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Editorial

Neste final de um ano muito atipico e cheio de mudangas, angustias e alteragdes das nossas rotinas, regres-
samos com um novo numero da edi¢gdo em lingua Portuguesa de artigos das Revistas Thorax e Archives of
Disease in Childhood, tendo selecionado alguns artigos que esperamos sejam do vosso interesse.

O primeiro realce vai para artigo “Como as criangas aprendem a fazer uma autogestdo independente da asma’.
Trata-se de um estudo qualitativo realizado com criangas com asma e respetivos pais em que foi usada uma
amostra intencional e foram realizados grupos focais com o objetivo de explorar os pontos de vista das cri-
ancas malaias e dos seus pais sobre asma com o objetivo de melhorar a compreensédo das primeiras influéncias
no desenvolvimento de competéncias de autogestao. Concluiu-se que as criangas aprenderam as técnicas de
autogestao da asma desde os seus 7 anos com uma independéncia crescente a partir dos 10 anos. O reconhe-
cimento que as criangas experimentam a autogestdo da asma (as vezes sem o conhecimento de seus pais)
oferece boas oportunidades para uma abordagem centrada nas criangas.

O segundo destaque vai para o artigo” Preferéncias de terapéutica de inaladores de manutengdo de doentes
com asma ou doenga pulmonar obstrutiva crénica: uma experiéncia de escolha discreta”. Os autores realizaram
um estudo para perceber quais sdo os atributos dos inaladores de manutencao que sdo mais valorizados por
pacientes com asma ou DPOC. A conclusao é que os atributos mais importantes para estes pacientes sao o
inicio rapido de alivio dos sintomas e uma menor taxa de exacerbagdes.

Em seguida recomenda-se a leitura do artigo “Acompanhamento respiratério de doentes com pneumonia
COVID-19". Neste documento de orientagdo sao abordadas as complica¢des a longo prazo da pneumonia
COVID-19 que comegam a surgir. Os autores sugerem uma estrutura para o acompanhamento respiratorio
de doentes com confirmagéo clinico-radioldgica da pneumonia COVID-19, definem dois algoritmos sepa-
rados que integram a gravidade da doenga, a probabilidade de complicagdes respiratdrias a longo prazo e a
capacidade funcional na alta hospitalar.

Na secc¢do de “Revisdo do estado da arte” poderdo ler o artigo “Aplicagdes da inteligéncia artificial e
aprendizagem de maquina na medicina respiratoria” que analisa o progresso nesta area ao longo dos ultimos
5 anos, salientando também as atuais limita¢des da IA e da aprendizagem automatica e o potencial de desen-
volvimentos futuros.

O ultimo artigo, “Pneumonite por hipersensibilidade potencialmente fatal associada ao uso de cigarros eletroni-
cos”, fala-nos de um caso de pneumonite por hipersensibilidade (PH) num jovem individuo associada ao uso
de produtos de vaping e destaca duas aprendizagens. A primeira é considerar sempre podermos estar perante
uma reagao aos cigarros eletrénicos em alguém que apresente uma doenca respiratoria atipica. A segunda é
o risco de considerarmos os cigarros eletronicos “muito mais seguros do que o tabaco”.

Esperamos que a selegdo de artigos vos agrade e desejamos uma boa leitura.

A todos os leitores desejamos umas Boas Festas com satude e em seguranga, neste que sera, sem duvida um
ano que marcou profundamente as nossas vidas profissionais, pessoais e familiares.

Jaime Correia de Sousa
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Como as criancas aprendem a fazer uma autogestao inde-
pendente da asma: um estudo qualitativo na Malasia

Siti Nurkamilla Ramdzan,'? Ee Ming Khoo,? Su May Liew,?Steven Cunningham,' Marilyn Kendall,'
Nursyuhada Sukri,> Hani Salim,"? Julia Suhaimi,? Ping Yein Lee,* Ai Theng Cheong,? Norita
Hussein,” Nik Sherina Hanafi,2 Azainorsuzila Mohd Ahad,* Hilary Pinnock!

RESUMO

Objetivo O nosso objetivo foi explorar os pontos de
vista das criancas malaias com asma e dos seus pais
para melhorar a compreensao das primeiras influéncias
no desenvolvimento de competéncias de autogestao.
Desenho Trata-se de um estudo qualitativo realizado
com criangas com asma e respetivos pais. Utilizamos
amostragem intencional e realizdmos grupos de foco e
entrevistas utilizando um guia de topicos semiestrutu-
rado na lingua de preferéncia dos participantes. Todas
as entrevistas foram gravadas em audio, transcritas inte-
gralmente, inseridas em NVivo e analisadas utilizando
uma abordagem tedrica fundamentada.

Cenarios Identificdmos criancas entre 7 e 12 anos de
idade com asma reportada pelos pais, diagnosticada
por médicos de sete escolas primdrias suburbanas na
Malasia. Foram realizados grupos de foco e entrevistas,
tanto em escolas como em centro de salde.
Resultados Noventa e nove participantes (46 presta-
dores de cuidados de satde, 53 criancas) contribuiram
para 24 grupos de foco e 6 entrevistas individuais. As
criancas adotaram a gestdo da asma feita pelos seus
pais, mas, em paralelo, aprenderam e ganharam con-
fianca para autogerirem a asma de forma independente
a partir das suas proprias experiéncias e experimenta-
¢do. O aumento da independéncia foi mais evidente
em criancas com 10 anos ou mais. Normas e crencas
culturais influenciaram a independéncia das criancas
para autogerirem a asma, seja direta ou indiretamente,
através das suas redes sociais. As influéncias externas,
como por exemplo 0 apoio da escola e dos cuidados de
salde, também desempenharam um papel na transicéo.
Conclusao As criancas aprenderam as técnicas de
autogestdo da asma desde os seus 7 anos com uma
independéncia crescente a partir dos 10 anos. Os pro-
fissionais de saude devem utilizar uma abordagem
centrada na crianca e envolver as escolas para facilitar
a autogestao da asma e apoiar uma transicao suave
para a autogestdo independente.

Numero de registo do ensaio Malaysian National
Medical Research Register (NMRR-15-1242-26898).

INTRODUCTION
With an estimated prevalence in Malaysia of
8.9% in schoolchildren, asthma is the the most
common chronic disease among children and
responsible for significant morbidity and morta-
lity.'* Supported self-management is a key com-
ponent of asthma management which improves
asthma control and reduces asthma exacerba-
tions.*® Self-management involves discussion of
a personalised asthma action plan empowering
children and their parents to identify triggers,
recognise deteriorating control, and take timely
and appropriate action.”

Despite strong recommendations from
international asthma guidelines on the impor-
tance of supported self-management,*” and

explicit promotion of asthma action plans by
Malaysian guidelines since 1996,%'° the concept
of self-management is not widely understood in
Malaysia.'' ' Compared with adults, the concept
is more complex among children as many chil-
dren with asthma are diagnosed at an age when
parents are responsible for making all manage-
ment decisions.”” Once at school and away from
their parents for periods of time, children are
expected to begin to learn to selfmanage aspects
of their own asthma.' This transition is vitally
important, as asthma may continue into adul-
thood" and an understanding of how children
learn to self-manage will inform effective deli-
very of supported self-management.

The process of transition to independent self-
-management of long-term conditions in chil-
dren is part of normal development, but how
this plays out is influenced by culture, beliefs
and parenting style.'*"** Most studies have been
conducted among adolescents in the USA, UK
and European countries with very little research
done among children in the Asian region.' -
We therefore aimed to explore the perceptions
of Malaysian children (aged 7-12 years) with
asthma complemented by perceptions of their
parents on the development of selfmanagement
skills. This will enhance understanding of the
early influences on asthma self-management
skills in children.

METHODS

We conducted a qualitative study among children
with asthma and their parents in seven primary
schools in Port Dickson, a suburban district of
Malaysia. For simplicity, we use the term ‘parents’
to describe parents and other family carers, for
example, grandparents.

Context and school recruitment

Malaysia is a multicultural society with three
main ethnic groups (Malay, Chinese and Indian).
Between the age of 7 and 12 years, children typi-
cally attend a government primary school that
teaches in one of the three languages according
to parents’ choice.”

We conducted our study in the three main
types of government primary schools (Malay,
Chinese and Indian) to encompass the cultural
diversity. The invitations, questionnaires, focus
groups and interviews were conducted in the lan-
guage preferred by the participants.

Identifying and recruiting children with
asthma

To identify children diagnosed with asthma, the
participating schools sent letters enclosing scree-
ning questionnaires to the parents of all pupils
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asking whether their child had been diagnosed with asthma
and had received any treatment for asthma in the past 12 mon-
ths. If the answers were yes to both, we asked parents to com-
plete a questionnaire on asthma control based on their child’s
symptoms. The completed questionnaires were returned to the
schools and we purposively sampled children with asthma from
different age groups, ethnicities and degrees of asthma control.
We invited parents of the selected children and their child to
participate. Parents provided written consent for participation
for themselves and their child. In addition, we obtained assent
from the children.

Data collection

We arranged focus groups or individual interviews according
to participants’ preference. Parents and children’s participation
were paired, but focus groups were carried out separately for
parents and children to enable peer interaction. We collected
basic sociodemographic data (online supplementary 1), and
used a piloted topic guide (online supplementary 2) and pictu-
res of asthma medications and treatments to stimulate discus-
sion. All the interviews and focus groups were moderated by
researchers who were native speakers of the language in which
the session was conducted, and were carried out either at the
child’s school or a health centre. The focus groups and inter-
views were audiorecorded, transcribed verbatim and analysed
using NVivo software V.11.

Language and translation

Tamil and Mandarin transcripts were translated to English by
experienced bilingual English and native speakers of the source
language. Bilingual moderators checked all English transcripts
for semantic and contextual equivalence. The Malay transcripts
were analysed in the source language, as researchers were fluent
in Malay, the national language, and translated into English for
publication.

Data analysis

We used a constructivist grounded theory approach, a systema-
tic but flexible technique, to analyse our findings.**-* This uses
an inductive, iterative and comparative approach to increase
the explanatory and abstract level of emerging themes.?* > The
data from children and parents were analysed separately, and
then compared between child—parent dyads. Three researchers
(SNR, HS and NS) who are Malay native speakers coded the first
Malay transcript independently. They read the transcripts word
by word, with contextual information from field notes, and crea-
ted codes to describe the meaning. They met to agree to a coding
framework, which was then discussed with the team. SNR pai-
red with one of the authors to code independently the remaining
transcripts, guided by the framework. Any new codes were added
to the framework in discussion with the team. SNR compared the
codes, proceeded with focus and axial coding, and developed a
schema by linking codes, subthemes and themes.” To facilitate
interpretation, we adopted the learning development categorisa-
tion used in the educational system*”: children 7-9 years old are
described as ‘young’; children'®*? years old are ‘older’ children.

Reflexivity and interpretation

The researchers most closely involved in data collection and
coding were SNR (a Malay primary care physician, mother of
a child with asthma), HS (a primary care physician) and NS (a
Master’s student in health service research). All three are invol-
ved in research related to implementing supported self-mana-
gement and, as long-term residents of Malaysia, are familiar
with the local cultural beliefs, practices and parenting styles
that could influence the self-management beliefs or practices
of the participants. We remained aware of the importance of
reflexivity, and interpretation involved regular discussions with

Table 1 Characteristics of participants

Demographic characteristics of Chinesen=10  Indian n=27

children

Malay n=16

Female 8 5 7

Demographic characteristics of Chinese n=9 Indian n=21

parents

Malay n=16

Female 16 9 17

Educational background

Secondary 9 7 9

Missin 0 0 8

Parents 16 8 19

a wider research team including primary care physicians and
paediatricians from UK and Malaysia, and a social scientist,
who was able to provide additional perspectives.

RESULTS

Between April and December 2016, 53 children participated in
12 focus groups (up to 9 participants; duration up to 100min)
and 5 individual interviews (duration up to 24min). Parents
(n=46) participated in 12 focus groups (up to 6 participants;
duration up to 60min) and 1 individual interview (duration
29min). Two parents and two children were re-interviewed to
clarify points from their first focus groups. Table 1 shows the
characteristics of the participants.

Summary of findings

Figure 1 summarises our findings on transition to selfmana-
gement among children with asthma. Additional illustrative
quotes are in tables 2-4.

Transfer of control

Acceptance of parents’ views and actions

Parents were the main source of information for asthma and
asthma management; their influence was notably stronger
among younger children than older children (table 2). Younger
children’s understanding of asthma was almost exclusively
based on their parents’ beliefs and actions. An example was the
belief that ‘hot and cold’ are important as cause, trigger and
treatment for asthma.

“Cannot drink ice water, cannot take anything ‘cold, cannot eat
orange.” (SC2_ICh, 9-year-old Indian boy, child of A9) “For my
son, cool drinks and oranges. He started to have flu and then it
became phlegm and eventually asthma. All because of taking ice
water” (A9_FGD 9_IC, Indian mother)

Children who believed in the use of warm water for the treat-
ment of asthma had parents who gave warm water to prevent
and reduce asthma symptoms. Similarly, children used evidence
based medicine for self-management of asthma if their parents
believed and practised self-management as recommended by
healthcare professionals.

“First you need to use the inhaler (if you have asthma symptoms)
and if you do not get better, you need to go and get nebuliser.”
(P1_FGD1MCh, 10-year-old Malay girl)

“I will give the inhaler first but if this is still not working, I will go
(to seek medical attention) even if itis 1,2 or 3am...” (M1_FGD-
1MC, Malay, mother of P1)
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Cultural norms and beliefs

Experiential learning

Parents’ views and actions

External InﬂuemeT-

Infancy

8

Figure 1  Schema of transition to independent self-management of

care among children with asthma.

Parents influenced their child’s self-management by imposing
‘rules, for example, not allowing their child to participate in
sports. Parents based these constraints on their past experiences
of coping with their child’s asthma (especially if their children
had more troublesome symptoms) and their health beliefs.

Adolescent
Child's independence to self-manage /

“After I ran one round, I will make some noise, a little bit” (FF1,
FGDI1CCh, 12-year-old Chinese girl)

“Don’t do strenuous exercise, then she will have less asthma
attack” (MS1FGD1CC, Chinese, mother of FF1) Parental confi-
dence in their child’s ability to independently self-manage varied.
Although the age of the child was a factor in this decision, there
were examples of parents of 12-year-old children ‘rushing back
and forth’ to school as well as children as young as 10 years old
being trusted to self-medicate.

“T'll pick him from school, bring him home in the middle of his
class. If P'm working, I'll have rush back and forth to work and
school. (SF2_FGD2_IC, Indian, father of a 12-year-old boy)

“I will remind her to use the inhaler if she is going to play or she
feels her chest is tight. Asked her to use the inhaler, she carries it
to school” (MA1_FGD1_MC, Malay, mother of a 10-year-old girl)

Experiential learning
Some older children described how they learnt about asthma
based on their own experiences, gaining confidence in selfma-

Table 2 Quotes illustrating the transfer of control

Artigo original

naging their asthma (table 2). Several children developed their
own self-management practices by experimenting and gaining
experience by ‘trial and error’. All children were aware of the
constraints imposed by their parents to prevent asthma symp-
toms and attacks. However, children as young as 9 years old
challenged their parents’ views and actions, secretly under-
taking ‘banned’ activities that they enjoyed, although someti-
mes worried that they might be blamed for causing an asthma
attack. Some parents were aware that their child did not adhere
to the constraints but realised that they were not able to super-
vise their child all the time.

“P2: My mother usually does not allow us to eat ice cream.
Moderator: Not allowed you to eat ice cream. Why?

P2: Afraid that we will have an asthma attack.

P1: Afraid of asthma attack.

Moderator: So, do you usually eat or do not eat?

P1, P2 and P3: I do.

Moderator: You all have. So, your mother allows you to eat it or
you eat it secretly?

P1 and P2: I eat it secretly

Moderator: After eating it, will you have asthma attack?

P1:No

P2: No if you eat a lot then you will have asthma attack”
(FGD1_CCh, P1, 9-year-old Chinese girl; P2, 12-year-old Chinese
boy; P3, 10-year-old Chinese girl)

“SC: Drink too much of ice water, wow it’s terrible, asthma attack
will come immediately.... I'll definitely stop him. But he occasio-
nally will take ice water secretly. My house has a water filter, there
are three types: hot, warm, and cold. He will secretly press the
cold, then press hot, and then cold again....

SB: Sometimes you cannot monitor your child. She will go and
drink ice secretly”

(FGD 3_CC, SC; Chinese, mother of P1 and P2; SB, Chinese,
mother of P3)

Cultural norms and beliefs

Cultural norms and beliefs influenced the children’s selfma-
nagement both directly through their parents and indirectly
through the child’s social network (box 1). Parents imparted
cultural norms to their children by sharing their understan-
ding of asthma and administering complementary medicine.
Some healthcare personnel supported the parents’ cultu-
ral beliefs (eg, hot and cold beliefs as the cause/trigger for
asthma) which further influenced children self-management
of asthma.

Acceptance of parents’ views and actions

(b) Mirroring parents" actions

"Take a lot of nutritious food like honey, and religiously encouraged food like pomegranate” (W2_FGD2MCh,

11-yearold Malay boy)
“| think it is good to give supplement because | gave his pomegranate juice for quite some time and he did not have
any attack.” (AM1_FGD1MMC, Malay mother to W2)

(d) Parental confidence in child's ability to manage asthma

“I'll drop by the school and give the inhalers. | wouldn't let my child bring it along. I'll just come on time, give the puff

using the inhalers and let them go back to their class.” (KO4_FGD4IC, Indian, mother of a 10-year-old boy)

“When | have asthma, I'll scream and call my mum... Mom will drive me to hospital, and they'll give gas.” (H6_FGD6_ICh, 7-year-old Indian girl)

BM)
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Box 2 Quotes illustrating external influences

“For me, my doctor told me that I got asthma when I went to
clinic. And then they told me not to drink ice water, not to play
in the rain or play in cold water” (S8, FGD8_ICh, 10-year-old
Indian boy)

External influences

Teachers, friends, healthcare professionals and other family
members could influence the child’s transition to independent
self-management (box 2). Negative attitudes (mocking inhaler
use, ‘banning’ use of unfamiliar spacers) were potential bar-
riers to confident self-management. In contrast, good support
(sharing experience of having asthma with friends) appeared to
have a positive influence on the transition.

“She brought it (inhaler and chamber) and her teacher scolded
her, saying that she is playing. So, I had to call the school and say,
it is not a toy. Maybe her teacher hasn’t seen a chamber before”
(MA2_FGD2_MC, Malay, mother of a 10-year-old girl)

School influences

Children and parents viewed school support for asthma self-
management as limited. Some children as old as 11 years were
dependent on others for decision-making. For example, they
would inform their teachers whenever they had symptoms, who
in turn contacted the parents to attend and administer an inhaler.
In contrast, some younger children carried an inhaler and sought
help only if they were unable to get relief themselves.

“Moderator: If at school and your mother is not around, what
would you do if you have asthma (symptoms)? AD5: Tell teacher
and teacher will call mother and my mother will come”

(AD5_FGD5_MCh, 11-year-old Malay boy) “AS3: when my
asthma is bad, I'll bring the inhaler and spacer, and use it in class.”
(AS3_FGD3MCh, 10-year-old Malay girl)

Healthcare influence

Children perceived little direct communication with healthcare
professionals as most healthcare interactions were only with their
parents. Discussions did not involve the children and no attempt
was made to empower them to self-manage their asthma.

“They always talk to mum. I'll be taking nebuliser, they’ll (mother
and doctor) be talking there. I didn’t know what was happening.”
(V6, FGD6_TCh, 9-year-old Indian boy)

DISCUSSION

The beginning of the transition to independence was detectable
even in the younger children and was clearly apparent in older
children. Younger children mirrored their parents’ actions and
views. However, by the time they reached 10-12 years of age,

Box 1 Quotes illustrating cultural norms and
beliefs

they were learning from their own experiences, challenging
parental constraints and gaining confidence to independently
self-manage their asthma. All children were aware of their
parents’ strategies to prevent asthma, but older children experi-
mented and adapted their self-management practices. Cultural
norms and beliefs influenced children’s transition to indepen-
dence either directly or indirectly through the child’s social
network. Schools and healthcare appeared to have a limited role
in influencing the transition to independent self-management.

We conclude that self-management education should occure-
arly as children can be expected to learn some degree of selfma-
nagement once they start primary school, though clearly, young
children are not capable of independent self-management. Indeed,
even by the age of 15 years, some studies suggest that only three-
quarters are capable of self-managing independently.® There are
also cultural differences as Asian parents tend to provide auto-
nomy to their child at later age compared with non-Asians which
may delay the transition to independence among Asian children.*
Healthcare professionals may need to guide parents in this process
of transferring the responsibility to their child.?*

Children’s own experiences in self-managing asthma appea-
red to be an important influencer in the transition to indepen-
dent self-management. Our study highlighted that the children
had different goals and developed different strategies to self-
manage asthma compared with their parents, particularly when
they were older. This is consistent with the findings of a US
study that also found that primary school children and parents
were not co-managing, but working independently, to self-
manage asthma.’ Children frequently experimented to achieve
their desired goals, often at school when their parents were not
around. Similarly, a UK study identified that ‘trial and error’
was an important component in determining self-management
decision-making among children.’> Another US study found
that children presented unpleasant personal experiences, for
example, bad taste of medicine or perceived lack of effectiveness
of medication, as barriers to using treatment.* This is contrary
to the attitudes of healthcare professionals who tend to underr
cognise children’s experience in self-management.*

Echoing the experience related by the children in this study,
healthcare professionals typically only engaged with the parents
in consultations, particularly when explaining management.**
International and national asthma guidelines recommended the
involvement of children during education of asthma management;
however, a child-centred approach in review consultations was not
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emphasised.*'” Our finding that even young children are learning
to self-manage their asthma suggests it is important for healthcare
professionals to listen to children’s experiences and enquire about
the strategies they used to achieve their desired goals. A more
child-centred approach is likely to facilitate the child’s emerging
self-management skills and improve asthma control.

The reports from our participants suggested that their health-
care professionals rarely communicated directly with the child.
Self-management education and shared decision-making (even
with adults) are not widely practised in Malaysia,'! ** reflecting tra-
ditional cultural norms as well as lack of training on communica-
ting with patient/children dyads during clinical consultations.***”
In addition, there are practical challenges in Malaysia (eg, lack
of continuity of care) which make it more difficult to establish
trusting relationships with children and their families.? **

Parents are the primary decision-maker on the treatment of
a child’s asthma,* and their involvement in self-management
is crucial as young children mirror their parents’ views and
actions. However, a child-centred approach views care from the
perspective of the child,** providing developmentally appro-
priate care tailored to the individual child’s capacity, needs and
motivation which evolve as the child grows.”*! Clinicians need
to work in partnership with parents and children to ensure safe
management of asthma.?* Striking a balance between parental
involvement, and re-directing the focus of consultation to the
child, is a challenge for healthcare professionals.'s 442

Support from school (and others in the child’s social
network)* could support transition to independent selfmana-
gement for children with asthma. School-based interventions,
sensitive to local cultural beliefs, could reduce stigma and pro-
mote awareness of asthma.*** School policies for managing
asthma symptoms that arise during the school day could expect
maturity-appropriate action on the part of the child as well as
describing safe response from school staff.**

Strengths and limitations of the study

This study explores the early stages of transition to independent
self-management among primary school children. A strength is
the exploration of the children’s perspectives on asthma selfmana-
gement, matched to that of their parents, enabling triangulation.
We involved a large number of participants with different cultural
backgrounds conducted in their preferred language enabling cross-
-cultural comparison of practices and beliefs. A limitation is the
identification of children based on parentr ported physician-diag-
nosed asthma without objective confirmation of the diagnosis.
However, the participants’ perspective remains valid. Only 10 of
the participants were between the ages of 7 and 9 years as this age
group were more likely to be shy and declined assent to participate.

DISCUSSION

Parents, school and healthcare professionals should be aware
that asthma self-management skills emerge as young as 7 years
of age in children across different cultures. Recognition that
children experiment with their asthma management (someti-
mes unbeknown to their parents) offers opportunities for child-
-centred discussion. Healthcare professionals should proactively
engage directly with children during consultations and involve
them in management decisions from an early age. This has the
potential to empower children to use asthma self-management
skills that are commensurate with their developmental stage and
to promote smooth and supported transition to independent
selfmanagement of their asthma.
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Caracteristicas clinicas e gestao de criancas com

discinesia ciliar primaria em Inglaterra
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RESUMO

Objetivo Em Inglaterra, o Servico Nacional de Saude
encomendou um Servico de Gestdo Nacional para
criangas com discinesia ciliar primaria (DCP). Os objeti-
vos deste estudo foram descrever a salide das criancas
observadas neste Servico e comparar a funcao pulmonar
com a de criancas com fibrose cistica (FC).

Desenho Avaliacdo de servicos multicéntricos do
Servico Nacional de Gestdo da DCP de Inglaterra.
Cenario Quatro centros DCP comissionados a nivel
nacional em Inglaterra.

Doentes 333 criancas com DCP examinadas no Servico
em 2015; os dados de fungdo pulmonar também foram
comparados com 2970 criancas com FC.
Resultados A idade mediana no diagndstico para DCP
foi de 2,6 anos, significativamente mais reduzida em
criangas com situs inversus (1,0 vs. 6,0 anos, p<0,001).
Em comparagao com os dados nacionais do Registo de
FC, a média (DP) do volume expiratério forcado num
segundo (FEV.) previsto foi de 76,8% em DCP (n=240)
e 85,0% em FC e o FEV, foi mais reduzido em criancas
com DCP até aos 15 anos de idade. Aproximadamente
metade das criancas apresentou alguma deficiéncia
auditiva, com 26% a necessitarem de aparelhos audi-
tivos. As criancas com um indice de massa corporal
(IMC) inferior apresentaram um FEV, mais reduzido
(p<0,001). Um terco das criancas apresentou culturas
respiratdrias positivas no exame, sendo que 54% destas
criancas apresentaram um crescimento de Haemophilus
influenzae.

Conclusdes Proporciondmos evidéncias de que as
criangas com DCP em Inglaterra apresentam pior fun-
cdo pulmonar comparativamente as criancas com FC.
0 estado nutricional deve ser considerado na gestéo
da DCP, uma vez que as criancas com um IMC inferior
apresentam um FEV/ significativamente mais reduzido.
A deficiéncia auditiva é comum, mas parece melhorar
com a idade. Sdo necessarios ensaios aleatorizados
controlados e bem desenhados sobre a gestdo da DCP

de modo a fundamentar as melhores praticas clinicas.

INTRODUCTION

Primary ciliary dyskinesia (PCD) is a rare auto-
somal recessive condition where abnormal
ciliary function leads to impaired mucociliary
clearance. This loss of function to the muco-
ciliary escalator leads to recurrent sinopulmo-
nary infection and, ultimately, bronchiectasis.
Historically, it has been considered a mild res-
piratory condition; however, recent data sug-
gest that lung function declines at a similar rate
through childhood to children with cystic fibro-
sis (CF)."”* In addition, about 80% of patients
suffer with persistent otitis media with effusion
and associated conductive hearing loss.*> Half
of the patients have situs inversus totalis® and up

What is already known on this topic?

» Primary ciliary dyskinesia (PCD) is a rare
autosomal recessive condition where
abnormal ciliary function leads to impai-
red mucociliary clearance.

» Historically PCD has been considered a
mild respiratory condition.

» There islittle evidence to guide the mana-
gement of children with PCD, with only
one randomised controlled trial publi-
shed to date.

What is already known?

»In England, forced expiratory volume in
one second (FEV ) was lower in children
with PCD compared to those with cys-
tic fibrosis, particularly in younger age
groups.

» Nutritional status should be considered
in PCD management, as those with a
lower body mass index have significan-
tly lower FEV .

» Hearing impairment is common but
seems to improve with age.

to 17% have congenital heart disease (CHD).”®
Many men are infertile due to immotile sperm
and women can have reduced fertility.” '° The
estimated prevalence is 1 in 10000 live births"*!
but this can be significantly higher in certain
populations.'?*?

In 2012, National Health Service England
commissioned a National Children’s PCD
Management Service to complement the exis-
ting diagnostic service." Four PCD centres were
commissioned to undertake annual review asses-
sments, to a standardised service specification, by
a specialist PCD multi-disciplinary team (MDT)
on all children with PCD in England.

Here, we describe the first full set of data col-
lected from children at annual review, in 2015.
We compare the lung function of children with
PCD to those with CF in England and identify
areas of future research that will help to improve
patient care.

METHODS

Participants

All children with a diagnosis of PCD who had
an annual review assessment between 1 January
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and 31 December 2015, in one of the four nationally commis-
sioned PCD centres in England were included in this study. The
diagnosis of PCD was confirmed by a specialist PCD diagnostic
MDT, in line with European Respiratory Society (ERS) consen-
sus guidelines."* '* Annual reviews were carried out to a standar-
dised service specification.'*'® To ensure that children received
similar care across centres, national guidelines were developed,
teams met regularly to discuss clinical cases and clinical outcome
data were audited. The project was reviewed by the Research and
Development office at University Hospital Southampton and was
deemed to be a service evaluation hence research ethics commi-
ttee approval was not required."”

Data collection

Data were extracted from electronic and paper medical records
and from annual review reports, using a standardised data sheet,
agreed a priori, with variables pre-defined in a coding manual.
These included demographics, diagnostic information and a
clinical review of the year, focused on respiratory, ear, nose and
throat (ENT), and cardiac issues. Also collected were data on
treatments, including airway clearance physiotherapy techniques
and adjuncts, nebulised mucolytics, antibiotic use (oral and intra-
venous) both prophylactically and for exacerbations, inhalers and
nasal treatments; and anthropometry and investigations, inclu-
ding spirometry, audiometry and collection of an airway micro-
biology sample. Centres were contacted to clarify any discordant
or missing data.

Investigations conducted at annual review assessment
Spirometry data

Equipment was calibrated as per manufacturers’ instructions and
all measurements were obtained according to the ERS/American
Thoracic Society guidelines.”® Global Lung Initiative (GLI) equa-
tions were used to estimate z-scores for forced expiratory volume
in one second (FEV,) and forced vital capacity (FVC) from the
data, ethnicity-specific equations were used where available."
GLI-based FEV z-scores were obtained from the UK CF Registry
for all English children in 2015 for direct comparisons with our
PCD FEV data.”

Audiology data
Hearing was defined as normal if <20dB, mild loss if 20-40dB,
moderate loss if 40-70dB, severe loss if 70-95dB and profound
loss if >95dB.

Anthropometric data

Height and weight were performed and recorded in accordance
with WHO guidelines.?! Body mass index (BMI) z-scores were
calculated using the WHO Anthro Plus software V.3.2.2.

Statistical analyses

Data were cleaned, coded and analysed in Stata (V.14.0, Stata
Corp, Texas, USA). Continuous variables were presented as
mean with SD or median with IQR. Groups were compared using
independent t-tests, Mann-Whitney and Kruskal-Wallis tests.
Post-hoc for pairwise comparisons were performed for FEV,
% predicted and age categories, with Tukey’s method to adjust
for multiple comparisons. Categorical variables were reported
as proportions and groups were compared using x* or Fisher’s
exact test. Multiple regressions were used to model FEV z-score,
adjusting for possible covariates. Significant (p<0.05) variables
were retained (backward selection) and results from the redu-
ced regression model are reported. Normality of residuals was
accessed using kernel density estimations and visual inspection of
histograms. Results from the models were presented as number of
observations, regression coefficients (r) with 95% Cls and model’s
goodness-of-fitness (adjusted R*). Spearman’s rank correlation
coefficient was used to compare association between variables

Artigo original

Table 1 Clinical and demographic data on children with PCD
who underwent an annual review in 2015 across the four English
National Children PCD Management Services

Mean (sD) n with available data
Median age in years (IQr) 9.8 (5.5t0 13.8) 333 333
Male (%) 175 (52.6%) 333 333
FEV, z-score 1.9 (1.4) 240 240
FEV, % predicted 76.8% 240 240
FVC z-score -1.3(1.5) 240 240
FVC % predicted 85.4% 240 240
BMI z-score 0(1.4) 307 307
Weight z-score —0.1(1.3) 159* 159*
Height z-score —-0.3(1.1) 310 310
Age at diagnosis 2.6(0.5t07.2)t 321 320

*WHO Weight-for-age reference data are not available beyond age 10 hence n lower than for other
anthropometric data.”

tMedian (IQR).

BMI, body mass index; FEV., forced expiratory volume in one second; FVC, forced vital capacity; PCD,
primary ciliary dyskinesia.

that were not normally distributed or between continuous and
non-continuous variables.

RESULTS

In all, 333 children with PCD underwent an annual review
during the study period. Median age at review was 9.8 years,
52.6% of those reviewed were men and the majority were either
white British (n=122, 36.6%) or Pakistani and British Pakistani
(n=121, 36.3%) (table 1, online supplementary figure 1).

Diagnosis of PCD

Median age at diagnosis of PCD was 2.6 years (IQR: 0.5-7.2
years) (table 1). This was significantly lower in those with dex-
trocardia (n=172) compared with levocardia (n=151) (1.0year
of age (IQR: 0.3-3.2, range: 0-14.0) vs 6.0 years (IQR: 2.0-9.0,
range: 0-16.2), p<0.001). 53.3% of children had dextrocardia with
almost all having situs inversus totalis, only 12 patients (3.7%)
had dextrocardia in isolation. CHD was reported in 13.1% of
children spirometry.

Mean (SD) FEV | z-scores for children with PCD were —1.9
(1.4) and FVC z-scores were —1.3 (1.5), mean predicted FEV,
(SD) was 76.8% (table 1). FEV | z-score was significantly lower in
older children, with a decrease of 0.6 z-scores for every increase
of 10 years in age (n=240, regression coefficient=—0.06, 95%CI
-0.11 to —0.02, p=0.008, adjusted R2=2.9%; figure la), adjus-
ted for centre of origin, age at diagnosis, sex, cardiac situs and
presence of cultured pathogens (online supplementary table 1).
Spirometry data from children with CF in 2015 were available as
predicted FEV  and hence this was used for comparison with our
patients with PCD.*” Mean predicted FEV, was significantly lower
in PCD children compared with CF children up to the age of 15
years (p=0.001), with no difference seen in the 16- to 18-years-old
category (p=0.7). The largest difference was in the 5- to 7-year
olds, where the mean predicted FEV, was 91.3% (SD=15.7%) in
CF but was 78.3% (SD=18.6%) in PCD (figure 1b).20 Mean (SD)
BMI z-scores in children with PCD were normal (z-score=0 (1.4))
(table 1). However, children with lower BMI also had lower FEV
z-scores (n=238, regression coefficient=0.35, 95%CI: 0.22 to 0.47,
p<0.001, adjusted R*=10.8%) (figure 1c).

Microbiology

Microbiology data were available for 312 children, of which
67% did not culture a respiratory pathogen at annual review.
Haemophilus influenzae was the most prevalent pathogen (17.9%,
corresponding to 53.9% of those with a positive culture), followed
by Staphylococcus aureus (5.1%) and Streptococcus pneumoniae
(4.2%), with Pseudomonas aeruginosa cultured in 2.6% of chil-
dren (online supplementary table 2). No children cultured non-
-tuberculous mycobacterium. There was no correlation between
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Figure 1 a) Age (years) versus FEV, z-score for 240 children with PCD in
2015. (b) Mean (95% Cl) % predicted FEV, of 240 children with PCD versus
2970 children with CF in England in 2015, stratified by age group (20), (c) BMI
z-score versus FEV, z-score for children with PCD in 2015. BMI, body mass
index; CF, cystic fibrosis; FEV,, forced expiratory volume in one second; PCD,
primary ciliary dyskinesia.

those culturing respiratory pathogens and FEV z-scores and no
statistically significant differences were observed in respiratory
pathogens when stratified by age category (figure 2).

Audiology

Normal hearing levels were observed in 44.3% of children with
audiology results available (n=271; 81.4% of all children), 34% had
mild hearing loss and 21.8% had more significant hearing loss. At
the time of annual review, 23.6% of children were wearing hearing
aids. Moderate to profound hearing loss was seen in 26.4% of chil-
dren younger than 6 years of age but in only 13.8% of those aged
between 16 and 18 years (figure 3). Once the children were under
the care of the National Children’s PCD Management Service, only
two of the 333 children had ventilation tubes inserted.

Physiotherapy and mucolytic nebulisation

All children were trained to perform, and advised to undertake,
regular age-appropriate airway clearance physiotherapy. The
majority used either oscillating positive expiratory pressure (PEP)
(49.2%) or PEP physiotherapy (32.1%) (table 2). Approximately
half of children (53.2%) were prescribed nebulised hypertonic
saline as a mucolytic agent to aid airway clearance. Children using
hypertonic saline had significantly lower FEV, z-scores (mean
difference —0.4, 95%CI -0.76 to —0.04, p=0.028). Nebulised
Dornase Alpha (Pulmozyme, Genentech, San Francisco, USA)
was used in only 4.9% of children.

Antibiotics

Thirty per cent of children with PCD had at least one cour-
ses of intravenous antibiotics over the preceding 12 months.
Approximately 10% of the children were prescribed regular

100+

[

58 Other
w4 Pa
N

50+

Micrebiclegy result (%)

No growth

0to5
(n=114)

Age category in years

6to 11
(n=93)

12t0 15 1610 18
(n=83) (n=42)

Figure 2 Microbiology results taken at annual review by percentage,
stratified by age category. Hl, Haemophilus influenzae; MC, Moraxella
catarrhalis, PA, Pseudomonas aeruginosa; SA, Staphylococcus aureus;
SP, Streptococcus pneumoniae.
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Figure 3 Proportion of children with PCD with varying degrees of hearing
loss in different age groups in 2015. PCD, primary ciliary dyskinesia.

intravenous antibiotics (table 2). Those that received intravenous
treatment had a lower FEV z-score, adjusted for BMI z-score and
age (n=234, regression coefficient=-0.52, 95%CI: -0.88 to —0.16,
adjusted R’=17.5%). Children received a median of two courses
of oral antibiotics over the preceding year (IQR: 1-3). 59% were
prescribed prophylactic antibiotics and of these, over half used
Azithromycin (59.8%) (table 2, online supplementary table 3).
A significantly lower mean FEV | z-score was found in children
taking prophylactic antibiotics, adjusted for use of antibiotics in
the last year (intravenous or oral) and cultured pathogens (n=162,
regression coefficient: —0.66, 95%CI: —1.23 to —0.08, p=0.0008,
adjusted R?=8.3%).

DISCUSSION

This study provides detailed characterisation of a large and
welldefined group of children with PCD, diagnosed and mana-
ged under the unified, specialised National Children’s PCD
Management Service in England.

Historically, PCD has been considered a mild respiratory
condition®’; however, we report a mean FEV, of —1.9 z-scores in
children with the disease in England. Almost a third of children
required admission for intravenous antibiotics over the preceding
12 months with over 10% receiving regular intravenous antibio-
tics. Further to this, while a recent large international PCD cohort
found a similar reduction in lung function between children with
PCD and CF, we showed that % predicted FEV, was significantly
lower in those with PCD compared with those with CF up to the
age of 15 years, as was also observed in a smaller Danish cohort
study.?*» This suggests that in 2015, younger children seen by
the National Children’s PCD Management Service had lower lung
function than their European counterparts. However, lung func-
tion decline over time was steeper in patients with CF and, by the
age of 16 to 19 years, no statistically significant difference was
seen between the two groups.

Table 2 Management of children with PCD in England in 2015

Physiotherapy modality n (%) n with available data
Breathing techniques 10 (3.3) 299

Exercise for airway clearance 2(0.7) 299

Manual techniques 41(13.7) 299

PEP physiotherapy (mask/Pari) 96 (32.1) 299

Oscillating PEP 147 (49.2) 299

Other 3(1.0) 299

Antibiotics

Number of intravenous antibiotic courses 95(29.7) 320

in past year

2(1t03) 254
34(10.6) 320

Median (IQR) courses of oral antibiotics
On regular intravenous treatment (every

3-6 months)

On antibiotic prophylaxis 189 (58.9) 321
Other treatments

Inhaled corticosteroids 111(34.2) 325
Bronchodilators 156 (48.3) 323
Nasal rinsing 123 (38.7) 318

PCD, primary ciliary dyskinesia; PEP, Positive expiratory pressure.
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Our children had a median age at diagnosis of 2.6 years. This
is considerably younger than previously reported in the litera-
ture,” suggesting that the establishment of National Children’s
PCD Diagnostic Service in 2006 and Management Service in
2012 might have raised awareness of this rare disease among pae-
diatricians. However, newborn screening for CF was introduced
in England in 2007 meaning that CF is generally diagnosed in
infancy, allowing for early initiation of treatment. When compa-
ring the spirometry data of our PCD children to those with CF,
the largest differences in mean FEV, were in younger children
(figure 1b). We therefore hypothesise that earlier diagnosis and
initiation of treatment for PCD may improve the low values of
FEV, observed in younger children.

Haemophilus influenzae, as reported in previous studies,
was the most frequent respiratory pathogen cultured in our
patients.”>* Future studies clarifying the impact of chronic colo-
nisation with this and other pathogens such as Pseudomonas
aeruginosa in patients with PCD are needed. While these are
cross-sectional data, we found no association between any cul-
tured pathogen and FEV,. Well-powered longitudinal studies
will be required to understand the impact of these pathogens on
patients and, thereby, inform clinicians as to whether they should
persist in attempting to eradicate them. Contrary to previous
publications, the prevalence of respiratory pathogen did not vary
between age groups, in particular there was no increase seen in
the prevalence of Pseudomonas aeruginosa in older age groups.”’

A recently published large international cohort of children
with PCD*% found that patients with lower BMI z-scores have
lower FEV z-scores, which had not been observed previously.*
Our findings support this novel observation and are similar to
well-described correlations in children with CE3' However, the
majority of patients with CF have pancreatic insufficiency, which
is not the case in PCD. This would therefore imply that having
suppurative lung disease, independent of pancreatic issues, may
impact negatively on nutritional status (or vice versa). These
findings lead to the hypothesis that intervening on nutritional
status may have a positive benefit on the respiratory health of
children with PCD, as is the case in CE** and warrants further
investigation.

Management of children with PCD is challenging due to
the limited evidence base, with only one published randomised
control trial (RCT) to date.” Management is therefore based on
expert opinion, consensus guidelines and extrapolated from the
larger evidence base available for patients with CE!'#3%

All children in the service were advised to undertake regu-
lar airway clearance physiotherapy.*® Over half the children used
nebulised mucolytics agents, the vast majority using hypertonic
saline. A RCT on use of hypertonic saline in PCD did not show
improvement on quality of life in patients compared with con-
trols®; however, the study did not use a disease-specific quality
of life questionnaire, was underpowered and the control group
received normal saline nebulisation, which might in itself have
been beneficial for the patients.”” We found that children on
hypertonic saline had a significantly lower FEV | than those not.
This is likely due to clinicians reserving its use for children with a
more severe clinical phenotype; however, further research is nee-
ded to exclude the possibility that hypertonic saline has a negative
effect on lung function in children with PCD.

The use of prophylactic antibiotics in PCD remains contro-
versial, as the potential decrease in the number of respiratory
exacerbations must be balanced against the risk of increasing
antimicrobial resistance. Despite this, in 2015, approximately 60%
of our children were on prophylactic antibiotics, with over half
of these using Azithromycin. These children were noted to have
significantly lower FEV | than those not on antibiotics. Again,
clinicians likely reserved the use of prophylactic antibiotics for
more severe, or frequently exacerbating children. Results from
a multicentre study assessing the use of prophylactic azithromy-
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cin in PCD should soon be available and will help inform future
management.*

Almost a quarter of our children needed hearing aids for
moderate to profound hearing loss. Hearing seems to improve
with age but the high proportion of patients with some level of
hearing loss stresses the importance of regular hearing assess-
ments and ENT follow-up, particularly in early childhood, when
hearing is fundamental to speech development. Only 2 out of
333 children in this study had ventilation tubes inserted under
the care of the Service. The limited evidence for their use is both
inconclusive and conflicting and a well-designed and powered
study is needed to investigate this important area of manage-
ment.**

The strength of this work is in the large number of wellcharac-
terised children with PCD evaluated under a nationally standar-
dised Management Service. However, the data are crosssectional
and therefore do not allow for conclusions to be drawn on, for
example, the potential benefits of therapeutic interventions or the
detrimental impact of culturing particular pathogens on clinical
outcomes. Detailed longitudinal follow-up of these children are
therefore required and will help inform both management guide-
lines and therapies to be evaluated in future RCTs. Comparisons
of lung function data between children with PCD and CF were
limited to the data provided by the UK CF Registry (ie, GLI-
based spirometry measurements) and we were therefore unable
to adjust CF data for potential confounders.

CONCLUSIONS

Our data suggest that, far from being a mild respiratory condi-
tion, children with PCD have worse lung function than those
with CFE particularly at an earlier age. Those with a lower BMI
have a significantly lower FEV ; therefore, nutritional status
should be considered in their management. Well-designed and
powered RCTs on the management of PCD are needed to inform
best clinical practice.
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Preferéncias de terapéutica de inaladores de manuten-
cao de doentes com asma ou doenca pulmonar obstru-

tiva cronica: uma experiéncia de escolha discreta
Tommi Tervonen,"? Natalia Hawken," Nicola A Hanania,? Fernando J Martinez,* Sebastian

Heidenreich,' lleen Gilbert®

RESUMO

Enquadramento Existe uma variedade de terapias
inalatérias de manutencdo para tratar a asma e a
DPOC. As escolhas de tratamento centradas no doente
requerem a compreensao das preferéncias dos doentes
pelas terapias alternativas.

Métodos Foi realizada uma experiéncia de escolha
discreta baseada na internet para obter as preferén-
cias dos doentes por dispositivos inaladores e atributos
medicinais. A selecdo de atributos foi baseada em gru-
pos de foco de doentes e revisdo da literatura.
Resultados A experiéncia de escolha discreta foi com-
pletada por 810 doentes com asma e 1147 doentes
com DPOC. Os doentes com asma valorizaram mais a
diminuicdo do inicio de agdo de 30 para 5 minutos,
seguindo-se a reducdo das exacerbacdes anuais de 3
para 1. Os doentes com DPOC valorizaram de modo
igual ou superior a diminui¢do do inicio de agdo de 30
para 5 minutos e a reducdo das exacerbacdes anuais de
3 para 1. Tanto os doentes com asma como os doentes
com DPOC estavam dispostos a aceitar uma exacerba-
cdo adicional em troca de uma diminuicdo de 15 min no
inicio de ac&o e um inicio de agao mais longo em troca
de um menor risco de efeitos adversos dos corticosteroi-
des inalados. Os doentes com asma e DPOC valorizaram
mais uma dosagem de uma vez por dia em detrimento
de duas vezes por dia, inaladores pressurizados sobre
inaladores de po seco e ativagdo sem capsula sobre cap-
sulas de utilizacdo Unica, embora estes atributos ndo
fossem valorizados tanto como um inicio de acdo mais
rapido ou exacerbaces reduzidas.

Conclusdes Os atributos mais importantes dos inala-
dores de manutencdo para doentes com asma e DPOC
foram o rapido inicio do alivio dos sintomas e uma
menor taxa de exacerbagdes. As preocupagdes com a
seguranca dos corticosteroides inalados e a convenién-
cia dos dispositivos também afetaram as preferéncias
dos doentes, mas de forma menos relevante.

INTRODUCTION

Inhaled corticosteroid (ICS)/long-acting bet
agonist (LABA) inhalers are routinely used for
maintenance therapy in patients with asthma,'
and long-acting muscarinic antagonist (LAMA)/
LABA and ICS/LABA inhalers are used for
maintenance therapy in patients with COPD."?
A variety of inhalers are available, and although
they have similar efficacy, their onset of action,
adverse effects, dosing regimens, and other attri-
butes differ.' > Patient-centric drug development
and treatment decisions require understanding
how patients value the different treatment attribu-
tes. Increasingly, decision-makers are promoting
formal benefit-risk assessments for this purpose.®
Although qualitative research has provided some
general insight into which treatment attributes
are important,*® quantitative methods, especially
discrete choice experiments (DCEs), can provide

Mensagens-chave

What is the key question?
» What attributes of maintenance inhalers

are most valued by patients with asthma
or COPD?

What is the bottom line?

» The most important maintenance inhaler
attributes for patients with asthma and
COPD were fast onset of symptom relief
and a lower rate of exacerbations.

Why read on?

» The findings highlight the importance
of considering the patient perspective in
selecting maintenance inhalers.

information about the patients’ willingness to
make trade-offs among the attributes.® In DCEs,
respondents complete a series of questions in
which they must choose between two treatments
where there is a trade-off, for example, between
efficacy and safety. In this way, the relative value of
each treatment attribute can be discerned. DCEs
have indicated that patients with asthma or COPD
most value an inhaled therapy’s efficacy and safety,
in addition to its ability to be used as a reliever
medication, its convenience, an accurate dose
counter, and low cost.”"'

Choosing an appropriate inhaler for patients
has become more complex as the number of
maintenance inhalers available has increased.
This study used a DCE to establish which attribu-
tes of currently available ICS/LABA and LAMA/
LABA combination inhalers are most valued by
patients with symptomatic asthma or COPD,
how willing they are to exchange one attribute
for another, and how their choices are influenced
by their disease status. It was a priori expected
that patients with COPD place more weight on
attributes related to treatment effectiveness and
patients with asthma place more weight on attri-
butes related to treatment convenience.

METHODS

Overall study design

Following an initial literature review to iden-
tify relevant attributes of maintenance inhalers,
focus groups were held separately for patients
with asthma and COPD, to determine patient-
-generated positive and negative features of these
treatments and to assess the relevance and appro-
priateness of the identified attributes to the burden
of obstructive lung disease. Attributes previously
reported in the literature but not spontaneously
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brought up by the patients were used to facilitate discussion
during focus groups. A qualitative analysis of the information
collected from the focus groups, along with consultation with cli-
nical experts, was then used to select eight maintenance inhaler
attributes to be included in a DCE. The DCE was pretested in a
pilot study to refine the questionnaire and ensure that the selected
attributes were meaningful to the patients.

Participants
Patients with asthma or COPD included in a patient database of
a recruitment agency (focus groups and pilot interviews) and in
eight online access panels (main survey) were invited to partcipate
by email or telephone. All participants had to be living in the USA
and be able to speak, read, write, and understand English. Patients
with asthma had to be aged >18 years with self-reported asthma
and taking an ICS/LABA inhaler for at least 12 weeks. Patients with
COPD had to be aged =40 years with self-reported COPD and
taking a maintenance inhaler to treat COPD for at least 12 weeks.
Patients with COPD were required to be symptomatic (COPD
Assessment Test (CAT) score >10) or have had at least two exacer-
bations or one COPD-related hospitalisation in the past 12 months.
Patients with COPD also had to be current or past smokers with
a 210 pack-year history. Participants were excluded if they had a
concurrent diagnosis of asthma and COPD. Patients with COPD
were excluded from the pilot interviews and main survey if recei-
ving triple therapy (ie, ICS/LABA+LAMA or ICS+LABA/LAMA)
because fixed-dose combination triple therapies were not approved
for use in the US at the time of this study.

Patients were compensated US$150 for participating in
a focus group and US$100 for participating in an interview.
Patients recruited from the access panels were compensated
US$1.50- US$7.00 in accordance with a standing agreement
with the online access panel.

Focus groups

Separate focus groups for asthma (n=15) and COPD (n=22)
were conducted in person in Dallas, Texas and Chicago, Illinois.
Focus groups were conducted with the help of a semi-structu-
red interview guide that focused on patients’ experiences with
maintenance medications. An audio recording was made for
transcription and qualitative analysis. Responses were used to
determine which key issues patients were concerned with regar-
ding the benefit, risks and other treatment attributes for mainte-
nance therapy, and which potential attributes were appropriate
and relevant. Narrative data were coded by two trained coders
using a custom coding dictionary and analysed using ATLAS.ti
V.7.5.9 (Scientific Software Development, Berlin, Germany). A
third coder was consulted to resolve any disagreements.

Qualitative pilot study

A qualitative pilot study was conducted online and by telephone
using a semi-structured interview guide to ensure that patients
could understand information in the DCE survey, including the
attribute and level definitions, and that the burden of comple-
ting the survey was acceptable. An iterative process with two
sets of five individual interviews each for asthma and COPD
was used to refine the wording and organisation of the DCE
questionnaire. Each interview lasted approximately 60 min and
was audio recorded.

Main study

At least 800 participants with asthma and 1250 with COPD were
to be recruited to complete the DCE. Sample sizes were selected
to obtain a sufficient representation of 150 patients using each
of the different maintenance inhalers available, included as a
recruitment quota. In addition, quotas were included to have
>40% of each sex, 240% of patients with COPD within each of
the <65 and 265 years age ranges, and >30% of patients with

asthma in each of the 18-34, 35-64 and >65 years age ranges.
Due to difficulty in meeting all recruitment quotas, the quotas
were relaxed towards end of the recruitment period after an
investigator review of the sufficient number of patients needed
to complete the DCE for the relevant subgroups.

Discrete choice experiments

Two DCEs, one for asthma and one for COPD, were adminis-
tered as online surveys. Each consisted of 14 questions addres-
sing maintenance inhaler attributes related to efficacy (onset
of action and exacerbations per year), safety (5-year risk of
osteoporosis) and non-clinical features (device type, dosing
frequency, dose counters and priming). The COPD DCE also
included an additional safety attribute, 5-year risk of pneumo-
nia, because of concerns about a possible increased risk of pneu-
monia in patients with COPD treated with ICS."

Each attribute had two to four levels that were determined
based on asthma and COPD treatment product characteristics,
clinical expert feedback and a review of clinical data sources, publi-
shed studies on patient perceptions and preference studies. An
example question is shown in figure 1. To assess whether patients
understood the discrete choice task presented in the questions and
were responding appropriately to the choices, the DCE included a
repeated question and a dominated-choice question (online sup-
plementary figure 1), in which one of the medication choices was
superior. For each participant, the order of attributes, choices and
DCE questions were randomised, although for each participant,
the attributes were presented in the same order within their survey.

Eligible participants were provided a brief description of
the study’s purpose, instructions on how to complete the DCE
questions and descriptions of the treatment attributes and
levels. Patients with asthma completed the Asthma Control
Questionnaire (ACQ),'? and patients with COPD completed the
CAT." Before starting the online survey, participants completed
a practice question. After completing the DCE, participants res-
ponded to a three-item subjective self-reported questionnaire to
assess health literacy (Chew’s Set of Brief Screening Questions)*
and responded to a subset of items from the Numeracy Scale’
to ensure that they would be able to understand medical infor-
mation and probabilities presented in the survey.

DCE data were analysed by estimating marginal utility
values, which express preferences for changes in attributes using
multinomial logit models (see online supplementary material).
Given the ordinal nature of attributes, the interpretation of mar-
ginal utilities should be limited to significance and direction
of the effect (ie, positive valuation vs negative valuation). To
provide more detailed insight into patient preferences, three

Mawd to descharge test
Priming doses on first uss. Tord ":'N' ¥impsba
1 simpie step to get dose ready et dose ready
S-year risk of WL (10 cest ol 20 (20 et
praismonla 100 patiants) of 100 patisrts)
Doorsa Couafler Every 10 dosas Muterid dose cownlar
Onset of action 5 marwites 20 minates
Pressunsed
Dauice type Infaiar Salt mist inhales
Numbaer of 3 enacerbationg 2 enacarbations
#iacarhatisni i & year i & year
S-ywar risk al 5% (5 out of 6% (5 out of
cEtesparois 100 pathents) W00 patienis)
Dosing Turice daily Dince dail
TréguEncy ul

Figure 1 Example discrete choice experiment question.
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behavioural output measures were derived from the estima-
ted marginal utilities: (i) relative attribute importance (RI)
scores, which measure the share of variation in utility that can
be explained by each attribute; (ii) maximum acceptable onset
(MAO) of action, which measures trade-offs that patients are
willing to make between improvements in other attributes and
slower onset of action; and (iii) maximum acceptable exacerba-
tions (MAE), which measures trade-offs that patients are willing
to make between improvements in other attributes and average
increase in yearly number of exacerbations.

Data were analysed separately according to patient diagnosis
(asthma or COPD) and severity category (ACQ <0.75, >0.75
to <1.5, and >1.5 for asthma; CAT <20, >20 to <30, and >30
for COPD). Additional analyses were conducted to understand
effects of age, sex and education level on patient preferences,
while controlling for disease severity. Only fully completed
surveys were included in the analysis. Stata V.15 (StataCorp,
College Station, Texas, USA), R V.3.4 (R Foundation for
Statistical Computing, Vienna, Austria) and Matlab V.R2017b
(MathWorks, Natick, Massachusetts, USA) were used for the
analyses. All statistical tests were two-sided and used a signifi-
cance level of 0.05. SEs of RI, MAE and MAO were estimated
using the delta method.

The internal validity of the DCE was assessed by measu-
ring the time to complete the survey and the proportions of
participants correctly answering the dominance test, correctly
answering the repeated question, always choosing option A or
B and always choosing the better alternative on one attribute
(see online supplementary material). To avoid selection bias,
no participants were excluded from the analysis based on their
answers to internal validity assessments.'®"”

RESULTS
Participants
The DCEs were completed by 810 patients with asthma and
1147 patients with COPD between May 30 and October 1, 2018
(figure 2). This includes the last seven patients who completed the
qualitative pilot interviews because no significant changes were
made to the survey afterwards. In both the asthma and COPD
patient groups, most respondents were female (62% asthma,
57% COPD (p=0.06 for sex)) and white (76% for asthma, 87%
for COPD), although patients with asthma were more often non-
white than patients with COPD (p<0.0001) (table 1). The median
age was 47 years for patients with asthma and 59 years for patients
with COPD (p<0.0001 for mean age and age category). Compared
with patients with COPD, patients with asthma more often were
employed (34% vs 57%; p<0.0001 for overall employment status),
had college education (72% vs 80%; p<0.0001 for overall educa-
tional status) and were married or living with a significant other
(59% vs 62% asthma; p<0.0001 for overall current living/domes-
tic situation). Most participants had high literacy (85% (n=1662))
and numeracy (88% (n=1729)) (online supplementary table 2).
Only 27% of patients with asthma were considered wellcontro
led (ACQ score <0.75") (table 2). Most patients with COPD (99%)
had a CAT score 210 (median, 26), indicating at least a medium
impact of symptoms."* All patients with asthma were taking an
ICS/LABA maintenance inhaler. For patients with COPD, the most
common maintenance inhaler type was ICS/ LABA (52%), follo-
wed by LAMA or LABA (29%) and LAMA/LABA (21%).

Patient preferences for treatment attributes

Patients with asthma most valued a decrease in medication onset
of action from 30 to 5 min (RI=0.33), followed by a reduction in
yearly exacerbations from 3 to 1 (RI=0.21), whereas patients with
COPD most and equally valued a decrease in medication onset of
action from 30 to 5 min (RI=0.28) and a reduction in yearly exa-
cerbations from 3 to 1 (RI=0.27) (figure 3, online supplementary
table 3). Overall, a faster onset of action and a reduction in yearly

Invited to participate

N=134,878
Did not respond N=115,076
———» Responded but did not
complete screening N=2,357
A J
Completed
screening
N=17,745
Did not meet selection
—— criteria N=15,083
Did not consent N=245
h 4
Met selection
criteria and
consented
N=2,117
) Did not complete survey
N=160
h J
Completed survey
N=1,957

Figure 2 Disposition of participants in the main study.

exacerbations were more highly valued than all other attributes.
Both patients with asthma and patients with COPD also valued
a decrease in the risk of treatment side effects (for asthma, mar-
ginal utility=0.21 (95% CI 0.15 to 0.27) for decreasing 5-year risk
of osteoporosis from 6% to 5%; for COPD, marginal utility=0.21
(95% CI 0.15 to 0.26) for decreasing 5-year risk of osteoporosis
from 6% to 5%; for COPD, marginal utility=0.27 (95% CI 0.21
to 0.32) for decreasing 5-year risk of pneumonia from 20% to
15%). In addition, patients with asthma and COPD valued pres-
surised inhalers over dry powder inhalers (marginal utility=0.34
(95% CI 0.28 to 0.41) for asthma and 0.16 (95% CI 0.11 to 0.21)
for COPD), once-daily over twice-daily dosing (marginal uti-
lity=0.15 (95% CI 0.10 to 0.20) for asthma and 0.21 (95% CI 0.16
to 0.25) for COPD), and non-capsule priming methods over
single-use capsules (marginal utility range, 0.36-0.40 for asthma
and 0.20-0.32 for COPD). Most patients valued a dose counter
that counts every dose over a metered dose counter (marginal
utility=0.08 (95% CI 0.02 to 0.15) for asthma and 0.07 (95% CI
0.02 to 0.13) for COPD). Patients with COPD valued a mete-
red dose counter over one that counts every 10 doses (marginal
utility=—0.13 (95% CI —0.18 to —0.08)), whereas patients with
asthma did not distinguish between the two dose counter types
(marginal utility=0.03 (95% CI -0.03 to 0.10)).

Willingness of patients to make trade-offs between attri-
butes

Patient willingness to make trade-offs was assessed by estima-
ting maximal acceptable time to onset of action and maximal
acceptable yearly exacerbations (table 3, online supplementary
tables 3 and 4), the two most valued inhaler attributes. Both
patients with asthma and patients with COPD were willing to
accept one extra exacerbation per year in exchange for a 15

164 €3

Tervonen T, et al. Thorax 2020;75:735-743. doi:10.1136/thoraxjnl-2019-213974

BM)



Table 1 Demographic characteristics of participants

Asthma COPD

Characteristic (n=810) (n=1147) P value*

Sex, n (%) 0.0600
Male 310 (38) 488 (43)

Female 500 (62) 659 (57)

Age (years), median (IQR) 47 (35t061) 59 (52 to 67) <0.0001

Age group (years), n (%) <0.0001
18-34 201 (25) 0(0)

35-64 441 (54) 780 (68)
>65 168 (21) 367 (32)

Racial background, n (%) <0.0001
White 618 (76) 996 (87)

Black 100 (12) 90 (8)
Asian 21(3) 15(1)
Hispanic 25(3) 22(2)
Other 46 (6) 24.(2)

Employment status, n (%) <0.0001
Employed, full-time 384 (47) 330 (29)

Employed, part-time 80 (10) 61(5)
Homemaker 73(9) 73 (6)
Student 13(2) 1(0)
Unemployed 31(4) 35(3)
Retired 169 (21) 415 (36)
Disabled 58 (7) 222 (19)
Other 2(0) 10(1)

Education, n (%) <0.0001

Elementary/primary school 12 (1) 6 (1)
Secondary/high school 140 (17) 308 (27)
Some college 244 (30) 380 (33)
College degree 264 (33) 314 (27)

Postgraduate degree 144 (18) 128 (11)
Other 6 (1) 11(1)

Current living/domestic situation, n (%) <0.0001
Married/living with significant other 504 (62) 680 (59)
Divorced/separated 108 (13) 215(19)

Widow 29 (4) 129 (11)
Single 166 (20) 119 (10)
Other 3(0) 4(0)

*P values were calculated by y? test for categorical variables and by analysis of variance for continuous
variables.

min faster onset of action. For example, for a decrease in onset
from 30 to 15 min, patients with asthma were willing to accept
on average 1.8 more exacerbations per year and patients with
COPD were willing to accept on average 1.4 more exacerbations
per year. In exchange for decreasing the onset of action from 30
to 5 min, patients with asthma were willing to accept a greater
increase in the yearly rate of exacerbations (on average 3.1 per
year) than patients with COPD (on average 2.1 per year).

Patients with asthma were more willing than patients with
COPD to accept a slower onset of action (10.8 min for asthma
vs 7.1 min for COPD) in exchange for a reduced 5-year risk of
osteoporosis from 6% to 4%, and they were willing to accept
one extra exacerbation for a similar reduction in 5-year risk of
osteoporosis. Patients with COPD were willing to accept a 13.5
min slower onset of action to reduce the 5-year risk of pneumo-
nia from 20% to 10%. They were also willing to accept one extra
exacerbation per year in exchange for this 10% reduction in the
5-year risk of pneumonia.

To obtain a pressurised inhaler instead of a dry powder
inhaler, patients with asthma were more willing than patients
with COPD to accept slower onset of action (8.1 min for asthma
vs 3.6 min for COPD). In exchange for once-daily instead of
twice-daily dosing, patients with asthma were willing to accept
a 3.6 min slower onset of action, whereas patients with COPD
were willing to accept a 4.6 min slower onset.

Impact of disease status on patient preferences
Patients with inadequately controlled asthma (ACQ score 21.5)
considered faster onset of action (RI=0.39) to be more impor-

Table 2 Disease severity and current medications

Asthma COPD
Characteristic (n=810) (n=1147)
ACQ score median, n (%) 1.3(1.0t0 2.0)
ACQ score categoryt, n (%)
<0.75 (well-controlled) 219 (27)
0.75-1.5 195 (24)
>1.5 (inadequately controlled) 396 (49)
CAT scoret, median (IQR) - 26 (20 t0 32)
CAT score category§, n (%)
1-9 (low impact) - 11(1)
10~20 (medium impact) 323(28)
21-30 (high impact) - 476 (4)
31-40 (very high impact) 337(29)
Current asthma medication, n (%)
Budesonide/formoterol (Symbicort) (any dose) 263 (32)
80/4.5 HFA 136 (17)
160/4.5 HFA 127 (16)
Fluticasone/salmeterol (Advair HFA or Advair Diskus) (any dose) 429 (53)
115/21 HFA 113 (14)
230/21 HFA 80(10)
250/50 Diskus 203 (25)
500/50 Diskus 33(4)
Mometasone/formoterol (Dulera) (any dose) 48 (6)
100/25 HFA 26 (3)
200/25 HFA 22(3)
Fluticasone/vilanterol (Breo) (any dose) 136 (17)
100/25 Ellipta 70 (9)
200/25 Ellipta 66 (8)
Current COPD medication, n (%)
LAMA or LABA - 337(29)
Umeclidinium (Incruse Ellipta) - 31(3)
Tiotropium (Spiriva) - 274 (24)
Olodaterol (Striverdi Respimat) - 11(1)
Aclidinium (Tudorza Pressair) = 19(2)
ICS/LABA 593 (52)
Budesonide/formoterol (Symbicort HFA) = 263 (23)
Fluticasone/salmeterol (Advair Diskus) 295 (26)
Fluticasone/vilanterol (Breo Ellipta) = 87 (8)
LAMA/LABA 236 (21)
Glycopyrrolate/formoterol (Bevespi Aerosphere) = 34(3)
Umeclidinium/vilanterol (Anoro Ellipta) 134 (12)
Tiotropium/olodaterol (Stiolto Respimat) B 65 (6)
Glycopyrrolate/indacaterol (Utibron Neohaler) - 17(1)

*Average from seven questions, each scored from 0 (no impairment) to 6 (maximum impairment).

+ACQ categories were defined as described by Juniper et al."

+Sum of eight items scored from O (least severe impact on the patient’s life) to 5 (most severe impact),
resulting in a total score of 0 to 40.

§CAT scores categories were defined as described by Jones et al.”

ACQ, Asthma Control Questionnaire; CAT, COPD Assessment Test; HFA, hydrofluoroalkane; ICS, inhaled
corticosteroid; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic antagonist.
tant than reduced exacerbations (RI=0.19) (figure 4, online
supplementary tables 6 and 7). The difference in importance of
faster onset of action and reduced exacerbations decreased as
asthma control improved. Similarly, patients with COPD whose
symptoms had the greatest impact on their health (CAT score
>30) considered faster onset of action (RI=0.32) to be more
important than a reduction in exacerbations (RI=0.27), whereas
patients with the least symptom impact (CAT <20) considered
a reduction in exacerbations (RI=0.27) more important than a
faster onset of action (RI=0.20).

Reducing the risk of potential ICS adverse events
was more important to patients with better disease status
than to patients with worse disease status (for asthma, RI
for 5-year risk of osteoporosis=0.18 for ACQ<0.75, 0.10
for 0.75<ACQ<1.5 and 0.13 for ACQ=>1.5; for COPD, RI
for 5-year risk of pneumonia=0.24 for CAT <20, 0.21 for
20<CAT <30 and 0.16 for CAT >30). Disease status affec-
ted preferences of patients with COPD for dosing frequency
(marginal utility=0.34 (95% CI 0.25 to 0.43) for CAT <20,
0.20 (95% CI 0.13 to 0.27) for 20<CAT <30 and 0.09 (95% CI
0.00 to 0.17) for CAT >30).
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Figure 3 Overall preferences for inhaler attributes. Patient preferences were assessed by calculating marginal utilities, which measure how sensitive the res-
pondents’ treatment preference is to changes between reference and non-reference levels of an attribute (see online supplementary table 3 for calculations).

Values are means+95% Cls.

Patient preferences were affected by age, sex and education
(online supplementary tables 8 and 9). Key findings were that
patients with college or postgraduate degrees valued exacerba-
tion reduction and faster onset of action more than patients
with less education; females placed more value on exacerbation
reduction than males; and patients with asthma aged =65 years
valued a dose counter that counts every dose more than those
aged <65 years.

Internal validity of the DCE

Of the 1957 participants, 88% (n=1731) answered the domi-
natedchoice question correctly and 79% (n=1547) answered
the repeated question correctly (online supplementary table 2).
The dominated-choice question was incorrectly answered by
8% (n=93) of patients with COPD and 16% (n=133) of patients
with asthma. Fewer than one in five participants (19% (n=364))
always chose the treatment for which one specific attribute had
the most desirable level (eg, they always chose the treatment
with the faster onset of action). The dominated-choice question
was answered incorrectly by 33% of participants with low lite-
racy and 41% with low numeracy but by only 8% of participants
with high literacy and 8% with high numeracy.

DISCUSSION

DCE experiments conducted over the last decade have provided
some information about which maintenance inhaler attributes
are most valued by patients. Key inhaler attributes have included
more symptom-free days,” fewer adverse events,” one-step dose
preparation,’® ability to be used during breathing difficulties,'
dose counter accuracy,'® symptom control/not being diturbed
during sleep,'*'® and low cost.'® However, the availability of new
inhaled therapies and inhaler devices has made choosing an
appropriate inhaler for patients more complicated. Furthermore,
these studies have not examined the willingness of patients to

trade-off between longer onset of action or additional exacerba-
tions and improvements in other inhaler attributes.

This study, conducted in the USA in 2018, examined the
relative importance of eight key maintenance inhaler attribu-
tes, including medication time to onset of action, number of
exacerbations per year, risk of osteoporosis, risk of pneumonia
(for COPD), dosing frequency, priming, device type, and dose
counter. To capture the patient perspective, these attributes were
selected from a previous patient focus group, coupled with a
literature search and expert clinical advice.

Of the attributes examined, patients with symptomatic
asthma or COPD most valued faster onset of action and redu-
ced number of exacerbations. Both patients with asthma and
patients with COPD were willing to accept increases in the
rate of exacerbations in exchange for a faster onset of action,
although patients with asthma appeared more willing than
patients with COPD to make this exchange. Although patients
valued these less than a faster onset of action and reduced exa-
cerbations, both patients with asthma and patients with COPD
valued a decrease in the risk of treatment side effects, pressu-
rised over dry powder inhalers, once-daily over twice-daily
dosing, more precise dose counters and non-capsule priming
methods over single-use capsules. The study further found that
disease status strongly influenced patient preferences: patients
with more severe disease placed increased importance on a fas-
ter onset over a reduction in exacerbations.

Several assessments indicated internal validity of the data
and adequate attention to the questions. In addition, efforts
were made to include patients using all types of maintenance
inhalers and with all relevant disease severities. Furthermore,
the study was built to specifically capture patient preferences
rather than healthcare providers’ expectations. Nonetheless,
the study had some important limitations. Patient choices in
hypothetical settings may not fully correspond to choices in real
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Table 3 Maximum acceptable exacerbations and maximal acceptable onset time by disease

Maximum acceptable exacerbations Maximum acceptable onset time

Attribute

Number of exacerbations

Onset of action

5-year risk of osteoporosis

Dosing frequency

Priming

Device type

Dose counter

5-year risk of pneumonia

3 per year
2 per year
1 per year

30 min

20 min

15 min

5 min

6%

5%

4%

Twice daily
Once daily

New capsule each time
New canister+one step
Discharge+one step
One or two simple steps

Dry powder inhaler
Soft mist inhaler
Pressurised inhaler

Metered dose counter
Every 10 doses

Every dose

20%

15%

10%

Mean (95% CI)*

Mean (95% CI)t

Asthma (n=810)

Reference

1.1(0.85 to 1.3) per year
1.8 (1.5 to 2.0) per year
3.1 (2.7 to 3.4) per year
Reference

0.6 (0.4 to 0.8) per year
1.3 (1.1 to 1.5) per year

Reference
0.4 (0.3 to 0.6) per year

Reference

1.1 (0.9 to 1.4) per year
1.05 (0.8 to 1.3) per year
1.2 (0.9 to 1.4) per year

Reference
0.7 (0.5 to 0.9) per year
1.0 (0.8 to 1.2) per year

Reference
0.1 (0.1 to 0.3) per year
0.2 (0.1 to 0.4) per year

COPD (n=1147)

Reference
0.9 (0.7 to 1.0) per year
1.4 (1.2 to 1.5) per year
2.1(1.9t0 2.2) per year
Reference
0.4 (0.3 to 0.5) per year
0.6 (0.5 to 0.7) per year
Reference
0.4 (0.3 to 0.5) per year
Reference
0.6 (0.5 to 0.7) per year
0.4 (0.2 to 0.5) per year
0.6 (0.5 to 0.7) per year

Reference
0.1 (0.0 to 0.2) per year
0.3 (0.2 to 0.4) per year

Reference

—0.2 (=0.3 to —0.1) per year

0.1 (0.0 to 0.2) per year

Reference
0.5 (0.4 to 0.6) per year
1.1 (1.0 to 1.2) per year

Asthma (n=810)

Reference
10.1 (8.6 to 11.7) min
16.0 (14.2 to 17.7) min

Reference
4.9 (3.5t0 6.4) min
10.8 (9.2 to 12.4) min

Reference
3.6 (2.4 t0 4.8) min

Reference

9.2 (7.4t0 11.0) min
8.5 (6.6 to 10.4) min
9.4(7.5t0 11.3) min

Reference
5.6 (4.1to 7.1) min
8.1(6.510 9.6) min

Reference
0.7 (=0.7 t0 2.2) min
1.9 (0.4 to 3.4) min

COPD (n=1147)

Reference
11.6 (10.3 to 12.9) min
24.0 (22.3 to 25.7) min

Reference
4.5 (3.4 t0 5.7) min
7.1 (5.9 to 8.4) min

Reference
4.6 (3.6 t0 5.6) min

Reference

7.1 (5.7 to 8.4) min
4.4(2.8106.1) min
7.2 (5.6 t0 8.9) min

Reference
1.4 (0.2 t0 2.6) min
3.6 (2.4 t0 4.8) min

Reference

-3.0(-4.2 to —1.8) min
1.6 (0.3 to 2.8) min
Reference

6.0 (4.8 t0 7.2) min
13.5(12.2 to 14.9) min

*How many additional exacerbations a respondent was willing to accept for each of the attribute levels, relative to their respective reference level (see online supplementary table 4 for calculations).
tHow many extra minutes of onset of action patients were willing to accept for each of the attribute levels, relative to their respective reference level (see online supplementary table 5 for calculations).

life, although recent research has shown that DCEs are able to
predict choices.” As with all surveys, DCEs are subject to fra-
ming and presentation effects.”” The study therefore followed
conventional presentation formats and adhered to design gui-
delines, and the framing and presentation format of the DCE
were tested in a qualitative pilot.?! Like other patient preference
studies, we did not examine the relationship between patient
preferences and treatment adherence.”? Another limitation is
that clinical and sociodemographic characteristics were selfre-
ported, although this is not expected to affect the conclusions.
To limit the duration of the survey, we did not collect informa-
tion on all possible variables, for example, we did not include
questions on exacerbation history or LAMA add-on use in the
asthma survey. Furthermore, the DCE study was limited to US
patients registered in online access panels; the results may not
be transferrable to patient populations in other countries or
with different ethnical compositions. The asthma and COPD
patient samples in this study were representative of US patient
populations in terms of sex,” and the COPD patient sample
was representative in terms of ICS use,*** although 43% had
a college degree, which is higher than the US average of 33.4%
in 2016.% Finally, to provide results relevant to prescribing
clinicians, this study did not analyse the role of factors other
than disease status in preference heterogeneity. Future analyses
should address whether disease status is a key driver of diffe-
rences and whether other factors such as pneumonia history,
use of psychoanaleptics or experience with different inhalers
independently affect preferences in these patient populations.
The current findings add substantially to the evidence on
the preferences of patients with asthma and COPD for treat-
ment attributes. Initial qualitative research indicated that safety
and treatment costs are important to patients with asthma or
COPD;,**and more recently, DCEs have indicated that patients
with asthma and COPD highly value efficacy and safety and
other attributes of inhaled treatments, such as use as rescue
medication, convenience, rapid onset of action, accuracy of
dose counter, and low cost.**°*® The current study was the lar-
gest DCE to date to explore preferences of patients with asthma

and COPD for attributes of inhaled therapies, the first to con-
sider adverse events due to long-term ICS use and one of the
few to examine the influence of disease severity on preferences.
The study also assessed device characteristics in greater detail
than previous DCEs.

A potential limitation of this study is that it did not include
nebulisers because most of the inhaler device attributes are
difficult to measure for nebulisers. Thus, understanding why
some patients prefer nebulisers over inhalers would require a
different study design. Also, as per GINA' and GOLD,? nebu-
lisers are not the preferred choice for the general obstructive
lung disease population. Another potential limitation is that
cost was not included as an attribute in the DCE. Although
focus group interviews indicated that patients care about out-
of-pocket costs, cost was not included as an attribute because
the study focused on clinical and inhaler attributes of mainte-
nance medications and because out-of-pocket costs in the USA
vary according to each patient’s insurance scheme.

The current study suggested that patients with asthma or
COPD would prefer treatments with a faster onset of action,
greater exacerbation reduction and containing an ICS with a
lower risk of osteoporosis and pneumonia. This information
can be helpful to payers and policy makers who must decide
which maintenance inhalers to recommend and reimburse.
Many prescription plans in the USA already offer patients a
choice, and practising providers have options for peer-to-peer
conversations with insurers to ensure that medical provider and
patient views are considered in coverage decisions. The results
also highlight the importance of considering the patient pers-
pective in selecting maintenance inhalers, a recommendation
also made in treatment guidelines'? and in a recent review of
maintenance inhalers for asthma and COPD.?
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Aplicacoes da inteligéncia artificial e aprendizagem
de maquina na medicina respiratdria

Sherif Gonem,"? Wim Janssens,>* Nilakash Das,* Marko Topalovic>®

RESUMO

Nos dltimos 5 anos, assistiu-se a uma explosao do
interesse na utilizacdo de inteligéncia artificial (IA) e
de técnicas de aprendizagem automatica na medicina.
Isto tem sido impulsionado pelo desenvolvimento de
redes neurais profundas (RNP) - redes complexas in
silico, mas vagamente modeladas no cérebro humano
- que podem processar dados de entrada complexos,
como uma radiografia do térax, e produzir uma classi-
ficacdo como ‘normal’ ou ‘anormal’. As RNP sdo ‘trei-
nadas’ com recurso a extensos bancos de imagens ou
outros dados de entrada que receberam a classificacdo
correta. As RNP demonstraram a capacidade de igua-
lar ou mesmo ultrapassar a precisdo dos especialistas
humanos em tarefas de reconhecimento de padres,
tais como a interpretacdo de imagens médicas ou
sinais biolégicos. No ambito da medicina respiratéria,
as principais aplicacbes de IA e de aprendizagem auto-
matica até ao momento tém sido a interpretacdo de
imagens toracicas, laminas de patologia pulmonar e
dados fisiol6gicos, como os testes de funcéo pulmonar.
Este artigo analisa o progresso nesta drea ao longo
dos Ultimos 5 anos, salientando também as atuais
limitacdes da IA e da aprendizagem automatica e o
potencial de desenvolvimentos futuros.

INTRODUCTION

‘Artificial intelligence (AI)’ may be defined as
‘the theory and development of computer sys-
tems able to perform tasks normally requiring
human intelligence, such as visual perception,
speech recognition, decision-making, and trans-
lation between languages’' Machine learning is
a subfield of AI in which statistical models are
used to learn patterns from data in order to
accomplish a specific task. Machine learning
techniques range from simple linear models
such as logistic regression and naive Bayes clas-
sifiers to complex neural network models with
many thousands of parameters.

The explosion of interest in medical applica-
tions of AI during the past 5 years may be attri-
buted to the confluence of two key factors:

1. Deep neural networks (DNNs)

Artificial neural networks (ANNs) are loosely
modelled on the human brain and consist of
multiple layers of ‘neurons’ that successively
process input data until the output layer is
reached. DNNs are a recently developed
variant of ANNs that have a large number
of intermediate layers (often greater than
10) and process input data in a hierarchical
manner, with the first few layers responding
to simple low-level features (such as strai-
ght lines) and successive layers responding
to more abstract high-level features (such
as the shape of specific objects).? DNNs are
typically used to classify the input data into
a number of categories. For instance, a chest
radiograph image may be classified as ‘nor-
mal or ‘abnormal’ DNNs have been accom-

panied by a paradigm shift in AL In the early
years of Al research, the goal was to encode
the knowledge of human experts into ruleba-
sed ‘expert systems’ that would be explicitly
programmed to look for certain hand-crafted
features in the data. However, DNNs are deve-
loped using large training datasets and learn
in an autonomous manner the features which
most discriminate between categories. DNNs
therefore have the potential to surpass human
experts in classification tasks. Although their
accuracy is impressive, a drawback of DNNs
is their lack of interpretability. The features
that are used to distinguish between data cate-
gories are not readily translated into verbal or
visual ‘rules’ that a human can understand.

2. Big data and faster computation

The success of DNNs has been dependent on
the availability of large training datasets that
have been correctly labelled with the cate-
gories to be distinguished, as well as faster
computation to train the DNNs within a rea-
sonable timeframe. For example, a system that
can distinguish handwritten numerals requi-
res thousands of examples of each numeral to
achieve reasonable accuracy. The widespread
use of Electronic Health Records (EHR)
and Picture Archiving and Communication
Systems has resulted in the availability of large
training datasets for healthcare applications,
subject to appropriate ethical and information
governance safeguards.

DNNs have shown equivalent diagnostic
accuracy to expert dermatologists at distin-
guishing between the macroscopic appearance of
malignant and benign skin lesions’® and to expert
pathologists at detecting breast cancer nodal
metastases on histological slides.* DNNs have
been successfully applied to retinal images for the
detection of diabetic retinopathy and other reti-
nal pathologies,”® CT images for the detection of
acute intracranial events,” ECGs for the diagnosis
of arrhythmias' and cardiac contractile dysfunc-
tion,'" identification of the facial phenotypes of
genetic disorders'? and interpretation of scree-
ning mammography." Significant progress has
also been made in the analysis of EHRs for medi-
cal diagnosis'* and predicting future events such
as acute kidney injury."”” DNNs have shown an
ability to detect subtle features that are undetec-
table by human observers even in hindsight. For
instance, Attia et al'® developed a DNN that accu-
rately predicted the presence of atrial fibrillation
occurring previously or in the near future using
ECGs recorded during sinus rhythm.

This review will focus on the advances that
have been made in AI and machine learning
as applied to respiratory medicine in the past
5 years. The inputs that have been subjected to
machine learning techniques may be broadly
categorised into:
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Figure 1 Published articles on artificial intelligence and machme Iearnlng
in respiratory medicine shown as raw numbers (panel A) and as a percentage
of all articles on respiratory medicine (panel B) from 2000 to 2019. Panel A
shows the number of retrieved articles on the PubMed database published
from 2000 to 2019 using the search terms specified for this review (artificial
intelligence related term and respiratory-related term). Panel B shows this
number expressed as a percentage of all articles retrieved using just the res-
piratory-related search terms.

i. Thoracic imaging.

ii. Histopathology or cytology.

iii. Physiological measurements and biosignals.
Search strategy:

The following search was performed on the PubMed data-
base on 19 March 2020: (‘artificial intelligence’[All Fields]
OR ‘machine learning’[All Fields] OR ‘deep learning’[All
Fields] OR ‘neural network’[All Fields]) AND (‘chest’[All
Fields] OR ‘lung’[All Fields] OR ‘pulmonary’[All Fields] OR
‘respiratory’[All Fields] OR ‘thorax’[All Fields] OR ‘thoracic’[All
Fields] OR ‘pneumonia’[All Fields] OR ‘pneumonitis’[All Fields]
OR ‘bronchiectasis’[All Fields] OR ‘bronchiolitis’[All Fields]
OR ‘cystic fibrosis’[All Fields] OR ‘tuberculosis’[All Fields] OR
‘mycobacteria’[All Fields] OR ‘asthma’[All Fields] OR ‘copd’[All
Fields] OR ‘pleural’[All Fields] OR ‘sarcoidosis’[All Fields] OR
‘sleep’[All Fields] OR ‘ventilation’[All Fields)].

A total of 4610 results were returned. All abstracts were
reviewed by the first author (SG), and full-text articles were
retrieved for papers that described a clinically relevant advance
in the field. These papers were reviewed in detail, and examples
representing the state of the art in each subfield were selected for
inclusion in this narrative review. It was observed that there has
been an exponential increase in published papers on this topic
starting from 2016 (figure 1).

THORACIC IMAGING

The application of DNNs to chest radiographs and CT scans has
resulted in a step change in diagnostic accuracy compared with
qualitative semantic features such as tumour spiculation and
quantitative features such as shape and texture derived using
image analysis software (often referred to as radiomics). The
advantage of DNNG is that they derive features directly from the
data, resulting in greater accuracy than hand-crafted qualita-
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tive or quantitative analyses but with the disadvantage of redu-
ced interpretability. However, some progress has been made
towards correlating ‘deep features’ derived from DNNs with
semantic features that are detectable by human radiologists."”

A number of algorithms have been developed for automated
reporting or triage of plain chest radiographs, in many cases exce-
eding the accuracy of expert thoracic radiologists. Annarumma et
al'® trained a DNN to triage chest radiographs as ‘normal;, ‘non-
urgent,, ‘urgent’ and ‘critical’ using a training dataset of 329698
images. The Al system detected normal radiographs with a sen-
sitivity of 71%, specificity of 95% and a positive predictive value
of 73% in the test dataset. In a simulated radiology reporting
pipeline in which the Al was used to prioritise urgent and critical
radiographs for reporting by a radiologist, there was an approxi-
mately fourfold reduction in the delay to report radiographs with
critical findings and a twofold reduction in the delay to report
urgent findings. A similar chest radiograph triage system using
a binary classification of ‘normal’ or ‘abnormal’ was developed
by Yates et al,”” with a final model accuracy of 94.6% in the test
dataset. These findings suggest a potentially important role for
Al in prioritising cases for review by a radiologist, in order to
expedite the reporting of cases with critical abnormalities. This
could be particularly relevant in resource-poor settings in which
there is a shortage of trained radiologists. AI assessment of chest
imaging may also have prognostic significance: Lu et al*® develo-
ped a DNN that accurately predicted all-cause mortality over a
follow-up period of 12 years based on a single plain chest radio-
graph, even after adjusting for radiologists’ diagnostic findings
and standard risk factors for mortality.

DNN' s have been trained to recognise specific pathologies
on chest radiographs including tuberculosis,’*** malignant
pulmonary nodules,” congestive cardiac failure? and pneumo-
thorax.”” Hwang et al*® developed a DNN that could recognise
lung cancer, tuberculosis, pneumonia and pneumothorax on
chest radiographs as well as providing visual localisation of the
abnormality. In a head-to-head comparison using the same test
dataset, the DNN achieved an area under the receiver operating
curve (AUC; a measure of the accuracy of a diagnostic test) of
0.983, exceeding that of thoracic radiologists (0.932), general
radiologists (0.896) and non-radiology physicians (0.614). The
same research group subsequently tested this DNN algorithm
in an emergency department setting and found that it improved
the sensitivity of radiology residents in the detection of clini-
cally significant abnormalities when used as a second reader.”
However, the DNN was not trained to interpret radiographs
with multiple pathologies, nor to interpret images in the context
of background clinical information. Therefore, while current
DNNs cannot replace radiologist reporting of chest radio-
graphs, they may act as a competent second reader to reduce
perceptual errors. Prospective studies incorporating DNNs as
a second reader in routine clinical practice are warranted to
determine whether they can reduce the rate of reporting errors.

Evidence that lung cancer screening can reduce mortality is
steadily accumulating, and a recent European Union position
statement has concluded that implementation of low-dose CT
screening should start throughout Europe as soon as possible.*

An important limiting factor in this implementation is the
availability of radiologists to report the large volume of scree-
ning CT scans. There has therefore been substantial interest in
developing AI systems that can detect and accurately diagnose
malignant pulmonary nodules on CT imaging.*'~** Ardila et al*!
trained a DNN to predict the risk of lung cancer based on cur-
rent and previous chest CT scans using cases from the National
Lung Cancer Screening Trial. The DNN achieved an AUC of
0.944 for predicting biopsy-proven cancer in the test dataset.
The accuracy of the DNN was higher than that of six board-cer-
tified radiologists when only the current CT scan was available
and was equivalent to the radiologists when both current and
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previous CT scans were available for review. Similarly, Baldwin
et al developed a DNN to predict malignancy in incidentally
detected pulmonary nodules measuring 5-15mm and achie-
ved an AUC of 0.896 in the test dataset, which was significantly
higher than that of the Brock model currently recommended
in UK guidelines.” In order to improve the interpretability and
clinical acceptability of DNN predictions, Shen et al** mer-
ged deep learning techniques with more traditional semantic
features such as nodule calcification and margin definition.
Incorporating semantic features into DNN predictions did not
significantly affect model accuracy but may have improved
interpretability of the model output. A number of investigators
have taken a hybrid approach, in which radiomic features are
entered into machine learning models in order to derive the
best combination of features to optimise classification accu-
racy.**? Delzell et al’** measured 416 quantitative imaging bio-
markers in CT scans of pulmonary nodules from 200 patients
and entered these radiomic features into a variety of machine
learning models. The best performing models were elastic net
and support vector machine, which achieved an AUC of 0.72 for
distinguishing benign from malignant nodules.

Beyond lung cancer diagnosis, there is evidence that DNNs
can be used to predict prognosis and tumour type based on CT
images. Hosny et al*® trained a DNN to predict survival based
on CT appearances in patients with non-small cell lung cancer
undergoing surgery or radiotherapy. The DNN distinguished
between early (<2 years) and late (>2 years) mortality with an
AUC of 0.71 and 0.70 in patients undergoing surgery and radio-
therapy, respectively. Wang et al’” found that a DNN could pre-
dict epithelial growth factor receptor mutation status in patients
with lung adenocarcinoma based on CT images, with an AUC of
0.81 in the validation dataset. The accuracy of the DNN signifi-
cantly exceeded that of predictive models using clinical features
alone, semantic features or radiomics features.

Machine learning techniques have also been used for the
diagnosis of interstitial lung disease.*®** Walsh et al** trained a
DNN using a total of 420096 montages each consisting of four
transverse CT images. These were derived from full highresolu-
tion CT scans of 210 patients with usual interstitial pneumonia
(UIP), 392 with possible UIP and 327 whose scans were con-
sidered inconsistent with UIP. The reference standard for each
CT scan was determined by an experienced thoracic radiolo-
gist with a specialist interest in interstitial lung disease. In a test
set of 68093 montages derived from 139 separate patients, the
algorithm achieved an accuracy of 76.4%. A second test set con-
sisted of 150 four-slice montages from CT scans that had been
previously evaluated by 91 thoracic radiologists, with the refe-
rence standard being the majority opinion of the radiologists.
The algorithm achieved an accuracy of 73.3% in this test set
that was comparable with the median accuracy of the individual
radiologists (70.7%). Moreover, in a Cox regression analysis, an
algorithm diagnosis of UIP was associated with a HR for mor-
tality of 2.88, compared with a diagnosis of ‘not UIP; with the
equivalent HR for a majority radiologist opinion diagnosis of
UIP being 2.74.

Gonzalez et al* trained a DNN using four-slice CT mon-
tages from 7983 smokers who took part in the COPDGene
study and found that the algorithm could accurately diagnose
COPD, with an AUC of 0.856. A subsequent study using the
same dataset found that the staging of emphysema from ‘absent’
to ‘advanced destructive’ using a DNN was highly predictive of
survival and lung function.* DNNs have also been developed to
diagnose and evaluate the burden of thrombus in acute pulmo-
nary embolism. The algorithm developed by Liu et al** achieved
an AUC of 0.926 for the diagnosis of pulmonary embolism, and
the clot burden measured by the DNN correlated significantly
with manual (Qanadli and Mastora) scores and with measures
of right ventricular function.

HISTOPATHOLOGY AND CYTOLOGY

Deep learning techniques have been successfully applied to digital
histology images, particularly in the field of lung cancer. Coudray
et al* found that a DNN could distinguish between adenocarci-
noma and squamous cell carcinoma of the lung with comparable
accuracy with expert pathologists (AUC of 0.97). This signifi-
cantly exceeded the performance of traditional image-processing
techniques with hand-crafted features, which achieved an AUC of
approximately 0.75 for the same task.* Moreover, the DNN could
also predict the presence or absence of six common gene muta-
tions of therapeutic significance (STK11, EGFR, FAT1, SETBPI,
KRAS and TP53) with AUC values ranging from 0.73 to 0.86.
Similarly, Sha et al* trained a DNN to predict programmed dea-
th-ligand 1 status in non-small cell lung cancer based on morpho-
logical appearances on standard H&E stained tumour sections,
with an AUC of 0.80. DNNs have also been trained to accurately
differentiate between lung adenocarcinoma growth patterns (aci-
nar, micropapillary, solid, lepidic and cribriform),**” as well as to
detect lung cancer metastases in lymph node slides.*® Courtiol et
al® trained a DNN (MesoNet) to accurately predict overall sur-
vival of patients with malignant mesothelioma based on whole
slide digitised images. The predictions made by MesoNet cut
across traditional histological boundaries (such as epithelioid,
sarcomatoid and biphasic) and moreover identified the specific
regions within the slides that most contributed to patient out-
come prediction.

Kim et al*® used machine learning methods (support vector
machines and penalised logistic regression) to develop classi-
fiers for interstitial lung diseases based on high-dimensional
transcriptional data from surgical lung biopsies. In a subsequent
prospective study, the investigators found that the molecular
classifier they developed could accurately distinguish between
UIP and non-UIP in less invasive transbronchial biopsy sam-
ples, suggesting that the technique could avoid the need for sur-
gical biopsy in some cases.*!

Xiong et al** trained a DNN to recognise acid fast-stained
Mycobacterium tuberculosis bacilli on digital cytology slides.
The small size of the bacilli (20x4 pixels) and the loss of resolu-
tion when scanning the digital images resulted in some techni-
cal challenges. Although good sensitivity of 98% was achieved
following modifications to the algorithm, there were a number
of false positive results due to contaminant bacilli and slide arte-
facts, resulting in a specificity of 84%.

PHYSIOLOGICAL MEASUREMENTS AND BIOSIGNALS
Interpretation of pulmonary function tests including spiro-
metry, body plethysmography and measurement of diffusing
capacity has traditionally been considered an important aspect
of the expertise of respiratory physicians. Topalovic et al>* deve-
loped a random forest machine learning model using 1430 his-
torical cases that could accurately differentiate between eight
categories of respiratory disease. In a head-to-head comparison
using 50 test cases, the model displayed an accuracy of 82% and
outperformed 120 European pulmonologists by a wide margin.

Machine learning approaches have also been applied to the
forced oscillation technique (FOT), which measures respira-
tory impedance non-invasively using sound waves, with mini-
mal effort from the subject.” Amaral et al® applied a variety
of machine learning models (including K nearest neighbour,
decision trees, ANNs and support vector machines) to FOT
measurements to detect COPD (AUC >0.95) to discriminate
between different Global initiative for Obstructive Lung Disease
stages of airflow obstruction® and to identify early smoking-in-
duced changes in healthy subjects,” as well as to identify airflow
obstruction in patients with asthma.*®

Breath analysis offers excellent potential to phenotype res-
piratory disorders because exhaled breath contains a mixture of
gases and traces of many volatile organic compounds (VOCs)
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that emanate from the respiratory tract itself. Several techniques
exist to measure VOCs in the breath, such as gas chromatogra-
phy-mass spectroscopy, electronic nose and chemical sensors,
each of which require advanced pattern recognition methods
to identify abnormal signatures in measured VOCs.* Machine
learning methods such as decision trees and support vector
machines on VOC data have been used to discriminate COPD
and healthy individuals® and to detect lung cancer.® Brinkman
et al** used an electronic nose to classify inflammatory asthma
phenotypes using K-means and Ward clustering. These unsu-
pervised learning techniques do not rely on prelabelling but
instead group the cases into novel categories or clusters based
on similarity of exhaled breath metabolites.

Computerised lung sound analysis involves discriminating
between normal and adventitious lung sounds obtained during
auscultation. Although machine learning has become a standard
method to classify adventitious sounds, these sound events are
intermittent and highly variable from one person to another presen-
ting a challenge in generalising these algorithms to a general popula-
tion.®® Machine learning approaches (including ANNs and support
vector machines) have been applied to classify adventitious sounds
associated with asthma,* COPD® and interstitial lung disease® and
to detect common respiratory disorders in children using cough
sounds.”” Bardou et al** found that DNNs outperformed traditional
machine learning techniques in the classification of lung sounds into
seven categories (normal, coarse crackle, fine crackle, monophonic
wheeze, polyphonic wheeze, squawk and stridor).

Analysis of biosignals using machine learning may permit a
superior understanding of the dynamics of physiological regula-
tion in health and disease. Examples of biosignal monitoring in
the respiratory sphere include polysomnography, which is used
to diagnose obstructive sleep apnoea and other sleep disorders.
Nikkonen et al*® developed an ANN that accurately determined
the oxygen desaturation index (ODI) and apnoea-hypopnoea
index (AHI) using only the oxygen saturation signal as input.
The median absolute error was 0.78 events/hour for AHI and
0.68 events/hour for ODI, using manual scoring of events as the
gold standard. Allocca et al”” developed an automated sleep-stage
classification programme that achieved high accuracy against a
gold standard of manual visual scoring in human, rodent and
pigeon polysomnography data. Mousavi et al”* developed a DNN
to annotate various sleep stages using an openly accessible elec-
troencephalogram (EEG) dataset, achieving an accuracy of 84%.
Automated monitoring of biosignals has also been proposed as
a solution to patient-ventilator asynchrony, which is a misma-
tch between ventilator delivery and patient demand. Gholami et
al”? developed a random forest machine learning model to detect
cycling asynchrony based on waveform analysis with positive and
negative predictive values above 90%.

As the use of smartphones, sensors and wearables prolife-
rates, telemedicine may become an important tool for the self-
management of respiratory disorders. By monitoring clinical
outcomes at an individual level, such technologies facilitate pre-
ventive and pre-emptive care while providing medical expertise
remotely. Machine learning offers a powerful solution to analyse
patterns associated with respiratory outcomes in data collected
by telemonitoring devices.”” Machine learning methods such as
naive Bayes classifiers and support vector machines have been
applied to home peak expiratory flow measurements and symp-
tom scores to predict exacerbations a week early in adults™ and
children” with asthma. Similar studies have also been published
to predict exacerbations in patients with COPD.”® 77

CONCLUSION AND FUTURE DEVELOPMENTS

Research into AI in medicine has accelerated markedly since
2015, with the field of respiratory medicine being well repre-
sented. DNNs are emerging as a key tool to develop imaging
biomarkers for diagnosis, prognosis and prediction of res-
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Figure 2 Typical path for the development of a machine learning model and
its incorporation into clinical practice. Chest radiograph and imaging works-
tation images are from www.shutterstock.com (reproduced under licence).
Contributing artists were sfam_photo and Zern Liew, respectively.

ponse to therapy. Figure 2 summarises the process by which
machine learning models may be developed and incorporated
into routine clinical practice in the near future. There remains
an enormous potential for DNNs to embrace domains outside
of imaging such as pulmonary function tests and physiological
biosignals. However, a major limitation for such computational
approaches is a shortage of sufficiently large medical training
datasets. Overcoming this will require large-scale collaborations
such as the recently formed Open-Source Imaging Consortium
(https://www.osicild.org/), a collaboration between academia
and industry to develop imaging biomarkers for idiopathic
pulmonary fibrosis and other interstitial lung diseases using AL

Large clinical databases from multicentre randomised con-
trolled trials are another underexplored domain. Applying
DNNs to these detailed datasets, potentially including merged
data from multiple similar trials, carries the potential to predict
treatment effects for individual patients, ushering in a new era
of personalised medicine. The benefits of sharing and reuse of
individual participant data from clinical trials are increasingly
recognised but will require a robust internationally recognised
ethical and legal framework to gain wider adoption and accep-
tance.”® Similarly, data collected during the course of routine
clinical practice has great potential for training Al algorithms
for patient benefit. However, clear legal and ethical guidelines
are needed to maximise the benefit of such datasets while pre-
serving the confidentiality of individual patients.”

Natural language processing (NLP) is still at an early stage of
development but in future may be deployed to extract clinical insi-
ghts from the vast pool of unstructured EHR® or to extract rela-
tionships between concepts from the rapidly expanding body of
medical research.®* NLP may also be used to accelerate the develo-
pment of Al algorithms for interpreting radiological or histological
images, by automatically converting free-text radiology or patho-
logy reports into a structured format suitable for training DNNs,
potentially obviating the need for manual labelling of cases.®-

While the advances made over the past 5 years have been
impressive, a number of challenges must still be overcome before
Al can be widely adopted into routine clinical practice.”*% These
include intrinsic problems with the machine learning algorithms
themselves, logistical difficulties and social or cultural barriers.
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It is known that DNNs have the potential to misclassify exam-
ples that have been subtly altered, even by the addition of a few
extra pixels.”” In a clinical setting, this could manifest as a lack of
generalisability; for instance, a DNN model trained on imaging
data from the latest scanner at an advanced care facility may not
function properly at a hospital that has older machines. Similarly,
machine learning models are prone to perpetuating biases that
may exist in the training dataset, as well as spurious associations
in which confounding factors are used as predictors.*® A related
problem with DNNs and other complex machine learning algo-
rithms is their lack of interpretability, which may be defined as
an ability to provide reasons for their output. DNNs often act like
‘black boxes’ with the reasons for their output remaining opaque,
even to their developers. In the medical sphere, interpretability is
critical for gaining trust, particularly if important management
decisions are being made based on the evaluation of a DNN.
Fortunately, progress is now being made towards more interpre-
table AL Several techniques have been developed that can gene-
rate explanations by estimating how the input features or different
regions within an input image contributed to the output.®® These
techniques should allow a closer inspection of DNN outputs by
clinicians so that decisions based on faulty or biased explanations
can be over-ruled.

In conclusion, AT and machine learning have the power to
transform many aspects of respiratory medicine. The emergence
of DNNs developed using big training datasets has resulted in a
number of novel applications, particularly in the field of thora-
cic imaging. However, DNN models still suffer from problems
with interpretability, generalisability and potential bias. Rigorous
validation strategies combined with the development of new
standards for reporting machine learning models are required
to address these issues before Al can take its place in the clinic.®
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Acompanhamento respiratorio de doentes com

pneumonia COVID-19
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Forrest,” Michael A Gibbons,® Nicholas Hart,® R Gisli Jenkins ,'® Danny F McAuley,"" Brijesh V

Patel,' Erica Thwaite, " Lisa G Spencer®

RESUMO

A pandemia COVID-19 levou a um surto sem preceden-
tes em doentes hospitalizados com pneumonia viral. Os
doentes mais gravemente afetados s&o homens mais
velhos, individuos das minorias étnicas negra e asiatica
e individuos com comorbilidades. A COVID-19 também
estd associada a um risco acrescido de hipercoagulabi-
lidade e de tromboembolismo venoso. A esmagadora
maioria dos doentes admitidos em hospital apresenta
insuficiéncia respiratoria e, embora a maioria seja tra-
tada em enfermarias gerais, uma proporcéo consideravel
requer apoio de cuidados intensivos. As complicacoes a
longo prazo da pneumonia COVID-19 comecam a surgir,
mas os dados de surtos anteriores de coronavirus, tais
como a sindrome respiratdria aguda grave (SARS) e a
sindrome respiratoria do Médio Oriente (MERS) sugerem
que alguns doentes irdo sofrer de complicacdes respira-
tdrias a longo prazo resultantes da infecao.

Com o padréo de anomalias na imagiologia toracica
e a crescente experiéncia clinica, considera-se que a
doenca pulmonar intersticial e a doenca vascular pul-
monar s&o, provavelmente, as complicagdes respira-
torias mais importantes. Verifica-se a necessidade de
uma via unificada para 0 acompanhamento respiraté-
rio dos doentes COVID-19, equilibrando a prestagéo
de cuidados clinicos de alta qualidade com os recursos
sobrecarregados do Servico Nacional de Satde (SNS).
Neste documento orientador, sugerimos uma estrutura
para o acompanhamento respiratorio de doentes com
confirmacéo clinico-radiolégica da pneumonia COVID-
19. Definimos dois algoritmos separados que integram
a gravidade da doenca, a probabilidade de complica-
cdes respiratdrias a longo prazo e a capacidade funcio-
nal na alta hospitalar. Para mitigar as pressdes do SNS,
foram incorporadas solucdes virtuais dentro da via, tal
como a rede de seguranca dos doentes cuja trajetdria
clinica se afaste da via. Para todos os doentes, sugeri-
mos um pacote holistico de cuidados para lidar com a
falta de ar, a ansiedade, a necessidade de oxigénio, 0s
cuidados paliativos e a reabilitacao.

INTRODUCTION
The first reports of a novel respiratory virus
which was subsequently shown to be a coro-
navirus, severe acute respiratory syndrome
Coronavirus 2 (SARS-CoV-2), emerged from
Wauhan, China in December 2019." The highly
transmittable virus spread rapidly and on 11
March 2020, coronavirus disease 2019 (COVID-
19) was declared a global pandemic by the World
Health Organisation. By 10 May 2020, there
were over 4 million confirmed cases worldwide
with over 280 000 deaths. In the UK alone by this
date, there were over 215 000 confirmed cases
and over 30 000 deaths.

The clinical manifestations of SARS-Cov-2
infection vary, ranging from asymptomatic car-

riage to atypical pneumonia, a hyperinflamma-
tory phenotype, respiratory failure and acute
respiratory distress syndrome (ARDS).> An
unexpectedly high prevalence of venous throm-
boembolic (VTE) disease and pulmonary embo-
lism (PE) has become apparent® and this is an
important consideration for acute management
and subsequent follow-up. Those most severely
affected by COVID-19 are older men, individuals
of black, Asian and minority ethnicity and those
with comorbidities such as obesity, hypertension
and diabetes.>*”° By far, the the most common
indication for admission to hospital is viral pneu-
monia and over 80% of hospitalised patients are
cared for in general medical wards.” A smaller
proportion of patients with more severe disease
require additional ventilatory support and are
admitted to high dependency and intensive care
units (ICUs). In a Chinese study of 1099 hospi-
talised COVID-19 patients, 173 patients (16%)
had severe disease based on American Thoracic
Society (ATS) community-acquired pneumonia
guidelines11 and 55 (5%) required ICU admis-
sion.” The mortality associated with COVID-19
is considerable—in a large UK study, in-hospital
mortality was 26% for patients on general wards
rising to 32% in those requiring ICU care.10
Depending on the series, COVID-19-related ICU
mortality has been reported to be between 16%
and 78%.348 1012-15

As effective vaccines and treatments for
SARS-Cov-2 emerge, a key objective will be to
identify and proactively manage complications
from the infection and support patients through
the recovery phase with the goal of preserving
their health status. In this guidance document,
we provide a suggested structure to achieve these
aims with a focus on the respiratory follow-up of
patients with clinicoradiological confirmation of
COVID-19 pneumonia.

This guidance has been adopted by the British
Thoracic Society (BTS) and the British Society of
Thoracic Imaging (BSTI) after wide consultation
and peer review. It is available online (https://
britthoracic.org.uk/about-us/covid-19-informa-
tion-forthe-respiratory-community/).

COVID-19 PNEUMONIA IMAGING AND
SPECIFIC RESPIRATORY COMPLICATIONS FOR
CONSIDERATION

In typical cases of COVID-19 pneumonia, the
chest X-ray (CXR) shows multiple bilateral peri-
pheral opacities (figure 1A). In some patients,
the morphological pattern of lung disease on CT
scan with regions of ground-glass opacification
and consolidation, which variably comprise foci
of oedema, organising pneumonia and diffuse

BM)

George PM, et al. Thorax 2020;75:1009-1016. doi:10.1136 /thoraxjnl-2020-215314 ) 175



Revisao do estado da arte

Figure 1 (A) Plain chest radlograph in a male patient with COVID-19 pneumonia referred for extracorporeal membrane oxygenation support. (B) CT images
showing broadly symmetrical air space opacification with dependent dense parenchymal opacification and extensive ground-glass opacification with thickened
interlobular and intralobular septa (the ‘crazy-paving” pattern) in the non-dependent lung. Note that the airways are conspicuous against the ground-glass
opacification but, importantly, taper normally (arrows) and have smooth walls. (C) CT performed 10 days later again showing widespread air space opacifica-
tion but now with ‘varicose” dilatation (non-tapering) of airways in the left upper lobe indicative of developing pulmonary fibrosis. (D) Classical 'crazy-paving’
appearance in COVID-19. There is patchy but very extensive ground-glass opacification with superimposed fine thickening of interlobular and intralobular septa
throughout both lungs. Relatively limited dense parenchymal opacification is present in the dependent lung bilaterally, likely to reflect variable combinations of
the consolidated and atelectatic lung. (E) A patient with COVID- 19-related acute respiratory distress syndrome (ARDS) with image section though the lower
zones showing characteristic findings of ARDS with symmetrical air space opacification but with a gradient of increasing density from the ventral to the dorsal
lung. (F) Image just below the carina demonstrating foci of non-dependent consolidation (arrows), conceivably denoting areas of organising pneumonia.

alveolar damage, are not too far removed from those in patients
with an acute inflammatory pneumonitis (figure 1B-F). The
radiological changes in COVID-19 pneumonia do not appear to
resolve fully in all patients and in some, inflammation matures
to form residual pulmonary fibrosis (figure 2).

Predicting the likely respiratory consequences of COVID-
19 is challenging but reviewing data from this and other coro-
navirus infections provides insights. There may be important
parallels from the severe acute respiratory syndrome (SARS)
outbreak of 2002-2003 caused by SARS-CoV and Middle East
respiratory syndrome (MERS) first identified in 2012."* In a
longitudinal CT study of 90 patients with COVID-19, 94% of
individuals had residual changes on CT at discharge (median
duration of 24 days after symptom onset) with ground-glass
opacity the most common pattern.?' At discharge, in a study of
110 patients with COVID-19, 91 (83%) of whom had a mild-

Flgure 2 CTin COVID 19 extubated survivor: a study performed durmg
recovery (26 days after onset of COVID-19 pneumonia). Image section at the
level of the carina demonstrating widespread groundglass opacification and
considerable architectural distortion. There is definite CT evidence of fibro-
sis—note the varicose dilatation ('traction bronchiectasis’) of the anterior

segmental bronchus in the right upper lobe (arrows).

moderate disease and 19 (17%) of whom had severe disease,
almost half had impairment of the transfer factor of the lung
for carbon monoxide (TLco).?? The duration between onset of
illness and pulmonary function testing ranged from an average
of 20 days in mild cases to an average of 34 days in severe pneu-
monia. The TLco was lower in patients with severe disease and
was more sensitive to disease severity than other lung function
measures such as forced vital capacity (FVC) and total lung
capacity (TLC). Interestingly in this study, and although still
largely within normal ranges at an average of 83% predicted,
the TLco/alveolar volume (Kco) was significantly lower in those
with severe disease than those with mild to moderate COVID-
19 possibly implying a degree of pulmonary vasculopathy.

In a study of SARS survivors, 12 weeks after discharge, 36%
of patients had residual CXR abnormalities and at 6 months,
these were still present in 30% of the entire cohort, with airspace
opacification and reticulation the predominant abnormalities.?
CXR abnormalities were correlated with lung function test
parameters including FVC, TLco and TLC but not with mea-
sures of respiratory muscle strength. Six months from hospital
discharge, 16% of patients had persistent impairment of TLco
with the preservation of the Kco.”? The implication, therefore,
is that these CXR imaging abnormalities were physiologically
relevant and related to parenchymal lung disease. Similarly, in
MERS survivors, at a median follow-up point of 6 weeks (range
32-230 days), 36% of patients had residual CXR changes, the
vast majority of which were due to pulmonary fibrosis.'®

These data suggest that the majority of patients infected
with coronaviruses are discharged from hospital with per-
sisting radiological change but that (at least in SARS* and
MERS*) by 12 weeks, approximately two-thirds of patients
have full CXR resolution. The optimal time for follow-up
imaging to assess for radiological clearance in COVID-19 is
unknown. Current BTS guidelines recommend a repeat CXR
6 weeks after a (bacterial or viral) community-acquired pneu-
monia*; the rationale being to exclude primary bronchial neo-
plasms that can contribute to lobar or segmental pneumonia.
The ATS does not recommend routine follow-up imaging for
patients recovering satisfactorily from community-acquired
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pneumonia.'! The patchy groundglass opacification classically
observed in COVID-19 pneumonia (figure 1A-F) is, however,
much less suspicious of harbouring a malignancy, particularly
in the context of a pandemic. A 6-week follow-up CXR is, the-
refore, not advised and the 12-week time point is considered to
be optimal in providing sufficient time for imaging resolution
while also ensuring that non-resolving changes are addressed
sufficiently early. Given that persisting imaging abnormalities
correlate with physiological impairment, it is likely that these
patients are at a greater risk of long-term parenchymal lung
disease and are the group in whom closer follow-up and fur-
ther investigation are indicated.

Unlike the MERS and SARS outbreaks, acute COVID-19
infection is associated with a high prevalence of VTE disease®*’
and in situ thrombosis. Indeed, patients remain hypercoagu-
lable for a variable period of time and prolonged immobility
in the most severely affected patients represents an additional
VTE risk factor. It is increasingly appreciated that a number of
patients are diagnosed with acute PE and deep vein thromboses
de novo during the pneumonia recovery phase. Although the
follow-up of COVID-19 pneumonia may hinge on the radiolo-
gical resolution, it is crucial to be mindful of the high risk of PE
in this group; this follow-up guidance should highlight to clini-
cians the need for prompt identification and treatment of acute
PE and post-PE complications such as chronic thromboembolic
disease and pulmonary hypertension (PH).

AIMS AND SCOPE OF GUIDANCE

Given the large numbers of patients admitted to hospital in a
short period of time, the aims of this guidance are to ensure
that patients are followed-up in a timely but practical man-
ner, ensuring the early identification of respiratory compli-
cations integrating factors such as disease severity, likelihood
of long-term respiratory sequelae and functional disability
(box 1).

In this document, we provide a suggested structure for the
respiratory follow-up of patients with clinicoradiological co
firmation of COVID-19 pneumonia. We do not recommend
routine imaging or respiratory follow-up for patients without
pneumonia on imaging nor those in whom CXR changes have
fully resolved on follow-up imaging during hospitalisation.
Given that the risk of subsequent post-infectious complications
in this patient group is unknown, we do however advise that
such patients consult their general practitioner (GP) should
they experience persistent, new or progressive respiratory
symptoms that do not recover over the 6-12 weeks following
their acute illness. The lack of a robust evidence base for this
new disease means that in consultation with their patient, an
individual clinician can and should choose to deviate from the
pathway when required.

On discharge from hospital, all patients should be advised
that if they develop progressive or new respiratory symptoms
prior to their intended review date, they should seek advice
either from their GP surgery or if appropriate by presenting to
emergency services. Frail patients or those with a performance
status of 3—-4 who have made a good clinical recovery post-CO-
VID-19 pneumonia may understandably decline to reattend for
a follow-up CXR. Where patients do not wish to attend for a
follow-up CXR, teams should review the case notes and consi-
der a remote clinic consultation to establish patient wishes and
individual needs for further follow-up.

Use of this follow-up guidance may lead to the detection of
incidental lung cancers and if detected these should be actio-
ned. If any imaging is suspicious for lung malignancy, patients
should either have an early repeat CXR 6 weeks after hospital
discharge or a thoracic CT scan as appropriate to check for reso-
lution with referral to local cancer services for further assess-
ment as clinically indicated.

Revisao do estado da arte

Box 1 Specific aims of COVID-19 pneumonia
followup

» The early, medium and long-term respiratory complica-
tions of COVID-19 pneumonia are identified and affected
patients are then followed-up by appropriate services.

» The most serious and potentially life-limiting compli-
cations of COVID-19 such as pulmonary fibrosis and
pulmonary vascular disease are identified at the earliest
possible stage without overinvestigating those patients
who will make a full recovery.

» Acute patients’ needs such as breathlessness, oxygen
requirements, rehabilitation, palliative care/symptom
management and psychosocial needs are identified and
addressed at the earliest possible stage.

» Patients diagnosed with COVID-19 pneumonia who have
made a full recovery are appropriately reassured that their
chest X-ray changes have resolved.

» Respiratory, radiology and physiology resources are coor-
dinated and used optimally and efficiently using virtual
systems where feasible.

» Patients with hitherto undiagnosed pre-existing respira-
tory disease are opportunistically identified and managed
as appropriate.

» At all points of patient contact, teams are reminded to
undertake a ‘post-COVID-19 holistic assessment’ (box 3)
of patient needs.

FOLLOW-UP ALGORITHMS

With the intention of addressing these aims (box 1), we have
defined two follow-up algorithms (figures 3 and 4) that integrate
disease severity as well as the functional capacity of patients on
discharge.

1. Patients admitted for hospital care with a
clinicoradiological diagnosis of COVID-19 pneumonia who
required ICU or high dependency unit (HDU) admission or
were cared for in the ward with severe pneumonia (figure
3)

Patients with severe COVID-19 pneumonia and those discharged
with acute care needs including the elderly, those with multiple
comorbidities and those with a lower performance status are also
likely to be the most vulnerable and in need of more intensive
medical, nursing, rehabilitation, psychological and social input.
They are more likely to benefit from an earlier clinical review
which in this algorithm is 4-6 weeks after discharge.

Severe disease is also associated with a higher likelihood of
longer-term disability. During the SARS outbreak, patients requi-
ring ICU admission experienced poorer longer-term outcomes
with persisting radiological change and physiological impairment
as compared with those cared for on general wards.? Although
there was persistent lung function impairment, a prospective
cohort study showed that the interstitial changes did not progress
over time.?

Severe COVID-19 leads to ARDS.? The majority of patients
with ARDS develop histopathological evidence of pulmonary
fibrosis*® and in survivors of ARDS, a significant proportion not
only have CT evidence of residual pulmonary fibrosis but also
functional impairment.* *2 It is possible that some COVID-19
ICU survivors will experience persistent physiological impair-
ment and radiological abnormalities although whether these
are progressive remains to be seen.” There is some debate as to
whether SARS-CoV-2-associated ARDS is phenotypically dis-
tinct from conventional ARDS, being characterised by profound
hypoxaemia, relatively preserved lung compliance and significant
ventilation/perfusion mismatch.* There is, however, a clearly
emerging signal for endothelial dysfunction® with a high pre-
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Figure 3 Respiratory follow-up algorithm for patients with COVID-19 pneumonia cared for in the ICU, HDU or those cared for on the ward with severe disease.

valence of pulmonary vascular dysfunction, thrombotic disease
with PE and acute PH in the most severely affected patients. Some
patients will be initiated on pulmonary vasodilators during the
acute illness and will be discharged on therapy. These patients will
require dedicated PH follow-up. Patients with organising pneu-
monia features and those in whom pulmonary fibrosis has started
to develop may have been treated with corticosteroids with a plan
for weaning of the dose as an outpatient. These patients should be
assessed by specialist interstitial lung disease (ILD) teams where
possible.

We recommend that patients cared for in ICU or those with
severe COVID-19 pneumonia (box 2) should undergo an early
follow-up assessment at 4-6 weeks after discharge.

This should ideally take the form of a remote or virtual clinic
consultation by either a respiratory doctor or nurse. A face-toface
clinical assessment by either a respiratory doctor, a nurse or a sui-
tably trained allied healthcare professional can then be arranged
should a virtual consultation not be deemed sufficient or suita-
ble to assess specific patients. This appointment should include a
post-COVID-19 holistic assessment (box 3).

Patients should then undergo a full clinical assessment at 12
weeks with a repeat CXR which should be compared with pre-
vious CXRs performed during the patient’s hospitalisation. If the
CXR changes have fully resolved by this point (or if there are only
minor insignificant changes such as small areas of atelectasis) and
the patient is asymptomatic having made a full recovery, then they

can be considered for discharge. In some cases, a patient will be
clinically improving but the CXR may still have persisting changes
that require further assessment. In this scenario, clinicians should
consider arranging a further CXR in 6-8 weeks to assess for clea-
rance with remote or virtual follow-up assessment by a doctor or
a nurse prior to discharge if progress remains satisfactory.

If the CXR changes have not satisfactorily resolved and/ or
the patient has ongoing respiratory symptoms, consider the
following:

» Full pulmonary function testing.

P Walk test with an assessment of oxygen saturation.

P Echocardiogram.

P Sputum sample if expectorating for microbiological analysis.
P Referral to rehabilitation services if not already done.

P A new diagnosis of PE or post-PE complications if diagnosed
during the acute illness.

Patients with persistent significant radiological abnormalities on
plain imaging or with any clinically significant functional deficit
or respiratory symptoms should then proceed to a precontrast
thin section volumetric high-resolution CT (HRCT) scan and a
CT pulmonary angiogram (CTPA) to assess for the presence of
ILD and PE. If there is evidence of clinically significant ILD such
as organising pneumonia or pulmonary fibrosis, patients should
be considered for referral to regional specialist ILD services.

Patients diagnosed with PE de novo during follow-up should
be treated as per standard protocols and followed-up in local
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Figure 4 Respiratory follow-up algorithm for patients with mild to moderate COVID-19 pneumonia-typically cared for on the ward or in the community. GP, gene-
ral practitioner.
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pneumonia complications

» All patients managed on intensive care unit or highde-
pendency unit.

» All patients discharged with a new oxygen prescription.

» All patients with protracted dependency on high inspired
fractions of oxygen, continued positive pressure ventila-
tion and bi-level non-invasive ventilation.

» Any other patient the discharging team has significant
concerns about.

services. If there is evidence of significant PH during follow-up,
patients should be considered for referral to a specialist PH ser-
vice. Patients diagnosed with PE during the acute illness should,
where possible, be followed-up in local clinics 12 weeks after dis-
charge as per usual protocols. If there is no suspicion of residual
thromboembolic disease or evidence of significant PH, patients
should be considered for discharge from PE follow-up with clear
advice to primary care teams about the intended length of anti-
coagulation treatment. Patients with evidence of significant PH
or evidence of significant chronic thromboembolic disease with
or without PH should be considered for referral to specialist PH
services.

If there is evidence of physiological or functional impairment
but no evidence of significant ILD or pulmonary vascular disease,
other diagnoses should be considered and managed appropria-
tely. Specifically, there may be a high prevalence of dysfunctional
breathing and breathing pattern disorder—if this is suspected,
consider referral to specialist physiotherapy services.

2. Patients with a mild to moderate clinicoradiological
diagnosis of COVID-19 pneumonia who did not require

ICU or HDU care—typically cared for on the ward or in the
community (figure 4)

This group includes those discharged directly from the emer-
gency department or medical assessment unit and not admitted
to hospital despite a diagnosis of COVID-19 pneumonia. These
patients should have a routine follow-up CXR at 12 weeks from
hospital discharge ideally in a virtual clinic. The CXR should be
compared with previous CXRs performed during the patient’s
hospitalisation. If the 12-week follow-up CXR demonstrates
complete resolution (or minor insignificant changes such as ate-
lectasis), the patient should be discharged from further follow-up.
Patients in this group who experience persistent or progressive
respiratory symptoms such as breathlessness, chest pain or cough
should seek medical attention promptly in advance of the sche-
duled CXR review, as early acute post-COVID-19 complications

Box 3 Post-COVID-19 holistic assessment

» Symptom or palliative care management where required.

> Assessment and management of oxygen requirements.

» Consideration of rehabilitation needs and onward referral
where required.

» Psychosocial assessment and onward referral where requi-
red.

» Assessment and management of anxiety.

» Assessment and management of fatigue.

» Assessment and management of dysfunctional breathing.

> Assessment and management of postviral cough.

» Consideration of a new diagnosis of venous thromboem-
bolic disease.

» Consideration of specific post-intensive care unit com-
plications such as sarcopaenia, cognitive impairment and
post-traumatic stress disorder.
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Box 2 Patients at highest risk of COVID-19

such as PE, interstitial lung disease or secondary infection will
require more urgent medical attention. It is expected that res-
piratory follow-up for a significant number of post-COVID-19
pneumonia will end at this point.

For patients with significant persisting CXR abnormalities at
12 weeks;
P Arrange to see the patient at a face-to-face outpatient clinic
setting.
P Organise full pulmonary function tests.
P> If more than 6 weeks have passed since the first CXR, con-
sider repeating the CXR on arrival to the outpatient setting as
in some patients the abnormalities may have resolved between
these two time points.
If the second CXR has cleared or has non-significant findings,
radiological follow-up ends and the patient can be considered
for discharge if they have recovered satisfactorily. Patients with
persistent significant abnormalities on the second CXR and/
or abnormal pulmonary function tests and/or significant une-
plained breathlessness will require further investigations which
may include the following:
P Precontrast thin section volumetric HRCT and CTPA to
assess for the presence of ILD and PE.
P Walk test with an assessment of oxygen saturation.
P Echocardiogram if PH is suspected following pulmonary
function testing and CT.
In the event that specific abnormalities such as ILD or PH are
identified, patients should be considered for referral to regional
specialist services. Patients diagnosed with PE de novo during
follow-up should be treated as per usual protocols and followed-
up in local services. Patients diagnosed with PE during the acute
illness should be followed-up where possible in local clinics 12
weeks after discharge. If there is no residual thromboembolic
disease or evidence of PH, patients should be discharged. Patients
with evidence of PH or evidence of significant chronic thrombo-
embolic disease with or without PH should be referred to specia-
list PH services. Any patient with post-COVID-19 pneumonia
who is attending a post PE follow-up should have that visit coor-
dinated with their pneumonia follow-up review where possible.
A CXR should be offered on arrival to assess for resolution. If the
CXR continues to show significant nonresolution, further investi-
gations as before should be considered. If there is evidence of phy-
siological or functional impairment but no evidence of significant
ILD or pulmonary vascular disease, other diagnoses should be
considered. As previously, if dysfunctional breathing is suspected,
then consider referral to specialist physiotherapy services.

PE AND POST-PE FOLLOW-UP

Patients diagnosed with PE during the acute illness should have
post-PE follow-up as per local protocols. Patients should be
considered for referral to specialist PH services where appro-
priate if PH is suspected or significant chronic thromboem-
bolic disease demonstrated. If there is no evidence of chronic
thromboembolic PH or significant residual thromboembo-
lic disease, in light of the strongly provoked nature of the PE,
discontinuation of anticoagulation after 3 months of therapy
can be considered.* Further details are provided in the BTS
VTE guidance (https://brit-thoracic.org.uk/about-us/covid-
-19-informationfor-the-respiratory-community). Patients may
remain hypercoagulable for some time after the acute illness
and so extended thromboprophylaxis on discharge should be
considered and there should be a high index of suspicion for the
diagnosis of acute PE during the follow-up period. In those with
PE who remain symptomatic, echocardiography and pulmo-
nary vascular imaging modalities such as ventilation/perfusion
(V/Q) scanning and CTPA form the mainstay of assessment for
post-PE complications. It should be noted that V/Q scanning
has limitations for patients with structural lung disease, which
may be more likely in the aftermath of mechanical ventilation.
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D-Dimer is a non-specific acute phase reactant that may be
elevated in acute inflammatory illnesses, pneumonia and other
causes of sepsis. Elevated levels are common in acute COVID-
19 and are associated with poorer outcomes. Guan et al obser-
ved elevated D-dimer levels in 46% of patients in a series of 1099
patients,” whereas in a study of 183 patients with COVID-19
pneumonia, Tang et al observed higher D-dimer levels (median
2120 ug/L vs 610 pg/L) in non-survivors compared with survi-
vors.” Although significantly elevated levels are more likely to
be associated with VTE than more modestly elevated levels,
it is not possible to identify a threshold that can be used to
non-invasively diagnose thrombus and a decision to proceed
to diagnostic imaging should be based on overall clinical asses-
sment. Acute thrombus can be excluded, however, in patients
with normal D-dimer levels who do not have a high clinical
probability of VTE.*” There is no role for the routine measure-
ment of D-dimer in patients being followed-up post-discharge.
D-dimer may be useful in the investigation of possible acute PE
in patients who develop acute new or worsening breathlessness.
It should not be used to exclude suspected chronic thromboem-
bolic disease and PH. Although there is some limited utility,
outwith of COVID-19, in measuring convalescent D-dimer
levels to refine decision-making regarding duration anticoagu-
lation, there are no data to support this approach in patients
following COVID-19 infection.*

GENERAL ISSUES TO CONSIDER DURING FOLLOW-UP
COVID-19, particularly severe disease, often leads to a wide
range of sequelae that require dedicated follow-up. Renal
dysfunction is common® and acute cardiac presentations of
COVID-19 including myocarditis are well recognised.*' *
Screening questionnaires utilising the Hospital Anxiety and
Depression Scale may identify those in whom referral for psy-
chological support is required.” Cognitive, psychiatric and phy-
sical complications including critical care neuromyopathy and
post-tracheostomy care, collectively termed post intensive care
syndrome* are often addressed in dedicated post-ICU clinics,
which were first developed in the UK.# Other countries have
recently started to replicate this approach to post-ICU care but
it is estimated that in the UK, the country in which these clinics
are most widely adopted, only approximately 30% of patients
discharged from ICU are currently followed-up in this way.*
Furthermore, patients requiring extracorporeal membrane oxy-
genation support are seen in dedicated follow-up clinics and so
it will be important for respiratory and critical care teams to
liaise closely ensuring that follow-up clinics are rationalised to
avoid duplication of work.

Experience from the SARS outbreak suggested definitive
evidence of coinfection with other microorganisms in a subset
of patients, including disseminated invasive aspergillus infec-
tion and cytomegalovirus, with a prevalence as high as 15% in
one postmortem cohort.*”* Systemic corticosteroid treatment
was speculated to have contributed to some of these cases. In
critically ill patients with COVID-19, it has been suggested that
the prevalence of invasive aspergillosis is as high as 25%.* We
recommend, therefore, that clinicians have a high index of sus-
picion for bacterial and fungal coinfection. Careful microbiolo-
gical sampling and analysis are required to ensure that infective
complications are addressed as early as possible.

Pulmonary rehabilitation is already established as a key
management strategy in those with chronic respiratory
disease, designed to optimise patients’ exercise capacity,
breathlessness, health status and psychological well-being.*
A study investigating the pulmonary function and exercise
capacity in a group of SARS survivors showed that although
residual mild pulmonary function defects were detected in
over half of recovered SARS patients at 3 months after hospi-
tal discharge, 41% had impaired exercise capacity that could

not be accounted for by ventilatory limitation.”! Critical illness
muscle weakness and deconditioning are likely to be contri-
buting factors.’? Rehabilitation services are currently under
national review after the COVID-19 outbreak and are expec-
ted to offer comprehensive assessments, including psychoso-
cial assessments where appropriate, for patients who prefer
web-based, self-directed rehabilitation at home (https:///
www.bts-thoracic.og.uk/about-us/covid-19-information-for-
the-respiratory-community/). Respiratory teams are advised
to seek additional resources to support the delivery of pos-
t-COVID-19 follow-up work. Respiratory services have in
most places already shouldered much of the responsibility
for the care of patients with acute COVID-19. They will be
key in delivering ongoing acute care with further surges pre-
dicted against a backdrop of ‘chronic COVID-19 activity’ as
the infection persists within the population at a lower inci-
dence level. Like other medical specialities, they also have a
backlog of outpatient activity to address in a new working
environment that is ‘COVID-19 safe’ but ‘COVID-19 slow’,
for example, when considering access to imaging, physiology
and bronchoscopy. With an appreciation that models of care
will by necessity evolve to adapt to the post-COVID era, pos-
sible virtual solutions have been embedded within this gui-
dance at multiple points. Respiratory community teams will
play an important part in the early and indeed longer-term
care of patients discharged from hospital, for example, when
considering ongoing oxygen requirements, identification of
rehabilitation needs, management of dysfunctional breathing
and mental health assessment.

Summary

COVID-19 is a unique and novel infection that has already
demonstrated a range of perplexing clinical syndromes—it’s legacy
will be felt long after the pandemic has passed. It is vital that the
respiratory community is primed to detect and manage the long-
-term consequences of the infection and has sufficient resources to
deliver it. This clinical guidance has been developed through expert
consensus and then extensive peer review by a number of specialist
advisory groups and experts at the BTS and the BSTI. Coordinated
national guidance will facilitate data collection, research and audit,
allowing the respiratory community to learn more about COVID-
19 as well as ensuring that the clinical follow-up pathway can be
iterated where required for future peaks of the infection. The use of
the standardised BSTI CXR and CT reporting codes will facilitate
data collection for audit and research purposes (online supplemen-
tary appendix 1 and 2). As the National Health Service starts to
recover from the first peak of the COVID-19 pandemic and with
high-quality patient care as a central principle, we envisage that this
guidance will help to protect precious resources whilst minimising
the long-term health effects related to the respiratory complications
of this devastating disease.
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Pneumonite por hipersensibilidade potencialmente fatal

associada ao uso de cigarros eletronicos

Nisha Nair,' Matthew Hurley,” Simon Gates,' Patrick Davies,? I-Ling Chen,* lan Todd,* Lucy
Fairclough,*Andrew Bush,’ Jayesh Mahendra Bhatt?

RESUMO

Relatamos um caso de pneumonite por hipersen-
sibilidade (PH) num jovem individuo associada
ao uso de produtos de vaping. Apresentou um
diagnostico putativo de asma e necessitou de
oxigenagao por membrana extracorporal devido
a insuficiéncia respiratoria intratavel. O doente
desenvolveu uma doenca critica e miopatia este-
roide, o que exigiu uma reabilitacdo prolongada.
0 nosso doente preenche os critérios de diagnos-
tico para PH associada ao uso de cigarros ele-
trénicos com um histérico de exposicdo positivo,
deterioracao apds teste cutaneo de alergia, anti-
corpos IgM especificos séricos contra o liquido
implicado, aumentando a possibilidade de o
antigénio relevante estar presente nesse liquido,
e caracteristicas radiolégicas e histopatologi-
cas compativeis com PH aguda. Resultam duas
aprendizagens. A primeira é considerar sempre
uma reacdo aos cigarros eletrénicos em alguém
que apresente uma doenga respiratdria atipica. A
segunda é que consideramos os cigarros eletréni-
cos "muito mais seguros do que o tabaco” por
nossa conta e risco.

INTRODUCTION

Hypersensitivity pneumonitis (HP) is an immu-
nemediated reaction that follows the inhalation
of antigens or chemicals and mainly affects the
alveoli, interstitium and bronchioles. There are
two main categories of HP: acute/inflammatory
and chronic/fibrotic.! Putative antigen trig-
gers are diverse, and the list is ever increasing.
Pathogenesis is attributed to a combination of
type III (immune complex mediated) and type
IV (delayed) hypersensitivity reactions. Though
any environment with sufficient amount of anti-
gen can cause HP, there is evidence that a second
hit such as viral infection or endotoxin exposure
may be needed to induce the disease.

Flavoured e-cigarettes liquids contain airway
irritants and toxicants such as propylene glycol
(PG), vegetable glycerine (VG) and many diffe-
rent flavouring chemicals that have been impli-
cated in the pathogenesis and worsening of lung
diseases and that likely induce respiratory effects
not seen in tobacco smokers. Additionally ther-
mal decomposition of PG and VG, the base
constituents of e-liquids, produces reactive car-
bonyls, including acrolein, formaldehyde and
acetaldehyde, which have known respiratory
toxicities.” It is possible that the pulmonary
manifestations associated with vaping represent
a range of disease processes. What is important
however is that clinicians should consider the
possibility of pulmonary disease associated with
vaping when patients report recent use, espe-

CASE
A previously healthy 16-year-old boy presented to
the emergency department with a 7-day history
of fever, cough and increasing difficulty breathing
despite oral antibiotics and inhaled salbutamol.
There was no previous confirmed diagnosis of
asthma, and he was not on any regular controller
treatment with inhaled corticosteroids. He dete-
riorated rapidly and required non-invasive, con-
ventional and then high frequency oscillation
ventilation and finally transferred for ECMO
because of intractable respiratory failure. He had
3 days of venovenous ECMO and treatment with
broad spectrum intravenous antibiotics, intrave-
nous hydrocortisone, a macrolide and antifungals.
He was stepped down to the paediatric respiratory
ward 10 days after his admission on 4L/min nasal
cannula oxygen and inhaled bronchodilators and
oral corticosteroids for a putative diagnosis of
asthma. He developed a critical illness and steroid
myopathy and required prolonged rehabilitation.

Further questioning revealed that he had
recently started to use e-cigarettes fairly frequen-
tly, using two different liquids, purchased over
the counter. During his convalescence, he men-
tioned that at some point he had used both the
liquids in question though was unable to recollect
the exact sequence of use and in particular which
one he had used immediately prior to becoming
unwell. The listed ingredients of both the liquids
were identical except for the un-named flavou-
rings (see figure 1).

He had smoked cannabis a year previously
but not recently. He had no recent bird or farm
animal exposure or any recent travel. The results
of the investigations during his acute illness were:
P A CT chest 6 days after admission (figure 1)

showed bilateral ground glass changes in the
upper and mid-zones with perihilar bronchial
wall thickening and retained secretions in the
dependant airways.

P Bronchoalveolar lavage (BAL) in paediatric
intensive care unit (PICU) and a later expec-
torated sputum sample both showed mode-
rate numbers of macrophages, neutrophils
and eosinophils (20%) consistent with active
inflammation.

P First spirometry 22 days after admission sho-
wed forced expiratory volume in 1s (FEV, ) was
3.52L, z score —1.91 and forced vital capacity
(FVC) 3.68L, z score —2.73. Total lung capacity
(helium dilution) was 5.91L, z score —0.82 and
transfer factor (TLCOc SB) (mmol/min/kPa)
was 9.02, z score —0.92.

P The only evidence of infection was a nasopha-
ryngeal aspirate positive for rhinovirus.

P He had a raised C reactive protein but negative

1116. cially when other causes are not identified as the tests for autoimmune disease, vasculitis and
recent epidemic highlights.? avian precipitins.
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Figure 1 Radiology—immunology—nhistopathology correlation in a case of hypersensitivity pneumonitis: concentration of liquid 1 specific IgM. Concentration
of liquid 2 specific IgM. First CT scan: day 6 from first presentation. Second CT scan: day 44 from first presentation. Lung biopsy showing inflammation and

hyaline membrane formation.

P He had a negative skin prick test (SPT) to e-cigarettes liquid
1 and liquid 2 (with identical ingredients but different fla-
vourings: 0.3% nicotine, VG, mono-PG, flavourings; neither
had a comprehensive list of ingredients); the positive control
was 5mm, so the clinical picture was not that of IgE-mediated
reaction. However, this does not exclude an adverse reaction
to e-cigarettes. Indeed, 8 hours after SPT, he deteriorated with
chest tightness, difficulty breathing and widespread wheeze
requiring oxygen, intravenous and nebulised salbutamol and
an increased dose of oral steroids. We postulated that this exa-
cerbation of symptoms occurred due to antigen re-exposure
in the setting of his pre-existing acute HP4 with the eliciting
antigen in either or both of the e-cigarette liquids.

He was discharged home 35 days after admission with a plan

to slowly taper oral steroids. This led to worsening respiratory

status, and he returned to the emergency department on one
occasion and was admitted on other requiring intensive treat-
ment for respiratory distress and wheeze. He was categorical
that he had not used any more e-cigarettes, and there were
no other obvious triggers in the environment; however, we

did not specifically test him for any respiratory viruses, and

the clinical worsening was attributed to a too rapid taper of

steroids. He had a repeat CT chest 44 days after presentation

(figure 1), which showed patchy areas of ground glass opacifi-

cation throughout both lungs that had improved considerably

since the previous scan, but there were ground glass appearan-
ces in new areas including the right lower lobe.

A surgical lung biopsy was obtained 50 days after his
first presentation as he continued to be symptomatic, and

further treatment with pulsed methylprednisolone was con-
templated.

The biopsy showed (figure 1) alveolar spaces containing
macrophages and evidence of haemorrhage. A few alveolar spa-
ces lined by fibrin suggesting early hyaline membrane forma-
tion. No granulomas were identified. Of note, the lung biopsy
and the CT appearances are likely to have been modified by the
very significant ventilation and high doses of steroids.

The presence of an eliciting antigen in either or both of the
e-cigarette liquids was further investigated by developing an
in-house ELISA to detect antibodies specific to the e-cigare-
tte liquid constituents. Serum samples were obtained from the
patient on day 50 (no serum was available for analysis of the
immunological assay in the academic department prior to day
50) and 112 days from first presentation, the latter following
treatment with high dose pulsed methylprednisolone and abs-
tinence from e-cigarettes. Sera were also obtained from five
healthy donors (median age 21 years old, range 20-23; three
men and two women) who had never smoked tobacco or used
e-cigarettes.

IgG antibodies binding to both e-cigarette liquids were
detected at similar levels in all serum samples (from both the
patient and the controls), suggesting the presence of crossreac-
tive antibodies in all individuals. As shown in figure 1, fewer
samples were positive for specific [gM antibodies, and the
patient had IgM specific for liquid 1, but not liquid 2, raising
the possibility that the eliciting antigen was present in liquid 1.
Healthy control 1 also had IgM antibodies specific for liquid 1,
again suggesting the occurrence of cross-reactive antibodies in
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some non-exposed individuals. Fourteen months after the ini-
tial presentation, he was asymptomatic with normal spirometry
(FEV, 4.35L, z score —0.65 and FVC 5.12L, z score —0.16).

DISCUSSION

This previously well young person presented with a catastrophic
respiratory illness. For such to be the very first presentation of
asthma would be virtually unheard of.

Our patient fulfils diagnostic criteria for HP secondary to
e-cigarettes. There was a positive exposure history and, impor-
tantly, deterioration after SPT. We detected serum IgM antibo-
dies against the implicated liquid raising the possibility that the
eliciting antigen was present in the vaping liquid; however, we
acknowledge these are not specific, being present in a control;
a previous patient had no supportive immunological evidence.?
Antibodies associated with HP are usually of IgG class; IgM
class antibodies can also be involved.®

The CT pattern was typical for acute HP with ground glass
opacities predominantly in upper and middle lobes and mosaic
attenuation; other features such as centrilobular diffuse micro-
nodular pattern were not seen, likely because of previous cor-
ticosteroid therapy. The histopathology was compatible, but
the pathological features of acute HP are poorly characterised
because patients are rarely (if ever) biopsied. Findings include
intra-alveolar fibrin, neutrophil accumulation with or without
findings of acute lung injury and possible small vessel vasculitis;
poorly formed, non-necrotising, granulomas may be seen.*’
Our patient had evidence of inflammation (BAL and biopsy)
and hyaline membrane formation.

CONCLUSIONS

There are two important lessons here. The first is always to con-
sider a reaction to e-cigarettes in someone presenting with an
atypical respiratory illness. The second is that we consider e-ci-
garettes as ‘much safer than tobacco’ at our peril.
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RESUMO

As malformagdes congénitas das vias respiratdrias
pulmonares adultas (MCVRP) sdo anomalias pulmo-
nares raras que resultam na formacdo de quistos e
que estdo associadas a dificuldade respiratéria em
criancas e a um potencial maligno em adultos. A pato-
génese das MCVRP permanece desconhecida, mas os
dados sugerem uma perturbacado do programa proxi-
mo-distal normal da ramificacdo e diferenciacdo das
vias respiratorias. Aqui, demonstramos que as MCVRP
de adultos humanos sdo revestidas com epitélio que
retém SOX-2 e marcadores imunohistoquimicos do
fator de transcricdo da tirdide-1, caracteristicos de
pulmédo em desenvolvimento. No entanto, o RALDH-
1, outro marcador essencial, esta ausente. Isto sugere
uma etiologia mais complexa para as MACVRP do
que uma paragem focal completa do desenvolvi-
mento pulmonar e pode permitir conhecer melhor o
risco associado de malignidade.

INTRODUCTION

The three-dimensional network of conducting
airways is formed during the pseudoglandular phase
of lung development, by branching morphogenesis.
This process is controlled by temporal and spatial
localisation of key genes and signalling molecules
that co-ordinate to drive organ formation. The fun-
damental pathways used during development also
have key roles in tissue haeomeostasis and repair
once the adult lung is formed; dysregulation of
these same developmental pathways contributes to
the pathogenesis of many adult diseases including
emphysema,'? fibrosis® and lung cancer.*

Congenital pulmonary airway malformations
(CPAMs) comprise a spectrum of lung abnormali-
ties estimated to affect between: 1:11 000 and 1:35
000 live births.” CPAMs are associated with neonatal
respiratory distress, recurrent childhood pulmonary
infection and, without resection, malignant poten-
tial in adults.*” CPAM:s have traditionally been clas-
sified into types 0-4 depending on size and location
of lesions present. The most common sub-types are
1 (60%-70%), characterised by large (>2 cm) inter-
communicating cysts, and 2 (15%-20%), consisting
of small (<2 cm) cysts and solid tissue®

The high mobility group box transcription fac-
tor SOX-2, early embryogenic transcription fac-
tor thyroid transcription factor-1 (TTF-1) and the
retinoic acid synthesising enzyme RALDH-1 are
necessary for normal patterning and development
of airway branching in the mouse lung.’ In addi-
tion, SOX-2 overexpression in mouse has been pre-
viously found to result in cystic lesions resembling
those observed in human CPAM." It is therefore
hypothesised that alterations in signalling during
branching morphogenesis underlie CPAM pathoge-
nesis. In these experimental pathology studies, we
examine localisation of the proteins TTF-1, SOX-2
and RALDH-1 in lung tissue from 14 cases of type 1
and 2 cases of type 2 adult CPAM compared to nor-
mal adult lung parenchyma and embryonic (fetal)
human lung.

METHODS
Fourteen type 1 and 2 two type 2 CPAM resection spe-
cimens were obtained from the diagnostic archive of

the Royal Brompton Hospital (ethics reference number
10/H0504/9). Normal adult lung tissue was obtained
from the International Institute for the Advancement
of Medicine (USA). Human fetal lung sections (14
weeks post conception, WPC) were provided by the
Joint MRC/Wellcome Trust (099175/7/12/Z) Human
Developmental Biology Resource (www.hdbr.org).
Sections of adult normal resected, CPAM and fetal
human lung tissue underwent immunohistochemi-
cal (IHC) staining for SOX-2, TTF-1 and RALDH-
1. Sections were incubated with primary antibody at
optimised concentrations (Dako TTF clone 8G7G3/1
(M3575) at 1:500, Immune Systems. SOX-2 (GT15098)
at 1:500 and Sigma ALDH1A1 (HPA002123) at 1:250)
overnight at 4°C. Sections were then incubated with
biotinylated antibody (1:50) from the VectaStain ABC
kit followed by ABC reagent (1:50) and DAB substrate
application. Sections were mounted in DPX and digi-
tal images were captured at 20x magnification using
Leica Application Suite software (Leica microsystems,
Milton Keynes, UK) for qualitative comparison of lung
tissue sections.

RESULTS

SOX-2

Control embryonic lung section with primary anti-
body omitted shows no positive staining (figure 1A).
In comparison, embryonic lung tissue shows positive
SOX-2 immunostaining localised to airway epithelial
cells with strong staining present in the large, proxi-
mal airways (figure 1B). SOX-2 was absent in normal
adult epithelium (figure 1C) whereas positive SOX-2
staining was observed in CPAM lung tissue sections,
localised to cyst-lining epithelial cells (figure 1D).

TTF-1

Control embryonic lung section with primary anti-
body omitted shows no positive staining (figure
2A). TTF-1 was localised to airway epithelial cells in
embryonic lung tissue (figure 2B), but in adult sec-
tions was present in a sub-set of alveolar cells (figure
2C). In CPAM lung tissue sections, all cyst lining epi-
thelial cells stained positively for TTF-1 (figure 2D).

RALDH-1

Control embryonic lung section with primary anti-
body omitted shows no positive staining (figure 3A).
Positive staining was localised to the airway epithe-
lium in embryonic lung tissue (figure 3B). RALDH1
staining was absent in normal adult lung tissue (3K).
Similarly, RALDH1 staining was absent, or only very
weakly positive in CPAM lung tissue sections (figure
30).

DISCUSSION
This study shows that the embryonic airway epithe-
lial cell markers SOX-2 and TTF-1 are retained in
the cyst-lining epithelial cells of CPAM human lung
tissue. However, localisation of another key develo-
pment protein, RALDHI, reported here for the first
time, is similar to that of adult lungs. This suggests
that the phenotype of CPAM epithelial cells may be
more complex than complete focal arrest in develo-
pment.

SOX-2, TTE-1 and RALDHI expression in nor-
mal adult and embryonic lung tissue sections, as
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Figure 1 Fourteen WPC normal human embryonic lung with primary anti-
body omitted (negative control) (A); SOX-2 immunostaining in 14 WPC normal
HE lung (B); normal HA lung (C) and CPAM HA lung (D). Scale bar, 50 pm.
CPAM, congenital pulmonary airway malformation; HA, human adult; HE,
human embryonic; WPC, weeks post conception.

represented by positive IHC staining, was consistent with previous
studies.’” "' SOX-2 is critical to cell pluripotency and self-renewal,
with principal embryonic expression in the proximal airway epithe-
lium during bronchiole development. In pseudoglandular human
lungs, SOX-2 levels are high in proximal stalk epithelium (differen-
tiating bronchioles), with low levels of SOX-2 present in the distal
tip epithelium. Tip expression of SOX-2 disappears completely by
20 WPC and, as a result, involvement in peripheral alveolar develo-
pment is minimal, and SOX-2 protein is absent in the adult lung."
However, expression was present in the cyst-lining epithelial cells
of adult CPAM sections, suggesting cystic regions retain a proxi-
mal embryonic phenotype. This is supportive of previous studies by
Ochieng et al demonstrating the likely role of SOX-2 overexpression
in CPAM cyst development.'

TTEF-1 expression in adult human lung tissue was localised to a
sub-set of alveolar epithelial cells, presumably type II pneumocytes
and absent from airway epithelium. TTF-1 is localised to all airway
epithelial cells in human embryonic lungs but unlike SOX-2, there is
no difference between proximal and distal airways. TTF-1 staining
in cyst-lining epithelium of CPAM lung tissue more closely resem-
bled the generalised epithelial expression of embryonic lung tissue.
RALDHLI expression was prominent in airway epithelial cells of pseu-
doglandular lung, whereas no staining was present in the adult lung.
In CPAM lung tissue sections, some extremely weak

RALDHI staining was observed when compared with normal
adult tissue but the pattern of staining did not resemble that seen
in embryonic sections, suggesting that the phenotype of cystlining

Figure 2 Fourteen WPC normal human embryonic lung with primary anti-
body omitted (negative control) (A); TTF-1 immunostaining in 14 WPC normal
HE lung (B); normal HA lung (C) and CPAM HA lung (D); counterstained with
haemotoxylin (D). Red arrows in (D) indicate positive cells. Scale bar, 50 ym.
CPAM, congenital pulmonary airway malformation; HA, human adult; HE,
human embryonic; WPC, weeks post conception.

These findings may also be relevant to the unusual association
of lung cancer developing in some CPAMs, mainly type 1 and rarely
type 2. Both SOX-2 and TTF-1(NK2X-1) genes are associated with
tumour plasticity'* and a decrease in expression of genes that regu-
late retinoid metabolism and signalling, including RALDH1, has also
been reported in non-small cell lung cancers.” Although most can-
cers associated with type 1 CPAMs are mucinous adenocarcinomas’ "
and therefore negative for TTF-1, persistence of SOX-2 expression
and loss of RALDHI1 in the epithelial cells may have some bearing
on tumour development and warrant further study.

We recognise that this paper has limitations, in that our cohort
is limited to types 1 and 2 CPAMs. However, current thinking is that
there are greater similarities between large cyst type (Stocker type 1)
and the small cyst type (Stocker type 2) CPAMs, with the remaining
three morphologic types believed to be different pathogenetic proces-
ses, namely acinar dysplasia (type 0), pulmonary hyperplasia (type 3)
and low-grade cystic pleuropulmonary blastoma (type 4).'¢

In conclusion, our data show novel variations in embryonic
airway epithelial cell markers that will hopefully lead to improved
understanding of CPAM development.
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Figure 3 Fourteen weeks post conception (WPC) normal human embryonic
lung with primary antibody omitted (negative control) (A); RALDH-1 expres-
sion in 14 WPC normal HE lung (B); normal HA lung (C) and CPAM human
adult (HA) lung (D). Scale bar, 50 um. CPAM, congenital pulmonary airway
malformation; HA, human adult; HE, human embryonic; WPC, weeks post
conception.
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SARS-CoV-2
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RESUMO

O presente estudo observacional tem como objetivo
avaliar os resultados e a seguranca da oxigenote-
rapia por canula nasal de alto fluxo (CNAF) em 28
doentes consecutivos com insuficiéncia respiratéria
aguda hipoxémica (IRAH) resultante de infecdo com
SARS-CoV-2, ndo respondentes a terapia conven-
cional com O,. Dezanove doentes apresentaram
uma resposta positiva. Nove doentes necessitaram
de uma escalada do tratamento para ventilacao
ndo invasiva (cinco foram subsequentemente entu-
bados). Nenhum dos profissionais de satde teve
um teste de esfregaco positivo durante o periodo
do estudo nem nos 14 dias subsequentes. A gravi-
dade da hipoxemia e o nivel de proteina C reativa
estiveram correlacionados com a insuficiéncia da
CNAF. Estes dados sugerem que a CNAF é um tra-
tamento seguro para doentes menos graves com
IRAH por SARS-CoV-2 e a eficacia terd de ser ava-
liada como parte de um ensaio clinico.

Patients with Coronavirus 2 (SARS-CoV-2) infec-
tion may experience severe hypoxemic acute
respiratory failure (hARF) requiring supportive
respiratory therapy.!

O,-therapy by high-flow nasal cannula
(HFNC), which allows delivering heated, humi-
dified inspired gas at a high flow rate and pre-
cise fraction of inspired oxygen (FiO,), has been
increasingly used in patients with severe hARE?
Recent guidelines for the management of SARS-
CoV-2 infection suggest HFNC also for treatment
of SARS-CoV-2 hARF unresponsive to conventio-
nal O2-therapy.” However, data on the efficacy of
HFNC in these patients are scarce and there are
major concerns on the possibility of spreading
infection among healthcare personnel caring for
patients in SARS-CoV-2 dedicated areas.

We report the outcomes of 28 consecutive unse-
lected patients with hARF admitted to the SARS-
CoV-2 Respiratory Intensive Care Unit (RICU) of
the University Hospital of Padua between 13 and
23 March 2020 who underwent HENC. The crite-
rion for patients’ admission to our RICU was fai-
lure of conventional O,-therapy to maintain SaO
>92%. Study ethical approval was waived by the
local Ethics Committee in view of the fact that all
the procedures being performed were part of the
routine care.

Study inclusion criteria were (1) laboratorycon-
firmed COVID-19 infection*; (2) PaO,/FIO, ratio
<300mmHg, FIO2 being determined as previously
described’; (3) failure of conventional O, -therapy
delivered through a non-rebreathing mask with a
reservoir bag to maintain SaO, >92%. Exclusion
criteria were need for immediate endotracheal
intubation (ETT) and haemodynamic instability.

A treatment algorithm from the hospital inter-
nal protocol based on a stepwise utilisation of
HFENC, non-invasive ventilation (NIV) and ETI

was used in the effort to reverse hypoxemia in
these patients (figure 1). HFNC oxygen therapy
was delivered using an AIRVO2 respiratory humi-
difier (Fisher & Paykel Healthcare, Auckland, New
Zealand), with an integrated flow generator able to
adjust FIO, (between 0.21 and 1.0) and to deliver
an air/oxygen mixture at flow rates of up to 60L/
min. The gas mixture (at 37°C) is routed through a
circuit via large-bore bi-nasal prongs.

HFNC was initially used at a 60L/min gas flow
rate and a FIO, of 1.0; it was then adjusted to pro-
vide the minimum FIO, necessary to maintain a
Sa0, 292%. To reduce the risk of viral transmission,
the patient wore a surgical mask and was instruc-
ted to breathe through a closed mouth as long as
possible.

The patients were divided into two groups
depending on their outcome: the first (success
group) included patients who had a successful out-
come, as defined by reversal of hypoxemia (SaO,
>92%), no need for NIV and/or invasive mechani-
cal ventilation (IMV), discharge from RICU, with
the patient alive and conscious for at least 48hours
after discharge. The second group (failure group)
included patients who had an unsuccessful out-
come, defined as the need for NIV or IMV by ETI
and/or death while on HFNC support.

The patients’ baseline demographic and clinical
features and clinical and laboratory data at RICU
admission (also including SOFA score®) are outli-
ned in table 1. Arterial blood gases were obtained
while patients were receiving supplemental oxygen
therapy via non-rebreathing mask with a reservoir
bag.

The male:female ratio was 3 to 1 (21 vs 7). The
patients were classified, in accordance with the
WHO criteria,* as showing moderate (17 cases) or
severe (11 cases) acute respiratory distress at the
time they were admitted to the RICU.

Nineteen (67.8%) succeeded HFNC as hypoxe-
mia was reversed and they were discharged from the
RICU and were still alive on day 15 after discharge.
Nine patients (32.2%) failed HFNC and received
NIV. Five of them (17.8%) subsequently required
IMYV, of whom three died. All nine failing patients
had lower PaO2/FIO2 (76 (53-190) vs 126 (52-
296) mmHg; p=0.0194) and higher serum C reac-
tive protein level (130 (110-270) vs 110 (29-180);
p=0.01277) with respect to their counterparts. Exact
logistic regression following multivariate analysis
indicated PaO,/FIO, to be significantly associated
with treatment failure (p=0.0314). Patients with
PaO,/FIO, at RICU admission <100mmHg sho-
wed a greater rate of treatment failure (7/9 (77.8%)),
as opposed to those with PaO,/ FIO, >100mmHg
(6/21 (31.6%); p=0.0246), with an OR of failure of
7.6 (95% CI 1.2 to 48.1).

Seventy-three healthcare workers (HCWs) (20
physicians, including residents, 40 nurses and 13
healthcare assistants) were exposed to confirmed
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Figure 1 Treatment algorithm. HFNC, high-flow nasal cannula; NIV, non-in-
vasive ventilation; RR, respiratory rate; Sa0,, arterial oxygen saturation.

cases of SARS-CoV-2 during the study period. Exposure duration
was 48 (44-52) hours per person. All HCWs wore appropriate
personal protective equipment, including gowns, hair covers, glo-
ves, eye and face shields, and filtering face-piece respirator class
2 (FFP2) or 3 (FFP3), depending on the kind of manoeuvre per-
formed, FFP3 being reserved for intubation, suctioning and bron-
choscopy. All HCWs underwent nasopharyngeal swab on a weekly
basis. HCWs who had fever or other COVID-19 signs and symp-
toms were immediately tested. COVID-19 swab PCR testing were
negative in all our staff members during the study period and the
following 14 days.

Our data suggest that HENC played an important role in reversing
hypoxemia in approximately two-thirds of the patients with SARS-
CoV-2 with severe hARF unable to achieve SaO, 292% under standard
oxygen therapy. This improvement in oxygenation might depend on
varied mechanisms, such as matching of delivered flow with increased
ventilatory demand, achievement of high and stable FIO, (up to 100%),
upper airway washout, generation of positive pressure at end-expira-
tion, and delivery of air heated and humidified.” Noteworthy, PaO,/
FIO, at RICU admission had prognostic relevance. In fact, in keeping
with previous work,' patients with PaO,/FIO, values <100mmHg had
an increased risk of treatment failure.

Despite the use of HFNC as a means of respiratory support rai-
ses concerns for the increased risk of viral transmission,* COVID-
19 swab PCR testing resulted to be negative in all our staff members
throughout the whole study period and in the following 14 days.
In support of a limited risk of airborne transmission, recent data
demonstrated the dispersion distance of exhaled gases during
HENC treatment to be quite limited.® Worth remarking, we always
applied a surgical mask over the nose and mouth of patients recei-
ving HENC.

Our study has limitations, such as the low number of patients
enrolled and its retrospective nature, which may have caused a sig-
nificant bias.

Despite these clear limitations, our data show that HENC can
be considered an effective and safe means to improve oxygenation
in less severe forms of hARF secondary to COVID-19 not respon-
ding to conventional oxygen therapy.
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Table 1 Patients’ baseline demographic and clinical characteristics, and clinical and laboratory data at RICU admission

All cases (n=28)

Clinical and demographic features

Age (years), median (min-max) 69 (42-87)
Gender (males/females) 2117
No of smokers 6(21.4%)
No of patients with comorbidities 20 (71.4%)
No of comorbidities per patient, median (min—-max) 1(0-4)

Clinical and laboratory data at RICU admission
Respiratory rate (breaths/min), median (min—max) 26 (12-40)
Heart rate (beats/min), median (min—max) 77 (59-105)
No of patients with fever (temperature >38°C) 11(21.4%)
No of patients with leucopenia (WBC <4400x106/L) 3(10.7%)
Pa0, (mm Hg), median (min-max) 57 (36.2-67.1)
PaC02 (mm Hg), median (min—-max) 32 (27-45)
Arterial pH, median (min-max) 7.48 (7.39-7.54)
Sa0, (%), median (min-max) 92 (79-97)
FiO,, median (min-max) 0.6 (0.4-1.0)
Pa0,/Fi0, (mm Hg), median (min-max) 108 (52-296)
No of patients with Pa0,/FiO, <100 13 (46.4%)

D-dimer (ng/mL), median (min—max)
Serum CRP (ug/mL), median (min—-max)
Ferritin (ng/mL), median (min—max)

444 (159-259)

110 (29-270)
1465.5 (156-5292)
SOFA score, median (min—-max) 2(2-4)

P values refer to differences between HFNC success and HFNC failure groups.

Success group (n=19) Failure group (n=9) P value
67 (42-84) 80 (64-87) 0.0543
13/6 8/1 0.2513
3(15.7%) 3(33.3%) 0.2995
13 (68.4%) 7 (77.8%) 0.5286
1(0-4) 2(0-4) 0.3922
24 (12-40) 26 (15-36) 0.6950
77 (59-89) 717.5 (62-150) 0.6362
6(31.6%) 5 (55.6%) 0.2770
3(15.7%) 0(0%) 0.2154
58.3 (36.2-67.1) 55.5(39.9-61) 0.1224
31.9 (28-45) 32.9(27-39) 0.9115
7.49 (7.39-7.52) 7.47 (7.40-7.54) 0.9357
93 (79-97) 90 (79-94) 0.0293
0.6 (0.4-1.0) 0.8 (0.6-1.0) 0.0085
126 (52-296) 76 (53-190) 0.0194
6(31.6%) 7(77.8%) 0.0246
327 (168-759) 727 (159-259) 0.1985
110 (29-180) 130.0 (110-270) 0.0277
1399.5 (156-5292) 1465.5 (877-1999) 1.000
2(2-4) 3(2-3) 0.4610

CRP, C reactive protein; HFNC, high-flow nasal cannula; Pa0,/Fi0,, arterial oxygen tension to inspired oxygen fraction ratio; Sa0,, arterial oxygen saturation; SOFA, sequential organ failure assessment.
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Os cachimbos eletrénicos conduzem a pneumonia

lipéide na Europa

Anne-Catherine Kessler ' Corina Dommann,? Yvonne Nussbaumer-Ochsner'-

ABSTRACT

Uma mulher de 53 anos, até a data saudavel,
foi admitida no servico de urgéncia devido ao
aumento de tosse e dispneia. Quatro dias antes
da apresentagdo, o médico de clinica geral ini-
ciou um tratamento ambulatério com amoxici-
lina/acido clavulanico devido a suspeita clinica e
radiolégica de uma pneumonia bilateral adqui-
rida na comunidade. Para além de escitalopram e
estrogénio contendo terapéutica de substitui¢ao
hormonal, a doente ndo tomou qualquer medica-
¢do. Nao tinha animais de estimag¢do nem desu-
midificador e trabalhava como vendedora numa
loja de recordagdes.

Trés semanas antes do internamento, mudou
de cigarros convencionais para cachimbo ele-
trénico disponivel comercialmente (teor de nico-
tina 4 mg/ml, sabor a tabaco para cachimbo e
depdsito recarregavel). Realizou inalagdes apro-
ximadamente 4-5 vezes por dia. Negou usar
liquidos contendo canabinoides e ndo era dupla
utilizadora. Dez dias ap6s ter comegado a consu-
mir cachimbo eletrdnico, a doente sofreu de tosse
seca e dispneia ao subir as escadas depressa.

Na admissao, a doente encontrava-se em bom
estado de satde, sem febre e com sinais vitais
normais. A saturacio de oxigénio era de 91% em
ar ambiente. Os testes laboratoriais revelaram o
seguinte: Proteina C reativa de 3,6 mg/I (referéncia
<5 mg/l), hematograma normal incluindo conta-
gem diferencial, eletrélitos, enzimas hepdticas,
peptideo natriurético cerebral (BNP) e creatinina
sérica. O teste para VIH, ANA/ANCA, parasitas e
um esfregaco nasofaringeo para bactérias atipicas
e virus respiratorios (PCR), incluindo a gripe, foi
negativo. A tomografia computorizada mostrou
consolidag¢des bilaterais com opacidades suaves de
vidro moido (figura 1). O lavado broncoalveolar
revelou uma alveolite linfocitica (contagem total
de células 800/pl, 37% linfécitos (racio CD4/8 5),
32% macrofagos, 18% eosinofilos e 12% neutrofi-
los). Os testes de Pneumocystis jirovecii, incluindo
a PCR para o complexo Mycobacterium tubercu-
losis e as culturas bacterianas/fungicas, foram
negativos. As biopsias transbréonquicas do campo
inferior direito demonstraram uma acumula¢iao
focal do espago aéreo de goticulas lipidicas de
diferentes tamanhos com macrofagos prolifera-
dos nos espagos alveolares adjacentes, infiltrados
linfociticos discretos e poucos focos de fibroblas-
tos (figura 2A e B). Uma vez que o caso preen-
chia os critérios de lesdo pulmonar associada a
cigarro eletrénico ou a vaping (LPACEV) - ou
seja, infiltrados pulmonares na auséncia de infe-
¢do, vaping no periodo de 90 dias, sem evidéncias
para um diagnoéstico alternativo ou de agen-
tes predisponentes a aspiragio de lipidos como
goticulas nasais - foi realizado um diagnostico
de pneumonia lipoide induzida por vaping. Sob
um tratamento com prednisolona em regime de

Figure 1 Chest CT scan revealing bilateral consolidations
with diffuse ground glass opacities in all lung field.

tapering (0,5mg/kg de peso corporal) ao longo de
3 meses e abstinéncia de vaping, a doente recupe-
rou totalmente com a eliminagdo das descobertas
radiolégicas. A capacidade de difusio melhorou
de 88% inicialmente prevista para 104%.

Existem cada vez mais evidéncias sobre os
maleficios dos cigarros ou cachimbos eletréni-
cos.! Os cigarros ou cachimbos eletrénicos sdo
dispositivos que funcionam a pilhas e que aque-
cem um liquido, proporcionando um produto
aerossolizado ao utilizador. Nio foi identificado
um dnico agente causal de LPACEV. O acetato de
vitamina E surgiu como uma substancia de inte-
resse.” Na série de casos dos EUA, 94% referiram
consumir tetra-hidrocanabinol (THC) por vaping
nos dias anteriores, ou foram detetados THC ou
seus metabolitos no fluido do lavado broncoalveo-
lar. Este facto chamou a aten¢ao para os produtos
de vaping com THC nos EUA.! Yo nosso caso, o
LPACEV ocorreu na auséncia de uso de THC, que
sublinha os problemas gerais de saide em torno
dos fluidos dos cigarros eletronicos, que contém
diferentes compostos toxicos (por exemplo, nico-
tina, compostos organicos volateis e particulas).
Uma explicagdo para a pneumonia lipoide aguda

Figure 2 (A) Transbronchial lung biopsy showing intraal-
veolar optically empty vacuoles corresponding to lipid dro-
plets (asterisk) adjacent to normal alveolar airspaces (H&E,
100 x). (B) Empty vacuoles (asterisk) surrounded by

partly vacuolated macrophages (arrows) (H&E, 400 x).
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poderia ser a inalagdo e depdsito de goticulas de dleo aerossoli-
zadas nas vias aéreas distais e nos alvéolos, levando a uma pneu-
monite quimica. Este caso ilustra melhor que a LPACEV pode
ocorrer mesmo apds apenas algumas semanas de vaping. Tanto
quanto sabemos, trata-se do primeiro caso de um doente europeu
nativo a desenvolver LPACEV apds ter consumido um cachimbo
eletronico disponivel comercialmente e apds um curto periodo
de vaping.?

Pneumonite por hipersensibilidade potencialmente fatal
associada ao uso de cigarros eletrénicos

RESUMO

Relatamos um caso de pneumonite por hipersensibilidade (PH)
num jovem individuo associada ao uso de produtos de vaping.
Apresentou um diagndstico putativo de asma e necessitou de
oxigenagido por membrana extracorporal devido a insuficiéncia
respiratdria intratavel. O doente desenvolveu uma doenca cri-
tica e miopatia esteroide, o que exigiu uma reabilitagdo prolon-
gada. O nosso doente preenche os critérios de diagndstico para
PH associada ao uso de cigarros eletrénicos com um histérico
de exposic¢do positivo, deterioragdo apds teste cutaneo de aler-
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gia, anticorpos IgM especificos séricos contra o liquido impli-
cado, aumentando a possibilidade de o antigénio relevante estar
presente nesse liquido, e caracteristicas radioldgicas e histopato-
logicas compativeis com PH aguda. Resultam duas aprendiza-
gens. A primeira é considerar sempre uma reagio aos cigarros
eletronicos em alguém que apresente uma doenga respiratoria
atipica. A segunda é que consideramos os cigarros eletrénicos
“muito mais seguros do que o tabaco” por nossa conta e risco.
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DPOC: Doenca pulmonar obstrutiva cronica; ICS: Corticoesteroide inalado; LABA: Agonista 2 de longa acao; LAMA: Antagonista muscarinico de longa acao.
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fibrilhacdo auricular Doencas respiratérias, toracicas e do mediastino Frequentes Tosse e dor orofaringea Pouco frequentes Disfonia Doencas gastrointestinais Frequentes
Obstipacao Pouco frequentes Boca seca Afe¢ées musculosqueléticas e dos tecidos conjuntivos Frequentes Artralgia e dorsalgia Pouco frequentes Fraturas TITULAR DA AIM
GlaxoSmithKline Trading Services Limited, 12 Riverwalk, Citywest Business Campus, Dublin 24, Irlanda DATA DA REVISAO DO TEXTO marco 2020. APRESENTAGAO: ElebratoEllipta
92 mcg+55 mecg+22mcg, 30 doses. Comparticipagdo: Escaldo B; Regime Geral 69%; Regime Especial 84% Esté disponivel informag&o pormenorizada sobre este medicamento
no s{tio da internet da Agéncia Europeia de Medicamentos HYPERLINK “http://www.ema.europa.eu’http://www.ema.europa.eu/. Consultar o RCM completo para informacao
detalhada. Medicamento sujeito a receita médica. Para mais informagdes e em caso de suspeita de um acontecimento adverso ou de outra informac&o de seguranca, contactar o
departamento médico da GlaxoSmithKline - +351 214129500. Para mais informacdes contactar o representante local do titular da AIM: Bial- Portela & C?, SA.-AAv.da Siderurgia
Nacional, 4745-457 S.Mamede do Coronado; NIF: 500220913. DMgMA PT200330
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