory specialist or specialist asthma service 
should be considered prior to initiation of macrolide therapy aimed 
at reducing exacerbation frequency.
✓ For safety purposes, an ECG should be performed prior to initia-
tion of macrolide therapy to assess QTc interval. If QTc is >450 ms for 
men and >470 ms for women, this is considered a contraindication 
to initiating macrolide therapy. Baseline liver function tests should 
also be measured.
✓ Patients should be counselled about potential adverse effects before 
starting therapy including gastrointestinal upset, hearing and balance 
disturbance, cardiac effects and microbiological resistance.
✓ Microbiological screening of sputum before and during macrolide 
therapy may be clinically helpful in patients who are able to expecto-
rate sputum. This would allow monitoring for development of resis-
tance and detect changes in microbial growth to direct appropriate 
antibiotic therapy if required. However, the resource implications of 
this approach have not been assessed.
✓ If oral macrolide therapy is considered, justification for ongoing 
treatment should be guided by clinical response based on specific 
outcome measures including exacerbation frequency, symptoms and 
quality of life assessed at baseline.
✓ A risk:benefit profile should be considered in each individual if sig-
nificant side effects from oral macrolide therapy develop. If gastroin-
testinal side effects occur at the higher dose of azithromycin (500 mg 
thrice weekly) a dose reduction to azithromycin 250 mg thrice weekly 
could be considered if macrolide therapy has been of clinical benefit.
✓ Liver function tests should be checked 1 month after starting treat- 
ment and then every 6 months. An ECG should be performed 1 
month after starting treatment to check for new QTc prolongation. If 
present, treatment should be stopped.
✓ Symptom improvement with macrolide treatment may be minimal 
and not consistent across all people with asthma. If macrolide therapy 
is considered for symptom reduction, this should be for a defined 
period (6–12 months) and stopped if no symptomatic improvement 
is seen. Use of a validated symptom score, such as the ACQ, may be 
useful to help make this assessment less subjective.
✓ If the desired clinical outcome is achieved the possibility of breaks in 
therapy may be considered to reduce treatment burden for patients. It is 
unclear whether this may also reduce antimicrobial resistance rates. See 
quick reference guide in online supplementary file 1.

Research recommendations
Further research, over a longer period, is needed to investigate the 
role of long-term macrolide therapy in reducing exacerbations of 

asthma. Use of validated scoring systems and creation of a core out-
come set should be considered in future trials of macrolide therapy 
in asthma to allow more accurate delineation of clinical response and 
comparison between studies.

Head to head comparisons of different macrolide therapy and of 
differing dose regimens for the same macrolide are required to opti-
mise the use of macrolide therapy in asthma. Research into the discre-
pancy between significant reductions in inflammation but minimal 
improvements in clinical parameters is required.

Research into the impact of macrolide therapy in different clinical 
phenotypes of asthma should be performed in order to assess whe-
ther greater benefit is seen in one phenotype over another.

Research into the overlap between asthma and bronchiectasis and 
the impact of this on response to macrolides may assist in identifying 
asthma phenotypes which may respond differently to macrolide therapy.

SECTION 5: BRONCHIECTASIS
Introduction
Bronchiectasis is a chronic respiratory condition in which abnormally 
dilated bronchi are radiologically displayed in patients with a relevant 
clinical syndrome. These patients suffer from multiple symptoms, inclu-
ding a chronic productive cough, recurrent exacerbations associated 
with bronchial infection, dyspnoea and fatigue. While patients with 
cystic fibrosis can have both the radiological changes and the clinical 
syndrome, the term ‘bronchiectasis’ generally refers to those who do not 
have cystic fibrosis and the condition is often referred to as noncystic 
fibrosis bronchiectasis. Even after the exclusion of cystic fibrosis, a wide 
range of aetiologies are attributed to bronchiectasis, though a large pro-
portion of cases are described as idiopathic or post-infective.50–54 Recent 
UK data report prevalence rates of 566/100 000 in adult women and 
486/100 000 in adult men.53 Patients with bronchiectasis bear a signifi-
cant burden of morbidity and mortality.53 55

The basic concept for the management of bronchiectasis is to 
attempt to break the vicious recurrent cycle of chronic bacterial infec-
tion, inflammation, impaired mucociliary clearance and structural lung 
disease.56 With the goal of breaking this cycle and the extrapolation 
of management strategies from cystic fibrosis, it is unsurprising that 
macrolides have been used to try to improve outcomes in bronchiec-
tasis. As well as having broad antimicrobial effects, anti-inflammatory 
effects are likely. Studies in patients with bronchiectasis have suggested 
reductions in Th17 cell responses57 and evidence of reduced airway 
inflammation via measuring markers such as IL8, neutrophil elastase 
and matrix metalloproteinase-9.58 A further attractive mechanism, 
particularly in a condition where P. aeruginosa is an important patho-
gen, is the inhibition of quorum sensing (a form of chemical signalling 
between bacteria).59

Evidence base
Davies and Wilson described early experiences of using azithromy-
cin in 200460 and subsequent published studies of varying quality, 
using different regimens, have added to the available evidence. The 
main body of high-level evidence is based on three RCTs61–63 (see 
table 6). These studies were performed in the Netherlands, Australia 
and New Zealand and were all placebo controlled. The macrolides 
used were azithromycin in the Netherlands and New Zealand studies, 
while the Australian study used erythromycin. Audit data suggest 
that azithromycin is the preferred macrolide in the UK at present.64 
The two studies which used azithromycin had different dosing regi-
mens (250 mg daily and 500 mg three times a week). In addition, 
other studies of lower quality evidence have used other regimens 
such as azithromycin 250 mg three times a week,60 65 66 azithromycin 
500 mg twice weekly,67 erythromycin 500 mg twice a week,68 clari-
thromycin 500 mg once daily57 and roxithromycin 150 mg a day.58 The 
lack of consistency in the macrolide regimen used, and the absence 
of head-to-head comparisons, make the optimum macrolide and 
dosing unclear.2 Also, because none of the studies were longer than 
a year, the longer-term benefits and risks have not been established. 
Subsequent to the three RCTs which provide high-quality evidence, 
meta-analyses have been produced.69–71 While this provides pooled 
data, some lower quality evidence influence the output.66 70 A fur-
ther meta analysis of individual patient data (IPD) from the three 
main RCTs was published after the completion of literature searches 
and is referred to below because of the potential importance of its 
findings.72
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Other recent guidance
The BTS bronchiectasis guidelines cover options beyond macroli-
des when considering long term antibiotic therapy in stable disease.2 
They recommend macrolides as first choice for patients without P. 
aeruginosa with inhaled gentamicin as a second-line alternative. For 
patients with P. aeruginosa, the BTS guideline recommends inhaled 
colistin with macrolides as an alternative for those intolerant of inha-
led antibiotics. Interestingly, the IPD meta-analysis by Chalmers et al 
suggests that macrolides are effective in patients with and without P. 
aeruginosa.72 In addition, the BTS guideline recommends a starting 
dose of azithromycin of 250 mg three times a week to minimise side 
effects. While accepting that side effects are common with macroli-
des, we note that dropouts from studies due to side effects are rare 
and the strongest evidence of efficacy lies with higher dosing regi-
mes. We suggest a pragmatic starting regime of azithromycin 500 mg 
three times a week or 250 mg daily in patients with bronchiectasis. 
However, if there is a patient history of drug intolerances, it would 
be sensible to start at the lower dose of 250 mg three times a week.

A NICE guideline was published in 2018 addressing acute exacer-
bations in bronchiectasis.6 With regards to preventing exacerbations, 
the document recommends the consideration of prophylactic anti-
biotics in people with repeated exacerbations.

The guidance is less specific on which antimicrobials to use and 
what a significant exacerbation rate is. However, both the NICE and 
BTS documents advocate specialist input.

Quality of life
QOL data were collected from the three main RCTs and conse-
quently there is high-level evidence available. While pooled data 
are also available, there are limitations of these data due to the 
influence of data of lower quality.66 The studies with the highest 
quality of evidence used the SGRQ to assess quality of life and any 
effect seen does not appear to be large. The BAT study did find a 
significant difference between treatment and placebo, with a reduc-
tion of −12.18 points after 1 year of treatment and a reduction of 
−4.12 in the placebo group (p=0.046).62 A change of 4 points is con-
sidered clinically significant. In the treatment group, 64% achieved 
this at 1 year while 46% did in the placebo group. While the other 
two main RCTs did not show a statistically significant improvement 
in SGRQ, the results from the BAT study should not be viewed as 
being inconsistent. In the EMBRACE study, 6 months of treatment 
failed to demonstrate a statistically significant difference though 
there was a trend towards benefit (−5.17 vs −1.92, 95% CI −7.21 
to 0.72).61 Similar findings were also seen in the BLESS study with 
48 weeks of therapy.63 This lack of clear effect may be due to a lack 
of sensitivity of the SGRQ for this type of therapy. Other studies 
have reported significant improvements in quality of life; however, 
the open-label nature or lack of a placebo group means they are of 
considerably lower quality of evidence.60 66 Metaanalysis data did 
suggest a benefit with a change of −5.39 in the SGRQ; however, these 
data were influenced by a large change in a study of lower quality.69 70

On the basis of the current high-quality evidence, it appears 
that to obtain a significant improvement in quality of life, a long 
course of therapy may be required. On the basis of the BAT trial, 
this may need to be for a year. It is unclear what the impact of 
therapy beyond 1 year is. As the only high-quality evidence that 
suggests an improvement in quality of life is the BAT trial, the 
dosing regimen of azithromycin 250 mg once a day carries the best 
evidence for achieving this outcome.

Symptoms
The prospective collection of symptom scores in RCTs has allowed 
the accumulation of some high-level evidence with regards to symp-
toms. This has been described in various ways including the symptom 
component of the SGRQ, the Leicester Cough Questionnaire and the 
lower respiratory tract infections—visual analogue scale (LRTI-VAS). 
The EMBRACE study demonstrated an improvement in the symp-
tom component of the SGRQ with a difference in change from base-
line of –6.7 (95% CI –13.37 to –0.04).61 The BLESS study suggested a 
similar benefit, with a treatment effect of −5.3 reported; however, this 
did not reach statistical significance (95% CI −12.6 to 2.1).63 There 
was also no statistically significant change found in the Leicester 
Cough Questionnaire (LCQ). The BAT study used the LRTI-VAS and
described a larger benefit in symptom improvement in those recei-
ving treatment than those receiving placebo (p=0.047).62 While not 
unanimous, there does appear to be some evidence of benefit with 
regards to symptoms, and inconsistencies may in part be due to diffe-
rences and weaknesses in the scoring systems.

Exacerbations
Due to the three main RCTs using exacerbations as a primary end-
point and the subsequent meta-analyses, there is high level evidence 
which is in favour of using long-term macrolides to reduce exacer-
bations in bronchiectasis.61–63 69–71 As in other respiratory conditions, 
there is variability in the interpretation of what exactly constitutes an 
exacerbation. A consensus definition has been published; however, 
this was subsequent to the important studies in this field.73

The previously mentioned three principal RCTs described benefit 
for this outcome when macrolides were used for between 6 and 12 
months.61–63 The BLESS study described an incidence rate ratio of 
0.57 (95% CI 0.42 to 0.77) when compared with no intervention.63 
The BAT study reported an absolute risk reduction of 33.5% (95% CI 
14.1% to 52.9%).62 Of interest in this study, there was an improvement 
in median number of exacerbation from 5 to 2 in the placebo group. 
Over a 6-month period, the EMBRACE study identified a rate ratio 
of 0.38 between the treatment group and the placebo group (95% 
CI 0.26 to 0.54).61 It is important to note that the EMBRACE study 
continued for a further 6 months after stopping the intervention and 
these benefits were maintained. However, it should also be noted that 
this study provided two definitions of ‘exacerbations’ and the results 
were not consistent, and that there was a higher baseline exacerbation 
rate in the control group. The meta-analysis data are consistent with 
an improvement in exacerbation rates.69–71

For macrolides to be used to reduce exacerbations, there needs 
to be a relevant exacerbation rate at baseline to consider when imple-
menting this therapy. There were different entry criteria for the main 
trials with regards to baseline exacerbation rates. While entry into 
the EMBRACE study required just a single exacerbation for study 
recruitment, the mean exacerbation rate in the preceding year was 
over three (3.34 in treatment group and 3.93 in control group). In the 
BLESS and the BAT studies, two and three exacerbations were requi-
red, respectively, in the preceding year. In the BLESS study, approxi-
mately a third had five or more exacerbations in the preceding year, 
but it is unclear what the mean or median baseline exacerbation rate 
was. In the BAT study, the median baseline exacerbation rate was 4 
(and 5 in the control group). In light of the baseline exacerbation rates 
in these trials, and three or more exacerbations being a marker of 
disease severity,74 a threshold of three or more exacerbations per year 
seems appropriate as a guide. It should be acknowledged that the afo-

Table 6 Three main randomised controlled trials of macrolides in bronchiectasis

Country Population Intervention Follow-up
Patients intervention/
control

Primary outcome 
(exacerbations)

EMBRACE
Wong

New Zealand Mean age of 60
At least one exacerbation requiring antibiotics in last year
HRCT-defined bronchiectasis

Azithromycin 500 mg 
three times a week

6 months 141
71/70

Exacerbations in first 6 months: 0.59 
(treatment group) vs 1.57 (placebo
group) p<0.0001

BAT
Altenburg

Netherlands Mean age of 62 years
At least 3 LRTIs treated with antibiotics in the last year
A sputum culture isolating a respiratory pathogens in the last year
Bronchiectasis defined by HRCT or bronchography

Azithromycin 250 mg 
daily

1 year 83
43/40

Exacerbations in 52-week treatment 
period: 0.84 (treatment group) vs 2.05
(placebo group) p<0.001

BLESS
Serisier

Australia Mean age of 62
At least two exacerbations requiring antibiotics in the last year
Daily sputum production
Clinically stable for at least 4 weeks. HRCTdefined  bronchiectasis

Erythromycin
ethylsuccinate 400 mg
twice daily

48 weeks 117
59/58

Annualised exacerbation rate: 1.29 
(treatment group) vs 1.97 (placebo
group) p=0.003
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rementioned IPD meta-analysis that has followed the literature search 
for this guideline performed multiple subgroup analyses including for 
different exacerbation rates. One of these subgroups was those with 
a preceding exacerbation rate of less than this threshold (ie, 1 or 2 
per year). While this group was small (37 receiving macrolides vs 36 
receiving placebo), there appeared to be a benefit with regards to exa-
cerbations, but a trend towards decreased QOL. It is conceivable that 
the benefits of macrolides may be outweighed by side effects in those 
with lower exacerbation rates. This subgroup require further study.

While out of keeping with the BTS Bronchiectasis Guideline and 
some UK respiratory clinicians’ current practice, the regimens used 
in the three main RCTs (azithromycin 250 mg daily, azithromycin 500 
mg three times a week and erythromycin ethylsuccinate 400 mg twice 
a day) have the greatest supportive evidence of benefit. 

The BTS bronchiectasis guideline suggest a lower starting dose 
(azithromycin 250 mg three times a week) noting the dose-related 
nature of side effects. Withdrawals due to side effects in the three 
main studies were, however, rare. It would seem sensible to start at 
the higher dose (azithromycin 500 mg three times a week or 250 mg 
daily) unless there is a history of previous drug intolerances.2 As well 
as variable dosing regimens, variable durations of therapy have also 
been studied. The highest quality studies used macrolide therapy for 
6 or 12 months. While it is conceivable that it continues to provide 
benefit, there is no evidence either in favour or against the prolonga-
tion of therapy beyond 12 months.

Exercise capacity
Exercise capacity was measured by a 6 min walk test in both the 
BLESS and the EMBRACE studies.61 63 This provides some high-level 
evidence via objective measures with blinded subjects and investiga-
tors. In neither study was there statistical evidence of benefit or harm 
from therapy. In addition, the activity component of the SRGQ was 
reported in the EMBRACE study61 and no impact on this outcome 
was seen. On the basis of this evidence from two studies, there is no 
indication that macrolides influence exercise capacity or tolerance.

Sputum characteristics
Sputum production is a common occurrence in many patients with 
bronchiectasis and is considered a significant issue by patients.75 
There is, however, no high-quality evidence with regards to the effects 
of macrolide therapy on sputum. There is moderate level evidence 
of reduced sputum weight and sputum volume.63 70 Estimates of the 
effect of therapy may be a reduction of approximately 11 mL per 
day (95% CI −12.70 to −8.83) based on pooled data.70 The BLESS 
study reported a treatment effect of a reduction of 4.3 g per day.63 It 
is unclear whether this scale of benefit is important to a patient but 
could be considered in discussion alongside assessment of other fac-
tors such as exacerbation rate when considering therapy.

Safety and adverse events
The evidence base for adverse events is quite variable within the bron-
chiectasis literature. While QTc prolongation is a potential concern 
with long-term macrolide use, there is very little evidence with regards 
to this adverse effect. In the BLESS study, QTc was monitored and one 
patient was withdrawn due to concerns with regards to prolongation,63 
however pre-therapy and post-therapy ECGs suggested that this may 
not have been a drug-related effect. The EMBRACE and BAT studies 
did not address this potential adverse event.61 62 An adverse impact 
on hearing is a further concern with macrolides; however, there is 
also limited evidence for this potential side effect. The BLESS and 
EMBRACE studies did not assess it, while the BAT study just perfor-
med a post-study questionnaire (and did not detect an effect).61–63

There is, however, considerably more evidence in these cohorts 
for gastrointestinal side effects. The meta-analysis pooled data show 
high-quality evidence for diarrhoea being an adverse event associated 
with long-term macrolide use.69 71 The frequency of patients suffe-
ring diarrhoea was 19.3%–20.6% in the treatment groups compared 
with 4.1%–4.5% in the placebo groups. There was also high-level 
evidence for abdominal pain/ discomfort when reported in the BAT 
study (18.6% vs 2.5%, RR 7.44) and meta-analysis data (OR 6.97).62 71 
Despite these gastrointestinal side effects, meta-analysis data asses-
sing for withdrawal from studies due to side effects did not reveal any
differences between those on macrolide or placebo (OR 1.18, 95% 
CI 0.33 to 4.19).69

While not a patient-centred outcome, high-quality evidence from the 
BLESS study reports increased micro-organism resistance.63 Further 
moderate level evidence was also added from the BAT study, though 
not the EMBRACE trial where routine testing was not performed.61,62 
In the BLESS study, there was a significant increase of macrolide 
resistance in commensal oropharyngeal streptococci with erythromy-
cin use (27.7% vs 0.04%, p<0.001).63 The BAT study provided a sig-
nificant amount towards the meta-analysis data and in the pathogens
that were tested for macrolide sensitivity, 88% became resistant com-
pared with 26% in the placebo group.62 69 At present, there is no evi-
dence that the resistance seen either does or does not have an impact 
on clinical outcomes.

Outcome weighting
The available data allow assessment of the pre-specified outcomes 
with varying levels of evidence. Certain outcomes were excluded 
from our final assessment and recommendations. These included 
lung function, hospital admission rates, disease progression and 
death. Lung function was excluded despite available data, as the gui-
deline group did not feel it is a useful measure when taken in the 
context of the current evidence. The trials were of too short a period 
for a meaningful change in lung function to be elicited despite sta-
tistically significant outcomes. For example, metaanalysis data from 
five studies described a statistically significant greater improvement 
of FEV1 of 0.02 L (mean weighted difference).70 This was not conside-
red a clinically meaningful change for an individual patient. Hospital 
admission rate data were available; however, due to such low inci-
dence rates for this outcome in the three RCTs which reported it, no 
recommendations are made for this outcome.61–63 The outcomes of 
disease progression and death are not commented on due to a lack of
data. The outcomes of QOL, symptoms, exacerbation rates, exercise 
capacity, sputum characteristics and adverse events were all conside-
red ‘important’ in the GRADE process.

Evidence summary
There is evidence of an improvement in QOL as measured by SGRQ 
when azithromycin 250 mg daily is used for 1 year (High). Other high-
-quality studies with other dosing regimens showed a trend towards 
benefit but not a statistically significant benefit. Meta-analysis data 
reported a benefit but there are concerns regarding the inclusion of 
a study of lower quality (Low). There is evidence from high-quality 
studies of improvement in symptom scores; however, inconsistency 
exists which may be due to different scoring systems being used. 
(Moderate) Long-term macrolide treatment reduces exacerbations in
bronchiectasis. (High)

When using macrolides to reduce exacerbation rates, the dosing 
regimens with the greatest supportive evidence are azithromycin 250 
mg daily, azithromycin 500 mg three times a week and erythromy-
cin ethylsuccinate 400 mg twice a day. (Moderate) Studies with other 
dosing regimens, including azithromycin 250 mg three times a week 
(as pragmatically suggested in the BTS Bronchiectasis Guideline), 
have also reported a reduction in exacerbation, but have a lower evi-
dence base. (Low) The studies with the greatest evidence for reducing 
exacerbations used therapy for a minimum of 6 months. (High) The 
impact beyond 12 months is unknown.

There is evidence for a reduction in exacerbations over 12 months 
when therapy is used for 6 months and then not for the subsequent 6 
months. (Moderate) It is unknown what the impact is of subsequently 
recommencing. Long-term macrolide therapy is not associated with 
improved exercise capacity. (High)
 
Recommendations
Long-term macrolide therapy may reduce sputum volume and wei-
ght. (Moderate)
Long-term macrolide therapy is associated with diarrhoea and with 
abdominal pain. (High)
Long-term macrolide usage can result in increased antimicrobial 
resistance. (High) It is unknown if this has a clinical impact.
Recommendations
u Long-term macrolide treatment could be offered to reduce exa-
cerbations in those with high exacerbation rates (ie, 3 or more per 
year). (Strong)
u The dosing regimens with the greatest supportive evidence, when 
using macrolides to reduce exacerbation rates, are azithromycin 500 
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mg three times a week, azithromycin 250 mg daily and erythromycin 
ethylsuccinate 400 mg twice a day. A starting dose of azithromycin 
250 mg three times a week could be used to minimise side-effect risk
with subsequent titration according to clinical response. (Conditional)
u When using macrolides to reduce exacerbation rates, therapy 
should be offered for a minimum of 6 months. (Strong)
u Macrolides can be considered with the aim of improving QOL 
but may require a long period of therapy (eg, 1 year) for significant 
effects. (Conditional)

Good practice points
✓ Therapies should be optimised in accordance with BTS 
Bronchiectasis Guidelines before considering long-term macrolide 
therapy (eg, airway clearance techniques and  attendance at pulmo-
nary rehabilitation courses).
✓ Macrolides should only be started following discussion and shared 
decision-making between the patient and a respiratory specialist.
✓ For safety purposes, an ECG should be performed prior to initia-
tion of macrolide therapy to assess QTc interval. If QTc is >450 ms for 
men and >470 ms for women, this is considered a contraindication 
to initiating macrolide therapy. Baseline liver function tests should 
also be measured.
✓ Patients should be counselled about potential adverse effects 
before starting therapy including gastrointestinal upset, hearing and 
balance disturbance, cardiac effects and microbiological resistance. 
Microbiological assessment of sputum should be performed before 
therapy, including investigation for NTM. Macrolide monotherapy 
should be avoided if an NTM is identified. When evaluating for NTM 
infection, macrolides should not be used for 2 weeks before micro-
biological testing.
✓ Accurate assessment of baseline exacerbation rate should be deter-
mined before starting long-term macrolides for bronchiectasis.
✓ Liver function tests should be checked 1 month after starting 
treatment and then every 6 months. An ECG should be performed 1 
month after starting treatment to check for new QTc prolongation. If 
present, treatment should be stopped.
✓ Subsequent follow-up at 6 months and 12 months should deter-
mine whether benefit is being derived from therapy. If there is no 
benefit, treatment should be stopped.
✓ Even if benefit is seen, consideration should be given to stopping 
treatment for a period each year, for example, over the summer. Such 
a drug holiday may help with reducing the development of resistance 
while maintaining efficacy because the vicious cycle has been broken.
See quick reference guide in online supplementary file 1.

Research recommendations
Long-term studies of microbiological impact of prolonged macrolide 
therapy. Head-to-head comparison of different dose regimens for the 
same macrolide (eg, 250 mg three times a week of azithromycin vs 
500 mg three times a week). Head-to-head comparisons of different 
macrolides (eg, azithromycin vs erythromycin). Prolonged studies of 
benefit and risk beyond 12 months of use.

Studies assessing the effect of macrolides following reintro- 
duction of therapy after a break. Use of bronchiectasis specific QOL 
measures in macrolide trials.

Comparison of outcomes in patients with different baseline exa-
cerbation rates when treated with macrolides.  Comparison of out-
comes in patients with different baseline microbiological culture/
microbiome profiles when treated with macrolides.

Comparison of outcomes in patients with different baseline QOL 
scores when treated with macrolides. Comparison studies of long-
-term macrolides to other oral or inhaled prophylactic regimens.

Studies looking into the benefits of combined macrolide and 
inhaled antibiotic regimens.

SECTION 6: COPD
Introduction
COPD is a progressive, inflammatory disease of the airways, charac-
terised by ongoing development of non-reversible airflow limitation 
and acute episodes of exacerbation. Acute exacerbations are descri-
bed as episodes of acute worsening of respiratory symptoms that 
necessitate a change in regular medication.76 The natural disease cou-
rse, health-related QOL, hospital admissions and mortality associa-
ted with COPD are influenced by acute exacerbations.77 In addition, 

acute exacerbations of COPD (AECOPD) are estimated to account 
for between 50% and 75% of the total costs for COPD treatment.78 
Treatment interventions effective in preventing acute exacerbations 
are therefore of significant clinical benefit.

The mechanisms for COPD disease progression are complex and 
involve inflammatory and immune responses. Neutrophils, IL-17 
and IL-23 are considered to play an active role in disease progression 
while CD8-positive T cells, neutrophils and macrophages mediate 
chronic inflammatory responses.79 Acute exacerbations of COPD are 
postulated to be caused by bacteria or bacteria in combination with 
viral infection in up to 50% of cases.80 Macrolide antibiotics possess 
both anti-inflammatory and antibacterial effects and are therefore an 
important potential treatment strategy to prevent AECOPD.

The potential mechanisms of action and clinical implication of 
long-term macrolide antibiotic therapy in COPD have been described 
and reviewed in several studies.81 Table 7 summarises the potential 
effects of macrolides on disease modulators in COPD. evidence base

To confirm the hypothesis that macrolide antibiotics are an effec-
tive treatment strategy in COPD to prevent acute exacerbations and 
possibly modify disease progression, several studies have been con-
ducted yielding varied results. The evidence base for effectiveness of 
macrolide antibiotics in this context is compromised by the signi-
ficant heterogeneity in populations investigated, intervention (type, 
dose and duration of macrolide), definition of outcomes measured 
and lack of phenotyping COPD to identify subgroups most likely to 
respond.

Six meta-analyses were identified in addition to the published 
ERS/ATS Guideline on Prevention of COPD exacerbations.82

Nine RCTs were reviewed and included in the guideline. The 
COLUMBUS trial published in 201483 and the small RCT by 
Simpson et al84 were included in data analysis of one of the meta-
analysis and the ERS/ATS guideline.82 Table 8 illustrates the matrix of 
evidence reviewed, all RCTs and meta-analyses published since 2000 
with evidence included in meta-analysis.

Randomised trials excluded
The Cochrane review assessing prophylactic antibiotic therapy for 
COPD included in the pooled analysis the RCTs performed by Sethi and 
colleagues85 in 2010 (pulsed moxifloxacin 400 mg once a day for 5 days 
every 8 weeks) and Mygind and colleagues86 in 2010 (pulsed azithromy-
cin 500 mg 3 days a month for 36 months). The scope of this guideline 
does not include pulsed doses of quinolone antibiotics, and this study was 
not included in the data synthesis. Mygind’s (2010) unpublished confe-
rence abstract with limited access to data on randomisation, allocation 
and incomplete outcome data could not be included in analysis of the 
evidence due to the risk of bias. Shafuddin and colleagues published a 
three-armed RCT in 2015, comparing usual care, roxithromycin and 

Table 7 Potential effects of macrolides in COPD

Macrolide action Proposed mechanism of action in Copd

Antimicrobial u Direct antimicrobial action against bacteria commonly associated with 
exacerbations in COPD (Haemophilus influenzae, Moraxella catarrhalis, 
Streptococcus pneumoniae, Chlamydia pneumoniae and Mycoplasma pneumoniae)
u Indirect antimicrobial action through inhibition of bacterial quorum 
sensing

Reduce airway
inflammation

u Reduce adhesion molecule expression by epithelial and endothelial cells 
(ICAM-1, V-CAM-1)
u Modulates pro-inflammatory cytokine release (IL-1, IL-6, IL-8, TNF∞)
u Inhibits signalling pathways (AP-1 and NK-kB transcription factors)
u Influences Toll-like receptor expression and activity

Mucus production u Antibacterial action inhibits bacterial induced MUC5AC production
u Downregulates protein secretion and expression of MUC5AC mRNA
u Inhibits chloride secretion

Innate immunity u Macrophages: enhance phagocytosis and monocyte– macrophage 
differentiation and reduces metalloproteinase production
u Neutrophils: reduce chemotactic response, elastolytic activity and tissue 
accumulation. Inhibits superoxide anion production. Enhances superoxide 
dismutase activity

Adaptive immunity u Lymphocytes: inhibit pro-inflammatory cytokine production and increases 
apoptosis
u Dendritic cells: modulate pro-inflammatory cytokine production

Prokinetic in GI tract u Reduce gastro-oesophageal reflux and microaspiration leading to airway 
inflammation

This table 7 adapted from Blasi et al.81
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roxithromycin/doxycycline combination. Roxithromycin is not available 
in the UK, and this therefore prevents generalisability of the evidence, so 
on this basis, the study was excluded.87

Cohort studies
Several retrospective cohort studies were identified, with the largest 
two (Pomares et al and Yamaya et al) including a total number of 326 
patients.88 89 The quality of evidence in reporting exacerbations and 
QOL was deemed poor due to the risk of selection and attrition bias.

Included studies
Based on the aforementioned appraisal of evidence, the included stu-
dies for recommendations in this guideline were focused on RCTs 
and systematic reviews as demonstrated in the evidence matrix (table 
8). The RCTs demonstrated significant heterogeneity (in terms of 
intervention, population and outcomes), and therefore recomme 
dations are limited by uncertainty in the evidence base for a specified 
intervention. Table 9 demonstrates the trials with variation in detail.

Other recent guidance
GOLD 2019
In patients with COPD optimised with inhaled therapy who are still 
experiencing exacerbations, the best available evidence exists for the 
use of azithromycin, especially in those who are not current smokers. 
Consideration to the development of resistant organisms should be 
factored into decision-making.90

NICE 2018
Recommends after non-pharmacological and pharmacological opti-
misation to consider azithromycin (usually 250 mg three times a 
week) for people with COPD more prone to daily sputum production 
if they have stopped smoking and have more than four exacerbations 
per year, prolonged exacerbations or exacerbations resulting in hos-
pital admission.7

ERS/ATS recommendation
Patients with COPD with moderate to very severe airflow obstructio  
(post-bronchodilator FEV1/FVC <0.70 and an FEV1% predicted of 
<80%) and exacerbations despite optimal inhaled therapy, treatment 
with a macrolide antibiotic to prevent future exacerbations is sugges-
ted as a conditional recommendation.9

Cochrane systematic reviews
Prophylactic antibiotics for patients with COPD that included macro-
lide therapy found for every eight participants treated, one person 
would be prevented from suffering an exacerbation. Not all the anti-
biotic regimens had the same impact on exacerbations, with results 
suggesting that antibiotics. Prescribing off-label given at least three 
times per week may be more effective than pulsed antibiotic regi-
mens.10

Symptoms and QoL
Health status measurement is a standardised and objective means of 
quantifying the impact of disease on patients’ daily life, health and 
well-being. Health status questionnaires usually address emotional 
and psychological effects of the illness as well as the physical. The 
St George’s Respiratory Questionnaire (SGRQ) is validated to mea-
sure health impairment in patients with COPD. It is in two parts; 
Part 1 produces the Symptoms score, and Part 2 the Activity and 
Impacts scores, which results in a total score.91 92 Macrolide therapy 
(azithromycin) improved healthrelated QOL in four studies (1323 
patients) which used the SGRQ.83 84 93 94 There was significant hete-

rogeneity among the studies (I2=97.10%). The Berkhof et al study94 
assessed QOL in patients with COPD, chronic cough and at least 
one AECOPD in the previous year. Patients with COPD and chro-
nic cough is a heterogeneous group of patients, but from this single 
study, patients with more severe cough reported better QOL (LCQ) 
on macrolide treatment. Three other studies did not include LCQ in 
the diseasespecific impact on QOL and the impact of cough could 
therefore not be pooled and analysed for these studies.83 84 93 The poo-
led assessment for long-term azithromycin suggests its use impro-
ved QOL as measured by the SGRQ total score (MD=−2.12, 95% CI 
−3.44 to −0.79, p=0.002, I2=0%). Although statistically significant, 
the results did not meet clinical significant outcome of 4 units as 
minimum clinically important difference (MCID).95

Pooled analysis for the Albert et al 2011 and Uzun et al 2014 studies 
on QOL (SGRQ) in 491 patients on azithromycin and 498 patients on 
placebo demonstrated improved total scores (MD 2.18 lower, 95% CI 
1.53 lower to 2.82 lower), and in symptoms (MD 3.36 lower, 95% CI 
2.42 lower to 4.29 lower), activity (MD 1.82 lower, 95% CI 1.03 lower 
to 2.62 lower) and impacts (mean difference 2.04 lower, 95% CI 1.28 
lower to 2.81 lower).83 93 The Albert study had a significant 12-month 
dropout rate in both intervention (444 completed SGRQ at 12 months 
of 556 enrolled) and control (453 completed SGRQ at 12 months of 
555 enrolled patients) groups, and this may have affected the results.93

Banerjee reported improved health status (SGRQ) at 12 weeks 
on clarithromycin measured in total, symptom, and impact scores.96 
Erythromycin 125 mg once daily for 6 months did not demonstrate 
significant changes in quality of life (SGRQ) at 3 and 6 months.9z 

Exacerbations 
Nine RCTs were identified that reported the effect of long-term 
macrolide antibiotics on AECOPD. The study entry criteria varied 
in terms of the number of exacerbations in patients in the year prior 
to the trial, the severity of COPD and the definition of the severity of 
an acute exacerbation. 

Variations
The COLUMBUS trial83 enrolled patients with at least three exa-
cerbations in the year prior to entering the trial, Blasi et al98 repor-
ted the number of exacerbations in patients the year before entering 
the trial as 3.1 (±0.9) and 3.0 (±1.1) in the control and intervention 
arm, respectively. The largest RCT (Albert et al 2011) included in 
the entry criteria at least one acute exacerbation in the year prior to 
trial entry.93 The remainder of studies did not define number of exa-
cerbations prior to entering the trial in the inclusion criteria. There 
was significant variation in severity of disease of patients enrolled in 
trials, including reporting of severity of disease and airflow limitation 
measurements reported as the mean FEV1 measured in litres or as 
percentage predicted. Albert et al described severity (GOLD crite-
ria99) of patients in the intervention/control arm as follows: GOLD 
2 (26%/26%), GOLD 3 (40%/40%) and GOLD 4 (34%/33%).93 Uzun 
et al included patients as follows: GOLD 1 (4/7%), GOLD 2 (30/27%), 
GOLD 3 (38/40%) and GOLD 4 (28/22%).83

The use of concomitant medication to treat COPD varied in the trials 
and appears to correlate with published guidelines at the time of trial 
recruitment (eg, NICE and GOLD guidelines).99 100 Treatment recom-
mended during the studies included sustained release theophylline, 
inhaled corticosteroids, inhaled anticholinergic and beta adrenergic 
agents. The studies included in the data synthesis used 14-membered and 
15-membered-ring compound macrolide antibiotics. Five studies used 
azithromycin in doses that varied from 750 mg to 1750 mg a week,83 84 
93 94 98 erythromycin in two studies (1400–3500 mg per week)97 101 and 
one study used clarithromycin 3500 mg per week.96

Table 8  Matrix of evidence analysed for COPD

RCT →
Meta-analysis ↓ Albert et al93 He et al97 Blasi et al98 Seemungal et al101 Banerjee et al96 Suzuki et al102 Uzun et al83 Simpson et al84 Berkhof et al94

Donath et al225 ● ● ● ● ● ●

Herath and Poole226 ● ● ● ● ● ●

Simoens et al227 ● ● ● ● ● ●

Yao et al228 ● ● ● ● ● ●

Lee et al229 ● ● ● ● ●

Ni et al100 ● ● ● ● ● ● ● ● ●

Wedzicha et al82 ● ● ● ●
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Table 9  Summary of COPD trials

Country
conducted

Population
Mean age: intervention/control
Copd intervention/control
Required an exacerbation in year before Intervention

Follow-up on
treatment

Patients
intervention
control Primary outcome

Albert et al93 USA Mean age: 65/66
COPD FEV1%: 39/40
Yes—at least one exacerbation

Azithromycin 250 mg a day 12 months 558/559 Time to first exacerbation

He et al97 China Mean age: 68.8/69.3
COPD FEV1%: 44.3/42.1
No

Erythromycin 150 mg three 
times a day

6 months 18/18 Exacerbations airway
inflammation

Seemungal et al230 UK Mean age: 66.5/67.8
COPD FEV1%: 49.3/50.6
No

Erythromycin (stearate tablets)
250 mg bd

12 months 53/56 Exacerbations airway
inflammation

Suzuki et al102 Japan Mean age: 69.1/71.7
COPD FEV1 L/s: 1.47/1.30
No

Erythromycin (ethylsuccinate
tablets) 200–400 mg a day

12 months 55/54 Frequency of common cold
and exacerbations

Uzun et al83 Netherlands Mean age: 64.7/64.9
COPD FEV1%: 44.2/45
Yes—three or more exacerbations

Azithromycin 500 mg three
times a week

12 months 47/45 Rate of exacerbations

Exacerbation rate and number of exacerbations 
Seven randomised control studies involving 1614 patients reported 
the number of acute exacerbations during the period of interven-
tion.83 93 94 96 97 101 102 Long-term macrolide therapy was shown in a meta-
-analysis to significantly reduce acute exacerbations in the intervention 
group when compared with the comparison group (RR=0.7, 95% CI 
0.56 to 0.87, p<0.01, I2=66.43%).100 The Suzuki et al 2001 trial was 
non-blinded and in appraisal of the study methodology, this raised 
concerns for bias.102 Analysis of the remaining six studies continued to 
show benefit for macrolide therapy over placebo, with a 20% relative 
risk reduction of AECOPD (RR=0.8, 95% CI 0.72 to 0.88, p<0.01).

Eight RCTs reported the rate of exacerbation per patient per 
year in a total of 1582 patients.83 84 93 96–98 101 102 The long-term macro-
lide group had a significant reduction in the rate of exacerbations 
(RR=0.58, 95% CI 0.43 to 0.78, p<0.01, I2=67.8%). The recent pub-
lished ERS/ATS guideline pooled data for studies that included 
treatment for 12 months and excluded the Suzuki trial102 (due to risk 
of bias, non-blinded study as described above) and demonstrated a 
reduced rate of AECOPD (RR=0.76, 95% CI 0.68 to 0.86).82

Data analysis demonstrated no significant difference in exacerba-
tion rates at 3 months; it is recognised that these studies were likely 
underpowered to demonstrate effect size. Banerjee et al reported the 
effects of clarithromycin for 3 months in 67 patients (RR=3.27, 95% 
CI 0.53 to 20.18, p=0.2)96 and Simpson et al on 30 patients with 
azithromycin for 12 weeks (RR=0.38, 95% CI 0.14 to 1.05, p=0.06).84 
The number of exacerbations at 3 months of treatment did not 
demonstrate significant variation, as reported by Berkhof et al, with 
azithromycin in 84 patients (RR=0.46, 95% CI 0.18 to 1.18, p=0.11).94 
In contrast, studies reporting exacerbation rates at 6–12 months83 93,98 
in pooled assessment with azithromycin (1231 patients) demonstra-
ted significant reduction (RR=0.59, 95% CI 0.37 to 0.93, p=0.02) and 
with erythromycin (254 patients) for 6–12 months97 101 102 a similar 
effect (RR=0.53, 95% CI 0.43 to 0.83, p=0.01). 

Onset of first exacerbation
Macrolide therapy significantly delayed onset of first exacerbation. 
Pooled data of patients on macrolide antibiotics for 12 months demons-
trates a mean 81-day delay in first AECOPD (95% CI 53.3 to 109.8 days 
longer)82 and the study by Seemungal et al in 109 patients with ery-
thromycin for 12 months demonstrated a mean 182 days delay in first 
AECOPD (p=0.02).101 Daily use of azithromycin long term (12 mon-
ths) was demonstrated in Albert et al (1117 patients) to significantly 
reduce exacerbation rate (RR=0.83, 95% CI 0.72 to 0.95, p=0.01).93 

Two studies adopted intermittent dosing regimens (see table 
9, Uzun et al83 and Blasi et al98) for azithromycin over 6–12 mon-
ths involving 114 patients demonstrated reduced exacerbation rates 
(RR=0.41, 95% CI 0.18 to 0.96, p=0.04).83 98 Using the intermittent 
dosing regimen with azithromycin over 12 months rather than 6 
months, as reported by Uzun et al, appeared to be more effective to 
reduce exacerbation rate (RR=0.58, 95% CI 0.42 to 0.80, p<0.01).83

Subgroups
Han et al published subgroup analysis of the largest RCT (1117 
patients) using azithromycin 250 mg a day for 12 months.103 There 

was no convincing evidence that treatment efficacy was affected by 
sex, presence of chronic bronchitis, use of oxygen therapy or conco-
mitant COPD therapy. Long-term azithromycin therapy was found 
to be more effective in older patients (>65 years, relative hazard 0.59, 
95% CI 0.57 to 0.74, p<0.01) and in patients who stopped smoking 
(ex-smoker relative hazard 0.65, 95% CI 0.55 to 0.77; smokers relative 
hazard 0.99, 95% CI 0.71 to 1.38; p value for interaction=0.03).

Severity of exacerbations on macrolide therapy
The impact of long-term macrolide therapy on the severity of exa-
cerbations was not reported in many studies. Seemungal et al showed 
that macrolide use was associated with a lower median number of 
exacerbation days.101 The macrolide group reported median exa-
cerbation days of 9 with IQR 6–13 days, and the placebo group had 
median of 13 exacerbation days with IQR 6–24 days (p=0.036).101 
There is insufficient evidence to conclude what the impact on severity 
of AECOPD is in patients on long-term macrolide therapy.

Hospitalisation for aeCopd
Five studies involving 1424 patients reported on the number of 
hospitalisations due to acute exacerbations of COPD as secondary 
outcomes.83 93 94 98 101 Pooled data, as reported by Ni et al, did not 
demonstrate a significant reduction in hospital admissions in patients 
with AECOPD on macrolide therapy in comparison with the control 
group (RR 0.89, 95% CI 0.64 to 1.24, p=0.50).100 Albert et al found a 
non-significant trend towards reduction in the rate of hospital admis-
sions using macrolides,93 whereas Uzun and colleagues found no sig-
nificant delay in time to first hospitalisation in patients on long-term 
macrolide therapy.83

The published evidence does not support the use of long-term 
macrolides in patients with COPD to reduce severity of exacerbations 
or requirement for hospitalisation due to exacerbation. The studies 
were underpowered and definition of severity of exacerbations not 
comparable with pool data.

Lung function tests and disease progression
The natural history of COPD is characterised by progressive airflow 
limitation and historically, FEV1 decline has been considered the sin-
gle most important marker of disease progression.104 However, data 
obtained in two different retrospective cohorts have shown that FEV1 
decline is not invariably progressive and FEV1 is only weakly correla-
ted with patient-related outcomes.105 106

Randomised trials assessing the impact of long-term macrolide 
treatment in COPD have not reported on disease progression as a 
secondary outcome. Rate of decline in FEV1 as single measure is not 
accurate in the measurement of disease progression, or in assessing 
the effect of therapeutic interventions in altering the progression of 
the disease process.107

Lung function was reported in four studies. Pooled analysis was 
not possible due to the varied ways in which results were reported. 
Banerjee et al reported no difference in the intervention and placebo 
groups after 12 weeks of clarithromycin in spirometry measurements 
or shuttle walk distance.96 Simpson et al reported no difference in 
FEV1 reported as percentage predicted with 12 weeks of azithromy-
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cin 250 mg a day (30 patients, 15 in each arm).84 No difference in 
FEV1 after 12 months’ treatment with erythromycinstudy was with-
drawn due to 250 mg or placebo was demonstrated by Seemungal 
and colleagues in patients with COPD.101 No significant changes 
were shown between groups in post-bronchodilator FVC, FEV1 or 
6 min walk test in patients on azithromycin 500 mg three times a 
week after 12 months83 There is no evidence that long-term macrolide 
therapy results
in improvements, or lessened decline, of lung function parameters in 
patients with COPD.

Safety and adverse events
Long-term treatment with macrolides has been associated with seve-
ral adverse effects.108 The most common side effects relate to the gas-
trointestinal tract by stimulating gastrointestinal motility through 
motilin-like activity. Symptoms including anorexia, nausea, vomiting, 
diarrhoea and abdominal pain were reported in patients with COPD 
in the studies reviewed. Cessation of treatment due to gastrointesti-
nal side effects were reported in the studies published by Banerjee 
et al, Suzuki et al, Seemungal et al, He et al and Blasi et al.96–98 101 102 

Uzun published sideeffect profiles, indicating that diarrhoea was the 
only event that was higher statistically significantly more frequent in 
the azithromycin group compared with placebo.83 Albert et al repor-
ted hearing impairment in 142 (25%) patients with COPD treated 
with azithromycin 250 mg a day and in 110 (20%) patients receiving 
placebo (p=0.04).93 A small, but significant difference was seen at 
3-month review in audiology measurements (in all four sound fre-
quencies) in the treatment arm.93 

Repeat audiology testing demonstrated improvement regardless 
if azithromycin was stopped or not. The authors postulate too strin-
gent criteria for measurable deficit and over reporting of hearing 
impairment as explanation. None of the other studies reported on 
hearing impairment as an outcome. Erythromycin and clarithromy-
cin are both associated with ototoxicity that includes vertigo, hearing 
loss, deafness and tinnitus.109 A single patient receiving long-term 
erythromycin in the Seemungal et al study was withdrawn due to 
significant tinnitus.101

The recognised side-effect profile associated with macrolide 
therapy includes allergic reactions, skin eruptions, hepatotoxicity, 
cardiac arrhythmias and QTc prolongation.110–112 These side effects 
were not reported as adverse events in the studies reviewed based 
on the trial protocols and exclusion criteria (designed to exclude 
high-risk patients specifically with regards to cardiac toxicity). Three 
studies including 212 patients reported four cardiovascular events in 
the treatment arm and two in the control arm (p=0.43).83 94 97 Albert 
and colleagues reported the death rate due to cardiovascular events 
in both the azithromycin and placebo arm as 0.2%.

Pooled analysis of all nine RCTs reviewed demonstrated higher 
adverse events reported in the intervention group, with gastrointes-
tinal side effects the most commonly reported (OR 1.55, 95% CI 1.00 
to 2.39, p=0.05)84 93 94 96–98 101 102 Albert and colleagues reported only 
11/558 patients in the treatment arm on azithromycin that had to stop 
the treatment due to GI side effects and 6/559 patients in the control 
group stopped placebo for the same reason.93

Antimicrobial resistance
Macrolide antibiotics have direct antibacterial activity against Gram-
positive, Gram-negative and atypical bacteria such as Legionella spp, 
Mycoplasma and Chlamydia spp. Macrolides inhibit RNA-dependent 
protein synthesis by reversibly binding to the P-site on the 50S subunit 
of bacterial ribosomes and inhibit transpeptidation or translocation 
of nascent peptides.81 The severity and rate of AECOPD have been 
linked to both C. pneumoniae and Haemophilus influenzae.113–117 The 
antimicrobial activity of macrolide antibiotics with possible reduction 
in bacterial load may explain in part the effect on exacerbation rate
seen in clinical trials in patients with COPD. The acquisition of 
macrolide resistance with long-term low-dose use of macrolide 
antibiotics remain uncertain in patients with COPD. Seven studies 
monitored and reported on macrolide antibiotic susceptibility chan-
ges during treatment period.83 93 94 96–98 101

Albert et al found only 15% of patients could expectorate sputum 
after a 3-month period on macrolide therapy.93 Investigators used spu-
tum in patients who could expectorate and nasopharyngeal swabs to 
report on colonisation and resistance. This study subsequently reported 
Staphylococcus aureus as the most common organism isolated (treat-

ments group 60 (10.7%) vs placebo group 71 (12.7%)) likely due to 
nasopharyngeal sampling. Moraxella spp and S. pneumoniae were both 
isolated and did not show significant difference between treatment and 
placebo arms in the study. During the 12-month study period, signi-
ficantly more patients in the placebo group became colonised (172 
patients) versus 66 patients in the treatment arm on azithromycin 250 
mg a day (p<0.001). Newly colonised patients in the treatment group 
demonstrated significantly higher resistance to macrolide antibiotics 
81% compared with 41% in the placebo group (p<0.001).

Seemungal et al reported in 109 patients receiving erythromycin 
250 mg twice a day over a 12-month period that only one patient 
developed resistance to S. pneumoniae. H. influenzae was isolated in 
22 of the 109 patients; all of the isolates were found to be resistant to 
erythromycin.101 At baseline, Uzun et al obtained 22 sputum samples 
in the treatment group and 20 sputum samples in the placebo group. 
After a 12-month study period, 51 sputum samples in the treatment 
group and 57 sputum samples in the placebo group were analysed. 
This study also reported fewer new colonised patients in the treat-
ment arm, 4 patients versus 12 patients (p=0.044). Macrolide resis-
tance was reported in 6% (3 patients) receiving azithromycin 500 mg 
three times a week and in 24% (11 patients) receiving placebo for the 
12-month period (p=0.036).83

Banerjee et al and He et al did not observe significant differences 
in colonisation rate or resistance to macrolide antibiotics, but these 
studies were shorter in duration, 3 and 6 months, respectively.96 97

In a single-centre, single-blind randomised placebo controlled 
trial, Brill et al demonstrated, after 3 months of azithromycin 250 mg 
three times a week, no difference in airway inflammation or bacte-
rial load (0.42log10cfu/mL) in sputum when compared with placebo 
(0.08 CI 0.38 to 0.54).11

Mortality
In studies where mortality was specifically reported, no significant 
difference was observed between the control and macrolide groups 
(RR=0.9, 95% CI 0.48 to 1.69).83 93 102

It should be noted that the included studies all report mortality 
as secondary outcome measure, and longer-term potential impact 
on mortality (through for example reduced exacerbations) may not 
manifest in the 12-month follow-up period which was typical for 
these studies.106 119 120 There is therefore insufficient evidence to indi-
cate a reduction in mortality with the use of long-term macrolides, 
but no evidence of increased mortality in relation to treatment. 

Outcome weighting 
The guideline group identified rate of AECOPD, time to first exacer-
bation, hospitalisation, serious adverse events and mortality as criti-
cal outcomes. Important outcomes identified include QOL, disease 
progression, lung function tests, airway inflammation and acquisition 
of macrolide resistance. 

Evidence summary
Long-term macrolide treatment showed statistically significant 
improvement in QOL in patients with COPD as measured by SGRQ, 
but this does not reach the MCID—4 unit change. (Moderate)

Long-term macrolide antibiotics are effective in reducing the 
acute exacerbation rate in patients with COPD with high exacerba-
tion rates (ie, more than three exacerbations per year, prolonged exa-
cerbations or exacerbations resulting in hospitalisation). (Moderate)

Treatment courses of 12 months demonstrated the biggest effect 
size in reduction of exacerbation rate. (Low) The number of hospita-
lisations was not significantly reduced in patients receiving long-term 
macrolide therapy. (Moderate) No significant mortality benefit has 
been shown in 12-month follow-up studies using macrolide therapy, 
and there is insufficient evidence to demonstrate the effect of long-term 
macrolide therapy on the mortality in patients with COPD. (Low) 

There is no evidence to suggest that long-term macrolide the-
rapy impacts on disease progression or spirometry measurements 
and exercise capacity measurements. (Low) Insufficient evidence is 
available on airway colonisation and acquisition of macrolide resis-
tance in patients with COPD receiving long-term, low-dose macro-
lide therapy. (Moderate)

Recommendations
u  Long-term macrolide therapy could be considered for patients 
with COPD with more than three acute exacerbations requiring ste-
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roid therapy and at least one exacerbation requiring hospital admis-
sion per year to reduce exacerbation rate. (Conditional)
u  Long-term macrolide therapy could be considered for a minimum 
of 6 months and up to 12 months to assess the impact on exacerbation 
rate. (Conditional)

Good practice points
✓ Non-pharmacological and pharmacological therapies should be 
optimised prior to considering long-term macrolide therapy. This 
includes smoking cessation, optimised inhaler technique, optimised 
self-management care plan, airway clearance techniques and atten-
dance at pulmonary rehabilitation courses.
✓ Macrolides should only be started following discussion and shared 
decision-making between the patient and a respiratory specialist.
✓ For safety purposes, an ECG should be performed prior to initia-
tion of macrolide therapy to assess QTc interval. If QTc is >450 ms for 
men and >470 ms for women, this is considered a contraindication 
to initiating macrolide therapy. Baseline liver function tests should 
also be measured. 
✓ Patients should be counselled about potential adverse effects before 
starting therapy including gastrointestinal upset, hearing and balance 
disturbance, cardiac effects and microbiological resistance.
✓ Microbiological assessment of sputum should be performed before 
therapy, including investigation for NTM. Macrolide monotherapy 
should be avoided if an NTM is identified. Repeat assessments are 
recommended with clinical decline or during exacerbations to moni-
tor resistance patterns.
✓ Accurate assessment of baseline exacerbation rate should be deter-
mined before starting long-term macrolides for patients with COPD 
and a CT scan should be considered to exclude a possible diagnosis 
of bronchiectasis.
✓ A risk:benefit profile should be considered in each individual if sig-
nificant side effects from oral macrolide therapy develop. If gastroin-
testinal side effects occur at the higher dose of azithromycin (500 mg 
thrice weekly), a dose reduction to azithromycin 250 mg thrice weekly 
could be considered if macrolide therapy has been of clinical benefit.
✓ Liver function tests should be checked 1 month after starting tre-
atment and then every 6 months. An ECG should be performed 1 
month after starting treatment to check for new QTc prolongation. If 
present, treatment should be stopped.
✓ Subsequent follow-up at 6 and 12 months should determine wh 
ther benefit is being derived from therapy by using objective mea-
sures such as the exacerbation rate, CAT score or QOL as measured 
by a validated assessment tool such as SGRQ. If there is no benefit, 
treatment should be stopped.
✓ It is not necessary to stop prophylactic azithromycin during an 
acute exacerbation of COPD unless another antibiotic with potential 
to affect the QT interval has also been prescribed. 
See quick reference guide in online supplementary file 1.

Research recommendations
Long-term (>12 months) follow-up trials to evaluate impact of long-
-term macrolide therapy on mortality, antimicrobial resistance, lon-
g-term potential cardiac toxicity and disease progression.

Studies to evaluate the impact of short-term breaks in chronic 
therapy with long-term macrolide antibiotics are needed. Studies 
phenotyping COPD in large trials where subgroup analysis can 
potentially identify groups of patients with COPD who will benefit 
most from long-term macrolide therapy.

Trials investigating head to head the benefits and adverse effects 
of oral agents that reduce acute exacerbations in patients with COPD 
(long-term, low-dose macrolides, carbocysteine, roflumilast).

SECTION 7: BRONCHIOLITIS OBLITERANS (INCLUDING POST 
TRANSPLANTATION)
Introduction
Bronchiolitis obliterans is a condition characterised by subepithe-
lial inflammatory and fibrotic narrowing of small airways within 
the lung. It occurs following a variety of insults to the lung such as 
infections or inhaled toxins. It also occurs in the context of systemic 
diseases such as rheumatoid arthritis and other connective tissue 
diseases. It can occur as a complication of transplantation of lung or 
haematopoietic stem cells (HSCT).

The histological correlate is obliterative bronchiolitis or constric-
tive bronchiolitis.121

In the context of lung transplantation, bronchiolitis obliterans 
causing lung function impairment without histological confirmation 
has been called bronchiolitis obliterans syndrome (BOS). A standard 
definition of BOS was first developed in 1993122 based on changes in 
FEV1 following transplantation. The definition has undergone sub-
sequent revisions in 2002123 and in 2014124 when the over-arching 
term of chronic lung allograft dysfunction (CLAD) with subdivi-
sions of restrictive CLAD (restrictive allograft syndrome, RAS) and 
obstructive CLAD (BOS) were proposed. BOS is common after lung 
transplantation occurring in over 50% of those surviving more than 
5 years. It is less common after HSCT, between 2% and 14% in the 
first 5 years post transplant. Long-term macrolides have been used 
both to prevent BOS and to treat BOS when it occurs. Several obser-
vational studies have noted a positive response to azithromycin in 
a proportion of patients with BOS following lung transplantation, 
especially those with neutrophilic bronchoalveolar lavage results. 
This has been labelled neutrophilic reversible allograph dysfunction 
or azithromycin responsive allograph dysfunction distinguishing it 
from the non-reversible CLAD.

Evidence base
There is a significant body of literature relating to bronchiolitis oblite-
rans occurring in the context of lung or HSCT. In the lung transplan-
tation field, the majority of published studies are case series. There 
is marked variation between studies in patient groups, concomitant 
immunosuppressive regimens, choice of macrolide and dosing regi-
mens, and choice of outcome measures making meaningful syste-
matic analysis of the data impossible. In patients with bronchiolitis 
obliterans complicating HSCT, there are fewer studies, predomi-
nantly case series, also with a high degree of variation in populations, 
background immunosuppressive regimens, macrolide interventions 
(often in conjunction with other novel therapeutic agents) and out-
come measures precluding meaningful systematic analysis.

Macrolides in BoS/CLad following lung transplantation  
An International Society for Heart and Lung Transplantation/
American Thoracic Society (ATS)/European Respiratory Society 
(ERS) clinical practice guideline on the diagnosis and management 
of BOS was published in 2014 following the GRADE approach to 
develop specific clinical recommendations including the use of azi-
thromycin.124 This guideline identified 10 studies (one observational 
study and nine case series) that described the effects of azithromycin 
on the lung function of lung transplant patients with BOS. It also 
identified two observational studies that described the effect of azi-
thromycin on mortality in lung transplant patients with BOS. The 
guideline recommended a trial of azithromycin (250 mg orally daily 
for 5 days and then thrice weekly for a minimum of 3 months) for 
lung transplant recipients who developed a decline in FEV1 consistent 
with the onset of BOS. The recommendation was conditional.

There have been two RCTs investigating the role of macrolides 
in BOS following lung transplantation. Vos et al examined the effect 
of azithromycin versus placebo for the prevention of BOS following 
lung transplantation.125 Corris et al studied the effect of azithromy-
cin versus placebo in the treatment of patients who developed BOS 
following lung transplantation.126

In the Vos et al single-centre paper, patients who had undergone 
lung transplantation were randomised to receive either azithromycin, 
250mg three times a week (40 patients) or placebo (43 patients) for 2 
years in a fully blinded study. Primary end points were freedom from 
BOS and survival at 2 years. If patients developed BOS on placebo, 
they were switched to open-label ‘rescue’ treatment with azithromycin. 
Patients receiving prophylactic azithromycin were less likely to develop 
BOS than those on placebo (12.5% vs 44.2%, p=0.0017). Overall sur-
vival was comparable between groups.125 This group of investigators 
have subsequently published a post hoc analysis of the same patients 
who were treated for a further year applying the newer CLAD classi-
fication system over an extended 7-year period of observation.127 The 
treated patients were less likely to develop CLAD at any stage com-
pared with the placebo patients (28% vs 51%, p=0.043). There were 
also benefits in CLAD-free survival, long-term pulmonary function 
and functional exercise capacity, but graft loss (re-transplantation and 
mortality) was similar in both groups (53% vs 40%, p=0.27).127 In the 
Corris et al paper, 46 patients with BOS following lung transplantation 
were randomised to receive either azithromycin, 250 mg on alternate 
days (23 patients) or placebo (23 patients) over a 12-week study period 
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in double-blind fashion. The primary end point was change in FEV1 
at 12 weeks. Patients who had a rapid and severe deterioration in lung 
function were withdrawn from the study and received open-labelled 
azithromycin. On an intention-totreat (ITT) analysis, there was no sig-
nificant difference between treatments in the primary outcome (0.035 
L, p=0.6). For study completers (16 azithromycin and 17 placebo), there 
was a significant difference of 0.278 L (p≤0.001). In addition, 9/23 ITT 
patients in the azithromycin group had a ≥10% gain in FEV1 from base-
line while no patient in the placebo group had ≥10% gain in FEV1 while 
on placebo (p=0.002).126 This latter observation, previously noted in 
other studies,128 suggests a subgroup of BOS patients who exhibit a res-
ponse to azithromycin and is one of the drivers for recommending the 
re-classification of CLAD following lung transplantation noted above.

Evidence summary
The evidence for macrolides in BOS following lung transplantation 
covers both prophylactic use to prevent BOS and treatment following 
the occurrence of BOS. In both areas, there are single RCTs and a num-
ber of case series. The overall quality of the evidence is at best modest; 
however, BOS is a devastating complication of lung transplantation, so 
any intervention that offers the chance of prevention, reversal or stabi-
lisation is welcome. Longterm macrolide use is a low-risk intervention. 
On this basis, we can make two recommendations. (Low)

Recommendations
u Low-dose, long-term azithromycin (250 mg thrice weekly) could 
be considered to prevent the occurrence of BOS post lung transplan-
tation. (Conditional)
u Low-dose azithromycin (250 mg alternate days for a trial period of 
3 months) could be considered to treat BOS occurring in lung trans-
plant recipients. (Conditional) macrolides in BoS following hSCT 
There are a number of case series and one RCT examining the role 
of macrolides (sometimes in combination with other emerging the-
rapies) in BOS following HSCT. Khalid et al reported prospectively 
from Saudi Arabia on a series of eight HSCT patients with BOS diag-
nosed on the basis of lung function and high-resolution CT scanning 
who were treated with azithromycin for 12 weeks. All patients showed 
improvement in FEV1 and all but one in FVC following treatment.

The changes were statistically (FEV1, p=0.0052; FVC, p=0.0067) 
and clinically (FEV1 21.6%, FVC 20.6%) significant.129 Norman et al 
described a retrospective, single-centre series of eight HSCT patients 
in North America with newly diagnosed BOS who were treated with a 
combination of fluticasone (inhaled), azithromycin and montelukast 
(the FAM regime) in addition to a more rapid taper in systemic cor-
ticosteroids than was normal practice. The intention was to reduce 
systemic corticosteroid exposure in these patients. Comparison with 
historical controls (HSCT patients with BOS treated with much 
higher overall doses of systemic steroids) suggested equivalent effi-
cacy in maintaining lung function.130 Jo et al from South Korea, in a 
retrospective study, described the effect of prophylactic azithromycin 
in reducing the incidence of BOS in a series of 100 HSCT patients 
compared with over 1000 similar patients who did not receive pro-
phylactic azithromycin. The incidence of BOS in those who received 
azithromycin was 12% compared with 6.4% in those who did not. 
Subsequent multivariate analysis did not suggest that prophylactic 
azithromycin was associated with the development of BOS.131 

In a multicentre open-labelled prospective study, Williams et al 
examined the effect of the FAM regimen on new-onset BOS in HSCT 
patients. The primary end point was treatment failure by 3 months 
defined as an absolute decline in % predicted FEV1 of > or =10%. 
Thirty-six patients from 10 centres were studied. Two patients (6%) 
had treatment failure compared with 40% of historical controls.132 
The single-centre RCT from Lam et al in Honk Kong compared the 
effect of 12 weeks’ treatment with daily azithromycin, 250 mg, com-
pared with placebo in 22 HSCT patients with BOS. Primary outcomes 
were changes in QOL (SGRQ) and lung function (FEV1, FVC and 
FEF 25–75) measured monthly and 1 month after completion of tre-
atment. The authors reported no change in lung function or SGRQ 
although the QOL data were analysed in an unusual fashion.133

Evidence summary
The literature for macrolides in BOS following HSCT is limited. 
There is only one RCT which has significant methodological limita-
tions. The majority of case series are small and half are retrospective. 
There are differing diagnostic criteria for BOS and in some studies 

multiple drugs including azithromycin are used. Several authors com-
ment on the difficulty of performing studies in this patient group 
where the condition is a rare complication of HSCT (making it diffi-
cult to gather high patient numbers) with devastating consequences 
(making it difficult to justify and recruit to a placebo limb). This 
situation is discussed in detail in an editorial.134 There is insufficient 
evidence for us to make a recommendation.

Macrolides for other causes of bronchiolitis obliterans
There are no published studies looking at macrolide treatment for 
other causes of bronchiolitis obliterans. There is a single case report 
of bronchiolitis obliterans following dust exposure on 9/11 with res-
ponse to azithromycin135 and one recent review article suggested a 
possible role for macrolides in the treatment of bronchiolitis oblite-
rans associated with rheumatoid arthritis.136

SECTION 8: THE USE OF MACROLIDES FOR OTHER
RESPIRATORY CONDITIONS
Cough
Chronic cough, defined as a cough lasting more than 8 weeks,137 is 
a very common symptom, with an estimated prevalence in total of 
9.6% of the population, with variations according to geographical 
area from as high as 12.7% in Europe to 4.4% in Asia.138 It has been 
reported as the the most common symptom for which patients seek 
medical attention.139 It occurs most commonly in women in the fifth 
and sixth decades of life, and has been associated with significant 
impacts on physical and psychological health.140 141 The most com-
mon causes of chronic cough remain cough variant asthma, postnasal 
drip and gastrooesophageal reflux disease, with around 40% remai-
ning of ‘unknown cause’ after investigation.141

When an underlying cause of chronic cough is not identified, 
or when cough is resistant to prolonged treatment of the underlying 
cause, a number of treatments have been assessed to attempt to reduce 
cough frequency, reduce symptoms and improve QOL. These include 
randomised trials demonstrating the utility of lowdose opioids142 and 
gabapentin.143 Amitriptyline has been trialled (non-randomised) in 
cough with some success.144

Macrolides have been used in an attempt to reduce the symptoms 
or frequency of chronic cough. The rationale for their potential use in 
chronic cough includes impact on neutrophilic airways inflammation 
which is raised in some patients with chronic cough,145 and has been 
shown to be decreased with use of macrolides,34 101 and the potential 
anti-inflammatory effects of macrolides, independent of their anti-
microbial actions.146

Evidence base
Included studies 
The search strategy revealed a total of 10 papers, which included two 
randomised trials, three review articles, three retrospective studies on 
sino-bronchial syndrome in far eastern populations, one validation 
study of a cough tool and one animal study.

Only the two, blinded placebo controlled randomised studies 
(Yousaf et al 2010 and Hodgson et al 2016)147 148 were included in 
the formulation of this guideline, with other studies rejected on the 
basis of being out of scope (sino-bronchial syndrome only, validation 
study, animal study) or irrelevant to the PICO question.

Outcomes and interventions
The outcomes assessed in the two randomised trials were varied, 
and heterogeneity in the outcomes (and interventions) meant that 
any form of meaningful data synthesis was not possible. Outcomes 
included number of coughs/24 hours, change in the LCQ, dose of 
capsaicin challenge to cause two coughs (C2) or five coughs (C5), 
Visual Analogue Score 100 mm for cough, number of colonyforming 
units in sputum for microbiology and cough severity.

Yousaf et al assessed the effect of erythromycin 250 mg once daily 
for 12 weeks on the primary outcome (log change in 24 hours cough 
frequency from baseline) in 30 patients,147 while Hodgson et al 
assessed the effect of 250 mg azithromycin thrice weekly for 8 weeks 
on LCQ score (primary) in 44 patients.148

Evidence summary
Yousaf et al demonstrated no significant difference in cough fre-
quency between the intervention and placebo groups (mean dif-
ference in log change of cough frequency 1.1, 95% CI 0.7 to 1.5, 
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p=0.59), despite a significant change in the sputum neutrophil count 
at 12 weeks, although at other time points no difference was found.147

Hodgson et al demonstrated no significant difference between 
placebo and intervention in LCQ, nor for any secondary outcome 
measurements. A subgroup analysis was conducted (post hoc), 
identifying a subgroup of responders to azithromycin therapy (ie, 
those with a concomitant diagnosis of asthma, mean LCQ improve-
ment compared with placebo 5.77; 95% CI 2.75 to 8.79). However, 
given the small size of this group (18 patients in total) and post hoc 
nature of the subgroup, it is highly likely that this analysis suffers 
with bias.148

Side effects and adverse events
Side-effect profiles were published in both trials; Yousaf et al repor-
ted two patient withdrawals on erythromycin 250 mg per day for 12 
weeks, one of whom reported dizziness which resolved.147 Hodgson 
et al reported one withdrawal on azithromycin due to GI side effects. 
In the study as a whole, there were no statistically significant diffe-
rences in side effects between intervention and control group (eight 
patients with GI side effects in the intervention group vs five in the 
placebo group).148

Evidence statements
Long-term macrolide antibiotics are ineffective in improving any 
outcomes in chronic cough, accepting that only two small RCTs have 
been conducted (totalling only 72 patients). These outcomes include 
those proven to be of importance in chronic cough such as the LCQ, 
number of coughs and 100 mm VAS for cough. (Low)

Recommendations
u Long-term macrolide antibiotics should not be used to manage 
patients with unexplained chronic cough. (Conditional)

Research recommendation 
High-quality, adequately powered randomised trials are needed to assess 
the effect of macrolides on outcomes of importance in chronic cough.

Organising pneumonia
Organising pneumonia (OP) is a clinicopathological syndrome asso-
ciated with characteristic patterns on lung imaging and biopsy which 
represents an aberrant healing response to injury within the small 
airways and alveolar spaces. CT scanning typically shows patchy con-
solidation with air bronchograms, typically in subpleural locations, 
which may appear migratory on serial imaging. Ground glass change, 
reversed halo (atoll) sign, reticulation or nodules may also be seen. 
Histological features of OP include fibroblasts and inflammatory 
cells embedded in extracellular matrix within the small airways and 
alveoli, often forming polypoid masses known as Masson bodies. OP 
can occur in a variety of conditions including infection, connective 
tissue disease, malignancy, following radiotherapy, drug reactions 
and immunodeficiency. If no cause can be found on exhaustive tes-
ting the term cryptogenic organising pneumonia (COP) (previously 
called bronchiolitis obliterans organising pneumonia) is used. COP 
is a rare disease (annual incidence ~1:100 000) that presents with 
breathlessness and cough over weeks or months, often accompanied 
by fever, myalgia and elevated blood inflammatory markers. Lung 
function tests typically show restriction and impaired gas transfer.
The prognosis of COP is good, particularly when consolidation is the 
primary pattern on CT. The natural history is spontaneous remission 
in many untreated cases.149 In non-remitting or progressive COP, oral 
corticosteroids have been used often in reported case series.150 There 
have been no placebo-controlled trials of steroid therapy, but is belie-
ved that there is an autoimmune aetiology in a proportion of cases 
and that steroids speed resolution. In steroid-responsive cases, relapse 
may occur after stopping therapy.

Evidence summary 
The evidence base for macrolide therapy in OP consists of case reports 
and small case series totalling fewer than 50 patients.151–161 Macrolides 
were used either first-line in untreated patients or less commonly, as 
an add-on therapy with oral steroids. When used first-line, no stu-
dies described an initial observation period to identify self-resolving 
disease. Clinical outcome reporting is variable, but overall the pub-
lished studies report clinical improvement in response to macrolide 
therapy.162 The risk of publication bias is high. Because the natural 

history of untreated COP is often self-resolution, in the absence of 
placebo-controlled trials, no conclusions can be made about the effi-
cacy of macrolide therapy. There is insufficient evidence to make a 
recommendation.

Diffuse panbronchiolitis
Diffuse panbronchiolitis (DPB) was defined as a specific clinicopa-
thological entity in the 1960s, being characterised histologically by 
multiple micronodular lesions consisting of chronic inflammatory 
cells infiltrating bronchiolar walls.163 164 It has almost exclusively been 
reported in East Asian countries, notably Japan, but also others such 
as China and South Korea.163 Relatively few cases have been diagno-
sed in Caucasian and other populations.163 165 166

DPB was one of the first respiratory conditions for which it was 
identified that a regular macrolide, erythromycin, at a lower dose 
than usually used in therapy, could be associated with notably impro-
ved outcomes for sufferers. This was discovered in the early 1980s, 
although there has been a paucity of published rigorous and well-
-designed placebo-controlled trials subsequently to test the hypothe-
sis, with further supporting evidence largely in the form of (usually 
small) case series and observational studies.163 167 The largest pub-
lished study was retrospective, involving nearly 500 Japanese patients 
with DPB.168 These patients were divided into three cohorts on the 
basis of likely date of diagnosis, which were then compared with res-
pect to outcome. There was a statistically significant survival advan-
tage (p<0.0001) to being in the third cohort and thereby diagnosed 
between 1985 and 1990. 

This was ascribed as being directly related to when the beneficial 
role of low-dose erythromycin in DPB had first been reported.168 To 
provide support for this, the records of this third cohort of 87 patients 
were analysed in more detail—and there was a significantly higher 
survival rate at 5 years of those who were known to have received ery-
thromycin compared with those who had not (p=0.01).168 Moreover, 
those who had not received erythromycin had a similar 5-year survi-
val rate to those in the first cohort, who had been diagnosed between 
1970 and 1979, and therefore before the first reports of benefit with 
such a strategy.163 168 DPB case series studies have also shown the effect 
of low-dose macrolide therapy in controlling clinical symptoms, such 
as by reducing sputum production, and objectively improving lung 
function.167 The benefits of using low-dose macrolide therapy in the 
setting of DPB have been endorsed by clinical guidelines developed 
in the Far East.163 However, due to the current rarity of this condition 
in the UK, the GDG felt that it was not warranted for BTS to conduct 
a comprehensive evidence-based review and develop specific recom-
mendations regarding the role of macrolides in managing DPB.

SECTION 9: SAFETY ISSUES
Gastrointestinal effects
Gastrointestinal (GI) side effects of macrolides have been recogni-
sed since the introduction of erythromycin in 1952. Although ini-
tially thought to be due to alterations in gut flora, it is now clear that 
macrolides act through interactions with motilin receptors in the 
gut.169,170 In humans, macrolides potentiate gastric and small bowel 
motility,171–175 increase lower oesophageal sphincter pressure,176 177 and 
influence colonic transit and gall bladder function.178

The prokinetic effects of macrolides on the GI tract has led to their 
therapeutic use in conditions characterised by reduced GI motility 
including diabetic gastroparesis,179 anorexia nervosa,180 colonic pseu-
do-obstruction, postoperative ileus181 and in critical care patients.182

GI symptoms are the most commonly reported side effects of 
macrolides occurring in up to 70% of patients taking erythromy-
cin,183 less commonly with clarithromycin and azithromycin. 
Symptoms include nausea, vomiting, abdominal pain, diarrhoea 
and anorexia. Commenting on 11 studies of long-term, low-dose 
macrolide treatment in various chronic respiratory diseases in 
nearly 1000 children and adults, Altenburg et al23 found that mild 
to moderate GI complaints had been reported which hardly ever 
caused study drug discontinuation. Thus, although GI symptoms 
are common and predictable, they are rarely sufficiently trouble-
some to necessitate discontinuation of therapy. Dose reduction may 
improve tolerability.

Good practice points
✓ Prior to initiating low-dose macrolide therapy, patients should be 
warned of the possibility of GI side effects.
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✓ GI side effects may be ameliorated by dose reduction although this 
may also reduce clinical efficacy. 
✓ Clinicians should carefully consider the risk-to-benefit balance 
when considering therapy for those with preexisting GI symptoma-
tology. 

Cardiac effects
Macrolide antibiotics, along with a wide range of other pharmacol 
gical agents, have the potential to interfere with conduction in cardiac 
tissue and hence to cause dangerous cardiac arrhythmias and sudden 
cardiac death.184 Macrolides can both directly prolong the QT inter-
val185 and also inhibit the metabolism of other proarrhythmogenic 
drugs by acting on cytochrome P450 in the liver.

In recent years, there have been reports of an increased risk of 
cardiovascular death in patients treated with short, oral antibacte-
rial courses of azithromycin110 and of no increased risk of death in a 
younger group of similarly treated patients.186 Discussion of these see-
mingly contradictory findings commented that the group of patients 
with increased risk exhibited a high level of baseline risk and comor-
bidity.187 Factors increasing the risk of malignant arrhythmias with 
macrolides are well recognised and include age >80, female gender, 
heart disease, use of other QT prolonging medication, reduced drug 
elimination, bradycardia, prolonged QT interval before therapy and 
genetic predisposition.188 These events are rare; 85 deaths for each 
1 million courses prescribed in the increased risk group described 
above,110 so it is not surprising that such events do not appear in the 
literature of long-term, low-dose macrolide use.

A helpful review article for the American COPD Clinical Research 
Network describes a pragmatic approach to risk stratification when 
considering long-term, low-dose macrolide therapy.189 The authors 
combined history taking targeting evidence of heart failure, episodes 
of hypokalaemia, a family history of long QT syndrome, or use of 
other medications known to prolong the QT interval together with a 
pre-treatment ECG and an ECG 1 month after starting therapy. With 
this approach in a COPD population entering a macrolide trial, 7.1% 
were excluded on history and 1.6% because of a prolonged baseline 
QTc. A further 0.8% were withdrawn after developing QTc prolonga-
tion with treatment or on placebo. Using such a strategy, exclusions in 
asthma and bronchiectasis populations are likely to be fewer.

Good practice points
✓ Prior to initiating low-dose macrolide therapy, patients should 
be asked if they have a history of heart disease, previous low serum 
potassium measurements, a slow pulse rate, a family history of sud-
den death or known prolonged QT interval. Patients with such a his-
tory should not receive low-dose macrolide therapy without careful 
consideration and counselling of the increased risk of adverse cardiac
effects.
✓ Prior to initiating low-dose macrolide therapy, a drug history 
looking for agents that might prolong the QTc interval should be sou-
ght (see online supplementary appendices 3 and 4). Patients taking 
such agents should not receive lowdose macrolide therapy.
✓ Prior to initiating low-dose macrolide therapy, an ECG should be 
performed to exclude a prolonged QTc interval defined as >450 ms 
for men and >470 ms for women (see methodology in online supple-
mentary appendices 3 and 4). Patients with a prolonged QTc interval 
should not receive low-dose macrolides.
✓ One month after initiating low-dose macrolide therapy, a second 
ECG should be performed to exclude the development of a prolon-
ged QTc interval. Patients who develop a prolonged QTc interval on 
low-dose macrolides should stop the macrolide.
✓ If any new drug that could potentially prolong QTc time is started 
or if dose increases are made repeat ECG assessment.

Ototoxicity
Macrolide ototoxicity is well recognised usually causing a dosedepen-
dent, reversible, sensorineural hearing loss (SNHL).23 The only sys-
tematic review of this topic was published recently190 including data 
from three prospective studies. In these studies including 93 patients, 
14 (15%) developed SNHL confirmed by audiometry following expo-
sure to macrolide antibiotics. All but one recovered on cessation of 
the drug. Earlier studies of longterm macrolide use for the treatment 
of mycobacterial infections have also reported reversibility of oto-
toxicity following either withdrawal191 192 or dose reduction193 of the 
macrolide. Albert reported hearing decrements in 25% of a COPD 

population (vs 20% in the placebo group) with normal hearing at the 
outset of 1 year of low-dose azithromycin.93 Hearing subsequently 
improved in 34% who discontinued treatment, but also in 32% who 
continued due to protocol errors. Similar proportions of placebo-as-
sociated hearing loss also improved with or without drug withdrawal. 
The authors of this study felt in discussion that their criteria for defi-
ning hearing loss were too stringent and that the incidence of hearing 
decrements were overestimated.

Overall, the literature suggests that for low-dose, long-term macro-
lide use the incidence of ototoxicity is rare and almost always reversible. 
It would seem sensible to assess potential recipients for hearing impair-
ment or difficulties with balance prior to initiating therapy.

Good practice point
✓ Prior to initiating low-dose macrolide therapy patients should be 
asked if they have a history of hearing or balance difficulties. Such 
patients should be made aware of the potential for a further, almost 
always reversible, deterioration in hearing or balance with macrolide 
therapy. Patients with pre-existing hearing or balance difficulties who 
wish to proceed with treatment should be asked to report any change 
in hearing or balance promptly.

Other side effects
A low rate (1%–5%) of asymptomatic elevation of serum aminotran-
saminase levels is known to occur with any of the four orally absorbed 
macrolide antibiotics. The elevation is generally mild to moderate 
in degree and rarely requires dose modification or discontinuation. 
More seriously, a cholestatic picture can occur which carries a higher 
risk of permanent liver damage.194 195 Monitoring liver function at the 
start of therapy seems a sensible precaution.

Good practice points
✓ Prior to initiating low-dose macrolide therapy, baseline liver func-
tion tests (LFTs) should be checked.
✓ LFTs should be checked after 1 month of treatment and then every 
6 months thereafter for the duration of therapy.

Prescribing off-label
It is important to be aware that none of the macrolide antibiotics have 
a product license in the UK for the indication of long-term, low-dose 
usage as immunomodulatory agents. Their prescription in this con-
text is thus off label. Clinicians should make patients aware of this 
and follow GMC guidance in this area which states that “decisions 
should be made in collaboration with the patient by discussing the 
options with them and ensuring that they have sufficient information 
about the medicine to allow them to make an informed decision”. An 
example of an information leaflet used to support such discussions is 
shown in online appendix 4.

SECTION 10: ANTIMICROBIAL RESISTANCE
Antimicrobial agents are different to other medications, as they can 
be associated with undesirable consequences not only in the patient 
receiving the treatment, but also for other individuals - both at the 
time and potentially at much later dates in the future. Exposure of 
bacteria to an antibiotic may be associated with subsequent alterations 
in those bacteria such that they become resistant to its effect. This 
means that the antibiotic loses its therapeutic value. If the antibiotic 
exposure, that is, with its associated selection pressure, is stopped 
such resistant bacteria do not necessarily revert back to being suscep-
tible in future. The encoding mechanism of the bacterial resistance 
to an antibiotic’s effect may be located on mobile genetic elements, 
such as plasmids or transposons, which will then be inherited by the 
future progeny of that bacterium, and may also be transferred to other 
strains of the same species, and indeed to other species. Such mobile 
genetic elements may carry the gene(s) encoding resistance to the spe-
cific antimicrobial agent, or its class, being used; and also resistance 
mechanisms to other, completely unrelated, antimicrobial agents/clas-
ses—that is, conferring resistance to multiple different agents. These 
resistant bacterial strains can then be transmitted to other individuals 
or establish persisting reservoirs in the environment. 

The resistance mechanism does not need to evolve in the patho-
genic organism(s) primarily being targeted by the antimicrobial 
treatment. Other bacterial species, of low or no virulence, may deve-
lop such mechanisms to survive in their antibiotic-exposed milieu, 
such as the GI or  upper respiratory tracts, but may then transmit the 
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means to other, more virulent, species. The rise in antimicrobial resis-
tance is of national and international concern.196 197 Not all bacteria 
are able to develop resistance to all antimicrobials to which they are 
naturally susceptible. However, this can then lead to the disappea-
rance of some non-pathogenic commensal, ‘good’, bacterial species in 
any exposed microbiome; and their replacement by other organisms 
which are resistant, either intrinsically or by acquisition, which in 
turn may lead to subsequent infections. Such a shift in pathogens 
could include meticillin-resistant Staphylococcus aureus, Clostridium 
difficile, Gram-negative bacilli and yeasts. 

These ecologically adverse effects have been termed the ‘colla-
teral damage’ associated with antibiotic use.198 The macrolides, 
such as erythromycin, clarithromycin and azithromycin, inhibit 
RNA-dependent protein synthesis by bacteria by binding to the 
50S ribosomal subunit.199 Various mechanisms by which bacte-
ria may resist their action have been elucidated, with resistance 
often being cross-class.199 Many Gram-negative bacteria, such as 
Enterobacteriaceae (‘coliforms’), Pseudomonas and Acinetobacter 
species, show reduced permeability of their outer cell envelope to 
macrolides. Azithromycin is more active in vitro against a range of 
Gram-negative bacteria than erythromycin. This is thought most 
likely due to the molecule being able to penetrate such bacterial 
cells more effectively.200 Organisms, such as S. aureus and coagu-
lase negative staphylococci, may have plasmid-mediated macrolide 
resistance by increased efflux.201 

The 50S target site may be altered, reducing the binding affi-
nity.202 This has been reported in a wide range of potential patho-
gens, including Streptococcus pneumoniae, Streptococcus pyogenes, S. 
aureus, Helicobacter pylori and Mycobacterium avium complex.199 203 
The genetic mutation is mediated by erm genes, located either on 
transposons in the bacterial chromosome or on plasmids. Such resis-
tance may also be associated with resistance to lincosamides such as 
clindamycin. Resistance may also be conferred by enzymatic inacti-
vation, such as by phosphotransferases in S. aureus, Escherichia coli 
and Nocardia species.199

Rising bacterial resistance rates to macrolides have been reported 
globally. For S. pneumoniae isolates, it can vary markedly between 
countries, ranging from less than 10% to over 90%.203 Extensive 
macrolide use provides a strong selective pressure for the spread of 
macrolide resistance in pneumococci.203 204 There is a notable trend 
for S. pneumoniae isolates, which are resistant to penicillin, also to 
be resistant to macrolides—in the USA, there are reports of 30% 
of S. pneumoniae isolates overall being erythromycin resistant, but 
virtually 70% of high-level penicillin-resistant isolates also exhibi-
ting erythromycin resistance.199 205 However, it should be recognised 
that the increasing use of pneumococcal conjugate vaccines, which 
include serotypes commonly associated with macrolide resistance 
such as serotype 14 in the 7-valent and also serotype 19A in the 
13-valent, can then be followed by marked shifts in the prevalence of 
macrolide-resistant S. pneumoniae isolates.203 206

S. pyogenes isolates showing resistance to erythromycin were 
first reported in the UK in 1955, with resistance rates rising in the 
1980s–1990s.199 207 However, reduction in resistance rates with redu-
ced macrolide usage has also been found. For instance, Finland 
likewise experienced a rise in macrolide resistance in the 1980s, which 
was temporally associated with a rise in macrolide use; however, after 
nationwide policies were introduced to restrict their use in treating 
respiratory and soft-tissue infections after 1991, the resistance rate 
fell in clinical isolates of S. pyogenes from 16.5% in 1992 to 8.6% in 
1996.208 Similar to S. pneumoniae, erythromycin resistance rates are 
much higher in S. aureus isolates that are meticillin resistant compa-
red with those that are meticillin susceptible.199 The emergence of ery-
thromycin resistance in S. aureus, isolated from individual patients 
on macrolide treatment, has been known since the discovery of the 
antibiotic.209

As to be expected, increased macrolide resistance has been found in 
studies evaluating the impact of long-term macrolide use in the setting 
of chronic lung diseases.108 210 A recent metaanalysis of azithromycin 
use found that, while overall colonisation rates by potential pathogens, 
such as S. pneumoniae, Haemophilus influenzae and Moraxella catar-
rhalis, decreased, the risk of macrolide resistance, macrolide resistance 
among such pathogens rose 2.7-fold in patients receiving azithromy-
cin when compared with placebo.211 However, it should also be ack-
nowledged that for any individual patient, the actual clinical impact 
of the presence of a macrolide-resistant respiratory pathogen, such 

as S. pneumoniae, at least in the short term, is not clear.212 Organisms 
for which the macrolides are a key pillar of treatment, but in which 
macrolide resistance can emerge, notably if any macrolide treatment is 
not accompanied by two or three other active agents in combination, 
is of particular concern in the use of long-term (ie, months to years) 
courses of macrolides. Such pathogens include many non-tuberculous 
mycobacteria (NTM) species, notably the slower growing such as M. 
avium complex. Such organisms may develop resistance by single point 
mutations, for example, in the 23S rRNA gene. It is well recognised that 
the long-term success rate of medically treating macrolide-resistant 
NTM disease is very poor, and much worse than for treating a suscep-
tible organism with a combination including an effective macrolide.213 
Current NTM infection should be managed with reference to the BTS 
Guidelines for the management of non-tuberculous mycobacterial 
pulmonary disease.214

The macrolides, notably azithromycin, also have significant 
applications outside the respiratory setting—including in regards to 
some sexually transmitted diseases (STDs), GI infections and zoo-
noses.200,215 One needs to be mindful that their value in such indi-
cations is affected by macrolide resistance and also by the rising 
bacterial resistance rates to other antibiotic classes. Circulating 
strains of Neisseria gonorrhoeae now show resistance to a range of 
antibiotic classes, to which this organism was initially susceptible. 
In consequence, the recent standard first-line regimen for suspec-
ted gonorrhoea has been ceftriaxone and azithromycin;215 however 
clinical isolates of N. gonorrhoea also resistant to both these agents 
have now been described.200 216–218 The latest UK guidelines, published 
January 2019, now recommend therapy with ceftriaxone alone as 
first choice for cases where organism susceptibilities are not known, 
partly on the grounds of concern of rising macrolide resistance, 
both among N. gonorrhoeae but also in other organisms causing 
STDs.219 Azithromycin is also a recommended first-line therapy for 
other STDs such as chlamydia (Chlamydia trachomatis), chancroid 
(Haemophilus ducreyi) and donovanosis (Klebsiella granulomatis).200 215  
Rising fluoroquinolone resistance rates means that macrolides are the 
empirical treatment of choice for diarrhoea due to Campylobacter; 
and, in the form of azithromycin, a first-line option for enteric fever 
acquired in Asia.200 217

Any indications for the macrolide class of antibiotics have been 
classified, in the main, in the ‘Watch’ group of antibiotics by WHO; 
along with six other classes.220 This categorisation consists of three 
groups: ‘Access’, ‘Watch’ and ‘Restrict’, the AWaRe classification. The 
uses of antibiotics in the Watch group should be carefully monito-
red to ensure they are in accordance with recommended indications. 
It should be recognised that the available evidence for the potential 
benefits and harms of longterm macrolide therapy will not capture 
all the associated risks of increasing antimicrobial resistance. Such 
studies are not designed to do so, and are too short in timescale and 
too restricted in patients, and organisms, being studied.

Virtually any antibiotic may be associated with diarrhoea; notably 
if by precipitating C. difficile disease. Although the macrolides appear 
relatively rare among antibiotic classes as being directly associated 
with C difficile; clearly if their prior use has led to a pathogen shift, 
then use of an alternative antibiotic may be required which is more 
often associated with subsequent C. difficile  disease.198 221

Antibiotics have been shown to reduce the microbial diversity and 
alter composition of microbiomes in murine and human studies.222–224 
Such effects may be greater, and more prolonged, with macrolides 
than for some other antibiotics classes, such as penicillins.222 In chil-
dren at least, receipt of macrolides, and the associated changes in 
microbial commensal flora, have been linked with other health out-
comes, such as asthma and being overweight.222 This illustrates that if 
there are identified benefit(s) to offering certain patients with specific 
chronic respiratory conditions, a macrolide as long-term supportive 
therapy; the known, and as yet unknown, risks of associated collateral 
damage should also be carefully considered, by both macrolide pres-
criber and macrolide consumer.

Good practice points
✓ The risks associated with increasing antimicrobial resistance should 
be discussed with patients prior to starting low dose macrolide therapy. 
Patients should understand the risk that there may not be an effective 
antibiotic for them, or someone else, when needed in the future.
✓ Prior to initiating low-dose macrolide monotherapy, patients 
should be asked if they have a history of previous or current NTM 
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infection or disease. Current NTM infection should be managed with 
reference to BTS guidance and precludes low-dose macrolide mono-
therapy. Successfully treated NTM disease should not preclude low-
dose macrolide monotherapy.
✓ If there is any clinical suspicion of possible NTM disease, patients 
should be screened via examination of sputum samples prior to star-
ting therapy. If positive for recognised potential pathogenic species, 
low-dose macrolide prophylaxis is contraindicated
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RESUMO
Contexto Estudos prévios reportaram uma associação 
entre o aumento de peso e a redução excessiva da função 
pulmonar em jovens adultos seguidos por períodos curtos. 
Procurámos estimar trajetórias de função pulmonar durante 
a idade adulta a partir de perfis de alteração de peso de 
20 anos usando dados do estudo European Community 
Respiratory Health Survey (ECRHS) de base populacional.
Métodos Incluímos 3673 participantes recrutados com 
idades entre 20 e 44 anos com medições repetidas de peso 
e função pulmonar (capacidade vital forçada (FVC), volume 
expiratório forçado em 1 seg (FEV1) em três vagas de estu-
dos (1991-93, 1999-2003, 2010-14) até os participantes 
terem entre 39 e 67 anos. Classificámos os indivíduos em 
perfis de alteração de peso de acordo com categorias de 
índice de massa corporal (IMC) no início do estudo e com a 
alteração de peso ao longo de 20 anos. Estimámos trajetó-
rias de função pulmonar ao longo do tempo enquanto fun-
ção dos perfis de alteração de peso recorrendo a equações 
de estimativa generalizada ponderadas por população.
Resultados Em indivíduos com um IMC normal, excesso 
de peso e obesidade no início do estudo, os aumentos de 
peso moderado (0,25-1 kg/ano) e elevado (>1 kg/ano) 
durante os anos de seguimento foram associados a redu-
ções aceleradas da FVC e do FEV1. Comparativamente a 
participantes com um IMC normal no início do estudo e 
peso estável (±0,25 kg/ano), os indivíduos obesos com 
aumento de peso elevado durante o seguimento apre-
sentaram uma FVC estimada inferior de -1011 ml (95% 
IC -1259 a -763) aos 65 anos apesar dos níveis de FVC 
estimados similares aos 25 anos. Os indivíduos obesos 
no início do estudo que perderam peso (<-0,25 kg/ano) 
apresentaram uma atenuação das reduções de FVC e do 
FEV1. Não encontrámos qualquer associação entre perfis de 
alteração de peso e redução de FEV1/FVC.
Conclusão O aumento de peso moderado e elevado ao 
longo de 20 anos esteve associado à redução acelerada 
da função pulmonar, enquanto a perda de peso esteve 
relacionada com a sua atenuação. O controlo do aumento 
de peso é importante para a manutenção de uma boa 
função pulmonar na vida adulta.

BACKGROUND
Lung function is a significant predictor of future 
morbidity and mortality in the general population.1 
Maintaining good lung function across adult life is 
important to prevent chronic respiratory diseases, 
which nowadays represent a serious public health 
problem around the world.2 There is consistent evi-
dence showing that overweight, obesity and weight 
gain in adulthood are detrimental to lung function, 
as described by the forced vital capacity (FVC) and/
or forced expiratory volume in 1 s (FEV1). Previous 
population-based and occupational cohort studies 

have shown that excessive weight gain in adulthood is 
associated with lower lung function levels and with an 
increased rate of lung function decline independently 
of age and smoking status.3–8 Another longitudinal 
study in healthy young adults (age range at baseline 
18–30 years) showed that lung function was lower 
both with higher baseline body mass index (BMI) and 
with increasing BMI over a 10-year period.9 

Similarly, a population-based study of young 
adults (mean age at baseline 41 years) analysing the 
effects of changes in obesity status on lung function 
found that remaining or becoming obese accelera-
ted lung function decline over an 8-year follow-up, 
while becoming non-obese was related to its attenua-
tion.10 All these previous studies have had relatively 
short follow-up periods (up to 10 years) and most 
investigated this link only up to 50 years of age. This 
precludes a more comprehensive understanding of 
the role of weight change on lung function during 
adulthood and older life and supports the need for 
further studies with longer follow-up periods exten-
ding into late adult life. Understanding the effects of 
weight changes on lung function during adult life is 
of utmost importance given the epidemic levels of 
overweight and obesity globally.11

The European Community Respiratory Health 
Survey (ECRHS) is a large multicentre population-
-based study with available measures of weight, 
height and lung function at three time points over 
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Mensagens-chave

What is the key question?
uIs weight change over a 20-year period 

associated with lung function trajectories 
in adult life?

What is the bottom line?
uModerate and high weight gain over a 

20-year period was associated with acce-
lerated FVC and FEV1 decline, while wei-
ght loss was related to its attenuation.

Why read on?
uThis study, which is based on data collec-

ted as part of the multicentre prospective 
ECRHS study, reinforces the public health 
message that overweight and obesity have 
deleterious effects on respiratory health. 
However, these negative effects can be 
reversed by weight loss even later in adult 
life.
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they usually exercised so much that they got out of breath or sweaty. 
Participants were categorised as being active if they exercised with a 
frequency of two or more times a week and with a duration of about 
1hour a week or more, and non-active otherwise.18 Finally, at ECRHS 
II participants reported if they presented any of the following long-
term limiting illnesses: hypertension, heart disease, diabetes, cancer 
or stroke.

Statistical analysis
We used population-averaged generalised estimating equations 
(GEE) to estimate lung function trajectories from age 20 to 67 years 
(the full age range of the study sample) as a function of weight change 
profiles. Prior to stratifying models by weight change profiles, we tes-
ted the interaction between age, BMI at baseline and weight change, 
and we found that it was statistically significant for all lung func-
tion parameters (p value <0.01 for all models). All GEE models had 
the individuals as the clustering factor (to account for repeated lung 
function measurements at ECRHS I, II and III) and an unstructured 
within-cluster correlation. 

GEE models had FVC, FEV1 or FEV1/FVC as the outcome 
variables. Interaction terms between age (or age squared) and wei-
ght change profiles were entered to allow for different trajectories of 
lung function with ageing across weight change profiles. We entered 
sex as a fixed covariate and height, age, age squared, smoking status, 

a 20-year period, as well as detailed information of sociodemo-
graphic and lifestyle factors from adults living across Europe and 
Australia.12–14 Under the framework of the Ageing Lungs in European 
Cohorts (ALEC) consortium (www. alecstudy.org), we aimed to 
assess the lung function trajectories of adults of the ECRHS study 
according to different weight change profiles that combined BMI at 
baseline and weight change over a 20-year period.

METHODS
Study population
The ECRHS started in 1991–1993 (ECRHS I), when over 18000 
young adults aged 20–44 years were randomly recruited from avai-
lable population-based registers (population-based arm), with an 
oversampling of asthmatics (symptomatic arm). Participants were 
followed up in 1999–2003 (ECRHS II) and 2010–2014 (ECRHS III) 
when they were aged 27–57 and 39–67 years, respectively. More 
details of the study design are available elsewhere.12–14 In this analy-
sis we included participants who had weight at ECRHS I and III 
and lung function and base covariates (sex, age, height and smoking 
status) at all three surveys (3673 participants from 26 centres in 12 
countries) (see online supplementary figure S1).

Ethical approval was obtained from the ethics committees of 
all participating institutions and all participants provided informed 
written consent.

Lung function
Lung function was measured by spirometry at ECRHS I, II and III. 
Centres used different spirometers at ECRHS I and II, but almost all 
centres used the same spirometer at ECRHS III (see online supple-
mentary table S1). In the three examinations, forced vital capacity 
(FVC) and forced expiratory volume in 1s (FEV1), repeatable to 
150mL from at least two of a maximum of five correct manoeuvres 
that met the American Thoracic Society and European Respiratory 
Society recommendations,15 were used as the primary outcomes. The 
FEV1/FVC ratio was also analysed. In the present analysis, we used 
lung function measurements collected pre-bronchodilator. We also 
calculated lung function SD scores (z-scores) using the Global Lung 
Initiative (GLI) equation references,16 and used these variables as 
secondary outcomes.

Weight change profiles
BMI was calculated by dividing measured weight (kg) by measu-
red height (m) squared. We defined categories of BMI at ECRHS 
I (baseline) as ‘underweight’ (BMI <20kg/m2), ‘normal weight’ 
(20kg/m2≤BMI<25 kg/m2), ‘overweight’ (25kg/m2≤BMI  <30kg/
m2) and ‘obese’ (BMI ≥30 kg/m2), as in previous ECRHS studies.8 We 
computed weight change during follow-up as the difference between 
weight measured at ECRHS III and ECRHS I divided by the total 
time of follow-up (in years) and categorised it into stable weight, 
weight loss and weight gain. 

Since there are no standard references for weight change in adults, 
we used similar weight change categories as in a recent longitudinal 
long-term population-based study17: ‘weight loss’ (<−0.25 kg/ year), 
‘stable weight’ (±0.25kg/year), ‘moderate weight gain’ (>0.25 to ≤1 kg/
year) and ‘high weight gain’ (>1 kg/year). We  combined baseline BMI 
categories with weight change categories to classify participants in 
weight change profiles. This combinedvariable was used as the main 
exposure variable in the analysis.

Other relevant variables
Sociodemographic and other health data were collected using ques-
tionnaires. These included sex, age, age completed fulltime education 
(<17 years; 17–20 years;>20 years), smoking status (never smoker; 
ex-smoker; current smoker), secondhand smoke exposure (yes; no) 
and asthma (yes; no). Current asthma was defined as having repor-
ted physician-diagnosed asthma and at least one of the following: 
asthma-like symptoms (wheeze, nocturnal chest tightness, attacks 
of breathlessness after activity/ at rest/at night-time), asthma attacks, 
use of inhaled/oral medicines for breathing problems (in the last 12 
months), or current use of inhalers, aerosols or tablets for asthma

 Leisure-time vigorous physical activity was assessed at ECRHS II 
by asking participants how often and for how many hours per week 

Table 1  Characteristics of the study sample*

Characteristics

ECRHS I

N (%) or mean
(SD)

ECRHS II

N (%) or mean
(SD)

ECRHS III

N (%) or mean
(SD)

Symptomatic study arm 544 (14.8) - -

Women 1956 (53.3) - -

Age in years 34.3 (7.1) 43.0 (7.0) 54.3 (7.1)

Height in cm 170.6 (9.4) 170.3 (9.4) 169.4 (9.5)

Weight in kg 69.5 (13.5) 74.0 (15.1) 77.9 (16.1)

BMI

Continuous, in kg/m2 23.8 (3.7) 25.4 (4.3) 27.1 (4.9)

Underweight 453 (12.3) 222 (6.1) 119 (3.2)

Normal weight 2097 (57.1) 1676 (45.8) 1224 (33.3)

Overweight 892 (24.3) 1298 (35.5) 1481 (40.3)

Obese 231 (6.3) 461 (12.6) 849 (23.1)
Smoking status

Non-smoker 1651 (45.0) 1576 (42.9) 1518 (41.3)

Ex-smoker 818 (22.3) 1119 (30.5) 1500 (40.8)

Current smoker 1204 (32.8) 978 (26.6) 655 (17.8)

Secondhand smoke exposure, yes 1939 (52.9) 1321 (36.1) 680 (18.6)
Current asthma, yes† 378 (10.5) 491 (13.8) 570 (16.2)

Age completed full-time education

<17 years 675 (21.5) - -

17–20 years) 1205 (38.4 - -

>20 years) 1256 (40.1 - -

Physical activity. Active status‡ - 1363 (52.2) -

Any long-term limiting illness, yes§ - 405 (17.1) -

Lung function

FVC (mL) 4516 (988) 4354 (980) 3964 (948)

FEV1 (mL) 3702 (798) 3485 (790) 3006 (753)

FEV1/FVC (%) 82.3 (6.9) 80.3 (6.5) 75.8 (6.5)

Lung function (z-scores)¶

FVC z-score 0.01 (0.95) 0.02 (1.00) -0.08 (0.94)

FEV1 z-score  −0.01 (1.06) −0.03 (1.08) -0.34 (1.04)

FEV1/FVC z-score −0.06 (1.03) −0.10 (1.00) −0.48 (0.89)

*Some variables had missing values. Number of missing values for ECRHS I: 10 in secondhand smoke
exposure, 78 in current asthma, and 537 in age completed full-time education. Number of missing
values for ECRHS II: 18 in secondhand smoke exposure, 118 in current asthma, 1062 in physical activity
and 1300 in any long-term limiting illness. Number of missing values for ECRHS III: 14 in secondhand
smoke exposure and 163 in current asthma.
†Current asthma was defined as having reported physician-diagnosed asthma and at least one of the
following: asthma-like symptoms (wheeze, nocturnal chest tightness, attacks of breathlessness after
activity/at rest/at night-time), asthma attacks, use of inhaled/oral medicines for breathing problems (in
the last 12 months), or current use of inhalers, aerosols or tablets for asthma.
‡Individuals were categorised as being active if they exercised with a frequency of two or more times a
week and with a duration of about 1 hour a week or more.
§The following illnesses were considered: hypertension, heart disease, diabetes, cancer or stroke.
¶Lung function z-scores were derived using Global Lung Initiative 2012 equations.
BMI, body mass index; FEV1, volume expired in the first second; FVC, forced vital capacity.
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current asthma and spirometer type as time-specific covariates. We 
also included an interaction term between smoking status and age 
(to account for a faster decline over time in smokers). We centred 
continuous variables at the mean (over the data from the three exa-
minations) before modelling. Adjusted lung function over age was 
calculated by setting continuous and categorical variables equal to 
the mean and proportion, respectively (calculated over the study 
sample). In a secondary analysis we repeated the models using lung 
function z-scores instead of absolute lung function values. 

To assess whether estimated lung function trajectories differed 
by sex we tested for sex interactions (by including an interaction 
term between sex and weight change profiles) and we stratified final 
models by sex. We performed several sensitivity analyses to assess 
the robustness of the estimated lung function trajectories to various 
assumptions regarding confounding, change of spirometry devices 
or weight change categorisation (see online supplementary file).

All analyses were conducted following a complete case approach 
in Stata/SE 14.0 (StataCorp, College Station, Texas, USA).

RESULTS
Characteristics of the study sample
Compared with those not included in the present analysis (n=12909), 
individuals who were included were slightly older, less likely to be 
current smokers, be exposed to secondhand smoke and had higher 
educational levels at ECRHS I, but they did not differ in terms of 
weight, BMI and lung function (see online supplementary table S2). 

Table 1 shows the main characteristics of the study sample (n=3673). 
Mean (SD) age of the study sample was 34.3 (7.1) years at baseline 
and 54.3 (7.1) years at the last follow-up. Approximately half of the 
study sample were women (53.3%) and 40% had completed full-time
education when they were 20 years of age or older.

At baseline, 12% of the sample was underweight, 57% normal 
weight, 24% overweight and 6% obese. During follow-up almost 4% 
of the sample lost weight, 34% had stable weight, 53% had a moderate 
weight gain and 9% had a high weight gain. Table 2 shows descriptive 
statistics of the 16 weight change profiles identified. Almost 20% of 
the sample was classified in the weight change profile with baseline 
normal BMI and stable weight during follow-up. 

Out of the groups who lost weight during follow-up, obese partici-
pants at baseline were those  who  lost  more  weight  over  time  (median  
−0.6 kg/year,  P 25–P75 −0.9 to −0.4), while among those who experien-
ced a  moderate increase in weight, median weight gain was the same in 
the different categories of baseline BMI. Among those with high wei-
ght gain during follow-up, overweight and obese participants at base-
line were those who gained more weight. Underweight participants 
who lost weight or had a high weight gain represented less than 1% of 
the study sample and therefore were excluded from further analyses.

Associations between weight change profiles and lung
function trajectories
To facilitate interpretation of results, the estimated trajectories of 
lung function by weight change profiles are presented separately for 

Figure 1  Estimated trajectories of FVC (in mL) decline by weight change profiles. The figure shows estimated FVC values and their corresponding 95% CI. 
Models are adjusted for sex, height, age, age squared, smoking status, an interaction term between smoking status and age, current asthma and spirometer 
type. Reference category: normal BMI at baseline and stable weight during follow-up. All graphs are presented with a ‘jitter’ (0.05) to avoid overlap of CI bars. 
BMI, body mass index; FVC, forced vital capacity.

Table 2 Descriptive statistics of weight change profil

Weight change profiles* n (%)
Weight eCRhs I (kg)
Median (P25; P75)

Weight eCRhs III (kg)
Median (P25; P75)

Weight change during follow-up (kg/year)
Median (P25; P75)

Weight change profiles* Weight loss
Stable weight
Moderate weight gain
High weight gain

2 (0.1)†
167 (4.6)
259 (7.1)
25 (0.7)†

55.5 (54; 57)
53 (50; 56)
53 (50; 58)
52 (50; 57)

48.5 (45; 52)
55 (51; 59)
65.3 (60; 70.4)
78 (74; 85)

−0.3 (−0.4; −0.3)
0.1 (0; 0.2)
0.5 (0.4; 0.7)
1.2 (1.1; 1.5)

Normal BMI Weight loss
Stable weight
Moderate weight gain
High weight gain

38 (1)
715 (19.5)
1164 (31.7)
180 (4.9)

63.5 (60; 74)
64 (59; 72)
65 (60; 72)
66 (60; 72)

55 (52; 65)
65.8 (60; 74)
76 (70; 84)
92.4 (86; 98)

−0.4 (−0.4; −0.3)
0.1 (0.0; 0.2)
0.5 (0.4; 0.7)
1.2 (1.1; 1.4)

Overweight Weight loss
Stable weight
Moderate weight gain
High weight gain

52 (1.4)
291 (7.9)
454 (12.4)
95 (2.6)

80 (76; 87)
79 (73; 85)
80 (73; 86)
79 (70; 85)

55 (52; 65)
65.8 (60; 74)
76 (70; 84)
92.4 (86; 98)

−0.4 (−0.6; −0.3)
0.1 (−0.1; 0.2)
0.5 (0.4; 0.7)
1.3 (1.1; 1.5)

Obese Weight loss
Stable weight
Moderate weight gain
High weight gain

46 (1.3)
65 (1.8)
85 (2.3)
35 (1)

95 (87; 105)
90 (85; 100)
93 (87; 103)
95 (85; 109)

85 (72; 93)
92 (85; 101)
105 (97.1; 114)
125 (112; 135)

−0.6 (−0.9; −0.4)
0.1 (−0.1; 0.1)
0.5 (0.4; 0.7)
1.3 (1.1; 1.8)

Overall 3673 (100) 68 (59; 78) 76 (66; 87.3) 76 (66; 87.3)

*Weight change profiles were defined combining BMI at baseline and weight change during follow-up. BMI categories at baseline: underweight: BMI <20 kg/m2; normal weight: 20 kg/m2≤BMI<25 kg/m2; overweight: 
25 kg/m2 ≤BMI <30 kg/ m2; obese: BMI ≥30 kg/ m2. Weight change was computed as the difference between weight measured at ECRHS III and ECRHS I divided by the total duration follow-up (in years). Weight 
change categories: weight loss: <−0.25 kg/year; stable: within ±0.25 kg/year; moderate weight gain: 0.25–1 kg/year; high weight gain: >1 kg/year.
†Not analysed further because of small sample size.
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values at age 65 to participants with baseline normal BMI and stable 
weight. We found very similar results for estimated FEV1 trajectories 
(figure 2, online supplementary figure S2 and table S4). We found no 
evidence that FEV1/FVC ratio trajectories were different by weight 
change profiles, except for two groups.

Subjects with baseline underweight who had stable weight or 
moderate weight gain showed a steeper decline in FEV1/FVC ratio 
than participants with baseline normal BMI and stable weight during 
follow-up (figure 3, online supplementary figure S2 and table S5).

Secondary analysis using lung function z-scores instead of abso-
lute lung function showed similar results to the main analysis for 
all lung function parameters (see online supplementary figure S3). 
Stratification by sex showed that FVC and FEV1 decline was steeper in 
men who gained weight than in their female counterparts, particularly 
in the obese category (see online supplementary figure S4 and S5), 
but there was no difference with regard to the FEV1/FVC ratio (see 
online supplementary figure S6). All sensitivity analyses showed very 
similar results (see online supplementary figure S7–S12). However, the 
lung function differences between the reference category and some 
overweight/obese weight change profiles were attenuated when the 
analyses were restricted to participants who reported to be non-s-
mokers at all examinations and when additionally adjusting for physi-
cal activity, educational level and any longterm limiting illness.

DISCUSSION
In this population-based study we found that weight change over a 
20-year period was associated with the rate of lung function decline 

normal BMI, overweight and obese categories at baseline (figures 
1–3). Among adults with baseline normal BMI, overweight and 
obesity, those with moderate and high weight gain during follow-up 
exhibited significantly steeper FVC decline than those with stable 
weight (Panels A, B and C in figure 1).

Estimated differences in FVC at 25 and 65 years by weight 
change profiles (see online supplementary table S3) show that, in 
comparison with participants with baseline normal BMI and stable 
weight, baseline overweight and obese participants with high wei-
ght gain had lower estimated FVC at 65 years (−677 mL  (95% CI −841 
to −512); p<0.001 and −1.011 mL (−1.259 to  −763);  p<0.001,  respec-
tively)  despite  similar  estimated  FVC  levels at age 25 (see online 
supplementary table S3). 

In contrast to weight gain, obese (but not overweight or normal 
BMI) adults at baseline who lost weight during follow-up exhibited 
an attenuation of FVC decline (panel C in figure 1). We estimated 
that, at age 25 years, obese participants had lower FVC levels than 
normal BMI participants. However, obese individuals who lost wei-
ght during follow-up were estimated to have not significantly dif-
ferent FVC values at age 65 years than participants with baseline 
normal BMI and stable weight (see online supplementary table S3).

Supplementary figure S2 shows lung function trajectories for 
subjects with baseline underweight. In young adulthood, partici-
pants with baseline underweight had lower estimated FVC values 
than baseline normal BMI participants (see online supplementary 
figure S2). However, baseline underweight participants with stable 
weight during follow-up were estimated to have very similar FVC 

Figure 2  Estimated trajectories of FEV1 (mL) decline by weight change profiles. The figure shows estimated FEV1 values and their corresponding 95% CI. 
Models are adjusted for sex, height, age, age squared, smoking status, an interaction term between smoking status and age, current asthma and spirometer 
type. Reference category: normal BMI at baseline and stable weight during follow-up. All graphs are presented with a ‘jitter’ (0.05) to avoid overlap of CI bars. 
BMI, body mass index; FEV1, forced expiratory volume in 1 s. 

Figure 3  Estimated trajectories of FEV1/FVC (%) decline by weight change profiles. The figure shows estimated FEV1/FVC values and their corresponding 
95% CI. Models are adjusted for sex, height, age, age squared, smoking status, an interaction term between smoking status and age, current asthma and 
spirometer type. Reference category: normal BMI at baseline and stable weight during follow-up. All graphs are presented with a ‘jitter’ (0.05) to avoid overlap 
of CI bars. BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity. 
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in adulthood. Specifically, we found that: (1) in participants with 
baseline normal BMI, overweight and obesity in young adulthood, 
moderate and high weight gain during follow-up were associated 
with accelerated FVC and FEV1 decline; (2) in participants with 
obesity in young adulthood, weight loss during follow-up was asso-
ciated with attenuated FVC and FEV1 decline; (3) in underweight 
participants in young adulthood, stable weight during follow-up was 
associated with an attenuation of FVC and FEV1 decline; and (4) 
we found no evidence of an association between weight change and 
FEV1/FVC ratio decline, with the exception of underweight parti-
cipants with either stable weight or moderate weight gain, both of 
whom exhibited accelerated FEV1/FVC ratio decline over follow-up.

Interpretation
Our findings that moderate and high weight gain accelerates FVC 
and FEV1 decline and that weight loss attenuates it are consistent with 
previous research in young adults.3–10 This demonstrates how weight 
changes can affect lung function until late adulthood. Our appro-
ach of combining baseline BMI categories with weight change over 
time let us distinguish the effects of different weight change profiles 
on lung function throughout adult life. Two potential mechanisms 
have been proposed to explain the association of weight gain with 
accelerated lung function decline. First, weight gain can affect lung 
function through mechanical effects on lungs. 

Abdominal and thoracic fat mass are likely to reduce vital capacity 
by limiting the room for lung expansion during inspiration, in turn 
leading to expiratory flow limitation.19 These mechanical effects may 
also explain the observed sex differences in relation to lung function 
decline, consistent with previous studies,4 8 20 as men tend to accu-
mulate more fat mass in the abdominal area than women.21 Second, 
weight gain can impair lung function by inflammatory processes, 
as adipose tissue is a source of inflammatory mediators22 23 that can 
damage lung tissue and reduce airway diameter.24 Unfortunately, we 
did not have measures of chest compliance or markers of systemic 
inflammation related to obesity, and therefore we could not disen-
tangle the mechanical effects of body mass on lung function from 
the inflammatory effects.

There are some potential mechanisms that can explain the asso-
ciation between weight loss and attenuation of lung function decline 
in obese subjects. First, it is possible that weight loss reverses the 
mechanical effects of overweight/obesity on the respiratory system 
allowing the recovery of lung function. Second, weight loss may 
relate to a reduction of inflammatory processes in the lung which in 
turn can help to attenuate lung function decline related to excessive 
weight. This hypothesis is supported by previous research showing 
that lung function decline associated with air pollution, which likely 
affects lung function via inflammation, could be attenuated with 
improvement of air quality.25 Third, weight loss may be accompanied 
by improvement of metabolic alterations related to excess body 
weight, such as insulin dysregulation, high fasting glucose levels, 
hyperlipidaemia or systemic hypertension, which are also related to 
impaired lung function.26 27 Fourth, the observed association between 
weight loss and attenuated lung function decline could be related to 
confounding by changes in lifestyle (eg, increasing physical activity 
or changing diet) that can follow awareness of the harmful effects 
of overweight/obesity. Indeed, quitting smoking and becoming phy-
sically active in adulthood has been related to better lung function 
levels and/or attenuated lung function decline.8 18 28 29

Although we accounted for changes in smoking status during 
follow-up, levels of physical activity and presence of long-term 
limiting illness that could be accompanied by metabolic alterations 
(hypertension, heart disease, diabetes, cancer or stroke) at ECRHS 
II in sensitivity analyses, we did not have information on physical 
activity or diet at baseline. Further studies with repeated measures 
of lifestyle factors and indicators of metabolic dysregulation associa-
ted with weight changes are needed to disentangle the mechanisms 
underlying the association of weight loss and attenuated lung func-
tion decline.

We also found that stable weight during follow-up in individu-
als underweight in young adulthood was associated with attenuated 

FVC and FEV1 decline, while those with baseline underweight and 
moderate weight gain had a parallel FVC and FEV1 decline to indi-
viduals with baseline normal BMI in late adulthood. These findings 
contrast with results of a previous longitudinal study showing that 
increasing BMI in initially thin adults (aged 18–30) was associa-
ted with lung function improvement over 10 years.9 This incon-
sistency could be related to differences in the definition of weight 
gain (ie, the use of BMI gain vs weight change) and to a different 
baseline age range. The relationship between weight change and 
lung function has received little attention in healthy underweight 
individuals, so further research is needed to understand the effects 
of weight change in underweight individuals and their underlying 
mechanisms. 

In the present analysis we did not observe statistically different 
FEV1/FVC ratio trajectories by weight change profiles, except for 
underweight subjects with either stable weight or moderate weight 
gain during follow-up, both of whom exhibited a faster FEV1/FVC 
decline over follow-up. The observed associations in underweight 
subjects are in line with findings of one previous study in healthy 
adults9 and allow us to hypothesise that underweight subjects could 
be more susceptible to the development of airflow limitation with 
ageing. 

Also, the lack of association of weight gain with the FEV1/FVC 
ratio in the present analysis is in line with previous studies showing 
that the FEV1/FVC ratio is normal in overweight and obese indivi-
duals.19 The lack of association of weight gain with the FEV1/FVC 
ratio could be attributed to the fact that both FVC and FEV1 declines 
were accelerated with weight gain, which could lead to a null net 
effect on the ratio of these two measures (as both denominator and 
numerator were equally affected). This pattern suggests that weight 
gain is likely to be related to a restrictive pattern characterised by a 
reduction of lung volumes with no effect on airflow limitation. This 
hypothesis is supported by previous evidence showing that obesity 
is more likely to be associated with a restrictive ventilatory pattern 
than an obstructive one.30

Strengths and limitations
A strength of the current study is the long follow-up (up to 20 years) 
and the width of age distribution covering early to late adulthood. 
The population-based nature of the ECRHS and broad geographical 
representation of participants (26 centres in 12 countries in Europe 
and Australia) support external validity of our results. Finally, we 
had lung function measures at three time points, which allowed us 
to estimate lung function trajectories. 

A limitation of this study is the use of total body weight as the 
main exposure. Although total body weight has been largely used in 
epidemiological studies as a marker of overweight and obesity, it is 
limited by its inability to distinguish between fat and muscle mass, 
which vary with age and sex31 32 and could have different effects on 
lung function, as previously shown in children.33 Also, we defined 
weight change categories using only weight measures at baseline and 
last follow-up to capture ‘stable’ weight change patterns and facilitate 
the interpretability of our results. Of note, the correlation between 
individual weight change per year (taking into account three weight 
measurements) and the weight change variable used in our analysis 
was 0.998, which justifies our approach. 

However, we recognise that our approach precludes us from 
determining how long it takes for a change in weight to affect lung 
function decline. Given the lack of standard references for weight 
change in adults, we categorised weight change based on a previous 
longitudinal study,17 limiting the interpretation of our findings to our 
definition of ‘stable weight’ (±0.25kg/year). However, the results were 
very similar when repeating our analysis using a wider category for 
‘stable weight’ (±0.50kg/year), suggesting that our findings are robust 
even with a less restrictive definition of ‘stable weight’. 

Our results may also be affected by selection bias, as participants 
were more likely to be highly educated and less likely to be current 
smokers or to be exposed to secondhand smoke than those lost to 
follow-up. Because these factors have been previously associated with 
lung function, our associations could be underestimates of the true 
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associations in the general population. Although we accounted for a 
wide range of confounders, our results could be affected by potential 
residual confounding by, for example, dietary intake, which affects 
both body weight and lung function, as the available data on diet 
were limited to a small subset of the study sample at ECRHS II and 
III. Moreover, the spirometers used for lung function assessment 
were changed in some centres, which could have led to systematic 
differences inherent in lung function measurement that may differ 
by age and height.34 However, when we adjusted our analysis for spi-
rometer type and when we replicated the analyses using lung func-
tion values corrected for change in spirometer we obtained consistent 
results. Finally, we used three repeated measures of lung function 
from a sample aged 20–44 years (mean (SD) age 34.3 (7.1) years) 
at baseline and 39–67 years (mean (SD) age 54.3 (7.1) years) at the 
last follow-up to estimate lung function trajectories throughout adul-
thood. However, few participants were aged around 20 years at base-
line and around 67 years at the last follow-up, and in consequence 
the models had fewer observations at the age ends than between 30 
and 60 years where most of the observations were.

CONCLUSION
In conclusion, this prospective population-based study shows that 
moderate and high weight gain over a 20-year period was associated 
with accelerated lung function decline in adulthood, while weight 
loss was related to its attenuation. Our findings, together with the 
existing literature, reinforce the public health message that overwei-
ght and obesity have deleterious effects on health including respira-
tory health. However, the negative effects of overweight and obesity 
on lung function can be reversed by weigh loss even later in adult life. 
Therefore, public health policies tha promote healthy lifestyles and 
body weight may be important for maintaining good lung function 
in adult life. 
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Dear Editor,
Recent clinical guidelines regarding the 
use of home non-invasive ventilation 
(NIV) and continuous positive airway 
pressure (CPAP) during the COVID-
19 epidemic have tried to balance the 
risks of stopping NIV or CPAP against 
the unknown potential risk of increased 
aerosol-related transmission to family 
and carers.1 2 We read with interest views 
put forward by Barker et al3 but feel that 
wider aspects need consideration, and 
for NIV and CPAP separately.

NIV use: NIV is primarily used for 
those with previous, or at risk from, 
hypercapnic respiratory failure (neuro-
muscular disorders, chest wall deformity, 
obesity or underlying lung disease, for 
example, COPD).

Stopping home NIV risks the return 
of symptoms (lethargy, headache, dysp-
noea and confusion), increased patient 
and family anxiety and precipitating life-
threatening acute hypercapnia, which is 
likely to result in hospital admission, 
patient exposure to COVID-19 and other 
infections, as well as causing increased 
(and preventable) pressure on ventila-
tor beds. Home NIV patients often have 
limited mobility or are housebound.

They have been advised to self-
isolate and, in our experience, most 
patients are following the advice. There 
is therefore a higher risk of a carer to 
patient transmission. NIV does generate 
droplets, but using a non-vented mask 
with a viral filter reduces the spread sig-
nificantly.4 We however recognise that 
should patient get infected then there is 
a risk to carers.

Defesa da continuidade de CPAP e VNI comu-
nitárias durante a epidemia COVID-19
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Continuing home NIV, with incre-
ased family member care, backed up 
with remote assistance from specialist 
carers, is an option. When direct carer 
input cannot be avoided, simple measu-
res, for example, hand washing and ope-
ning windows and doors before a visit 
to reduce airborne viral load (a single 
change of room air reduces viral load 
by 63%, five changes to less than 1%,5) 
and personal protective equipment will 
be required.

For patients in care facilities or requi-
ring hospital admission, a side room and 
pre-emptive change of mask and circuit 
with a viral filter in combination with 
precautions listed above should mini-
mise risk. CPAP use: CPAP is primarily 
used for those with obstructive sleep 
apnoea (OSA). While CPAP treatment 
improves symptoms (sleepiness, heada-
ches, concentration, memory and mood) 
it is rarely life-preserving. However, sto-
pping home CPAP may cause a deterio-
ration in physical and mental health, in 
addition to social distancing and home 
isolation. Increased sleepiness will affect 
driving and safety critical jobs and work 
productivity may fall. The return of sno-
ring may reduce family members’ sleep, 
affecting household temperaments and 
compounding frustration from being 
confined to the home.

Stopping CPAP for the entire epide-
mic duration cannot be recommended, 
especially for key workers, those with 
safetycritical jobs and those with incre-
ased workload during the pandemic. 
If a CPAPuser develops symptoms (or 
has asymptomatic proven COVID-19) 
then self-isolation and stopping CPAP 
for 2weeks might be sensible. To mini-
mise any in-hospital transmission, we 
are asking patients not to bring home 
CPAPs, masks or equipment into hos-
pital (assuming contamination) and are 
not treating straightforward OSA with 
CPAP in hospital during the epidemic.

Patients with decompensated obesity 
hypoventilation or COPD/OSA overlap 
will be provided with a non-vented mask, 
viral filter and vented circuit in a side 
room with a hospital CPAP machine.

Thus, while we fully accept there 
is an unknown, potentially increased, 
risk of viral transmission for other hou-
sehold members and carers, should the 
NIV-user or CPAPuser be COVID-19 
positive, we believe that blanket advice 
to withhold home NIV and CPAP for 
all users, for what may be a substantial 
period (maybe 12 weeks or even longer), 
will cause significant, and measurable, 
patient harm.
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Dear Editor,
Data from the severe acute respiratory 
syndrome coronavirus 1 (SARS-CoV-1) 
outbreak suggest high viral load at the 
time of transmission is associated with 
worse clinical outcomes.1 Non-invasive 
ventilation (NIV), including CPAP, is 
currently listed by the WHO as a high-
risk aerosolgenerating procedure putting 
healthcare workers at risk and necessita-
tes the use of personal protective equip-
ment.2 3

The current UK guidance does not 
account for high-dose viral transmission 
risk to family and carers in patients using 
community NIV and CPAP for treatment 
of chronic respiratory disease, especially 
obstructive sleep apnoea.

National Health Service guidance 
states for patients who remain at home 
during the coronavirus pandemic to con-
tinue with their usual method of venti-
lation.4 

The British Thoracic Society guidance 
for obstructive sleep apnoea advocates 
patient choice to determine implementa-
tion of distancing measures while using 
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CPAP or stopping CPAP for a short time. 
It goes on to encourage patients to persist 
with CPAP when experiencing symptoms 
of respiratory infection.5

Zou and colleagues reported compa-
rable severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) viral load 
detection in nasal and throat swabs of 
symptomatic and asymptomatic patients, 
suggesting NIV-induced aerosolisa-
tion of nasopharyngeal secretions from 
asymptomatic patients may pose similar 
risks for high-dose viral transmission in 
households.6 Aerosolised SARS-CoV-2 is 
reported to have a half-life of 1.1hours in 
air and therefore a period of prolonged 
isolation may be required following NIV 
usage.7 Universal isolation for NIV and 
CPAP usage within households may not 
be practical and individualised conside-
ration should be given to temporary ces-
sation of community ventilation, taking 
into account the risks of withholding 
NIV in hypercapnia.8

While we agree that data are limi-
ted, we believe the risk of high-dose 
viral transmission of SARS-CoV-2, from 
community NIV and CPAP users to hou-
sehold members, to be highly plausible 
and with potentially severe consequence. 

In the interests of patients’ fami-
lies and their carers we call for a con-
sensus opinion on clearer instructions 
for patients and their physicians—how 
to isolate while using NIV or CPAP at 
home, safety provisions for household 
members and risk–benefit analysis of 
temporary NIV or CPAP cessation.

A response by Baker and Sovani to 
the views expressed here has also been 
published in Thorax.9
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RESUMO
Objetivo Compreender o impacto das orientações 
relativas à bronquiolite do National Institute for 
Health and Care Excellence (NICE) para a gestão de 
crianças referenciadas para unidades de cuidados 
intensivos pediátricos (UCIP) com bronquiolite.
Desenho e enquadramento Foram recolhidos 
dados de todas as crianças referenciadas para um 
serviço de transporte UCIP regional com diagnóstico 
clínico de bronquiolite durante o inverno anterior ao 
do período de consulta NICE (2011-2012) e durante 
o inverno após a publicação (2015-2016). Foi ava-
liada a gestão iniciada pelo hospital referenciador.
Resultados Na época 1, foram referenciadas 165 
crianças com bronquiolite e, na época 2, foram refe-
renciadas 187 crianças. A utilização de nebulizador 
aumentou de 28% na época 1 para 53% na época 
2. Observaram-se um aumento da utilização de oxi-
génio por cânula nasal de fluxo elevado e uma redu-
ção da utilização da ventilação por pressão positiva 
contínua. A utilização de antibióticos manteve-se 
inalterada entre épocas.
Conclusão A utilização de terapêuticas nebulizado-
ras aumentou na gestão da bronquiolite grave apesar 
da orientação nacional em sentido contrário.

INTRODUÇÃO
Acute viral bronchiolitis is the most common rea-
son for admission to paediatric intensive care units 
(PICU) in the UK and continues to represent a sig-
nificant burden on acute admission to paediatric 
wards. The National Institute for Health and Care 
Excellence (NICE) published guidelines in June 
2015 to support clinicians in the management of 
children with bronchiolitis.1 The impact of this 
effort to standardise therapy has yet to be assessed.

The guideline made several key recommenda-
tions pertinent to the management of severe bron-
chiolitis, including:

1. Avoidance of all nebulised therapies.
2. Consider continuous positive airway pres-

sure (CPAP) in children with bronchiolitis who 
have impending respiratory failure.

3. Antibiotics are not indicated. We hypothe-
sised that in a severe subgroup of patients referred 
to PICU, guidelines would have little impact on 
practice. We investigated the management of chil-
dren referred to a regional paediatric intensive care 
retrieval service before and  after the introduction 
of the guideline.

METHOD
The South Thames Retrieval Service (STRS) pro-
vides advice and accepts paediatric intensive care 
referrals for all children who are critically ill from 
22 district general hospitals (DGH) in the south of 
England covering an estimated child population of 
2.1million.

The study was registered with the audit depart-
ment of Guy’s and St Thomas’ Foundation Trust. 
Data were collected for all referrals to STRS with 
the reported diagnosis of bronchiolitis between 1 

October and 31 March 2011–2012 (epoch 1) and 
2015–2016 (epoch 2). Epoch 1 occurred prior to 
the NICE consultation period and epoch 2 occur-
red after publication of the guideline in June 2015. 
Designated lead paediatric consultants were contac-
ted to inform them of the NICE guideline and that 
management would be audited.

Inclusion criteria were: all children under 1year 
of age presenting with physician-diagnosed acute 
viral bronchiolitis. Children with known previous 
wheeze were excluded to avoid any confusion with 
recurrent viral wheeze. Where children were refer-
red to STRS more than once in the same episode of 
illness only the initial referral was considered.

Data collection was prospective with cases iden-
tified at the time of referral and data extracted and 
recorded by members of the retrieval service. The 
STRS database was subsequently screened retros-
pectively at the end of the study period for any mis-
sed referrals using the diagnosis code ‘bronchiolitis’. 
All data collected were double-checked against the 
original referral form for accuracy by the study 
authors. 

Baseline demographic data, presenting symp-
tom, investigations and local management (inclu-
ding method of respiratory support) were collected. 
Outcome data were collected for length of PICU 
stay (LOS), length of invasive ventilation (LOV) 
episode, final diagnosis and mortality.

South Thames Retrieval Service,
Paediatric Intensive Care Unit,
Evelina London Children’s
Hospital, London, UK

Correspondence to
Dr Benedict Griffiths, Paediatric
Intensive Care, Evelina London
Children’s Hospital, London SE1
7EH, UK;
bgriffiths@doctors.org.uk

Received 19 March 2018
Revised 29 October 2018
Accepted 7 November 2018
Published Online First
24 November 2018

© Autor(es) (ou o(s) seu(s) 
empregador(es)) 2020. Não é 
permitida a utilização com fins 
comerciais. Consultar direitos e 
permissões. Publicado pela BMJ.

Gestão da bronquiolite grave: impacto das orientações NICE
Benedict Griffiths, Shelley Riphagen, Jon Lillie

Para citar:  Griffiths B,
Riphagen S, Lillie J.
Arch Dis Child
2020;105:483–485

What is already known on this 
topic?

uThere is large variation in bronchiolitis 
management across the UK.

uBronchiolitis is the most common rea-
son for admission to paediatric inten-
sive care units in the UK.

u  NICE guidelines published in 2015 
advised avoidance of nebulised the-
rapies, and recommended the use of 
continuous positive airway pressure in 
patients with impe ding respiratory fai-
lure.

Mensagens-chave

uNebulisers are still widely used in the 
management of children with bronchio-
litis and their use increased during the 
time the NICE guidelines were publi-
shed.

uHigh-flow nasal cannula (HFNC) oxy-
gen use has increased between 2012 and 
2015.

u Evidence for the use of HFNC in bron-
chiolitis should be analysed and subse-
quent guidance be updated.
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Statistical analysis was performed using STATA V.14.2 software 
(StataCorp, Texas). Data are expressed as median (IQR) or count 
(percentage) as appropriate, with between-epoch differences analy-
sed using the t-test (continuous data) and the normal approxima-
tion to the binomial test (count data). Logistic regression was used 
to compare nebuliser use against age across epochs.

RESULTS
Baseline demographics are shown in table 1, the only significant 
clinical difference was that more babies were born prematurely in 
the later epoch (40% vs 26%). The apparent increase in chrono-
logical age in epoch 2 disappeared after correction for gestation 
(p=0.02and p=0.68, respectively). 

Nebulised therapies 
Surprisingly, nebuliser usage increased over time with less than 
one-third in epoch 1 and over a half of patients in epoch 2 receiving 
a nebulised therapy (p<0.001) (table 2). 

The largest increase was in the use of hypertonic saline (HS; 8% 
vs 29%,p<0.001). There was also a statistically significant increase 
in the use of 0.9% saline (7% vs 22%,p<0.001). 

Nebuliser use increased with age in both groups and patients 
were twice as likely to be given nebulisers in epoch 2 regardless of 
age, OR 2.2 (1.5–3, 95% CI) (see figure 1).

Non-invasive ventilation
The use of non-invasive ventilation at the DGH also changed con-
siderably: high-flow nasal cannula oxygen (HFNC) increased sig-
nificantly from 8% in 2011–2012 to 55% in 2015–2016 (p<0.001). 
There was a trend towards reduction in CPAP use (44% vs 36%) 
and increase in the use of bilevel positive airway pressure but nei-
ther reached statistical significance.

Antibiotics
The use of antibiotics in this cohort of patients referred to PICU 
stayed at approximately 70% in both eras.

Referral outcome
Examining the outcomes for patients referred to the retrieval ser-
vice: it can be seen those remaining at the DGH on HFNC increa-
sed from 2% to 17% (p<0.001) and those retrieved to PICU for 
invasive ventilation fell from 82% to 68% (p=0.01) (see table 3). A 
similar number of patients stayed at the referring hospital without 
respiratory support in both groups.

Outcome data were available for >94%of patients in both epo-
chs. There was no significant difference in the LOV on PICU or in 
the LOS between years. LOV was longer in patients born prema-
turely with a median LOV of 4.2 days compared with 3.3 days in 
term babies. Bronchiolitis was the discharge diagnosis in 97% of 
cases in 2011 and 94% in 2015. In each epoch, one patient died at 
anaesthetic induction prior to the arrival of STRS.

After retrieval, one patient died in the first epoch with respi-
ratory syncytial virus acute respiratory distress syndrome despite 
extracorporeal membrane oxygenation. Lung biopsy identified 
congenital lung disease.

DISCUSSION
The most striking finding of this study was the widespread use of 
nebulised therapies which has increased significantly over the 4 
years since NICE began its consultation. The greatest increase was 
observed in nebulised HS which has been trialled in bronchio-
litis because of its mucolytic properties. NICE acknowledged in 
their analysis possible evidence of decreased PICU admission 
based on weak data but cost analysis outweighed any potential 
benefit suggesting its use. The evidence relating to broncho-
dilator therapy is clearer with no benefit shown; this therefore 
represents a clearer failure of translation to practice. 

Moreover, patients with previous episodes of wheeze were 
deliberately excluded so there is no suggestion that any of 
these infants may have been diagnosed as ‘recurrent wheezers’. 
Perhaps clinicians still suffer the ‘frustrated anxiety to do some-
thing, anything to relieve the severe dyspnea of bronchiolitis’, 
first discussed by Wright and Beem in 1965.2 Yet there is the 
potential for harm and increased use of nebulisers may prolong 
LOS.3

There was a dramatic increase in the use of HFNC between 
years. A smaller proportion of patients required PICU in the 
later epoch where HFNC and nebuliser use was higher, however 
no conclusions can be inferred due to methodological limita-
tions. Most importantly, the severity of illness was not measu-
red and referral criteria for contacting STRS include the use 
of HFNC in some hospitals. HFNC has become a widespread 
therapy during the NICE consultation period and subsequent 
guideline publication.4 The emerging evidence was therefore 
not considered and the guidelines make no reference to it.5

Figure 1  Graphs showing probability of nebuliser use increases with age. 
Patients were twice as likely to receive nebulisers in the second epoch, OR 
2.2 (1.5–3, 95% CI).

Table 1  Demographics; median and IQR for continuous variables

EPOCH 1
2011–2012
N=132

EPOCH 2
2015–2016
N=153 P Values

Age chronological (days) 52 (30–96) 67 (39–135) 0.02

Age (days, corrected for gestation) 39 (17–79) 46 (12–104) 0.68

Prematurity 26% (n=34) 40% (n=61) 0.01

Weight (kg) 4.2 (3.3–5.5) 4.3 (3.2–6.0) 0.40

Presenting symptom: apnoea 33% (n=43) 34% (n=52) 0.80

Serum sodium (mmol/L) 137 (135–140)  138 (136–140) 0.08

Haemoglobin (g/L) 110 (98–125) 109 (93–121) 0.56

Mann-Whitney U test provides p values. Proportion with apnoea and prematurity
shown (χ2 test). Statistical significance if p<0.05 in bold.

Table 2  Therapies received expressed as percentage and 
absolute number of patients

2011–2012
N=132

2015–2016
N=153 P Values

Nebuliser used (any) 28% (37) 53% (81) <0.001

0.9% saline 7% (9) 22% (33) <0.001

Hypertonic saline 8% (10) 29% (44) <0.001

Ipratropium bromide 18% (24) 27% (42) 0.06

Salbutamol 8% (10) 12% (19) 0.18

Epinephrine 5% (7) 1% (2) 0.05

Intravenous bronchodilator 2% (3) 1% (1) 0.25

Antibiotics administered 67% (94) 71% (108) 0.48

HFNC 02 8% (10) 55% (84) <0.001

CPAP 44% (59) 36% (55) 0.13

BIPAP (non-invasive) 0% 3% (4) 0.06
Ventilated at referral 18% (24) 12% (18) 0.12
BIPAP, bilevel positive airway pressure; CPAP, continuous positive airway pressure;
HFNC, high-flow nasal cannula.
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NICE does not recommend the use of antibiotics in patients 
presenting with bronchiolitis, however, up to 40% of bronchio-
litics in PICU may have bacterial coinfection so it is reasonable 
that those referred to PICU be treated empirically with antibio-
tics.6 This study collected data during the first winter following 
publication of the NICE guideline. A potential limitation is that 
it took place too soon after guideline introduction. In the USA, 
there was a significant drop in use of bronchodilators and ste-
roids reported after national guidelines were published by the 

American Paediatric Association but this effect was measured 5 
years after introduction.7

Reasons for non-compliance with guidelines have been exami-
ned in the literature; information overload, human nature and length 
of guidance have all been cited as reasons for clinicians to deviate 
from them.8 With so many complex barriers to changing clinician 
behaviour cited, careful strategies for education and engagement will 
be required to ensure children with severe bronchiolitis receive an 
evidence-based approach to their management.
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Table 3  Outcome of patients referred with bronchiolitis and
eventual outcome of patients retrieved to PICU
Outcome—all patients referred

2011–2012
(132)

2015–2016
(153) P Values

DGH (no respiratory support) 3% (4) 4% (6) 0.68

DGH (HFNC) 2% (2)  17% (26) <0.001

DGH (CPAP) 11% (15) 10% (15) 0.67

PICU (NIV) 1% (1) 1% (1) 0.91

PICU (ventilated) 82% (108) 68% (104) 0.01

% Retrieved in network 94% (102) 94% (98) 0.90

Death 2% (2) 1% (1) 0.91

Outcome—patients retrieved to PICu
2011–2012
(102)

2015–2016
(98) P Values

Length of stay (days) 4.7 (3.6–6.4) 5.2 (4.0–7.4) 0.42

Length of ventilation (days) 3.5 (2.5–5.0) 4.0 (2.7–5.3) 0.28

Bronchiolitis was PICU D/C diagnosis 98% (100)  95% (93) 0.30

CPAP, continuous positive airway pressure; D/C, discharge; DGH, district general hospital; HFNC, high-
flow nasal cannula; NIV, non-invasive ventilation; PICU, paediatric intensive care unit.

Research to Publication is an eLearning programme for early career 
academics in healthcare research brought to you by BMJ.

The full programme will offer a comprehensive set of 8 courses, comprising 
52 self-study modules that will allow you to choose what to study, and to do 
so at your own pace.

Focused on clinical and public health research, the programme draws on the 
expertise of The BMJ’s research editors and UCSF’s academics to guide you 
through the entire process from designing a study to seeing it published.

And learn how to write
papers that get published

Enrol today to start learning rtop.bmj.com

Develop your
research skills



Breve comunicação

45 Grover H, et al. Thorax 2020;75:348–350. doi:10.1136/thoraxjnl-2019-214303

Comunicação curta

Implementação do rastreio orientado de cancro do 
pulmão em população de risco elevado no âmbito da 
prática clínica no NHS através de tomografia compu-
torizada de dose reduzida
Helen Grover ,1,2 Thomas Ross,1 Elizabeth Fuller2,3

the last 12 months or had symptoms needing a 
2-week wait referral.

A feasibility pilot project was done and sub-
sequently rolled out across South Tyneside and 
Sunderland CCGs. Training and written guide-
lines were provided. Eligible individuals were 
identified by practice nurses.

All LDCTs are performed out of hours (unless 
individuals request otherwise) at a cost of £94 per 
LDCT, including a report. LDCTs take place at 
static site scanners at South Tyneside District 
Hospital. Follow-up CTs for nodule surveillance 
are covered as part of the block contract for the 
radiology department. A LDCT report is given 
by a thoracic radiologist who is the lung cancer 
multidisciplinary team lead. Historical imaging 
is available to compare. A positive scan is a sus-
picious lesion or a growing nodule. 

Volumetry is used for nodule measurement. 
Nodule follow-up is as per British Thoracic 
Society guidelines,8 and interval scan details are 
included in the report. A false positive was any 
individual seen in the one-stop clinic who was 
not diagnosed with cancer.

RESULTS
From February 2017 to October 2019, 925 
individuals attended for LDCT. Data regarding 
those patients eligible for LDCT but declining 
the invitation are unavailable. 68.9% had a nega-
tive LDCT (n=637/925). 5% of individuals had a 
positive LDCT (n=46/925) and were seen in the 
one-stop clinic. The false positive rate was 2.4% 
(n=22/925) of all individuals who had a LDCT.

One died suddenly prior to review and four 
are still pending interval imaging for ground 
glass nodules. Investigations performed for 
participants who were not diagnosed with lung 
cancer included staging CT scan (n=19), posi-
tron-emission tomography (PET)-CT (n=4), 
bronchoscopy (n=8), CT-guided biopsy (n=1) 
and mediastinal biopsy for anterior mediastinal 
mass (n=2). One patient had surgery for benign 
disease. There were no complications from sur-
gery or investigations. Lung cancer prevalence 
was 2% (n=19/925), with 21 cancers overall as 
two patients had two lung cancers detected. 
Participant and cancer characteristics are detai-
led in table 1.

Pathological types included adenocarcinoma 
and squamous cell, with six tumours having a 
clinical diagnosis without histological confir-
mation. Stage of cancers was as follows: stage I 
61.9% (n=13/21), stage II 4.8% (n=1/21), stage 
III 28.6% (n=6/21) and stage IV 4.8% (n=1/21). 
The surgical resection rate was 15.8% (n=3/19). 
36.8% had stereotactic ablative radiotherapy 
(SABR; n=7/19), with one awaiting SABR refer-

1Research and Development,
South Tyneside and Sunderland
NHS Foundation Trust, South
Shields, UK
2Population Health Sciences
Institute, Newcastle University,
Newcastle upon Tyne, UK
3Respiratory Medicine, South
Tyneside District General
Hospital, South Shields, UK

Correspondence to
Dr Helen Grover, Research and
Development, South Tyneside
and Sunderland NHS Foundation
Trust, South Shields NE34 0PL,
UK; helen.grover1@nhs.net

Received 12 November 2019
Revised 20 December 2019
Accepted 6 January 2020
Published Online First
3 March 2020

© Author(s) (or their employer(s)) 
2020. No commercial re-use. See 
rights and permissions. Published
by BMJ.

Para citar: Grover H, 
Ross T, Fuller E. Thorax
2020;75:348–350.

RESUMO
Reportamos um programa de rastreio orientado 
de cancro do pulmão em âmbito de cuidados pri-
mários que utilizou TC de dose reduzida (TCDR) 
em South Tyneside e Sunderland. Foram identi-
ficados sempre fumadores com ≥10 anos-maço 
entre os 55 e 74 anos na revisão anual de DPOC. 
925 indivíduos compareceram para a realização 
de TCDR. 2% (n=19/925) apresentaram diag-
nóstico de cancro do pulmão. 66,7% (n=14/21) 
apresentaram doença em fase precoce e 78,9% 
(n=15/19) receberam uma proposta de trata-
mento com intenção de curar. 79,3% dos indi-
víduos que compareceram para a realização 
de TCDR foram classificados nos quintis de 
carência mais baixos. Esta abordagem tem sido 
implementada com sucesso na prática clínica de 
rotina no NHS. É eficaz em termos de melhorias 
de fase da doença e envolve indivíduos em áreas 
carenciadas.
 
INTRODUCTION
Public Health England data show that the North 
East and Cumbria have the second highest age-
and sex-standardised incidence and mortality of 
lung cancer.1 Lung cancer and chronic respira-
tory disease contribute greatly to the life expec-
tancy inequality gap, only behind heart disease 
in both sexes. People in the most deprived areas 
are more than twice as likely to die prematurely 
(age <75) from cancer.2 They are also less likely 
to participate in screening for lung cancer.3 

The NHS Atlas of Variation in Healthcare 
suggested that, to reduce premature mortality 
from cancer, commissioners need to support 
cancer prevention initiatives including cancer 
screening programmes.4 

Airflow obstruction has been identified as 
an independent risk factor for the development 
of lung cancer,5 and the addition of emphysema 
to screening criteria has improved lung cancer 
detection rates.6 The National COPD Audit 
Programme (2016) suggested that 89.3% of 
patients in the North of England attended pri-
mary care review within the preceding 12 mon-
ths.7 

This has the potential to be a suitable group 
to target screening. South Tyneside Clinical 
Commissioning Group (CCG) and South 
Tyneside NHS Foundation Trust therefore com-
missioned a new targeted screening programme 
for individuals attending annual COPD review in 
general practice offering low-dose CT (LDCT).

METHODS
The eligibility criteria and participant journey is 
described in figure 1. Individuals were ineligi-
ble if they were housebound, had a CT chest in 
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ral, and 21.1% (n=4/19) had concurrent chemoradiotherapy. A 
curative intent treatment was offered in 78.9% (n=15/19). In all 
treated patients there were no deaths within 90 days. 16.5% of 
LDCTs had a nodule or inflammatory change (n=153/925). Of 
these, 7.2% were referred to the respiratory team for ongoing 
surveillance (n=11). GPs requested and acted on follow-up CT 
scans appropriately in 89.4% (n=118/132). 9.6% (n=89/925) of 
reports suggested another respiratory disease (ie, interstitial 
lung disease or bronchiectasis). Two breast cancers were diag-
nosed and one pancreatic lesion considered benign.

DISCUSSION
We report a novel NHS-commissioned service targeting indi-
viduals attending annual COPD review. The prevalence of lung 
cancer is similar to UK Lung Cancer Screening; however, it 
is lower compared with targeted Lung Health Check (LHC). 
The overall shift was towards lower stage disease (see figure 2), 

although there is bias comparing this selected group with an 
unselected group as the historical control. The rate of surgical 
resection is lower and this may reflect the fact that individuals 
had lower lung function and higher rates of comorbidities (see 
table 1). There was a high use of SABR, and this is an appro-
priate radical treatment for these individuals. The mortality 
rate for those screened in the first 12 months was only 4.6%, 
hopefully mitigating overdiagnosis in this otherwise comorbid 
group. GPs have engaged well with nodule follow-up.

A driving factor from the CCG was the level of depri-
vation and health inequalities for the area. In this group, 
79.3% were in the most deprived quintiles (English Index of 
Multiple Deprivation 2015). Despite the concern that other 
screening models have a healthy volunteer effect, these indi-
viduals are mostly from the lowest socioeconomic status, 
suggesting this model includes those most at risk from health 
inequalities.

Although taking individuals with COPD and emphysema 
may be an appropriate group to target, the sample size is too 

Figure 2  Stage of lung cancer at diagnosis: National Lung Cancer
Audit 2016 South Tyneside compared with low-dose CT (LDCT)
programme.

Figure 1  Participant journey through the lung cancer targeted screening 
programme. LDCT, low-dose CT.

Table 1 Descriptive statistics of weight change profil

ID Age Sex PS Pack years TNM Stage Pathology MDT Treatment

1* 68 F 1 15 cT1aN0M0 IA Lepidic adenocarcinoma Reduced lung function SABR

2* cT2aN0M0 IA Clinical Reduced lung function SABR

3 74 F 1 41 pT1bN0 IA Adenocarcinoma – acinar Surgery

4 66 M 1 52 cT1bN0M0 IA Clinical ILD SABR

5* 65 F 1 34 cT1bN0M0 IA Squamous Reduced lung function Radical radiotherapy

6* cT1aN0M0 IA Clinical Reduced lung function SABR

7 74 M 1 10 cT1bN0M0 IA Clinical Site – unable to biopsy. ILD SABR

8 60 M 3 45 cT1cN0M0 IA Clinical Site – unable to biopsy. Multiple comorbidities SABR

9 70 F 2 43 cT1bN0M0 IA Clinical Multiple comorbidities SABR referral

10 74 M 2 28 cT2aN0M0 IB Adenocarcinoma Reduced lung function SABR

11 67 M 1 45 pT2aNx IB Adenocarcinoma – solid Surgery

12 72 M 1 100 cT2aN0M0 IB Adenocarcinoma Multiple comorbidities SABR

13 71 F 1 55 cT2aN0M0 IB Adenocarcinoma Multiple comorbidities. Site – unable
to biopsy or give radical radiotherapy
or SABR

Palliative radiotherapy

14 74 F 0 22 pT3N0 IIB Adenocarcinoma – solid Surgery

15 60 M 1 80 cT4N0M0 IIIA Squamous Concurrent chemoradiotherapy

16 67 M 1 75 cT2N2M0 IIIA Adenocarcinoma Concurrent chemoradiotherapy

17 68 F 1 10 cT4N1M0 IIIA Adenocarcinoma Sequential chemotherapy +CHART

18 65 F 1 63 cT3N2M0 IIIB Adenocarcinoma Concurrent chemoradiotherapy

19 66 M 0 50 cT4N2M0 IIIB Adenocarcinoma Concurrent chemoradiotherapy

20 62 M 1 51 cT3N3M0 IIIC Adenocarcinoma Palliative Immunotherapy

21 64 M 0 52 cT3N2M1c IVB Squamous Palliative chemotherapy

* cancers in the same patient
† cancers in the same patient
ILD, interstitial lung disease; MDT, multidisciplinary team; PS, performance status; SABR, stereotactic ablative radiotherapy; TNM, tumour node and metastasis (8th edition).
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small to assert this. Using the annual COPD review appears to 
be an efficient use of the service, but further work is needed 
to address missing data regarding uptake of LDCT invitation. 
Smoking cessation, psychological impact and health economics 
are other aspects of the ongoing study evaluation.

NHS England has announced plans for targeted LHC in 10 
CCGs across the country, which would include LDCT,9 and we 
eagerly await the results. In the meantime, we will continue our 
current model. We have demonstrated that this can be establi-
shed within routine NHS clinical practice engaging individuals 
from deprived areas with a lung cancer prevalence of 2% with 
improvements in stage of disease.
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deve ser utilizada a dose de 92/22 µg. Efeitos sistémicos dos corticosteroides Podem ocorrer com qualquer corticosteroide para inalação, em especial com doses elevadas receitadas 
durante longos períodos (ocorrência muito menos provável do que com corticosteroides orais). Incluem síndrome de Cushing, características cushingoides, apoplexia suprarrenal, 
diminuição na densidade mineral óssea, retardação do crescimento em crianças e adolescentes, cataratas e glaucoma e, mais raramente, uma variedade de efeitos psicológicos e 
comportamentais incluindo hiperatividade psicomotora, perturbações do sono, ansiedade, depressão ou agressão (em especial em crianças). Administrar com precaução em doentes 
com tuberculose pulmonar ou em doentes com infeções crónicas ou não tratadas. Perturbações visuais Podem ser notificadas perturbações visuais com o uso sistémico e tópico de 
corticosteroides. Se um doente apresentar sintomas tais como visão turva ou outras perturbações visuais, o doente deve ser considerado para encaminhamento para um 
oftalmologista para avaliação de possíveis causas que podem incluir cataratas, glaucoma ou doenças raras, como coriorretinopatia serosa central (CRSC), que foram notificadas após 
o uso de corticosteroides sistémicos e tópicos. Hiperglicemia Notificados casos de aumentos nos níveis de glucose no sangue em doentes diabéticos e tal deve ser considerado quando 
se receita a doentes com antecedentes de diabetes mellitus. Pneumonia em doentes com DPOC Um aumento da incidência de pneumonia, incluindo pneumonia que requer 
hospitalização, tem sido observado nos doentes com DPOC a receberem corticosteroides inalados. Existe alguma evidência de um risco aumentado de pneumonia com o aumento da 
dose de esteroide mas isto não foi demonstrado de forma conclusiva entre todos os estudos. Não existe evidência clínica conclusiva para diferenças dentro da mesma classe na 
magnitude do risco de pneumonia entre os medicamentos contento corticosteroides inalados. Os médicos devem continuar alerta para o possível desenvolvimento de pneumonia em 
doentes com DPOC pois as características clínicas de tais infeções sobrepõem-se aos sintomas das exacerbações da DPOC. Os fatores de risco para pneumonia em doentes com DPOC 
incluem tabagismo atual, idade avançada, índice de massa corporal (IMC) baixo e DPOC grave. Pneumonia em doentes com asma A incidência de pneumonia em doentes com asma 
foi frequente na dose mais elevada. A incidência de pneumonia em doentes com asma a tomar 184/22 µg foi numericamente superior quando comparada com aqueles a receber 
92/22 µg ou placebo. Não foram identificados fatores de risco. Excipientes Cada dose administrada contém aproximadamente 25 mg de lactose (na forma mono-hidratada). Doentes 
com problemas hereditários raros de intolerância à galactose, deficiência total de lactase ou malabsorção de glucose-galactose não devem utilizar este medicamento. EFEITOS 
INDESEJÁVEIS As reações adversas mais frequentemente notificadas foram cefaleia e nasofaringite. Com a exceção de pneumonia e fraturas, o perfil de segurança foi semelhante em 
doentes com asma e DPOC. Durante os estudos clínicos, pneumonia e fraturas foram mais frequentemente observadas em doentes com DPOC. Infeções e infestações Frequentes - 
Pneumonia, infeção do trato respiratório superior, bronquite, gripe, candidíase da boca e da garganta Doenças do sistema imunitário Raros - Reações de hipersensibilidade incluindo 
anafilaxia, angioedema, erupção cutânea e urticária Perturbações do foro psiquiátrico Raros - Ansiedade Doenças do sistema nervoso Muito frequentes - Cefaleia Raros - Tremor 
Afeções oculares Pouco frequentes - Visão turva Doenças cardíacas Pouco frequentes - Extra-sístoles Raros - Palpitações, taquicardia Doenças respiratórias, torácicas e do mediastino 
Muito frequentes - Nasofaringite Frequentes Dor orofaríngea, sinusite, faringite, rinite, tosse, disfonia Raros - Broncospasmo paradoxal Doenças gastrointestinais Frequentes - Dor 
abdominal Afeções musculosqueléticas e dos tecidos conjuntivos Frequentes - Artralgia, dorsalgia, fraturas, espasmos musculares Perturbações gerais e alterações no local de 
administração Frequentes - Pirexia. TITULAR DA AIM GlaxoSmithKline (Ireland) Limited, 12 Riverwalk, Citywest Business Campus, Dublin 24, Irlanda  DATA DA REVISÃO DO TEXTO 
dezembro 2018.  APRESENTAÇÃO: Revinty Ellipta 92 µg+22 µg, 30 doses; Revinty Ellipta 184 µg+22 µg, 30 doses. Regime de comparticipação: Escalão B. Regime Geral 69%; Regime 
Especial 84%. Medicamento Sujeito a Receita Médica. Está disponível informação pormenorizada sobre este medicamento no sítio da internet da Agência Europeia de Medicamentos 
http://www.ema.europa.eu/. Consultar o RCM completo para informação detalhada. Para mais informações e em caso de suspeita de um acontecimento adverso ou de outra 
informação de segurança, contactar o departamento médico da GlaxoSmithKline - +351 214129500. Para mais informações contactar o representante local do titular da AIM: Bial- 
Portela & Cª, S.A.,-À Av. da Siderurgia Nacional, 4745-457 S.Mamede do Coronado; NIF: 500220913. DDVSAM190129
RV/SET19/010      PM-PT-FFV-JRNA-190001, setembro 2019
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O perfil de segurança de Revinty foi validado em ensaios clínicos de 
grande escala, como o SUMMIT (n=4121) e SLS na Asma (n=2114)3,4
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