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Editorial

Este nimero da Edi¢do de artigos das Revistas Thorax e Archives of Disease in Childhood, dedicados aos Socios
das Sociedades Cientificas de Pneumologia, Alergologia e Imunologia Clinica, Medicina Geral e Familiar e
Pediatria, apresenta uma série de artigos muito interessantes em que a crianga € o alvo. No entanto, as outras
vertentes do complexo poliedro que com acuidade crescente reconhecemos influenciar a saide da crianga e de
todos, particularmente a respiratoria, ¢ muito diversificado. Neste numero tém particular enfase as infecoes,
com grande prevaléncia e ainda expressao de morbilidade e mortalidade em idade pediatrica, pneumonia
aguda da comunidade, infe¢des por virus sincicial respiratoério e tuberculose.

Mas a importincia e relevancia destas infecdes e as suas expressoes clinicas é por todos reconhecida. Por isso
nada de novo poderia ser antecipado. No entanto, estes trés artigos procuram olhar para esta problematica a
partir de um diferente angulo: o da previsdo de evolugdo com gravidade baseada em indicadores objetivos e
o reconhecimento crescente de fatores individuais e demograficos para esta gravidade. Em tempos de registo
clinicos rigorosos e utilizagdo crescente de algoritmos é importante conhecer os indicadores relevantes das
equagdes que nos permitem andar mais depressa, de forma mais prudente e consciente...

Imersos num Verdo escaldante e numa grande instabilidade do Mundo o 4° artigo diz-nos que o futuro
da satde devera contemplar alternativas aos motores de combustao. Mais uma evidéncia que nos chega de
Pequim... Quem la esteve ou teve algum doente que tenha 14 residido ndo precisa ler o artigo para saber os
resultados...

Mas queria aproveitar esta oportunidade para dar a conhecer o estudo de vigilancia epidemioldgica que esta a
decorrer numa parceria entre o INSA e a Sociedade Portuguesa de Pediatria com pontos focais em Hospitais
com Pediatria, a nivel nacional. Estes dados serdo informativos para a epidemiologia viral mas permitirdao
também, no nosso Pais, conhecer os fatores de risco e gravidade e ainda vislumbrar a heterogeneidade das
praticas.

Do Reino Unido chega-nos um excelente estudo de impacto de um programa educacional multifacetado na
asma. E os resultados sao naturalmente positivos e ...sustentados! Inspirador! E ndo ficamos por aqui. Temos
finalmente uma orientagdo para as viagens de avido nos doentes pulmonares crénicos...

Boas leituras! Bom Verao! Boas Férias!

Que este tempo possa ser aproveitado para reflexdes e reconstrucdes e possa vir a ser, individual e coletiva-
mente, um alicerce de esperanca num Mundo melhor.

Teresa Bandeira
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Pneumonia pediatrica: derivacao de um modelo para

identificar doenca grave

Stuart Haggie," Elizabeth H Barnes,? Hiran Selvadurai,? Hasantha Gunasekera,* Dominic A Fitzgerald®

RESUMO

Contexto A pneumonia adquirida na comunidade (PAC) é
uma das principais causas de internamento hospitalar de
criangas. Existem dados limitados sobre os fatores predi-
tivos de doenca grave sem ferramentas preditivas pedia-
tricas especificas.

Métodos Coorte retrospetiva (2011-2016) de casos de
internamento por PAC. Analisamos variaveis clinicas reco-
lhidas na apresentacdo hospitalar face aos resultados. Os
resultados estratificados foram ligeiros (com hospitaliza-
¢do), moderados (procedimento de drenagem invasivo,
cuidados intensivos) ou graves (ventilagdo mecanica, vaso-
pressores, morte).

Resultados Reportdmos 3300 casos de PAC, idade mediana
de 2,0 anos (IQR 1-5 anos), com 2950 resultados ligeiros
(88,5%), 305 (9,2%) moderados e 75 (2,3%) graves. Os
resultados moderados-graves estiveram associados a hipoxia
(Sa02<90%; OR 6,6, 95% IC 5,1 a 8,5), a0 aumento do
trabalho respiratorio (grave vs. normal OR 5,8, 95% IC 4,2
a 8,0), a comorbilidades (+4 comorbilidades vs. nenhuma;
OR 8,8,95% IC 5,5 a 14) e a ser autoctone (OR 4,7, 95%
IC 2,6 a 8,4). As criancas com febre apresentaram menos
probabilidade de resultados moderados-graves do que as
criancas sem febre (OR 0,57 95% IC 0,44 a 0,74). A rea sob
a curva (AUC) da caracteristica de operacao do recetor (ROC)
do modelo completo foi de 0,78. As andlises de sensibilidade
demonstraram resultados semelhantes com as definicbes
clinicas e radiologicas de PAC. Derivdmos uma ferramenta
técnica para estratificar a probabilidade reduzida, média ou
elevada de doenca grave (AUC 0,72). As pontuagdes elevadas
(>5) apresentaram uma probabilidade quase oito vezes supe-
rior de doenca moderada-grave relativamente as pontuagdes
reduzidas (<1) (OR 7,7 95% IC 5,6 a 10,5).

Conclusdes £ necesséria uma ferramenta preditiva de risco
para a previsdo de PAC infantil. Identificdmos fatores de
risco e derivamos uma ferramenta clinica simples que utiliza
variaveis clinicas na apresentacao hospitalar para determi-
nar o risco de uma crianca necessitar de tratamento invasivo
ou de cuidados intensivos com um AUC ROC comparavel
com ferramentas para pneumonia em adultos.

INTRODUCTION

Worldwide, community-acquired pneumonia (CAP)
accounts for 15% of all childhood deaths.! In high-
income countries (HICs), CAP is a leading cause
of hospital admission among, children 0-4 years,?
although mortality among hospitalised cases is low
0.1%-2.8%.3*

There is no singular definition of severe CAP.
The WHO case definition of severe pneumonia
(cough or breathing difficulty and tachypnoea
with increased work of breathing and any general
danger signs)® has high sensitivity, to alert healthcare
workers to identify a child needing hospitalisation,
although poorly discriminates between CAP and
other conditions.® HICs benefit from high rates of
pneumococcal, Haemophilus influenzae and measles
immunisation, easier access to expert healthcare,
lower rates of malnutrition, indoor air pollution and
HIV infection. Expert guidelines, derived mostly
from consensus rather than evidence, are preferred
to guide CAP diagnosis and management in HICs.”
Severe CAP in HICs has been defined by morbidity
outcomes such as treatment with mechanical venti-
lation, vasopressors or death.?

What is already known on this topic?

» Hospitalisation for paediatric pneumonia
is common in high-income settings,
although mortality is low.

» There is a need for a paediatric clinical
tool to identify cases at increased risk of
severe disease.

What this study adds?

» From a cohort of 3330 hospital
admissions for community-acquired
pneumonia, we have made considerable
progress to developing a clinical risk
tool.

» We detail objective variables, collected
at presentation, associated with
intensive care or invasive drainage
treatments.

Recent data from a large cohort reported the
strongest associations between CAP and intensive
care admission to be a history of preterm birth,
congenital heart disease and dyspnoea.® The study
did not detail intensive care treatments, and while
these findings are useful, they are lacking quanti-
tative measures such as vital signs and included
cases with bronchiolitis. A prospective multicentre
model derived from the EPIC data in the USA
reported PaO,/FiO, ratio, heart rate and respira-
tory rate centiles on presentation as the strongest
predictors of severity. The model is difficult to apply
in clinical practice, not yet validated and surpri-
singly reported no association between comorbidi-
ties and disease severity.’

Identifying objective clinical variables associ-
ated with CAP requiring intensive care treatments
would inform key management decisions including
transfer to tertiary care, empiric antibiotic selec-
tion and the need for additional investigations. The
site of care is an important management decision
directly influenced by disease severity’®!! and the
need for high acuity care only available in tertiary
centres."?

Unlike adult CAP, there is no validated clinical
tool to assess paediatric disease severity. To derive
a paediatric model, agreement on CAP case (clini-
cal vs radiological)'* " and severity'* definitions are
required. We hypothesised that children at risk of
severe CAP could be identified at the time of pre-
sentation to hospital.

AIMS

This study aimed to identify objective clinical vari-
ables associated with severe CAP, among children
hospitalised with a clinical diagnosis of CAP. From
this analysis, we sought to develop a simple clinical
score to identify children at increased risk of severe
disease.
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METHODS

A cohort of children hospitalised for CAP at the Children’s
Hospital at Westmead, Sydney, Australia, between 1 January 2011
and 31 December 2016. Patients were identified by diagnostic
coding (International classification of diseases, ICD-10) of pneu-
monia and individually reviewed by SH. Included cases met all of
the following conditions: acute respiratory and infective symptoms
with lower respiratory signs (tachypnoea, hypoxia, focal chest find-
ings) not better explained by another pathology. We excluded cases
of bronchiolitis, immunodeficiency, chronic suppurative lung
disease, tracheostomy, recent hospitalisation (<14 days) or admis-
sion for a non-respiratory complaint.

Variables were collected at the first assessment. Vital signs
were recorded as ordinal variables using age-adjusted standar-
dised charts (see online supplemental data). Work of breathing
(mild, moderate, severe) was recorded, if disagreement between
medical or nursing descriptions, the more severe was recorded.
We recorded a comorbidity as a medical issue with continued
specialist input. We collected chest radiograph results from ra-
diology reports; chest radiographs were categorised as consolida-
tion with or without other infiltrate, normal or uninterpretable.'®
We defined radiographic CAP for subgroup analysis as the pre-
sence of consolidation with or without other infiltrate.

Disease severity was stratified as mild (hospital admission),
moderate (intensive care admission or invasive drainage proce-
dure) or severe (mechanical ventilation, vasopressors or death).

Mild cases were compared with moderate-severe cases
combined, due to low numbers in the latter. Univariable and multi-
variable binary logistic regression models were used to explore
predictors of the outcome of moderate-severe CAP. Models were
developed from multivariable regression beginning with a list of
risk factors deemed to be clinically important (age, weight, indi-
genous background, number of comorbidities, prior antibiotics,
immunisation status, respiratory rate, work of breathing, oxygen
saturation and heart rate). Categories within risk factors where 95%
ClIs for the beta coeflicients overlapped were collapsed together,
and risk factors where 95% ClIs for the only level contained the
value 1 were dropped from the model, with the aim of creating a
final model containing only risk factors with levels whose CIs do
not overlap. Beta coeflicients for individual risk factors from the
final model were divided by the coeflicient with the lowest absolute
value and rounded to integers and summed across all risk factors,
then compared with severity outcome proportions. We defined
thresholds for low, intermediate and high risk based on observed
severity outcomes: low risk <4%, moderate 4%-8% and high >8%
proportion of moderate-severe CAP. Records with missing data
were included in the model only if the missing variable could not
alter the risk tier (low, intermediate or high). All analyses were
performed in SAS V.9.4 (SAS Institute). No adjustment was made
for multiple statistical comparisons. Repeat admissions in the same
patient were assumed to be independent of each other (<1% total
admissions).

RESULTS

We identified 4833 CAP admissions during the period 2011-
2016; 3330 admissions (3305 patients) were included in the
analysis. Excluded cases are as follows: non-respiratory presenta-
tion (n=529), immunocompromise (n=342), record duplication
(n=208), recent hospitalisation (n=192), incomplete observations
(n=88), respiratory symptoms with alternate diagnosis (n=90) and
age >16 years (n=54).

The median age was 2.0 years (IQR 1-5 years), 52% were male,
most were previously healthy (65%no comorbidities) and up to
date with immunisations (91%). There were 2950 (89%) mild, 305
(9%) moderate and 75 (2%) severe CAP outcome classifications.
Table 1 presents patient characteristics and outcomes.

In the mild cohort, 945 out of 2950 (32%) received supple-
mental oxygen and 262 out of 2950 (9%) received high-flow nasal
cannula. Non-invasive was required in 146 out of 380 (49%) of
the moderate-severe cohort. Complicated pneumonia requiring
drainage procedures occurred in 107 out of 3330 (3%) cases, the

outcomes and microbiological findings of this dataset have been
reported.'¢?’

Figure 1 provides ORs and 95% ClIs for factors associated with
moderate-severe outcomes in univariable models. Cases with
mild outcomes were younger than those with moderate-severe
outcomes (OR=1.05 per year, 95%CI 1.02 to 1.08, p=0.001).
Multiple comorbid medical conditions (two comorbidities vs nil;
OR 3.6, 95%CI 2.6 to 5.1, 4 comorbidities vs nil; OR 8.8, 95% CI
5.5 to 14, both p<0.001), indigenous background (OR 4.7, 95% CI
2.6 to 8.4, p<0.001), abnormal weight centile (>97th vs normal OR
1.6,95% CI 1.1 to 2.5, p<0.001 and <3rd centile vs normal, OR 2.8,
95% CI 2.0 to 3.9, p<0.001) were associated with moderate-severe
outcomes. Having 48 hours of oral antibiotics prior to presentation
(OR 0.55 95% CI 0.35 to 0.85, p<0.001) and being up to date with
routine immunisations (OR 0.64, 95% CI 0.49 to 0.85, p<0.001)
were both associated with milder outcomes.

The examination findings associated with moderate-severe
outcomes were as follows: tachypnoea (severe tachypnoea; OR
2.2,95%CI 1.6 to 3.0, both p<0.001); and apnoea on presentation
(OR91.8,95% CI 33 to 254, p<0.0001), work of breathing (severely
increased OR 5.8, 95% CI 4.2 to 8.0, p<0.001) and hypoxaemia
(Sa0, <90% vs 295%; OR 6.6, 95% CI 8.5 to 5.1, p<0.001).

Multivariable analysis of the effects of heart rate, respiratory rate
and temperature allowing two-way interaction between variables,
with moderate-severe outcomes, showed no evidence of inter-
action (all p>0.05). A temperature >38.5°C was associated with
lower OR of moderate-severe outcome (OR 0.57 95% CI 0.44 to
0.74, p<0.001).

Bacteraemia (OR 3.0, 95%CI 1.8 to 4.7, p<0.001) was asso-
ciated with a moderate-severe outcome. Neither an elevated C
reactive protein (CRP) nor radiograph abnormality was associ-
ated with moderate-severe outcomes. Table 2 presents the multi-
variable regression of factors associated with moderate-severe
outcomes.

Table 3 details the scoring tool for risk stratification, presenting
the strongest variables and their weighting. Compared with cases
with a low score, moderate or severe CAP was more likely for
those with an intermediate (OR 2.2, 95% CI 1.5 to 3.1, p<0.001) or
high score (OR 7.7, 95% CI 5.6 to 10.5, p<0.001). The ROC curves
present the sensitivity and specificity of the models with an area
under the curve (AUC) of 0.78 initial and 0.72 final (online supple-
mental material).

A subgroup analysis of cases meeting a radiographic definition of
pneumonia reported a greater proportion of cases with moderate-
severe outcomes than the entire cohort (radiographic diagnosis
263/1871, 14% vs clinical diagnosis 380/3330, 11%). All variables
included in the clinical tool were associated with moderate-severe
outcomes in the radiographic-confirmed subgroup.

DISCUSSION

We describe a large cohort of paediatric CAP from a high-income
healthcare setting. The mortality rate in our cohort was low (<1%),
with 9% requiring intensive care unit (ICU) admission. We have
made considerable progress towards developing a severity score
for paediatric pneumonia by describing objective variables, deter-
mined at presentation, and easily collected. We derived a simple
clinical risk score associated with disease severity.

We stratified disease severity by ICU admission or invasive
drainage procedure, a definition of clinical utility. From the model
of best performing variables, we have derived a clinical scoring
tool, which, if validated in another cohort, would support clini-
cians to stratify a patient’s risk of severe disease at the time of
hospital admission.

Children admitted with CAP and malnutrition (underweight or
overweight), multiple comorbidities, increased work of breathing,
hypoxia and age-adjusted tachypnoea or tachycardia had more
severe outcomes. Children with prior antibiotic treatment and
up-to-date immunisations were less likely to have severe disease.

The British Thoracic Society (BTS) and the Pediatric Infectious
Disease Society CAP guidelines include consensus-based defini-
tions of severe pneumonia.'’ '* Our study provides an evidence
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Table 1 Community-acquired pneumonia patient characteristics by severity

Patient characteristics Total n=3330 Mild outcome n=2950 Moderate/severe outcome n=380
Median age in years (IQR) 2.0 (1.0-5.0) 2.0 (1.0-5.0) 2.0 (1.0-6.0)
Male (n, %) 1739 (52) 1528 (52) 211 (56)
Indigenous (n, %) 49 (1) 31 (1) 18 (5)
Weight centile 3rd—97th (n, %)* 2892 (87) 2600 (88) 292 (77)
Number of comorbidities (n, %)

0 2213 (65) 2029 (68) 184 (48)

1 671 (20) 601 (20) 70 (18)

2 227 (7) 171 (6) 56 (15)

3 140 (4) 105 (4) 35(9)

4+ 79(2) 44 (1) 35(9)
Category of comorbidity
Congenital heart disease 248 198 50
Neurological disease 179 121 58
Preterm birth 273 228 45
Pulmonary disease 338 307 31
Other 79 74 5
Immunisations up to date (n, %) 3020 (91) 2692 (89) 328 (86)
Prior antibiotics treatment (n, %) 817 (25) 749 (25) 68 (18)
Examination findings
Respiratory ratet (n, %)

Normal 2254 (68) 2048 (69) 206 (54)

Moderately increased 695 (21) 591 (20) 104 (27)

Severely increased 380 (11) 311 (11) 69 (18)
Work of breathing (n, %)

Apnoea 26 (1) 5(<1) 21 (6)

Normal 1051 (32) 1005 (34) 46 (12)

Mild increased 1206 (36) 1113 (38) 93 (24)

Moderately/severely increased 1044 (31) 825 (28) 219 (58)
Abnormal pulse oximetry (n, %)

91%-94% 669 (20) 604 (20) 65 (17)

<90% 478 (15) 320 (11) 158 (42)
Heart ratet (n, %)

Normal 1878 (56) 1720 (58) 158 (42)

Tachycardia moderate 932 (28) 815 (28) 117 (31)

Tachycardia severe 518 (16) 415 (14) 103 (27)
Temperature (n, %)

35.6°C-38.4°C 2293 (69) 2015 (68) 278 (73)

>38.5°C 1025 (31) 930 (32) 95 (25)
Investigation results
Positive blood culture (n, %) 88 (3) 62 (2) 26 (7)
Abnormal white cell countt (n, %)

Leucopenia 179 (6) 147 (6) 32(9)

Leucocytosis 927 (32) 774 (31) 153 (41)
C reactive protein >10mg/L¥ (n, %) 1771 (85) 1533 (85) 238 (89)
Treatment characteristics
Medical retrieval to CHW (n, %) 160 (5) 68 (2) 92 (24)
Direct to intensive care (n, %) 201 (6) 0 201 (53)
From ward to intensive care (n, %) 100 (3) 0 100 (26)
Mechanical ventilation (n, %) 68 (2) 0 68 (18)
Median days hospitalised (IQR) 2 (1-4) 2 (1-3) 8 (5-13)
Vasoactive agents (n, %) 17 (<1) 0 17 (5)
No vasoactive or ventilator support (n,%) 2906 (99%) 161 (42%)
Death (n, %) 9 (<1) 0 9(2)

*WHO growth chart centile.
tAccording to age-adjusted New South Wales Health ‘Between the flags’ criteria.
tAccording to Children’s Hospital at Westmead (CHW) laboratory reference ranges.

base to support some existing consensus criteria while offering
new insights, additional precision and objectivity to CAP assess-
ment. We support the inclusion of increased work of breathing,
hypoxia and tachypnoea as criteria for severe CAP. However, the
BTS threshold of 50 breaths/min for all children >12 months may
lack sensitivity in older children. Our age-adjusted thresholds for
moderate tachypnoea were 50 (1-4 years), 35 (5-11 years) and 30
(children >12years)."

The inclusion of fever >38.5°C in the severe CAP definitions is
derived from consensus® and sepsis recognition guidelines.! A
systematic review of factors associated with pneumonia severity
reported that a fever was not associated with more severe disease.?
Analysis of severity outcomes using heart rate, respiratory rate and
the presence of fever, allowing for interaction, demonstrated higher
rates of moderate-severe outcomes in children presenting without
fever. We postulate that tachypnoea and tachycardia in febrile cases
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Figure 1 Forest plot displaying OR and 95% Cls of variables associated with moderate-severe outcome of children admitted with community-
acquired pneumonia, 2011-2016. HR, heart rate; IUTD, immunisations up to date; RR, respiratory rate; Sa0,, arterial oxygen saturation; WCC, white

cell count; WOB, work of breathing. Created by the authors.

reflect an increased metabolic rate, while in afebrile cases, these
responses are driven by hypoxic compensatory mechanisms.” Our
data suggest that the presence of fever on presentation is not useful
in determining CAP severity and clinicians should be particularly
wary of tachycardia and tachypnoea when the child is afebrile.

In low-income countries, malnutrition is a well-recognised
association with more serious illness and death in pneumonia.’**
Our study appears to be the first to report this association in
a HIC and is consistent with intensive care studies reporting
malnourished children having longer hospital stays and higher
mortality.® The RISC and PIRO scores are clinical tools that
share several variables described in our cohort. The RISC model
included chest indrawing and both scores included hypoxia
(Sa0, <90%) and malnutrition. These tools are validated in areas
with lower Pneumococcal conjugate vaccine (PCV) coverage
and higher rates of malnutrition, HIV infection and mortality
(6.5%-7.1%).26%

The stratification of mild, moderate and severe outcomes used
in this study is consistent with other research’ and we observed
a correlation between length of hospital stay and disease severity,
another surrogate for disease severity, with moderate-severe cases
staying an average of 6days longer than mild. The delineation of
moderate CAP as requiring treatment in a paediatric ICU marks is

of pragmatic value. Within our large dataset, 26%-28% of moderate
and severe cases, respectively, were not identified as requiring
intensive care treatment at presentation. Similarly, 43% of those
retrieved to tertiary care were never admitted to intensive care and
may have been able to be managed at the referring site. The use of
a clinical risk prediction tool is needed and may improve precision
around transfer decisions, allowing clinicians to be specific and
proactive rather than reacting to clinical deterioration.

The multivariable model demonstrated reasonable discrimi-
natory ability for identifying patients with more severe disease
outcomes with an AUC of 0.78. The final AUC of the scoring
tool was 0.72, comparable to adult CAP tools CURB-65, PSI and
SMART COP (AUC 0.67-0.87)* which identify patients at risk of
severe disease and tailor management to hospital admission, early
consideration of ICU and the use of broad-spectrum antibiotics.”

Case definitions are a major challenge in CAP research.*® A
subgroup analysis of our cohort including cases meeting a clini-
cal and radiographic criteria reported the same clinical variables
included in the model. Radiographic requirements are limited
by availability, radiation exposure, poor inter-rater agreement’
and discordance between radiographic changes and disease
severity***% our data support a continued emphasis on clinical risk
stratification.

Table 2 Multivariable regression of variables associated with moderate-severe outcome for CAP

Variable Comparator

Weight <3rd centile

Weight >97th centile

Indigenous background

3rd-97th centile
3rd-97th centile

Not indigenous

2 comorbidities None

4+ comorbidities None

a0, <90% a0, =95%
Severe tachycardia*® Normal HR
Mild increased work of breathing Normal
Moderate-severe increased work of breathing Normal

Temperature >38.5°C

35.6°C-38.4°C

Positive blood cultures Negative
High WCCt Normal WCC
Low WCCt Normal WCC

OR

(95% CI) P value
1.64 (1.09 to 2.48) 0.018
1.73 (1.06 t0 2.81) 0.028
3.32(1.60 to 6.91) <0.001
1.70 (1.10 to 2.60) 0.02
4.43 (2.52 10 7.79) <0.001
2.40 (1.75 t0 3.30) <0.001
1.71 (1.20 to 2.40) 0.002
1.15 (1.02 to0 2.25) 0.04
5.80 (4.17 to 8.08) <0.001
0.69 (0.52 to 0.93) 0.01
3.05 (1.80 to 5.20) <0.001
1.62 (1.24 t0 2.10) <0.001
2.02 (1.23 t0 3.33) 0.006

*According to age-adjusted New South Wales Health ‘Between the flags’ criteria,
tAccording to Children’s Hospital at Westmead laboratory reference ranges.

CAP, community-acquired pneumonia; HR, heart rate; RR, respiratory rate; Sa0,, arterial oxygen saturation; WCC, white cell count; WOB, work of breathing.
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Table 3 Scoring tool for likelihood of moderate-severe CAP derived
from CAP hospitalisations at the Children’s Hospital at Westmead,
2011-2016

Variable Score
Number of comorbid conditions>4 6
Number of comorbid conditions 2-3 3
Moderate-severe work of breathing 4
Mildly increased work of breathing 1
Sa0, <91% 4
Indigenous background 4
Weight for age <3rd or >97th centile 2
Moderate-severe tachycardia 1

Classification Total score Moderate-severe outcome (n, %)
Low risk (n=1336) 0-1 51 (3.8%)
Intermediate risk (n=852) 2-4 67 (7.9%)
High risk (n=1112) =5 259 (23%)

CAP, community-acquired pneumonia.

The study was limited by retrospective design with data being
subject to omission, specifically, environmental tobacco exposure
and blood pressure were poorly reported. The lack of standar-
dised admission criteria to intensive care and broadening the
pneumococcal vaccine in mid-2011 from 7-valent to 13-valent
may be confounding factors. There was no standardised criteria
in deciding admission to intensive care. The clinical variables were
collected at the first medical encounter, the time from presentation
to assessment was not included in this study. Health department
performance reports during the study period report the study
hospital median time to assessment for the lowest acuity CAP
triage was 33-41min.” Ethnicity data beyond indigenous status
was not included though is important, patients identifying indige-
nous status were three times more likely to have a moderate-severe
outcome. More severe outcomes may be related to lower socioeco-
nomic levels, access to healthcare, increased smoking and different
host susceptibility and response to causative organisms, as has
been described in CAP studies from other countries.” We did
not find an association between outcomes and CRP in the model.
Guidelines for CAP do not recommend routine measurement of
biomarkers and so sampling was inconsistent. Other data have
shown an association with hypoalbuminaemia at presentation and
complicated pneumonia®; this is an important consideration for
future research.

It is unclear if the findings from our data would be applicable in
low-middle income countries, where factors such as overcrowding,
low vaccination rates, poor home ventilation and alternate reme-
dies are important concerns.”

CONCLUSION

A clinical risk prediction tool for CAP in children is needed. We
have defined risk factors to derive a simple clinically applicable
tool for validation in other settings. CAP managed with inva-
sive drainage or intensive care treatment was associated with
multiple comorbidities, increased work of breathing, hypoxia,
malnutrition, tachycardia and indigenous background. Our
model identified children at risk of severe disease with an AUC
0.72-0.78. These findings provide an evidence base to current
consensus definitions; however, the tool requires prospective
validation.
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Fatores associados a doenca respiratoria grave do virus
sincicial respiratorio em criancas hospitalizadas: uma

analise retrospetiva
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RESUMO

Contexto O reconhecimento precoce de criancas sob risco de
infecdo do trato respiratdrio inferior por virus sincicial respiratério
grave (RSV) é importante, uma vez que apoia as decises de
tratamento. Procuramos avaliar fatores associados a doencas
graves entre jovens criancas hospitalizadas com infecéo por RSV.
Métodos Realizdmos um estudo de coorte retrospetivo
para todas as criangas com idade < 2 anos hospitaliza-
das com infecdo por RSV no trato respiratorio inferior num
dnico hospital pediatrico tercidrio ao longo de trés estacbes
de RSV (janeiro 2017 a dezembro 2019). Classificamos as
criancas como tendo doenca “moderada” ou “grave” com
base no nivel de intervencao respiratéria e utilizamos mode-
los de regressao linear univaridveis e multivariveis para
determinar fatores associados a doenca grave.
Resultados Entre 970 criancas hospitalizadas, 386 (40%)
foram classificadas como tendo doenca RSV “grave” e 584
(60%) como tendo doenca RSV “moderada”. As anélises
multivariaveis, a idade <2 meses (OR: 2,3, 95% IC 1,6 a
3,3, p<0,0001), prematuros (OR: 1,6, 95% IC 1,1 a 2,4,
p=0,02) e a co-detecdo de RSV-virus de parainfluenza tipo
3 (PIV 3) (OR: 2,6, 95% IC 1,05 a 6,5, p=0,04) estiveram
independentemente associados & doenca grave.
Conclusao A idade mais jovem, a prematuridade e a co-dete-
¢ao de PIV3 estiveram associados a uma doenga por RSV grave
em criangas com idade < 2 anos hospitalizadas por infeco por
RSV grave. A associacao entre PIV3 e doenca por RSV grave
constitui um novo achado e exige mais investigacéo.

INTRODUCTION

Respiratory syncytial virus (RSV) is the most common
cause of acute lower respiratory tract infections
(ALRIs) in infants and children.! Globally, RSV leads
to approximately 33.1 million infections and 59 600
in-hospital deaths each year, with the largest burden
in low-income and middle-income countries." While
mortality in high-income countries such as Australia is
low, severe RSV disease represents a major burden on
healthcare systems, particularly during winter.> While
there are conflicting data, associations between severe
RSV and later onset of asthma and recurrent wheeze
have been shown,’* highlighting the importance of
further characterising this group.

Several studies have identified risk factors for severe
ALRI related to RSV. Younger age (particularly infants
<2 months of age) has been shown to be the strongest
independent factor associated with severe RSV disease
in a recent Australian study.® Other risk factors include
male sex, prematurity, maternal smoking, atopy, and
chronic cardiac or pulmonary disease.*'* However,
most studies have been birth cohort or case-control
studies with hospitalisation as the major outcome to
define severe disease. Few studies have evaluated risk
factors among hospitalised children with RSV ALRI;
therefore, little is known about the contribution of
other factors such as viral codetection. Further, there is
often a lack of consistency in the definitions of severity
used between studies." '*

Our objective was to evaluate the clinical, demo-
graphic and laboratory characteristics of children <2
years of age hospitalised with laboratory-confirmed RSV
disease to identify factors associated with severe disease.

What is already known on this topic?

» Respiratory syncytial virus (RSV) disease
represents a large burden on healthcare
systems.

» Early recognition of children at risk
of severe RSV disease is important to
inform management decisions.

What this study adds?

» Our study’s findings support previous
studies linking younger age and prema-
turity with increased RSV disease severity.

» The association between parainfluenza
virus type 3/RSV codetection and
severe disease is a novel finding that
warrants further investigation.

METHODS
Study design
Children <2 years hospitalised at The Royal Children’s
Hospital(RCH),Melbourne, Australia,betweenMay2017
and December 2019 with RSV infection were prospecti-
vely identified via laboratory notification of all positive
cases. RSV status was determined using an inhouse-
developed and validated reverse transcription PCR from
nasopharyngeal aspirates/swabs. Our standard respira-
tory viral panel also includes influenza A and B viruses,
parainfluenza viruses 1, 2 and 3, and human metapneu-
movirus. RSV subgroup and the cycle threshold (Ct)
value were provided by the RCH clinical laboratory.
Children presenting to the emergency depart-
ment not requiring admission and those deemed to
have nosocomial RSV infection (ie, symptoms deve-
loped >48 hours after admission) were excluded from
the study. Children could only be included in the
study once and hence readmissions were excluded.

Clinical data collection

Patient data were extracted retrospectively from the
electronic medical records to obtain relevant study
data. This included demographics, clinical signs
and symptoms, treatments, laboratory results, and
outcomes. Data from full blood examinations was
obtained on a subset of children as per individual
clinician’s discretion. Study data were collected and
managed using REDCap electronic data capture
tools hosted at Murdoch Childrens Research Insti-
tute (MCRI). Guidelines for high-quality retrospec-
tive data collection by Kaji et al'* were followed.
This included predetermining which data were to be
collected using an organised collection form through
REDCap, training data extractors and auditing their
work.
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Table 1 Definition of moderate and severe RSV disease based on the
highest level of oxygen support received
Frequency
Moderate n=584
No oxygen support* 465 (80)
Low-flow oxygen support* 119 (20)
Severe n=386
HHFNC*t 258 (67)
CPAP*t 82 (21)
BiPAP*t 2(0.5)
Mechanical ventilation*t 44 (11.5)

*Data presented as n (%).

tHighest level of oxygen support.

BiPAP, bilevel positive airway pressure; CPAP, continuous positive airway pressure; HHFNC,
humidified high-flow nasal cannula therapy; RSV, respiratory syncytial virus.

RSV genotyping and phylogenetics

To identify the circulating RSV genotypes, leftover airway samples
were retrieved from the clinical laboratory of RCH and transported to
MCRI for random processing of RSV glycoprotein gene sequencing
and phylogenetic analysis (online supplemental methods 1). All
sequences were uploaded to GenBank with accession numbers
MW620481-MW 620637 and MW620638-MW620806.

Definitions

‘Severe disease’ was defined as requirement for high-flow nasal prong
oxygen support, continuous positive airway pressure, bilevel positive
airway pressure or invasive mechanical ventilation. ‘Moderate disease’
was defined as requiring low-flow oxygen support or no oxygen
support. This classification was in keeping with that used by Freire et al**
in a recent publication on bronchiolitis. A decision to initiate high-flow
nasal prong oxygen support was based on the RCH clinical practice
guidelines." ‘Prematurity’ was defined by a gestational age <37 weeks.
‘Socio-Economic Indexes for Areas (SEIFA)’ determines the socioeco-
nomic advantage or disadvantage based on postal codes in Australia,
with larger numbers indicative of increased advantage. ‘Family atopic
history’ included eczema, asthma or allergic rhinitis in a first-degree
relative. ‘Smoke exposure’ was defined as smoking within the house-
hold. TlI-contact’ included any contact with respiratory illness within
the household. ‘Allergies’ included food and drug allergies. ‘Breastfed’
was defined as being breast fed at the time of admission. Tmmunisation
up to date’ required vaccination according to the Australian National
Immunisation Program schedule for their respective age group.

Statistical analyses

Binary variables were coded using 0="no" and 1="yes’ for analyses. These
were summarised using frequencies and proportions. Continuous vari-
ables were presented as mean and SD (or median and IQR for non-
normal data). Logistic regression was used to compare categorical
variables across groups. For comparison of continuous variables across
groups, Mann-Whitney U test or t-test was used based on normality
of data. A Spearman’s correlation was used to correlate Ct values with
age and onset of illness. Backwards step logistic regression was used to
identify factors associated with severe disease. The multivariable model
included variables selected a priori and those identified empirically
based on p<0.05 on univariable analyses. Variables identified a priori
were young age <2 months, prematurity, poor feeding and apnoea,
which was guided by the literature." *'> Variables reported with large
amounts of missing data (>30% missing values) were excluded from
multivariable analysis. Results of univariable and multivariable logistic
regression models are presented as ORs, 95% CIs and corresponding p
values. Statistical analyses were performed using STATA V.15.1.

RESULTS

Characteristics of the study population

During the study period, 1250 children under the age of 2 years
were diagnosed with RSV infection at RCH, with 970 (78%) of
these patients being admitted to hospital. Of these, 232 (24%) were
admitted in 2017, 355 (37%) in 2018 and 383 in 2019 (39%). In our

Artigo original

study, 386 children were classified as severe disease (40%) and 584
(60%) as moderate disease (table 1). The median age at admission
was 3.9 months (IQR: 1.5-11.2) and the median duration of hospi-
talisation was 2.2 days (IQR: 1.1-4.2). Most infections occurred in
winter (June-August), which corresponds to the usual peak season
of RSV infections in Australia (online supplemental figure 1).

Male children were over-represented (n=547/970, 56%) and a
minority (n=15/970, 1.5%) identified as Aboriginal or Torres Strait
Islander. One-fifth of the children (n=204/970, 21%) were born
prematurely, with a median gestational age of 35 weeks (IQR: 31-36).
The mean SEIFA decile was 6.7, with an SD of 2.6, showing most of
our cohort were above the 50th percentile (more advantaged).

Children admitted with RSV often had siblings under the age
of 5 years (n=435/752, 58%) and an ill household contact was
present in approximately two-thirds (n=593/895, 66%). The mode
of delivery was primarily vaginal delivery (n=523/878, 60%) and
the majority were up-to-date with immunisations (n=765/886,
86%). Approximately one-fifth (n=201/970, 21%) had comorbi-
dities, with most comorbidities being respiratory (n=55/201, 27%),
cardiac (n=45/201, 22%), congenital abnormalities (n=22/201, 11%)
or neurological (n=18/201, 9%) (table 2).

Table 2 Characteristics of children with severe and moderate RSV
disease*

Whole cohort  Severe Moderate
Characteristics N=970 n=386 n=584 P value
Age, monthstt 4(1.5-11.2) 2.5(1.2-8.5) 5.1(1.9-13) <0.0001
Male sex§ 547/970 (56) 213/386 (55) 334/584 (57) 0.5
Indigenous descent§ 15/970 (2) 6/386 (2) 9/584 (2) 0.99
Prematurity§ 204/970 (21) 108/386 (28) 96/584 (16) <0.0001
Gestational age, 35 (31-36) 35 (32-36) 34 (29-36) 0.4
weekst
<30 wGA" 40 (20) 16 (16) 24 (25) 0.1
30-34 wGA" 60 (29) 36 (33) 24 (25) 0.2
35-36 WGA" 104 (51) 56 (51) 48 (50) 0.8
Birth weight, g** 2934+867 2868+912 2985+827 0.1
SEIFA score**t+ 6.7+2.6 6.4+2.7 7+2.6 0.001

Family atopic 220/671 (33) 781272 (29) 142/399 (36) 0.1
history§

Eczema§ 105/953 (11) 29/379 (8) 76/574 (13) 0.01
Allergies§ 72/966 (7) 18/384 (5) 54/582 (9) 0.01
Smoke exposure§  49/407 (12) 24/160 (15) 25/247 (10) 0.1
Breast fed§ 506/964 (52) 209/381 (55) 297/583 (51) 0.2
Siblings <5 years§  435/752 (58) 188/306 (61) 2471446 (55) 0.1
Il contact§ 593/895 (66) 240/348 (69) 353/547 (64) 0.2
Immunisation up- 765/876 (87) 293/341 (86) 472/535 (88) 0.3
to-date§

Vaginal birth§ 523/878 (60) 201/345 (57) 322/533 (60) 0.4
Elective caesarean ~ 223/878 (25) 86/345 (25) 137/533 (26) 0.7
birth§

Emergency 132/878 (15) 58/345 (17) 741533 (14) 0.3
caesarean birth§

Comorbidity§ 201/970 (21) 78/386 (20) 123/584 (21) 0.7
Cardiactt 45 (22) 19 (24) 26 (21) 0.7
Respiratory$t 55 (27) 14(18) 41 (33) 0.03
Neurological$# 18(9) 6(8) 12 (10) 0.8
Congenital 22 (11) 11 (14) 1109 0.3
abnormalitiest#

Other$+§§ 61 (30) 28 (36) 33(27) 0.3

Significant p-values (<0.05) are in bold text.

*Logistic regression used for all analyses unless stated otherwise.

tData presented as median (IQR).

tMann-Whitney U test performed.

§Data presented as n (%).

9fData presented as n (%) of those born prematurely.

**Data presented as mean=SD.

ttt-test performed.

t$Data presented as n (%) of those with comorbidity.

§§0ther comorbidities include chronic liver/kidney disease, hypothyroidism and metabolic/
genetic disorder.

RSV, respiratory syncytial virus; SEIFA, Socio-Economic Indexes for Areas; wGA, weeks
gestational age.
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Table 3  Clinical signs of children with severe or moderate RSV
disease®

Table 4 Laboratory investigations of children with severe or
moderate RSV disease™

Characteristics Severe n=386 Moderate n=584 P value Characteristics Severe n=386 Moderate n=584 P value
Increased work of breathingt+ 328/383 (86) 363/581 (62) <0.0001 RSV subgroup At 155/313 (50) 266/486 (55) 0.1
Tachypnoeats 177/386 (46) 222/584 (38) 0.02 Ctvaluet§ 20.6 (18.2-24.6) 22.7(19.9-27.2) <0.0001
Oxygen saturation§ 96 (94-99) 98 (96-100) <0.0001 RSV subgroup Bt 158313 (50) 220/486 (45) 03
Fevertt 45/385 (12) 109/581 (19) 0.004 Ctvalue§yq 21.4(19.1-24.9) 23.5(20-27.9) <0.0001
Wheezingt# 188/383 (49) 216/582 (37) <0.0001 Codetectiont 41/386 (11) 60/584 (10) 0.9
Apnoeatq 60/385 (16) 19/583 (3) <0.0001 Parainfluenza 1 codetection] 1Q2) 1(2) 0.8
Poor feedings] 312/386 (81) 279/583 (48) <0.0001 Parainfluenza 2 codetection] 30 5@ 0.9
Significant p-values (<0.05) are in bold text. Parainfluenza 3 codetection| 23 (56) 16 (27) 0.02
*Logistic regression used for all analyses unless stated otherwise. Influenza AS] 8 (20) 18 (30) 0.3
tData presented as n (%).
#Recorded at admission. Influenza BY** 0 6(10) -
§Data presented as median (IQR). Metapneumovirus] 6 (15) 14 (23) 0.4
fIRecorded at history or observed during admission. )
RSV, respiratory syncytial virus. Haemoglobin (g/L)tt1# 244/386 (63) 269/584 (46) 06
11820 119217
. . . . . Platelets (x10%/L)t 114+ 240/386 (62) 267/584 (46) 038
Demographic and clinical factors associated with severe RSV disease g 2054141 4012158
The severe group were significantly younger than 'the moderate Lymphocytes (<10%L) 1555 235386 (61) 2641584 (45) o1
group, with a median age of 2.5 months compared with 5.1 months 43(3.1-6.1) 4.8(3.2-6.5)
(p<0.0901), respectively (table 2). Children in the severe group were Monocytes (x10°/L)1585 2341386 (61) 264/584 (45) .
more likely to have a history of prematurity (p<0.0001). Interes- 1(0.6-1.4) 0.9 (0.6-1.4)
tingly, the severe group were less hke.lY to report eczema (PZO-OI_) Neutrophils (x10%/L)1§§§ 243/386 (63) 269/584 (46) 0.01
and/or allergies (p=0.01); however, this may have been due to their 3.4(1.9-5.6) 43(2.2-63)
younger age. EnVirOnmental faCtOrS such as tobacco Smoke expo- Eosinophils (x10%/L)1§§§ 102/386 (26) 126/584(22) 0.6
sure, breast feeding, presence of siblings and ill contacts were similar 0.2 (0.1-0.3) 0.2(0.1-03)
between the groups. Addmonally, immunisation status and mode C reactive protein (mg/L)t§§§ 159/386 (41) 216/584 (37) 0.6
of delivery at birth showed no relationship to severity of disease. 24.(9-60) 24(9-52)

Presence of comorbidities including cardiac, neurological and
congenital abnormalities was similar between the groups, with the
exception of respiratory comorbidities, which were more common
in the moderate group (p=0.03; table 2). As expected, the severe
group had a longer duration of hospitalisation (4.1 days compared
with 1.2 days, p<0.0001; online supplemental figure 2).

Clinical signs of severity (eg, increased work of breathing, tachyp-
noea, poor feeding) were more likely to be present in the severe
group, with the exception of fever, which was less common (table 3).

Laboratory factors associated with severe RSV disease

RSV genotyping was performed on a random subset of 263 of 970 (27%)
patients (online supplemental figure 3) to observe whether specific viral
genotypes were associated with disease severity. Similar proportions of
RSV A and RSV B were observed between the moderate and severe groups
(table 4). ON1 genotypes were identified for all RSV A sequences (n=125),
and BA11 genotypes (n=138) were identified for all RSV B sequences
(online supplemental figure 3). Ct values were positively correlated with age
(r=0.15,p<0.0001) and onset of illness (r =0.15, p<0.0001). However, when
adjusting for age and onset of illness, Ct values were

Significant p-values (<0.05) are in bold text.

*Logistic regression used for all analyses unless stated otherwise.
tData presented as n (%).

tData presented as median (IQR) of those with RSV subtype A.
§Mann-Whitney U test performed.

fData presented as n (%) of those with codetection.

**No logistic regression calculated as the severe group had no cases of influenza B.
ttData presented as mean=SD.

+#t-test performed.

§§Data presented as median (IQR).

f1IData presented as median (IQR) of those with RSV subtype B.
Ct, cycle threshold; RSV, respiratory syncytial virus.

variables included were age <2 months, sex, prematurity, work of
breathing, tachypnoea, poor feeding, apnoea, PIV3 codetection and
Ct value (table 5).

DISCUSSION
In this large Australian study of >900 children under 2 years of age
hospitalised with RSV ALRI, we have systematically described their
clinical and laboratory characteristics and compared those with
moderate and severe disease. Consistent with other studies on this

still significantly lower in the severe disease group,

Table 5 Multivariable analysis of factors strongly associated with development of severe RSV disease*

suggesting higher viral oad (p<0.0001; table 4).

All infants tested for RSV (N=970) under- Characteristics Unadjusted OR (95% Cl) P value Adjusted OR (95% CI) P value
went standard respiratory viral panel testing, Age <2 months 2.3 (1.7 t0 3.0) <0.0001 23(1.6103.3) <0.0001
enabling viral codetection. RSV was the sole detec-  Prematurity 20(1.4102.7) <0.0001 1.6 (1.1t0 2.4) 0.02
table respiratory viral pathogen in the majority  Egema 0.5 (03 0 0.9) 0.01 _ _

~ o A .

(9—869/970, 90%). Viral eral codetection was Allergies 0.5 (0310 0.8) 0.01 _ B
similar across the two severity groups for a range ) »

. . H Respiratory comorbidity 0.5 (0.3 t0 0.9) 0.03 - -
of viruses except parainfluenza virus type 3 (PIV3).
PIV3 was twice as likely to be present in the severe Increased work of breathing 3.6 (2.6105.0 <0.0001 3.2(2.1105.0) <0.0001
compared with the moderate disease group (OR:  Tachypnoeat 1.4(1.1101.8) 0.02 16(1.2102.2) 0.001
2.2,95% CI 1.2 to 4.3, p=0.02). PIV3 codetection Fevert 0.6(0.4100.8) 0.004 - -
W:18 no;t:) assoc1atiﬁ with ;ny dlffergnces InRSV Gt yheezingt 16(13102.1) <0.0001 _ _
values between the moderate and severe groups.

. . . Apnoeat, ¥ 55(3.2t09.3 <0.0001 4.5(3.1106.5) <0.0001
Full blood examinations revealed no differences P ( ) (
between groups except for neutrophils, which were Poor feedingt, ¥ 4.6(3.4106.2) <0.0001 4.5 (3.1106.5) <0.0001
signiﬁcanﬂy lower in the severe group (p=0.01). Parainfluenza 3 codetectiont 22(1.21043) 0.02 2.6 (1.05 t0 6.5) 0.04
Ctvaluet 0.94 (0.91 to 0.96) <0.0001 0.96 (0.93 t0 0.99) 0.01

Multivariable analysis of factors associated
with severe RSV disease

A multivariable model including clinical, labo-
ratory and outcome data was employed. The

tRecorded at admission.

Significant p-values (<0.05) are in bold text.
*Backwards step logistic regression performed for multivariable analysis to generate adjusted OR, 95% Cl and p values.

+Recorded at history or observed during admission.
Ct, cycle threshold; RSV, respiratory syncytial virus.

154 RCPCH

Anderson J, et al. Arch Dis Child 2021;107:359-364. doi:10.1136/archdischild-2021-322435

BM)



topic, we have shown that age <2 months and history of prematurity
were independently associated with severe disease.”'®'” While RSV
subgroup was unrelated to disease severity, a lower Ct value (and by
inference higher viral load) was observed in children with severe
disease. ON1 and BA11l have been reported as the predominant
genotypes of RSV A and RSV B subgroups in many places including
Australia.” ¥ Furthermore, we observed that RSV-PIV3 codetection
was associated with greater than twofold higher risk of severe disease
compared with the absence of codetection, which was a novel finding.

Few studies have evaluated factors associated with disease severity
in hospitalised infants with laboratory-proven RSV disease," 2% and
among these definitions of severe disease vary widely. Furthermore, many
studies were undertaken prior to the widespread availability of high-flow
nasal prong therapy. For example, Rodriguez et al* defined severe RSV
disease by the need for intensive care unit admission, while Butler et al'!
developed a severity score based on oxygen therapy, intravenous/naso-
gastric fluids and hospitalisation duration, with ‘severe’ disease defined
as need for mechanical ventilation or hospitalisation of >5 days." If we
had applied this classification system to our cohort, only 11% of children
would have been considered in the severe group. We therefore aligned our
definitions with those of Freire et al,'”* which differentiated moderate and
severe disease on the basis of level of respiratory support.

Consistent with previous studies, we have shown that young age
and prematurity are independently associated with severe RSV
disease.”'*'” We also showed that comorbidities such as cardiac and
respiratory comorbidity were high in our cohort (22% and 27%).
Interestingly, children with respiratory conditions were more likely
to have moderate than severe disease. This may be explained by
clinicians exercising a lower threshold for admission of children
with these comorbidities as per the RCH clinical practice guide-
lines.” 2 The observation that fever was more common in the
moderate disease group may simply reflect the younger age of the
severe group (2.5 months compared with 5.1 months), as younger
infants with RSV bronchiolitis are less likely to develop fever.”

Laboratory findings were also of interest. As expected, we found
significantly higher RSV viral load in the severe disease group
compared with the moderate group. Higher viral load has been shown
to be associated with increased disease severity, as seen in a previous
study comparing inpatients with outpatients with RSV infection.?*
Moreover, in a human challenge model, higher viral load was also
correlated with higher symptom and physical examination scores and
coincided closely with the timing of peak disease severity.”

Most parameters on blood examination were similar between
moderate and severe disease groups except neutrophils. It is plausible
that the degree of neutrophil depletion may be proportional to disease
severity, although this remains speculative. While neutrophils have been
implicated in severe disease,* the lower total neutrophil counts observed
in the severe group could also be explained by the higher proportion of
prematurity and the younger age of children in the severe group.”

Interestingly, we found that PIV3 codetection was independently
associated with severe disease in this study, suggestive of possible
viral synergy. This finding is supported by a study by Yoshida et al,*’
in which RSV-PIV3 was associated with increased risk of pneu-
monia and lower respiratory tract infection; however, this was also
seen with other viruses, for example, human metapneumovirus.
Unlike the present study, multivariable analyses were not performed
in Yoshida et al's study.”” Interestingly, both studies showed inverse
association between RSV and influenza. The mechanisms under-
lying such viral interactions are not fully understood but may be
related to modulation of underlying host innate immune responses.

There are several notable strengths to this study. First is the
systematic inclusion of clinical, laboratory and outcome data from
all hospitalised children <2 years of age with RSV infection over
a 3-year period. This has enabled detailed evaluation of multiple
factors associated with disease severity. Second, the large size of the
cohort has allowed for multivariable analyses to determine relative
contributions of a range of variables. Third, the inclusion of data
from a single institution allows for consistencies across laboratory
testing and clinical management pathways. However, there a several
limitations that warrant mention. First, this is a single-centre study,
which may limit generalisability of findings to other settings. Second,
due to the retrospective nature of data collection, there were missing
variables for exposures, such as household cigarette smoking and
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childcare attendance, precluding their inclusion in multivariable
analyses. Lastly, we did not test for an extended panel of respira-
tory viruses (eg, human rhinoviruses), which may have modified the
relationship between RSV-PIV3 codetection and severe disease.

CONCLUSION

Our study identifies several independently associated factors of
severe RSV disease in hospitalised children <2 years with ALRIs,
including younger age, prematurity, PIV3 codetection and higher
viralload. These data may assist clinicians in assessing and managing
infants with RSV infection to better identify those at greatest risk of
needing higher levels of respiratory support. The potential synergy
between PIV3 and RSV is a novel finding and warrants further
research to understand the contribution of host immunity and
viral-host interactions to disease severity.
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RESUMO

Objetivo A tuberculose infantil é dificil de diagnosticar
e tratar, sendo uma causa de morbilidade e mortalidade
pouco reconhecida. Os dados reportados pelo Canada ndo
se focam na tuberculose infantil nem recolhem detalhes
clinicos, epidemiolégicos e microbioldgicos essenciais. O
objetivo deste estudo foi avaliar os dados demograficos,
a apresentacao e as caracteristicas clinicas da tuberculose
infantil no Canada.

Métodos Realizamos um estudo de vigilancia prospetivo
entre 2013 a 2016 com mais de 2700 pediatras e progra-
mas verticais de tuberculose para a tuberculose incidental
em criancas com menos de 15 anos no Canada, usando o
Canadian Paediatric Surveillance Program (CPSP).
Resultados No total, foram incluidos 200 casos neste
estudo. A tuberculose foi intratoracica em 183 pacientes,
dos quais 85% apresentaram exclusivamente envolvimento
intratoracico. A tuberculose no sistema nervoso central ocor-
reu em 16 casos (8%). Cinquenta e um por cento dos casos
foram hospitalizados e 11 (5,5%) foram admitidos numa
unidade de cuidados intensivos. Foram reportadas reacdes
adversas medicamentosas em 9% dos casos. O caso origi-
nal, sendo, na maioria das vezes, um familiar de primeiro
grau, foi conhecido em 73% dos casos. Cinquenta e oito por
cento dos casos reportados foram de criangas autdctones
nascidas no Canada. As taxas estimadas do estudo relativas
a casos reportados (por 100 mil criangas por ano) foi de 1,2
em termos globais, 8,6 em criancas autéctones e 54,3 em
criancas Inuit.

Concluséo A tuberculose infantil podera causar uma
morbilidade e uma utilizacdo de recursos significativas. As
principais geografias e grupos apresentam taxas de inci-
déncia muito elevadas. Erradicar a tuberculose infantil no
Canada ira requerer esforcos elevados a nivel comunitario,

concentrando-se nestes grupos de risco elevado.

BACKGROUND

Globally, there were an estimated 10 million new
cases and 1.4 million tuberculosis (TB)-related
deaths in 2018." In Canada, there are on average 1800
incident cases of TB disease per year with approxi-
mately 3% of disease occurring in children younger
than 15 years.? In Canada, Indigenous peoples and
foreign-born individuals are disproportionately
affected by TB.> Compared with adult TB, childhood
TB disease is more difficult to diagnose, presents
unique management challenges*® and is an under-
recognised cause of morbidity.®”

TBisareportable disease at the federal and provin-
cial/territorial levels in Canada. However, available
data do not capture important details including
the type of disease, use and results of diagnostic
tests, rates of culture confirmation and hospitalisa-
tion, follow-up data, rates of adverse drug reactions

What is already known on this topic?

» Childhood tuberculosis is under-reported
and under-researched but, globally, is a
major hidden cause of childhood mortality.

» According to the Public Health Agency of
Canada, childhood tuberculosis accounts for
about 3% of all cases in the country.

» National data lacked important clinical,
treatment and epidemiological detail
including methods of diagnosis that is
needed to improve diagnosis, management
and control.

What this study adds?

» This study prospectively surveyed
clinicians and programs managing
childhood tuberculosis and provides more
epidemiologic and clinical detail than
published Canadian data.

» There is substantial variation in regional
incidence and remarkably high rates of
tuberculosis in Indigenous Canadians who
accounted for more than half of cases.

» This study demonstrated high rates of
hospitalisation, central nervous system
infection with intensive care unit admission
and a substantial rate of adverse drug
reactions.

(ADRYs), rates in specific childhood populations and
whether source cases were identified. To address
these gaps, we conducted a multi-year prospective
surveillance study of incident TB disease in children
under the age of 15 in Canada using the Canadian
Paediatric Surveillance Program (CPSP). Additional
pertinent background information is given in the
online supplemental appendix.

METHODS

The CPSP, a joint project of the Public Health
Agency of Canada (PHAC) and the Canadian
Paediatric Society, conducts active monthly
national surveillance of over 2700 participant
paediatricians and paediatric subspecialists for
certain childhood disorders. For this study, we
also included non-paediatricians from the TB
programmes of Alberta, Saskatchewan, Nunavut,
the Northwest Territories and British Columbia.
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We aimed to identify incident cases of childhood TB between
October 2013 and September 2016 and follow-up every 6 months
until 6 months post-treatment completion. Pertinent data from
the TB programme at Hopital Sainte-Justine in Montréal, Québec,
were retrospectively obtained in May 2017 outside of the CPSP
platform. The protocol (https://wwwcpspcpsca/uploads/studies/
childhood-TB-protocolpdf.) initially used existing international
case definitions for the diagnosis of intrathoracic childhood TB,?
however, revised criteria for intrathoracic TB were published in
2015 so we reviewed and reclassified all cases as confirmed or
unconfirmed by consensus adjudication by three authors (SKM,
RJPG, IK) according to the new criteria.’

We calculated population-based age-specific rates of reported
cases using 2016 population data!; for those <1 year of age we
used number of live births. Due to potential under-reporting, rates
presented here represent the lowest possible estimate of incidence
of childhood TB for specific groups. Rates for Indigenous popula-
tions were calculated using denominators from Statistics Canada
Aboriginal Population Profile."! Details of study’s ethics approvals
are provided in the online supplemental appendix.

This work was supported by the Public Health Agency of
Canada through the CPSP and a grant from Paediatric Consul-
tants, Hospital for Sick Children.

FINDINGS

From October 2013 to September 2016, an average of 2536 monthly
reporting forms were sent by CPSP and response rates averaged
81%. The number reported and reasons for exclusions are shown
in figure 1 and 200 cases met the study case definition. Eighty cases
(40%) were microbiologically confirmed and 116 (58%) were cate-
gorised as unconfirmed. The remaining 4 cases were categorised
as presumed or difficult to classify. Sixty-six (36%) and 20 (53%)of
intrathoracic and extrathoracic cases, respectively, were microbio-
logically confirmed.

The calculated minimum overall rate of reported cases of
childhood TB during the study period was 1.2 per 100000 per
year compared with an approximate notification rate to PHAC of
1.6/100 000." Comparisons with data reported by the PHAC are
shown in the online supplemental appendix. Key demographics
of cases reported to CPSP are shown in table 1. Reports by age
group were 2.4 per 100 000 live births in children under 1 and
1.8, 0.6 and 0.9 per 100 000 population for the age groups 1-4,
5-9 and 10-14 years, respectively. Most cases (n=116, 58%)
occurred in Canadian-born Indigenous children, the majority of
whom were identified as First Nations (67%) or Inuit (30%). The
reported case rate in all Indigenous children was 8.6/100 000/
year with the highest rate being in Inuit children (54.3/100 000/
year) (table 2).

Forty-three (22%) of reported cases were in Canadian-born
non-Indigenous children. Thirty children (15%) were born outside
of Canada of whom 13 (43%) were born in sub-Saharan Africa.
Among the foreign-born, Africa was the most common continent,
and the Philippines and India were the most common countries
of birth (table 1). The rates of reported cases for foreign-born and
Canadian-born children with at least one foreign-born parent
were 2.7 and 1.4 per 100 000, respectively. Of Canadian-born non-
Indigenous children, 14 (26%) travelled to an endemic country.

Most cases resided in Manitoba (n=62, 31%) followed by
Ontario (n=32, 16%), Québec (n=28, 14%) and Nunavut (n=28,
14%). Annual incidence rates by province or territory of residence
and First Nation and Inuit status are shown in table 2. The highest
rates were in Nunavut (80.6 cases per 100 000, greater than 80 times
that of the rest of Canada combined) and Manitoba (8.5 cases per
100000). Of the 70 children identified as First Nations, 64 (91%)
had their residence on reserve.'?

Results related to exposure and previous TB diagnosis are shown
in table 3. A source case was identified in 73% of cases: most (n=91,
65%) were close household contacts of either a first-degree (48%)
or second-degree (37%) relative. Twenty-five children (of whom
12 (48%) were First Nation and 9 (36%) were Inuit) had previously
received TB treatment, chiefly for latent TB infection.
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| 306 Notifications to CPSP ‘

10 Deleted*, 26 Discarded”,
6 Excluded¥, 13 No Response

| 251 Notifications Reviewed |

10 Addional Cases from
Sainte-Justine Hospital

200 Cases Included

(13in 2013, 69 in 2014, 60 in 2015, and 58 in 2016)

*Deleted refers to case notifications that were deleted by the CPSP primarily for clenical reasons

health fi 1 was unable to

“Discarded refers to case notifications that the rey ar

g1
complete the questionnaire, often because they no longer followed the patient or could not recall the case

#Excluded refers to case notifications that were noted to not meet inclusion eriteria. When excluded by the CPSP
this was primanly due to age 15+ years. When excluded by the Study Investigators, there were multiple
demographic and clinical exclusions

“No Response refers to case notifications that were sent questionnaires and reminders but did not retum a
questionnaire or correspond further with the CPSP

2Duplicates were noted either by the CPSP program or by comparison of case demographics (sex, birth date,
province/temitory of residence)

Figure 1  Flowchart of cases notified, excluded and included. CPSP,
Canadian Paediatric Surveillance Program.

Selected clinical features are shown in table 4. TB was intratho-
racic in 183 (92%) patients of whom 25 (14%) had extratho-
racic involvement. The most common extrathoracic sites were
the central nervous system (CNS) and peripheral lymph nodes.
Miliary or disseminated disease was seen in 20 cases. Five (14%)
cases in Inuit children involved the CNS, of whom 3 (60%) had
received BCG vaccine. Approximately two-thirds had symptoms,
most commonly cough fever and weight loss. Only 12 (6%) chil-
dren with incident TB had the classic triad of cough, weight loss
and night sweats and fewer than 5 children had haemoptysis.

One hundred and sixty-five children had at least one tuber-
culin skin test performed of which 144 (87%) were positive. An
interferon gamma release assay test was performed in 13 chil-
dren of whom 10 (77%) were positive. Overall, 80 (40%) chil-
dren had at least one positive culture from any site. One hundred

Table 1 Demographic features of cases
Number (n) %
Age (N=200)
<1 28 14
1t04 82 4
5t09 36 18
10+ 54 27
Sex (N=196)
Male 99 50.5
Female 97 49.5

Ethnicity (N=200)
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Canadian born, Non-Indigenous 43 21.50
Canadian born, Indigenous, total 116 58
Canadian born, First Nations (78) (39)
Canadian born, Inuit (35) (17.5)
Canadian born, other <5 nla
Canadian born, Not Specified 11 5.5
Non-Canadian born, total (country or region of birth) 30 15
Africa (13) (6.5)
Philippines (10) (5)
South Asia (5) (2.5)
Other <5 n/a
RCPCH 157
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Table 2 Rates of reported case rates by province or territory of
residence and Indigenous status

Table 3 Key exposure, epidemiologic and past tuberculosis history
data

Rate per 0-14
100 000 Population size  Cases (n)

Canada (N=200)

Canada (N=200) 1.2 5778929 200
Province/territory of residence

British Columbia 04 691 495 8

Alberta 0.9 764 638 21

Saskatchewan 3.1 21379 20

Manitoba 85 243534 62

Ontario 0.5 2221986 32

Québec 0.7 1273093 28

Atlantic Provinces* n/a 343 482 <5

Nunavut 80.6 11582 28
Indigenous statust

Indigenous overall 8.6 448 865 116

First Nations overall 9.1 285 825 78

First Nations on-reserve 20.2 105 445 64

Inuit 543 21495 35

Other 0.8 n/a <5

Non-Indigenous 0.5 5368 180 84

*Includes Newfoundland and Labrador, Prince Edward Island, Nova Scotia and New
Brunswick. Fewer than five cases reported so incidence rate not calculated.

tCanada and province/territory-specific populations are averaged from 2013 to 2016
StatsCan July 1 yearly population estimates. Indigenous Status-specific populations
are taken from the 2016 StatsCan Census.

and forty-four children had at least one respiratory sample taken
for mycobacterial culture; culture was positive in 31 of 77 (40%)
sputum and 31 of 74 (42%) gastric aspirate samples; 55% of chil-
dren with intrathoracic TB in whom a respiratory sample was
obtained had negative cultures. Nineteen of 77 (25%) sputa were
in those younger than 5 years; of these, fewer than 5 were culture
positive.

Resistance to at least one drug was reported in 5 (7%) isolates.
Most were resistant to isoniazid and rifampin and thus classified
as multi-drug resistant. There were no proven cases of extensively-
drug-resistant TB.

The median duration of treatment for all cases was 26 weeks
(IQR 24-32), for TB meningitis 48 weeks (IQR 30-65) and for
disseminated disease 48 weeks (IQR 40.5-54). Median duration
of therapy for the five cases with documented resistance was 48
weeks (IQR 36-48). Most children were treated with a three-drug
regimen of isoniazid, rifampicin and pyrazinamide (n=99, 50%)
or four-drug regimen that included ethambutol (n=79, 40%). Use
of directly observed therapy was reported in 183 (96%) cases for
which this information was available.

Reported and minimum estimated rates of selected clinical
events are shown in online supplemental table 1. Fifty-one per cent
of children were admitted to hospital for a median of 14 days (IQR
7-19, maximum 252). Intensive care unit (ICU) admission status
was known for 84 children of whom 11 (5.5%) required ICU level
care. Seven (54%) children admitted to ICU had CNS involvement.

In 17 cases (9%), an ADR required a change in treatment
and 6 cases required hospitalisation for the ADR. The most
common drugs implicated in ADR were pyrazinamide (5%,
most commonly for hepatotoxicity) and isoniazid (3%, most
commonly for hepatotoxicity). Other implicated drugs included
amikacin (hearing loss), rifampicin (hepatotoxicity), ethambutol
(visual changes), linezolid (marrow suppression) and cycloserine
(neuropathy).

Longer term follow-up information was provided in 106 cases
and of these, 97% and 90% had shown clinical and radiologic

Number (n) %

Source case (N=198)
Known 145 73
Unknown 53 27

Source case relationship (N=128)

First-degree relative 62 48
Second-degree relative 47 37
Friend " 9
Other 8 6

Exposure type (N=140)

Close household 91 65
Close non-household 34 24
Casual 6 4
Visit to endemic country 7 5
Community/other <5 n/a

Source case case known resistance to first-line agents* (N=137)
Resistant 5 4
Not resistant 17 85
Not done or unknown

BCG vaccination (N=188)

Yest 86 46
No 81 43
Unknown 21 "

Previous tuberculosis diagnoses or treatment

Latent tuberculosis, treated 17 8.5
Latent tuberculosis, untreated <5 nla
Active tuberculosis, treated <5 nla
Window prophylaxis <5 n/a
Unspecified/unknown anti-tuberculosis therapy <5 n/a

*All positive tuberculosis cultures in Canada undergo phenotypic drug-susceptibility
testing. First-line agents are isoniazid, rifampin, pyrazinamide and ethambutol.

tFor all children for whom immunisation status was known, BCG was received

by 79% of Inuit children, 65% of First Nations children and 87% of foreign-born
children.

improvement, respectively, at the time of final follow-up. Sixteen
cases reported an extension of therapy beyond the originally
planned time frame. Most common reasons for extended treat-
ment included poor adherence to therapy (n=>5), extrathoracic
site of infection found after initiation of therapy (<5), poor radi-
ologic or clinical response (<5) and drug resistance (<5). Fewer
than five cases were reported as lost to follow-up and there were
no TB-related deaths.

To understand the representativeness of our cases, we compared
our results to the numbers of cases reported to the PHAC during
the study time frame. Cases are de-identified in both reporting
systems and could not be matched. For 2014 and 2015, where
reporting periods were identical, CPSP reports were 74% of all
cases reported to PHAC and 90% of PHAC reported cases when
the province of Québec was excluded (online supplemental table
2). During the study, there were significant TB outbreaks in
Nunavik, Québec, an Inuit region where TB is managed by clini-
cians not included in the CPSP surveillance system." Using addi-
tional demographic data from the province of Québec via PHAC
(online supplemental table 3), we estimated a maximum number
of 269 cases of childhood TB in Canada over the study period.**
Using these data, the minimum national incidence rates were
10.2/100 000/year for all Indigenous children, 100.8/100 000/
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Table 4  Selected clinical features and results of investigations

Number (n), n (%) Duration, median (IQR)

Disease site*

Only intrathoracic 158 (81)
Intrathoracic and extrathoracic 25 (13)
Only extrathoracic 13(7)
Extrathoracic sites
Central nervous system 16 (8)
Peripheral lymph nodes 13(7)
Symptomst
Cough 84 (42) 28 days (14-30 days)
Fever 52 (26) 16 days (7-78 days)
Weight loss 36 (18)
Haemoptysis <5
No recorded symptoms 65 (33)
Tests of infection
TST positive 144/165 (87)
IGRA positive 10/13 (77)
Positive TB culture
Any site (one or more) 80/200 (40)
Sputum 31/77 (40)
Gastric aspirates 31/74 (42)

* Four cases with incomplete data excluded from analysis of disease site.
tNo data on presence or absence of symptoms for 18 cases.
IGRA, Interferon gamma release assay; TB, tuberculosis; TST, tuberculin skin test.

year for Inuit children and 1.55/100 000/year for all children in
Canada (online supplemental table 4).

DISCUSSION

This study is one of the first nation-wide surveys to collect TB data
directly from treating clinicians. The overall rate of reported cases
of childhood TB in this study was 1.2 per 100 000. This compares
with an approximate incidence of rate of 1.6/100000 from PHAC
data® and 1.9 in the Netherlands,'® 2.0 in the UK and 0.7 per 100
000 in the USA.'

There was wide variation across Canada geographically and by
population origin of the cases. The most striking finding is the
burden of TB in Indigenous children. In 2016, Indigenous people
comprised 19% of all reported TB cases in all ages.”” Though
Indigenous children accounted for less than 10% of Canada’s
childhood population, 58% of reported TB was in this group.
The rates in First Nations children (9.1 per 100 000 calculated
from CPSP reported cases), especially those residing on reserve
(20.2 per 100000) are the drivers for childhood TB in the pro-
vinces of Manitoba, which had the greatest absolute number of
cases, and Saskatchewan. The rate in Inuit children (54.3/100 000
population) is similar to reported childhood TB rates in high TB
burden international settings.! Furthermore, when Québec cases
not reported to CPSP are included, the minimum incidence rate
in Inuit children is likely greater than 100/100 000 per year. Addi-
tionally, five cases from Newfoundland and Labrador where 90%
of PHAC reported cases are Inuit were reported to PHAC but not
to the CPSP.

In recognition of this hugely disproportionate burden in Inuit
peoples, there has been a recent focus by the national represen-
tative organisation of Inuit peoples (Inuit Tapiriit Kanatami) and
the Federal Government on social determinants of health and
access to care as major contributors to TB in Inuit peoples'® and
a pledge to reduce rates in Inuit Nunangat (the traditional terri-
tory of Inuit peoples in Canada) by 2030."° A similar strategy and
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monitoring programme has been implemented by the Assembly
of First Nations to focus on TB on First Nation reserves.” The
disproportionate burden of TB in Indigenous people in Canada
has origins in the social determinants of health, historical trauma,
the residential school system and racism within the healthcare
system.”* Reducing and eliminating TB in Indigenous communi-
ties through Indigenous-led and community-relevant approaches
are the most urgent priorities for achieving elimination of child-
hood TB in Canada.

In keeping with other studies, most cases occurred in chil-
dren under 5 years of age, reflecting the unique vulnerability of
young children to TB.?' There was a known TB contact in 82% of
Canadian-born children, reinforcing the importance of contact
tracing and a public health infrastructure to diagnose and prevent
TB in Canada. Only 18% of foreign-born children had a known
contact; most of them likely acquired TB infection in the country
of birth or by travel to a higher TB endemic country after arrival
in Canada.

Presenting symptoms were non-specific but most children were
symptomatic for more than 2 weeks. Haemoptysis and the classic
triad of weight loss, fever and night sweats was uncommon. This
study highlights acuity and health system costs of childhood TB.
About half of children were hospitalised and 5.5% were known to
be admitted to ICU. TB meningitis, a condition associated with
poor outcomes? was the most common extrapulmonary site
occurring in 8% of cases overall and 14% of reported disease in
Inuit children. Of the children with meningitis with known BCG
status, 7 (54%) had received the BCG vaccine.

A strength of this study was inclusion of clinicians managing
cases through a cross-Canada collaborative network. While
monthly surveys of clinicians are labour-intensive, it is possible
to obtain rich epidemiologic and clinical data that is not possible
through public health reporting. However, it has several limita-
tions including voluntary reporting with some cases not captured.
The largest discrepancy between the reported number of CPSP
and PHAC cases was in Québec. Due to under-reporting, the
representativeness of the acuity of cases cannot be confirmed,
though minimum rates have been estimated. Follow-up data
was less well reported than the initial incident case. Reasons for
missing follow-up data included the reporting physician was
not the physician who provided longer term care, the physician
did not consent to being recontacted or the physician did not
respond. Due to CPSP privacy rules, results with size <5 cannot
be shown, which limits the description of rare outcomes. We
captured region of residence and of diagnosis, however, these
may not reflect the region of disease acquisition. We are not able
to determine which cases were identified via a symptomatic child
presenting to care versus via contact tracing nor were we able
to determine clinical details of prior TB infection. Our surveil-
lance asked only which drugs TB isolates were resistant to, not
all drugs tested. The determination of TB acquired during travel
used dates of travel to an endemic country, contact history and
onset of disease, however, infection may have been acquired at
another time. We recommend that future national surveillance
and statistics about childhood TB should include detailed data
about indigenous status, source case characteristics, prior infec-
tion and travel.

CONCLUSION

This surveillance study identified 200 incident cases of child-
hood TB over 3 years. Acuity of illness and resource utilisation
were high. Most cases had a known source case. Outbreaks of
childhood TB in low TB burden countries are best prevented
by prompt identification of source cases, and evaluation and
treatment of their contacts and require a well-functioning
public health infrastructure and good contact tracing. Key
geographies and groups have very high incidence rates of
childhood TB that are comparable with highly endemic coun-
tries. Strong community and public health engagement are
required to reduce disparities and achieve elimination of
childhood TB in Canada.
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Epidemiologia respiratoria

Associacoes de particulas finas e ultrafinas a visitas
a unidades de urgéncia pediatrica devido a doencas

respiratorias numa megacidade
Jiakun Fang," Xiaoming Song,' Hongbing Xu,' Rongshan Wu,'? Jing Song,? Yunfei Xie," Xin Xu,?
Yueping Zeng,* Tong Wang,' Yutong Zhu," Ningman Yuan,' Jinzhu Jia,* Baoping Xu,*Wei Huang'*

RESUMO

Contexto As particulas finas ambientais com um diametro
aerodinamico inferior a 2.5 pm (PM, ,) estiveram associadas
a uma deterioracdo da salide respiratoria, mas as evidéncias
sobre particulas de menores dimensdes e a satide respiraté-
ria das criancas foram limitadas.

Métodos Efetudmos a recolha de dados de séries crono-
|6gicas sobre visitas diarias a unidades de urgéncia (ERV)
por motivos respiratorios em criangas <14 anos em Pequim,
China, entre 2015 e 2017. Simultaneamente, foram medi-
das as concentragbes em numero de particulas fracionadas
em funcdo da sua dimensao por intervalos de tamanho de
5-560nm (PNC, ) e as concentragdes em massa de PM, ,
carbono preto (BC) e didxido de azoto (NO,) a partir de
uma estacdo de monitorizacao de localizacéo fixa na area
urbana de Pequim. Foram utilizados modelos de regresséo
de Poisson ajustados a confundidores para estimar os riscos
excessivos (ER) de fracbes de tamanho das particulas nas
ERV por motivos respiratérios em criancas e foram aplicados
modelos de factorizacdo de matriz positiva para distribuir
as fontes de PNC,__ .

Resultados Entre os 136 925 casos de ERV exclusiva-
mente por causas respiratérias, os riscos acrescidos estive-
ram associados a aumentos de IQR em PNC, . (ER=5,4%,
95% IC 2,4% a 8,6%), PNC, .., (4,9%, 95% IC 2,5% a
7,3%) e PM, (1,3%, 95% IC 0,1% a 2,5%) no proprio
dia e 1 dia antes (fag 0-1). Foram identificadas as principais
fontes de PNC, ., incluindo nucleacao (36,5%), emissdes
de veiculos a gasolina (27,9%), emissdes de veiculos a
gasoleo (18,9%) e aerossdis secundarios (10,6%). Foram
identificadas emissées de veiculos a gasolina e gasoleo com
associacdes significativas a ERV exclusivamente por causas
respiratorias, com ER acrescidos de 6,0% (IC 95% 2,5% a
9,7%) e 4,4% (IC95% 1,7% a 7,1%) com Jag de 0-1 dias,
respetivamente. As exposicGes a outros poluentes relaciona-
dos com o trafego (BC e NO,) também estiveram associadas
ao aumento das ERV por causas respiratorias.

Conclusao Os nossos achados sugerem que a exposicao a
niveis mais elevados de PNC, . resultantes de emissdes de
trafego podera ser atribuida ao aumento da morbilidade res-
piratoria infantil, o que apoia a necessidade de se dar priori-
dade ao controlo das emissdes de tréfego nas areas urbanas.

INTRODUCTION

Respiratory diseases contributed to large health
burden around the world, and all-age disability-
adjusted life year counts due to upper respiratory
infections (URIs) and lower respiratory infections
were 6.4and 98.6million in 2019, respectively.'
Many epidemiological studies have revealed the
short-term effects of particulate matter with aero-
dynamic diameter less than 2.5um (PM,,) expo-
sure on the increased risks of respiratory diseases,
such as URI, pneumonia and bronchitis.>* Experi-
mental studies also showed that inhalation of
ambient particles was capable of triggering respira-
tory inflammatory process through mechanisms
of oxidative stress, cell signalling and activation.’
These deteriorated effects might be greater among
children, who could be more vulnerable to ambient

What is the key question?

» Evidence regarding the impacts of parti-
cles in smaller sizes and their sources on
childhood respiratory health has been
limited.

What is the bottom line?

» Our results showed increased childhood
respiratory morbidity in associations with
exposures to particles in size fractions of
5-560 nm from traffic emissions, as well
as to other traffic-related air pollutants
such as particulate matter with aerody-
namic diameter less than 2.5 pm, black
carbon and nitrogen dioxide.

Why read on?

» Our findings on traffic emission-related
increases in childhood respiratory risks
largely support that traffic emission control
priority in urban areas can be of potentially
important public health impact.

particles due to higher-minute ventilation with
underdeveloped immune and respiratory systems.
Recent birth cohort studies reported that early
exposure (eg, the first year after birth) to ambient
particles could have long-term impacts on lung
function, at least up to adolescence.®’

There is growing evidence on stronger impacts of
smaller particles, such as ultrafine particles (UFPs,
with diameter less than 100nm) that have greater
surface area to mass ratio than larger particles (such
as PM, ,) and can adsorb more toxic components onto
their surface.’ Examined in airway deposition models,
we found that UFPs appear to be cleared less quickly
and efficiently in the respiratory tract with higher
deposition efficiency in the bronchioles and alveoli.’
Population studies have suggested that exposure to
UFPs was associated with adverse childhood respira-
tory effects; however, the findings remain inconsistent
across study populations and locations.”*! The hetero-
geneity in the observed effects in these studies may
be partially due to the differential toxicity of ambient
particles across study locations, which can be largely
influenced by their chemical compositions and
sources.”” Better understanding on the impacts of
particle sizes and sources is of significant public health
intervention importance.

Generally, ambient particles are commonly
emitted from anthropogenic activities (eg, transpor-
tation and industrial operation) and natural sources
(eg, dust storms and sea salts).”® '* Exposures to
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traffic emissions and coal combustions have been found in associa-
tions with overall reduction in lung function among children."* ' In
recent years, positive matrix factorisation (PMF) models have been
extensively applied to apportion the sources of ambient particles
supporting emission control priorities.'”° However, limited research
has examined the potential impacts of the sources of particles in
smaller sizes on respiratory health, especially in children.'?* Never-
theless, identifying the sources of ambient particles most likely to
increase childhood respiratory morbidity can be of significant scien-
tific and policy importance.

Previously, we found that ambient UFPs and PM, , might affect
pathophysiological pathways linking particle exposures to respira-
tory responses independently.? In addition, we observed that
coal burning attributed to PM, _ exposure could lead to increased
arrhythmias in healthy adults.” In this study, we aimed to examine
the impacts of air pollutants, including particles in size fractions
of 5-560nm (measure as particle number concentration, PNC,_
<o) as well as PM_ ,, black carbon (BC), nitrogen dioxide (NO,),
sulfur dioxide (SO,), carbon monoxide (CO) and ozone (O,), on
respiratory emergency room visits (ERVs) among children under
14 years old in Beijing, China. We further examined the impacts
of the potential sources of PNC, __ identified by PMF models on
childhood respiratory ERVs.

5-560

MATERIALS AND METHODS

Study site and population

Beijing as the capital city of China has 6 urban districts and 10
suburban districts, as illustrated in online supplemental figure SI.
According to Beijing Statistical Yearbooks reports (http://tjj.beijing.
gov.cn/tjsj_31433/), there are approximately twomillion children
under 14 years old in Beijing, among whom 60% live in the six urban
districts with high population density (>8000 people/km?).

Health outcomes

Between July 2015 and June 2017, daily ERVs for respiratory
diseases in children under 14 years old were obtained from
Beijing Children’s Hospital, which provides 24-hour accident
and emergency services in the study area. As the largest children
and adolescent healthcare facility in Beijing as well as in China,
Beijing Children’s Hospital has about 3 million cases of hospital
visits and 27000 cases of surgery operations per year. The study
database included information on the dates of hospital visits,
identification number, sex, age, residential district and diagnoses
with corresponding International Classification of Diseases codes
(the 10th Revision). Participants living outside Beijing were not
included in this analysis. ERV's with principal diagnosis of respira-
tory disease (J00-]J99) were identified from the database, in which
the leading causes were URI (J00-J06), bronchitis (J21) and pneu-
monia (J12-18 and J69). Participants’ ages were categorised as 0-1,
2-5 and 6-14 years old, because Chinese children generally go to
kindergarten at 2-3 years old and primary school at 6 years old.

Environmental measurements
A fixed-location real-time air pollution monitoring station
(N39°58'58", E116°20'52") has been under operation since 2014
on the campus of Peking University Health Science Center in
northwestern central Beijing area, with monitoring sensors about
20 m above the ground on the building roof.?* ** Our monitoring
station is within several hundred metres in distance to traffic roads
including the North Fourth Ring Road and expressways. Air pollu-
tion in this area is from vehicle and residential emissions, and with
limited industrial emissions.

Atthislocation, 5min PNC, ,  with a total of 32 size distribution
segments were measured by a Fast Mobility Particle Sizer Spectro-
meter (FMPS Model 3091, TSI). Daily average PNCsinsize fractions
of 5-10nm, 10-15nm, 15-20 nm, 20-25 nm, 25-40 nm, 40-60 nm,
60-80 nm, 80-100 nm, 100-200 nm, 200-300 nm, 300-400 nm and
400-560nm were aggregated and calculated. Further, the parti-
cles were categorised into three size fractions as follows: 5-25nm
(PNC_ ., reflecting the nucleation mode), 25-100nm (PNC
reflecting the Aitken mode) and 100-560 nm (PNC

25-100
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the accumulation mode).*® Potential sources of PNC, =~ were
assessed using PMF models with details provided in the online
supplemental information. Hourly concentrations of PM, , were
measured by a beta attenuation monitor (BAM-1020; Met One
Instruments); minute-to-minute concentrations of BC were measu-
red by a dual-wavelength aethalometer (AE-33, Magee Scientific);
and minute-to-minute concentrations of NO,, SO,, CO and O,
were measured by EC9800 series ambient gas analysers (EcoTech
Pty, Australia). Hourly concentrations of ambient temperature
and relative humidity (RH) were measured by a Met One unit
(Met One Instruments). Daily averages for ambient air pollutants,
temperature and RH were calculated from 0 AM to 0 AM, except
for O, using 8-hour daily maximum concentrations.

Concurrently, the weekly reports of influenza were obtained
from the Chinese National Influenza Center (http://www.china-
ivdc.cn/) to control for influenza epidemic, and we assigned one to
influenza epidemic or zero otherwise.

Statistical analysis

Descriptive statistics were conducted for respiratory ERVs and
ambient environmental measurements. Spearman correlations
were also performed between respective exposure variables.
Poisson regression models were used to assess the associations
between air pollutants and childhood respiratory ERVs, with
adjustment for time trend, influenza epidemic, public holidays, day
of the week (DOW), temperature and RH.?

First, basic models were conducted without including air pollu-
tants. A smooth function for time trend with 7 degrees of freedom
(df) per year was determined to control for seasonality and long-
term trends based on previous studies."’ Categorical variables
for public holidays and DOW were introduced into the models
to control for yearly and weekly patterns of hospital visits. The
temperature and RH at 1day prior to hospital visits with natural
splines function were controlled in the confounder-adjusted
Poisson regression model based on minimising Akaike’s infor-
mation criterion.?® The choice of df for temperature and RH for
each respiratory outcome is shown in online supplemental table
S1. After defining the basic models, air pollutants, including size-
fractioned PNC, _  and their major sources, were introduced
separately into the model to estimate the impacts of pollutants
at single lag day (up to 7 days, eg, lag0-7 days).” The associations
between air pollutants and respiratory ERVs were also evaluated at
moving average days (moving averages of current and several prior
days, eg, lag0-1 to lag0-7 days) to reduce the respective loss of
power due to the missing data in air pollutants. Subgroup analyses
by cause, age and sex were performed, and the differences across
strata were tested by Z-test.

Finally, we conducted sensitivity analyses to examine the
robustness of main models at lag0-1 days by (1) conducting two-
pollutant models to investigate whether results for size-fractioned
PNC, ., and their major sources were confounded by copol-
lutants,?! (2) examining the associations of ambient particles with
all-respiratory ERVs in the six urban districts of Beijing, (3) using
alternative df for time trend (6-10 per year) in the models, (4)
additional adjustment for influenza epidemic and (5) additional
adjustment for high temperatures (lag0-1 days) with 3 df and low
temperatures (lagl-6 days) with 2 df to reduce the correlation
between the two spline terms.?

All models were implemented in R V.3.5.3, and all results were
presented as excess risks with 95% Cls converted from relative
risks (RRs) in respiratory ERVs associated with IQR increases in
air pollutant concentrations.

RESULTS

We observed a total of 136925 cases of all-respiratory ERV's between
July 2015 and June 2017, with characteristics of study participants
and environmental parameters summarised in table 1 and online
supplemental table S2. The mean age of study participants was 4
years old, with 90667 (66%) cases living in urban areas and 46258
(34%) cases living in suburban areas during the study period.
Average daily concentrations (IQR) were 6604 (2054) #/cm’ for
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PNC, ,,, 4489 (3641) #/cm’ for PNC,, . 1551 (1754) #/cm® for
PNC,, . 85.0 (73.1) ug/m’ for PM, , 3.8 (3.0) pg/m’ for BC and
62.8 (30.2) ug/m’ for NO,. The average temperature and RH during
the study period were 15.3°C and 41.0%, ranging from —14.1°C
to 34.1°C, and from 3.7% to 84.9%, respectively. Major sources of
PNC,_, , were identified by PMF models, which included nucleation
(36.5%), gasoline vehicle emissions (27.9%), diesel vehicle emissions
(18.9%) and secondary aerosols (10.6%). The detailed summary of
each source profile and associated temporal variation is presented in
online supplemental figures S2 and S3.

Table 2 and online supplemental table S3 showed the Spearman
correlations between air pollutants, major sources of PNC, _
and weather variables. Generally, PNC,. | and PNC, . showed
overall positive correlations with PM,, BC, NO,, SO, and CO
(0.28<r<0.74), whereas PNC, ,. showed negative correlations
(=0.11<r<-0.04). For major sources of PNC__ , nucleation was
negatively correlated with gasoline vehicle emissions, diesel vehicle
emissions and secondary aerosols (-0.81<r<-0.39) in online
supplemental table S4.

As shown in figure 1A, we observed increases in all-respiratory
ERVs associated with IQR increases in exposures to PNC__,
PNC,, ., PNC ... PM,  and BC, with the largest increases
observed at lag0-2 days, ranging from 1.1% (95% CI 0.1% to 2.2%)
t0 6.4% (95% CI 2.2% to 10.7%). Similar association patterns were

5-25
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observed for more refined size fractions of PNC_ ., PNC,, | “and
PNC,, ., in online supplemental figures S4 and S5. For gaseous
pollutants, we observed increases of 0.9% (95% CI —0.2% to 2.1%)
t0 3.3% (95% CI 1.5% to 5.0%) in all-respiratory ERVs associated
with IQR increases in exposures to NO,, SO, and CO at lagl day
(figure 1B). For major sources of PNC, ,_, we observed increases
in all-respiratory ERVs associated with IQR increases in gasoline
vehicle emissions, diesel vehicle emissions and secondary aerosols
with the largest increases of 3.5% (95% CI 0.8% to 6.3%) to 5.6%
(95% CI 2.8% to 8.5%) at lag0-1 days (figure 1C). In addition,
increases in all-respiratory ERVs were observed in associations
with IQR increases in size-fractioned PNC, _  and PNC, . from
gasoline vehicle emissions and diesel vehicle emissions in online
supplemental figure S6.

In the stratified analyses shown in table 3, the impacts of size-
fractioned PNC, . and their major sources at lag0-1 days were
generally stronger on ERVs for bronchitis than URI and pneu-
monia in the cause-stratified analyses. Stronger associations with
exposures to PNC,, | . PNC . BCand PNC_,  from gaso-
line vehicle emissions, diesel vehicle emissions and secondary
aerosols were observed for children under 1year old and for
being female in the age-stratified and sex-stratified analyses,
respectively. However, no effect modification by age and sex was

observed.

Table 1 Summary statistics of daily respiratory emergency room visits, air pollutant concentrations and meteorological conditions in Beijing, China,

2015-2017
Variables Valid days (n) Mean (SD) Min Median Max IQR
All-respiratory 731 187 (60) 64 175 430
Age (years) 4 (3.0 0 3 14
0-1 731 57 (19) 19 53 134
2-5 731 100 (35) 19 96 234
6-14 731 31(14) 6 28 94
Cause-specific
URI 731 98 (32) 30 94 252
Bronchitis 731 34 (19) 3 29 13
Pneumonia 731 48 (26) 9 42 151
Sex
Male 731 104 (33) 33 99 235
Female 731 83 (29) 28 78 209
Pollutants
PNC, ,, (# cm™) 566 6604 (1337) 4508 6361 10036 2054
PNC,, ,, (# cm=) 566 4489 (2908) 345 3899 14105 3641
PNC, ., ( cM~3) 566 1551 (1449) 15 1129 6336 1754
PNC, ,, (#cm) 566 15304 (18 451) 4856 13207 27707 8532
PM, ; (pg/m?) 720 85.0 (86.1) 6.0 57.7 670.0 73.1
BC (ug/m’) 579 3.8 (3.0) 0.5 3.1 18.4 3.0
NO, (ug/m’) 725 62.8 (26.5) 12.9 57.5 173.5 30.2
Meteorological variables
Temperature (°C) 731 15.3(11.0) -14.1 16.8 341 20.9
RH (%) 731 41.0(17.8) 3.7 41.4 84.9 28.2
Sources of PNC, . *
Nucleation (# cm=3) 566 4853 (1508) 647 4779 9757 1788
Gasoline vehicle emissions (# cm3) 566 3642 (2735) 12 2924 12138 3764
Diesel vehicle emissions (# cm=) 566 2443 (1432) 66 2329 7260 1962
Secondary aerosols (# cm~) 566 1247 (1074) 1" 912 4545 1594
Otherst (# cm=) 566 812 (810) 2 524 3516 1070

*The sources of PNC,
tOthers, the source contribution was not resolved.

were identified by hourly averaged particle samples each with 32 size intervals from 5 to 560 nm based on positive matrix factorisation models.

BC, black carbon; NO,, nitrogen dioxide; PM, ., particulate matter with aerodynamic diameter less than 2.5 um; PNC,, particle number concentrations in given size fractions (nm);

RH, relative humidity; URI, upper respiratory infection.
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Table 2 Spearman correlations between environmental measurements

Variables PM, BC NO, SO, co o, Temperature RH
Pollutants
PNC, ,, -0.25* -0.11 -0.09 -0.04 -0.17* -0.11 -0.17* -0.22*
PNC,; 00 0.28* 0.45* 0.46* 0.41* 0.43* -0.41* -0.27* 0.13
PNC, 05 50 0.64* 0.74* 0.71* 0.59* 0.74* -0.39* -0.14 0.41*
PM, 0.86* 0.81* 0.70* 0.89* -0.45* -0.17* 0.39*
BC 0.92* 0.63* 0.86* -0.43* -0.01 0.42*
NO, 0.68* 0.84* -0.48* -0.08 0.29*
Major sources of PNC, , t
Nucleation -0.60* -0.65* -0.64* -0.57* -0.69* 0.36* 0.13* -0.33*
Gasoline vehicle emissions 0.40* 0.52* 0.53* 0.49*% 0.56* -0.42* -0.23* 0.19*
Diesel vehicle emissions 0.21* 0.37* 0.39* 0.34* 0.34* -0.41* -0.27* 0.05*
Secondary aerosols 0.60* 0.71* 0.68* 0.59* 0.70* -0.42* -0.21* 0.32
*P<0.05.
tThe sources of PNC, . were identified by hourly averaged particle samples each with 32 size intervals from 5 to 560 nm based on positive matrix factorisation models.

5-560
BC, black carbon; CO, carbon monoxide; NO,, nitrogen dioxide; O,, ozone; PM, ,,

concentrations in given size ranges (nm); RH, relative humidity; S0,, sulfur dioxide.

In the sensitivity analyses shown in online supplemental table
S5, the results remained robust after excluding 10 suburban
districts, using alternative df for time trend (6, 8-10 per year),
adjusting for influenza epidemic, or adjusting for both high
temperatures and low temperatures. In two-pollutant model
analyses with adjustment for PM, , BC or NO,, the respiratory
morbidity risks attributable to PNC, ,, PNC,, | and PNC
remained consistent with main results (online supplemental
figure S7). For each source of PNC_,, the results also remained
robust to cosource adjustment by including both the source-
related particles numbers and the remaining particles numbers
(eg, nucleation and PNC_ __ minus nucleation) in online supple-
mental table S6.

5-560

DISCUSSION

In this time-series study, we observed increased childhood respira-
tory morbidity in associations with exposures to PM,, and size-
fractioned PNC, _ . Higher levels of PNC, ,  from gasoline and
diesel vehicle emissions, as well as other traffic-related air pollu-
tants (eg, BC and NO,), were also associated with increased respira-
tory ERVs for all-cause, bronchitis and pneumonia in children
living in urban Beijing areas. Stronger effects were observed for
children under 1year old and being female. Our results highlight
the public health importance of continued and targeted efforts to
reduce traffic emissions in urban areas.

In this analysis, we observed positive associations between
ambient PM, . and ERVs for all-respiratory, URI, bronchitis and
pneumonia, which were consistent with previous studies.* ?
Darrow et al’® reported that an IQR increase in PM, , was associ-
ated with an RR of 1.015 for ERVs for URI among children under
4 years old in Atlanta, Georgia. A multicity study in Central and
Eastern Europe reported a 3.5% increase in all-respiratory hospital
admissions with a 12.4 ug/cm® increase in PM,  at lag0-1 days.”
A Chinese study reported that an IQR increase in PM, _ increased
childhood hospital visits for acute bronchitis (RR=1.09).* Some
studies have reported that exposure to PM, . was associated with
increased pneumonia ERVs in adults,?? but the evidence among
children has been limited. As children can be more vulnerable,
better understanding of the associations between air pollution
exposure and childhood respiratory health is of significant public
health impact.

There is also existing evidence, although inconsistent, that
particles in smaller sizes may increase respiratory ERVs. Halonen
et al' reported that IQR increases in PNC ,, PNC, =~ and
PNC,, ., at lag5 day were associated with 5.4%, 5.2% and 2.5%
increases in asthmatic ERVs among children under 14 years
old in Helsinki, Finland. A Chinese study reported that all-
respiratory ERVs increased by 9% and 7% with IQR increases

particulate matter with aerodynamic diameter less than 2.5 um; PNC,, particle number

in PNC,  ,and PNC, . “atlag2 day, respectively, but did not
observe consistent associations for PNC, , > Another Chinese
study categorised UFPs into PNC,  , .and PNC, _ . and found
that the association of a biomarker of acute respiratory inflam-
mation, the fraction of exhaled nitric oxide, was strongest with
PNC,  ,,» weaker with PNC . -and insignificant with PNC, .
100 i @ panel of 55 elderly people.” The inconsistent impacts of
nucleation-mode particles could be partially attributed to their
short lifetimes and large spatial-temporal variations. In this
study, we extended the evidence on ambient particles in smaller
sizes that can be responsible for increased respiratory ERVs
among children.

In this study, traffic emissions, which made the largest
contribution to PNC, __in the area, were found in associa-
tion with increased childhood respiratory ERVs. Studies previ-
ously reported that traffic emissions were the major sources of
ambient particles in Beijing, China.”*** A case-control study in
Israel reported that children (0-14 years old) who experienced
bus traffic passing within 50 m of their home had increased
odds of respiratory hospitalisation with ORs of 1.10-1.16 when
compared with the different control groups.? A cross-sectional
study in the San Francisco Bay Area reported that proximity
to traffic was associated with adverse respiratory health effects
in children.”® Consistently, our study also found significant
increases in respiratory ERVs associated with exposures to BC
and NO,. These results largely supported traffic pollution-related
adverse respiratory impact. Secondary aerosols, which formed
through atmospheric processing of SO, and nitrogen oxide origi-
nated from traffic, industries and urban background,'” were also
found in association with increased risk of respiratory ERVs in
this study. Consistently, Li et al'* reported that an IQR increase
in PNC of secondary origin was significantly associated with a
decrease of 0.17 L in forced vital capacity at lagl day among chil-
dren in Taipei, China. The seemingly protective effects of nuclea-
tion on childhood respiratory ERVs are likely due to its negative
correlations with other sources of PNC, _ (eg, traffic emissions
and secondary aerosols). It is important to evaluate the source-
specific effects on respiratory health, which can better support
traffic emission control priorities.

Collectively, our results provided evidence on the adverse
impacts of ambient size-fractioned PNC_, ~and their major
sources on respiratory health. Existing evidence suggested that
inhaled particles caused oxidative stress and lung inflamma-
tion via a release of proinflammatory mediators or vasculoac-
tive molecules from lung cells.” The expressions of oxidative
stress biomarkers were highly correlated with presence of high
organic chemical components of ambient particles.”* UFPs were
found to be more potent than PM, , toward inducing oxidative
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pollutants and (C) major sources of PNC
dioxide; 0,, ozone; PM,
(nm); SO,, sulfur dioxide.
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stress in macrophages and epithelial cells, because the smaller
particles tend to adsorb more organic components and their
oxidative derivatives due to small size and large surface area to
mass ratio.*® It is worth noting that the traffic emissions make
an important contribution to organic chemical components of
ambient particles (eg, polycyclic aromatic hydrocarbons) and
might be responsible for the increased respiratory morbidity.”’
Our results supported that exposure to PNC, , = from traffic
emissions could be more responsible for increased childhood
respiratory morbidity.

The main strength of our study was continuous measurement
of PNC in size fractions of 5-560nm at every 5min, which
allowed us to conduct the apportionment of the sources of
PNC, . . The estimated impacts of exposures to ambient size-
fractioned PNC, . and potential sources on childhood respira-
tory ERVs also enhanced the understanding of increased risks
of respiratory morbidity from exposure to ambient particles as
a mixture. Our study also had some limitations. First, the popu-
lation’s exposure was estimated from a single fixed-location

Excess risks% (95% Cls) of childhood respiratory emergency room visits associated with IQR increases in ambient (A) particles, (B) gaseous
at different lag days in Beijing, China, 2015-2017. BC, black carbon; CO, carbon monoxide; NO,, nitrogen
particulate matter with aerodynamic diameter less than 2.5 um; PNC,, particle number concentrations in given size fractions

monitoring station and without time-activity information,
which might introduce the potential exposure misclassification
to underestimate the pollutant effects. However, previous studies
examined the spatial and temporal variations of ultrafine and fine
particles across urban and suburban Beijing areas, which showed
similar day-to-day changing patterns.??*** Second, the interpre-
tation on the association between nucleation-mode particles and
increased childhood respiratory morbidity should be cautious
due to a high measurement uncertainty on particles in this size
fraction. Third, potential selection bias may still exist in our study
population, as we were not able to include all facilities carrying
children’s healthcare services in Beijing. However, as the largest
children’s hospital in the area that most children tend to visit for
healthcare, we consider the study population is representative
and selection bias can be minimum. Fourth, we examined the
associations between ambient particles and respiratory health
among children under 14 years old, which might have limited the
generalisability of study results to a broader population, such as
adults and the elderly.
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CONCLUSION

We have shown here for the first time that exposures to PNC, . specifically
from gasoline and diesel vehicle emissions, could significantly increase child-
hood respiratory morbidity risks. Our findings highlight the importance to
support traffic emission control priority in urban areas.
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2.1(-3.0t07.6)
47(1.2t083)*
(0.8t0 6.4)*

1.1 (-0.4 t0 2.6)
7(0.9t04.6)*
5.6 (1.6t09.7)*
3.7(0.7 t0 6.9)*
49(1.2t08.8)*

3.6
-2.5(-4.6 10 -0.3)*

Age (years)

2-5

1.8(-4.0t07.9)
72(33t011.3)*
7.1 (4.1 1010.2)*
1.1 (-0.4t02.7)
3.4 (1.3t05.5*
7.1 (2.8t011.7)*
(2.1t08.9)*
9.3(5.2t013.6)*

-3.7(-5.9to -1.4)*
5.4

0-1

2.6 (-3.3108.9)
1.5(-2.2t05.4)
(-1.0t05.2)
1.0 (-0.6 t0 2.6)
(-1.6t02.5)
(0.5t09.7)*
1.7(-1.7105.2)
3.9(-0.31t08.3)

0.4
5.0

2.1
-0.8(-3.2t01.7)

Pneumonia

4.6 (-2.81012.7)
9.4 (4510 14.6)*
6.8(2.9t010.8)*
2.0 (0.1 t0 4.0)*

3.3(0.9t05.8)*

6.9 (2.4t011.5)*
9.7 (4310 15.3)*

-4.6 (-7.5t0-1.6)*
9.0 (3.3t0 15.1)*

Bronchitis

2

2!

-1.1(-8.0t06.3)
45 (-0.4109.7)
49(1.11t089)*
1.1 (-0.8t0 3.1)
3.7(1.2t06.3)*

-3.3(-6.1t0-0.3)*
4.5(-0.9t0 10.1)
4.2(0.1t0 8.5)*
6.0(1.0t0 11.3)*

Diseases
URI

2i

1.7(-2.9106.5)

5.4 (2.4t0 8.6)*

49(25t073)*
1.3(0.1to 2.5)*

2.7(1.1t04.3)*
-3.1(-49t0-1.2)*
6.0 (2.5t09.7)*
44(1.7,7.)
6.5(3.3,9.9)*

All-cause

3

3

o

3

b

3

>N

PNCIO&SSO
Nucleation

PMZ.S
BC
Gasoline vehicle emissions

Diesel vehicle emissions
Secondary aerosols

PNC,
PNCZS—WO

3

Table 3 Excess risk % (95% Cl) of childhood respiratory emergency room visits associated with IQR increases in PNC_ ., PNC,. ., PNC, ... PM, , BC, NO, and source-specific PNC, . in Beijing, China, 2015-2017,

stratified by cause, age and sex at lag0-1 days
BC, black carbon; PM, ,, particulate matter with aerodynamic diameter less than 2.5 um; PNC,, particle number concentrations in given size ranges (nm); URI, upper respiratory infection.

tThe sources of PNC,_,, were identified by hourly averaged particle samples each with 32 size intervals from 5 to 560 nm based on positive matrix factorisation models.

Major sources of PNC, .

Variables
Particles
*P<0.05.
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Epidemiologia respiratoria

Intervencoes BReATHE (Beating Regional Asthma
Trough Health Education) - uma abordagem inova-
dora no cuidado da asma infantil no Nordeste e Norte

da Cimbria, Reino Unido: um estudo intervencional
Jennifer Katherine Townshend, Sally Hails, Ruth Levey, Patty DeZwart, Michael McKean, Samantha

Moss

RESUMO

O objetivo deste projeto foi reduzir as taxas de admissao
hospitalar ndo previstas de crianas relacionada com asma
no Newcastle Upon Tyne Hospitals National Health Service
Trust (NUTH).

Foram apresentadas multiplas iniciativas educativas, tanto a
nivel local como regional, incluindo: uma colecdo de materiais
educativos destinados ao publico jovem e familias, escolas,
unidades de cuidados priméarios e secundérios no website
www.beatasthma.co.uk, dias de formaco regional, uma cli-
nica de servico integrado liderada por enfermeiros; um novo
percurso apds atendimento hospitalar devido a episdio de
asma grave e formagao em cascata para escolas. O parame-
tro de avaliacdo primario foi a reducéo de taxas de admisséo
hospitalar ndo previstas em criancas devido a asma no NUTH.
Os resultados demonstraram que as taxas de admissao
tinham vindo a aumentar a uma taxa continua de aproxima-
damente 30% por ano nos 3 anos anteriores a nossa inter-
vencdo. Apds as intervencdes do Beating Regional Asthma
Through Health Education, as admissdes ndo previstas no
NUTH reduziram 29% e esta reducdo manteve-se nos Ulti-
mos 3 anos. Estes valores s&o compardveis com um aumento
de 10% no periodo homélogo.

Em conclusdo, estas intervencdes educativas simples mas
eficazes resultaram numa reducdo significativa e constante
das admissées por asma ndo previstas no NUTH. Estdo a
ser desenvolvidos esforcos para alargar o alcance destas
intervencdes aos cuidados primarios e as escolas.

INTRODUCTION

Asthma is the most common chronic condition in child-
hood' and theincidenceisincreasing. The UK hasamongst
the worst asthma outcomes in Europe and young people
in the UK are more likely to die from asthma than those in
other high-income countries.” Asthma can impact on all
areas of a child’s well-being and children who are treated
for asthma have been shown to have poorer educational
and health outcomes than their peers.?

The National Review of Asthma Deaths 2014 (NRAD)*
highlighted systemic failings in the way we deliver asthma
care in the UK with common avoidable factors contri-
buting to deaths. It concluded that in all but one case, the
care of children and young people (CYP) who had died
from asthma in the UK had been inadequate and that
their deaths were most likely preventable. It made 19
recommendations for how practice in the UK needed
to change. But, with no funding to match, little has been
done to implement these recommendations. Since the
publication of NRAD, three coroner’s enquiries into the
deaths of young people due to asthma, summarised in
Regulation 28 statements,>” only serve to highlight our
ongoing failure to meet these recommendations.

The National Health Service Long Term Plan® sets out
ambitious plans to prevent 80000 hospital admissions a
year from respiratory conditions and to tackle unaccep-
table outcomes in children’s asthma through a CYP’s Trans-
formation Board and CYP clinical networks for long-term
conditions focusing on asthma. If sustainable change is to
be achieved, new thinking and approaches are needed at
a systems level that allow care to be delivered seamlessly
across geographical and institutional boundaries with alack

What is already known on this topic?

» The UK has the worse asthma outcomes
in Europe and a lack of patient
understanding as well as failure of health
profissionals to follow guidelines have
been shown to be contributing factors.

What this study adds?

» Simple interventions
aimed at promoting health
professionals‘adherence to national
guidelines and supporting patient
self-management through improved
patient education can improve asthma
control and reduce unplanned hospital
admissions in a sustained way in a
paediatric population.

of barriers between services. Importantly, there needs to be
a focus on education both of healthcare professionals and
families and young people, allowing them to feel empow-
ered and more able to self-manage their condition, a factor
which is known to lead to improved outcomes.’

We report on one such approach: BReATHE
(Beating Regional Asthma Through Health Education)
is a new, innovative approach to improving asthma
care and outcomes for CYP across the North East and
North Cumbria, co-designed with patients, families,
local authorities and health professionals and guided
by the NRAD recommendations. This paper reports on
the outcomes of these interventions across the city of
Newcastle in the North East of England, UK.

The aim of the approach was to reduce unplanned
hospital admission rates in children due to asthma to the
Great North Children’s Hospital at the Royal Victoria Infir-
mary, a large tertiary centre in the North East of England,
UK and 1 of only 14 major children’s medical centres in the
UK, providing the full range of children's health services.

METHODS
Intervention design process
We used an experience-based co-design approach
enabling users to be involved with all stages of deve-
lopment and provide feedback on key issues which were
likely to impact on whether the final intervention can
be successfully implemented. This included a regional
paediatric partnership comprised of health professionals
including representatives from primary to tertiary
care, pharmacy as well as the local authority. Here, key
problem areas were identified, and potential workable
solutions were found that were broadly acceptable to all.
We ran co-design workshops for key service users
involving (1) primary care professionals, (2) parents of
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children with asthma and (3) young people with asthma. These were run
in collaboration with Open Lab at Newcastle University. Volunteers were
recruited through adverts on General Practitioner websites and in hospital
outpatients. The aim of the workshops was to elicit discussion and identifi-
cation of areas of potential barriers and facilitators of quality care provision
and suggestions for improvement.

Clinical intervention development

Using the results from the regional partnership discussions, the co-de-
sign workshops, the NRAD recommendations, national guidelines,
Regulation 28 reports and the literature, a number of interventions were
developed. The key areas of focus were (1) standardisation of paper-
work and resources. The aim was for every healthcare professional in
the North East and North Cumbria to use the proformas, flow sheets
and resources to guide management, so as to ensure all were following
the same management approach and offering the same high-quality
care for CYP wherever they went to receive it. The aim was also to offer
a consistent message for CYP and their families through the informa-
tion sheets and leaflets, action plans and videos so they were getting
the same message in the same way, wherever they received their care,
thus promoting a sustained change in behaviour; and (2) education of
healthcare professionals, families and CYP. It is well recognised that a
multifaceted approach has the biggest impact (Szefler 2020), and with
this in mind the following interventions were developed:

BeatAsthma

The foundation of the BReATHE interventions was BeatAsthma. This
is a collection of over 150 resources hosted on www.beatasthma.co.uk
(figure 1). The webpage has different portals of entry for different
users as follows: families and children with asthma, young people
with asthma, primary healthcare professionals, secondary healthcare
professionals and schools. Each area has resources co-designed with
and specific to the user and aims to offer a standardised approach
to diagnosing and managing asthma meeting national recommenda-
tions, be that at home, in a healthcare setting or in a school, as well as
educational materials to support management and understanding. It
does this using management templates, information leaflets, educa-
tional videos and resources, and patient stories.

Regional training days

Supported by the BeatAsthma resources and using a face-to-face lecture
format, five study mornings were held for primary care, focusing on
the basics of children’s asthma including the NRAD report, managing
children’s asthma, inhaler devices and technique, educating CYP and
families, personalised asthma action plans (PAAPs) and spirometry.

One-stop clinic

A ‘one-stop nurse-led clinic’ was set up with the aim of targeting children
being cared for in primary care. The clinic ran two times per month with
four slots available in each. Children attending had either been referred
from primary care or secondary care or had been invited to attend by a
specialist asthma nurse doing the post-attack review phone call following

an unscheduled hospital visit due to their asthma if deemed neces-
sary. Those reviewed had pre-diagnosed asthma and it was felt would
benefit from nurse time providing education, advice and support around
managing their condition The visits were a once only 45-minute review,
were supported by the BeatAsthma resources and covered the basics of
asthma including a detailed Personalised Asthma Action Plan (PAAP),
review of inhaler technique, an education session detailing what asthma
is, what happens during an asthma attack and how the inhalers work,
spirometry and a written report with recommendations to the referrer.
If there were significant concerns regarding poor control following this
appointment, patients were referred into a newly established asthma
clinic for further follow-up. Every child/young person completed an
Asthma Control Test (ACT) prior to their consultation which was
repeated during a follow-up phone call 8-12 weeks later.

New pathway following an acute attendance to hospital with asthma
An asthma discharge bundle was developed comprising a collection of
resources to help educate and empower families in asthma self-manage-
ment. The bundle was given to families at the time of initial review and
included a patient information leaflet, PAAP, inhaler technique informa-
tion sheets, peak flow normal values, a checklist to outline what fami-
lies should expect prior to discharge and a peak flow token to remind
families to collect a peak flow metre prior to discharge. There were also
prompt sheets for clinicians to ensure long-term control and potentioal
risk factors were explored, as well as an acute management flow chart.
Weekly data were collected of the CYP present acutely to the Trust,
coded as asthma. Families of these CYP were contacted by telephone
during the following week to determine the progress of symptoms
post-presentation. A proforma was developed to ensure that the families
were asked the same questions about their child and their experience. As
part of the phone call, they were asked if they had been given a PAAP, hd
their inhaled technique checked and had been given immediate post-dis-
charge advice including a GP follow-up within the 48-hour national
recommendation. Some of these families were invited along to the
one-stop nurse-led clinic, particularly if they had repeated admissions or
if the nurse making the call felt they would benefit from it. Unfortunately,
resources did not allow for all families to be ofered this.

Local asthma service

A local asthma service was created, run by a paediatrician with special
training in paediatric asthma and supported by a respiratory nurse
specialist. The clinic ran monthly and took referrals from primary and
secondary care, as well as those patients highlighted at the one-stop clinic,
the post-discharge phone calls or following an acute admission as being
at higher risk. Supported by the BeatAsthma resources, patients had a
review of overall asthma control, lung function, fractional exhaled nitric
oxide level, education, inhlaer technique review, discussion on adhrence
and if required, allergy tests as well as treatment changes as needed.

Cascade training for schools
Alongside the Newcastle Council School improvement service,
training sessions were developed and delivered to local schools

]
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Figure 1 BeatAsthma online resource.
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Figure 2  Changes in asthma-related unplanned admission rates over time.
BReATHE, Beating Regional Asthma Through Health Education.

around managing asthma. These incorporated the use of generic
emergency salbutamol inhalers at school.'” A BeatAsthma emergency
inhaler guidance pack for schools was developed which included an
asthma attack procedure flow sheet, inhaler device information and
various templates for record keeping to be used in schools.

Two times per year, managing medical conditions in schools’ training
sessions in line with the Department for Education statutory guidance
were delivered to school staff with a session on asthma being part of this."

Work raising asthma awareness among school health nurses was
undertaken. A PowerPoint presentation was prepared for this group
of professionals to deliver to their allocated schools. The session was
delivered as part of school health nurse training days across five local
regions for them to cascade out.

Patient and public involvement

Patients were involved in all stages of the design and conduct of this
study and continue to be involved in the further development of Beat-
Asthma. The work was initially prompted following conversations with
families of children with asthma about the lack of resources available to
them to help them understand and manage their child’s asthma during
acute and routine care visits. Choice of interventions, design of the Beat-
Asthma online resource and the specific resources included as well as the
outcome measures for the study were informed by discussions during
patient and family focus groups. A number of the participants from these
focus groups then became editors on the BeatAsthma editors’ group and
wrote and reviewed resources. One has been involved in the promotion
in the local media. Once the trial has been published, the results will be
made available through the ‘patients and families’ portal of the Beat-
Asthma website in a format that is suitable for a non-specialist audience.

Finance

The intervention was implemented with minimal upfront funding. Time
was given freely by all BeatAsthma editors both for the development and
delivery of the website, and interventions were either temporarily incor-
porated into existing job plans or done in the free time of the profes-
sionals involved. The project received a one-off charitable donation from
the Children’s Foundation Charity for the build of the website and 1day
per week nursing time for a band 7 nurse was provided by Newcastle
upon Tyne Hospitals NHS Trust (NUTH) for 1year.

PAAP usage

100
80
60

40
0 —

primary care secondary care

mpre breathe M post breathe

Figure 3 Percentage of eligible patients in receipt of a personalised
asthma action plan (PAAP).
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Figure 4 Results infographic. ACT, Asthma Control Test; PAAP,
personalised asthma action plan.

Outcomes
The primary outcome measure was a reduction in unplanned hospital
admission rates in children due to asthma to the NUTH. An unplanned
admission is defined as any completed spell where the admission
method was an emergency or a transfer from another hospital provider
and the International Classification of Diseases, 10th revision primary
diagnosis code of the admitting episode of the spell was in the range
J45-J46 (asthma and status asthmaticus) or R06.2 (wheezing). Children
were eligible if they were between the ages of 5 and 16 years inclusive.
Secondary outcomes were (1) an improvement in the number
of eligible children with asthma who had received a PAAP in the
previous 12 months in both primary and secondary care, and (2)
an improvement in asthma control overall. This would be measu-
red using the validated ACT score with a 2-point change being re-
cognised as a clinically significant difference.'

RESULTS

Admission rates had been increasing in a sustained way of approxi-
mately 30%year on year in the 3 years prior to our intervention. After
the BReATHE interventions, unplanned admissions to NUTH reduced
by 29% (128 to 91 admissions) and this reduction has been sustained for
the last 3 years. This is on a region-wide increase of 10% over the same
time period (figure 2). On admission costs alone, this equates to a cost
saving of over £67000.00 and this figure does not take into account the
cost of lost working days for parents, lost school days for CYP and impact
on quality of life. Each of the 13 secondary care provider trusts and a
number of primary care providers in the North East and North Cumbria
adopted the standardised BeatAsthma paperwork and resources.

The number of eligible children receiving a PAAP increased from 5%
to 53% in primary care (Newcastle Gateshead Clinical Commissioning
Group) and from 30% to 80% in secondary care (NUTH) (figure 3).

One hundred and twelve professionals attended the morning
training, with representation from 64 GP practices in the North East.
Delegates were mainly practice nurses but included 13 GPs and 6
school health nurses. Feedback was positive with all sessions rated as
good or excellent on evaluation.

Sixty-six children (age range 5-16 years, M:F 1.9:1) were reviewed
in the nurse-led one-stop clinic over a period of 12 months. Sixty
children completed ACTs and 43 completed a repeat ACT during
a follow-up phone call. From being seen in the one-stop clinic to 3
months later, the mean ACT score changed from 15.4 points (SD
5.85) to 21.9 points (SD 5.06). The proportion of children whose score
suggested inadequate control changed from 70% (42 children) to 30%
(13 children). A score of 19 or below suggests inadequately controlled
asthma. Feedback from patients was overwhelmingly positive.

One hundred and eighty children were recorded as being emergency
presentations to Emergency Department. Attempts by a specialist nurse
to contact the family by telephone following the acute presentation were
made in 71% of cases. In 59% of these cases, the nurse was able to speak
with the family and perform a follow-up review. The remaining calls
were unsuccessful due to either the family not answering or returning
the call or incorrect telephone details. Nine per cent (17 patients) were
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reviewed during their inpatient admissions, a further 4% were already
known to specialist services and reviewed accordingly.

The BeatAsthma online resource has had over 35 000-page views
worldwide to date and 100% positive feedback from all user groups.
There has been increasing use nationally and approaches for trans-
lation for international use. Three school training sessions were
delivered around emergency inhaler use in schools with 55 schools
attending and all delegates rating the session as excellent.

The ‘managing medical conditions in schools’ sessions were set up
prior to this work and were attended by 370 delegates—again feedback
for the asthma session rated excellent by the majority of delegates.

A summary of the results can be seen in figure 4.

DISCUSSION
Principal findings
We assessed longitudinal lung function trajectories in comparable
populations of children in the USA and UK using data from national
registries and found that lung function was better in US

With simple educational interventions, we have been able to reduce
unscheduled admissions for children’s asthma by almost one-third.
In addition, these reductions have been sustained while elsewhere
admissions have continued to increase. Overall, asthma control has
also improved, and the interventions have been well received by
patients, families and professionals alike.

Strengths and limitations

The interventions used were relatively simple and have been easily
transferred to other healthcare settings. As the study had multiple levels
of intervention, it is impossible to pinpoint which individual interven-
tion was responsible for this change. However, the aim for all interven-
tions was the same, to improve asthma control in children in the North
East and Cumbria by improving education of healthcare professionals
and patients alike. Using unscheduled admissions as the main outcome
measure is a fairly gross tool and other subtler measures are likely to
have also improved, as demonstrated by the increase in ACT score
following attendance at the one-stop clinic. Unfortunately, we were only
able to hold the one-stop clinic in one centre due to lack of funding,
this may explain the 10% increase in admissions seen elsewhere in the
region. The study would have been stronger if we had been able to have
multiple one-stop clinics (ideally in a primary care setting) throughout
the region.

Comparison with the literature

Previous studies have shown that asthma education for children
and families can reduce hospital admissions.”” Despite this, there
continues to be excessive hospital admissions with childhood asthma
in the UK.? There are limited data of this kind of multiple interven-
tion study to improve asthma care in childhood. Further work is
underway to increase the spread of these interventions across the
region, in particular into primary care including the development
of a comprehensive, online paediatric asthma education module for
healthcare professionals which will be available next year.

CONCLUSIONS

In conclusion, a series of simple but effective educational interventions
resulted in a significant and sustained reduction in unscheduled asthma
admissions in the NUTH. The resources are freely available, and these
interventions can be easily replicated in other centres. The provision of
a named paediatrician and asthma nurse with appropriate training was
essential to the success of these interventions, both in the delivery of
care and lead on whole system change within the local area and would
be essential to any area wanting to replicate this work.
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Declaragao clinica da BTS sobre viagens aéreas para
passageiros com doenca respiratdria

Robina Kate Coker," Alison Armstrong,? Alistair Colin Church,? Steve Holmes,* Jonathan Naylor,®
Katharine Pike,® Peter Saunders,’Kristofer John Spurling,® Pamela Vaughn®

INTRODUCTION

BTS recommendations for managing passengers with
stable respiratory disease planning air travel were
published in Thorax in 2011." This followed original
guidance published in 2002> and an online update
in 2004.> The 2011 recommendations provided an
expert consensus view based on literature reviews,
aimed at providing practical advice for lung specia-
lists in secondary care. Recognising that knowledge
in this area has grown since 2011, and that updated,
pragmatic advice regarding which respiratory patients
need specialist assessment is required, the Society has
commissioned a new clinical statement.

Although air travel appears generally safe for those
with respiratory disease assessed previously by a lung
specialist, a decision to undertake air travel should
not be taken lightly. Diverted flights incur significant
expense and inconvenience, and a patient whose
condition deteriorates during flight can pose huge
challenges to airline crew and other passengers. High
altitude destinations may also be problematic.

European and North American regulatory autho-ri-
ties limit maximum cabin altitude to 2438 m (8000 ft)
under normal operating conditions.”” The choice of
2438m was based on the oxyhaemoglobin dissocia-
tion curve, which shows that up to this level arterial
oxygen saturations (SaO,) remain >90% in the average
healthy individual.* Some newer commercial aircraft
have a lower normal cabin altitude, for example, the
Boeing 787 Dreamliner. However, passengers booking
such flights should note that airlines may, for opera-
tional reasons, switch at short notice to an aircraft with
a higher normal cabin altitude.

Besides the passenger’s respiratory condition and
significant comorbidities, a decision regarding suit-
ability for air travel should consider flight duration
and timings, destination (especially if at altitude
or subject to extreme weather conditions), equip-
ment and medications, and whether equipment will
operate effectively and safely at altitude.

There have been developments in three key
areas over the last decade. The first is an attempt,
with research from several groups, to define more
precisely the value and role of the hypoxic challenge
test (HCT). This has included examining the accu-
racy of other, more routinely available lung function
parameters, in predicting hypoxaemia during air
travel. HCT can be expensive in terms of equipment
and consumables; and demands additional staff
time. A ‘negative’ HCT (where in-flight oxygen is not
considered necessary) takes around 30 min; if oxygen
titration is needed it takes around 60 min. In contrast,
spirometry requires 20 min, a walk test 30 min, and
‘full’ lung function testing 45min.’ Results of such
assessments may already be available as part of
routine clinical care.

The second development has been increasing
recognition that, although early research in this area
focused on patients with chronic obstructive pulmo-
nary disease (COPD), other patient groups may
respond differently to altitude-related hypoxaemia.
Although data remain limited, available evidence no
longer appears to support a ‘one size fits all’ approach.

Finally, the equipment used to deliver oxygen
has changed significantly over the last decade, with
much greater availability of portable oxygen concen-
trators (POCs). For overseas travel, patients usually
need to lease a POC privately, since UK companies
do not generally allow their equipment to be taken
out of the country. If a POC is to be used in-flight,
the equipment must be approved by the airline before
travel. There are now a wide variety of such devices,
providing varying flow rates and modes of delivery
(continuous flow vs pulse-dose), and not all are suit-
able for all individual patients.

Attention has, therefore, been drawn in this State-
ment to newer data, especially those published since
the 2011 BTS recommendations.! Readers wanting
more detailed background information on physi-
ology and the flight environment should consult the
2002 and 2011 BTS documents.'?

Scope

The clinical statement provides practical advice for
healthcare professionals in primary and secondary
care managing passengers with pre-existing respira-
tory conditions planning commercial air travel,
including those recovering from an acute event/
exacerbation. It provides information for patients
and carers; and is also intended to be helpful to
patient support groups, airlines and associated
medical services. Passengers returning home with a
new diagnosis should be reviewed in the light of the
presenting condition and individual circumstances.
The document does not cover emergency aero-
medical evacuation, or travel on non-commercial
flights. Pregnant passengers with respiratory disease
should also consult Royal College of Obstetricians
and Gynaecologists guidance (see online supple-
mental appendix 1).

The Statement addresses adults and children with
the following conditions or undergoing the following
procedures:

» Airflow obstruction including asthma and
COPD.

» Bronchopulmonary dysplasia.

» Cystic fibrosis (CF).

» Non-CF bronchiectasis.

P Restrictive respiratory disease including intersti-
tial lung disease (ILD), respiratory muscle and
chest wall disorders.

» Thoracic surgery or other interventional
procedures.

» Pleural disease including pneumothorax and
pleural effusion.
Respiratory infections.
Obstructive sleep apnoea syndrome (OSAS) and
obesity hypoventilation syndrome (OHS).
Venous thromboembolism (VTE).
Pulmonary hypertension (PH).
Lung cancer and mesothelioma.
Hyperventilation and dysfunctional breathing (DB).
Preflight assessment is described. Appendix A
provides information on logistics for air travel with
equipment (nebulisers, oxygen and ventilators);
Appendix B provides technical information for
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respiratory physiologists. Sources of useful information, Informa-
tion for primary care healthcare practitioners and for patients are
provided in online supplemental appendices 1-3.

Heart disease and HIV are excluded, as are emergency repatriation
and travel on military or other non-commercial flights including
helicopter travel. The Terrence Higgins Trust and British Heart
Foundation provide advice on travel with HIV and heart conditions
respectively (see online supplemental appendix 1).

METHODOLOGY

Dr Robina Coker chaired the clinical statement group (CSG).
Membership was drawn from respiratory medicine, paediatrics,
nursing, respiratory physiology, physiotherapy and primary care.
The CSG identified key areas requiring Clinical Practice Points. The
group reviewed previous BTS recommendations on this topic'~* and
supplemented the evidence with up-to-date literature searches. The
overall content was developed to reflect the scope approved by the
BTS Standards of Care Committee (SOCC). Following discussions
of broad statement content, individual sections were drafted by
group members. A final edited draft was reviewed by the BTS SOCC
before posting for public consultation and peer review on the BTS
website in January 2020. The document was revised in the light of
consultation feedback and approved by the BTS Standards of Care
Committee in July 2021 before final publication.

Summary of clinical practice points

Preflight screening

» All patients should undergo careful initial evaluation with
history and physical examination by a clinician who is compe-
tent. The history should include:

- Review of symptoms, baseline exercise capacity, recent exa-
cerbation history, treatments and previous experience of air
travel.

- Consideration of the logistics of the intended journey, to in-
clude (if known):

- Number and duration of flights, including whether day-
time or overnight,

- Location of stop-over(s) and destination: these deter-
mine air quality, altitude and available medical facilities,

- Time away from home

- Return journey.

» Further assessment by a respiratory specialist is advised for those
in whom screening raises concerns, and HCT may be advised.

The following clinical practice points are specific to infants and children

» For infants born at term (>37 weeks) it is prudent to delay flying
for 1 week after birth to ensure they are healthy.

» Infants born prematurely (<37 weeks) with or without a
history of respiratory disease who have not reached their
expected date of delivery at the time of flying should have
in-flight oxygen available. HCT may not be a reliable guide
of oxygen requirement in this group. If air travel is essential,
they should travel with oxygen at a tolerable low flow, recog-
nising that this may be a minimum of 1L/min depending on
equipment.

» Infants under 1year with a history of chronic respiratory problems
should be discussed with a respiratory paediatrician and HCT
considered. Those with SpO, <85% on HCT should have in-flight
oxygen available; paediatrician discretion should be used for infants
with SpO, 85%-90% recognising that sleep or respiratory infection
may further reduce saturations in this group.

» In children with chronic lung disease able to perform spirom-
etry whose forced expiratory volume in 1 s (FEV)) is consis-
tently <50% predicted, HCT should be considered. This includes
children with CF and primary ciliary dyskinesia (PCD). Chil-
dren with chronic lung disease who are too young to perform
spirometry reliably should have a clinical assessment of disease
severity and their likely tolerance of hypoxia. In children with
CF the disease is rarely severe enough to compromise lung func-
tion significantly at this age.

» Infants and children who have required long-term oxygen in the
last 6 months should be discussed with a respiratory paediatri-
cian and HCT considered.

Patient selection for HCT
See figures 1 and 2.

The following patients should not require HCT

» Those with stable disease who have previously undergone HCT
(no recent hospital admissions, exacerbations, or significant
changes to treatment).

» Patients with COPD with baseline SpO, >95% and either MRC
score 1-2 or desaturation to no less than 84% during 6 min walk
test (6MWT) or shuttle walking test (SWT), should be able to
travel without in-flight oxygen.

» Those with previous significant intolerance to air travel, such as mid-
air emergency oxygen or diversion. These should have in-flight oxygen
available at 2L/min provided there is no history of hypercapnia.

» Preterm infants who have not reached their due date at the time
of travel, as testing is not a reliable guide of oxygen requirement
in these infants. These should have in-flight oxygen available,
delivered at 1-2L/min if they develop tachypnoea, recession, or
other signs of respiratory distress.

HCT should be considered for the following patients

» Patients with COPD with resting SpO, <95%, MRC score 3 or
greater, or desaturation to <84% on 6MWT or SWT, and in
whom there are concerns about hypercapnia.

» Infants and children with a history of neonatal respiratory prob-
lems, or existing severe chronic lung disease including those
with FEV persistently <50% predicted.

»  Adults and children with severe asthma, evidenced by persistent
symptoms and/or frequent exacerbations despite optimal treat-
ment regardless of resting sea level SpO..

» Patients with ILD in whom SpO2 falls to <95% on exercise,
and whose resting sea level arterial oxygen tension (PaO,)
is <9.42kPa or whose TLCO is <50%.

» Those with severe respiratory muscle weakness or chest wall
deformity in whom forced vital capacity (FVC) is <1 L.

» Those with existing or previous hypercapnia and those at risk
of hypercapnia, including those taking medication(s) which can
cause respiratory depression.

» Patients with a history of type 2 respiratory failure already on LTOT
at sea level. However, if there is no evidence of hypercapnia, it seems
reasonable to recommend an increase in flow rate by 2 L/min in-flight,
provided the equipment can provide it (see Appendix A)

HCT results

» Pa0, >6.6kPa (=50 mm Hg) or SpO, >85%: in-flight oxygen not
required.

» Pa0, <6.6kPa (<50mm Hg) or SpO, <85%: in-flight oxygen
recommended.

» Where required, titrate oxygen to maintain PaO, >6.6kPa or
SpO, 285% in adults, SpO, 90% in children aged 1year or more.

Asthma

» The patient’s condition should be optimised before travel, with
attention paid to inhaler technique and smoking cessation
referral as required.

» All medications and spacer devices should be carried in hand
luggage to mitigate the risk of lost or missing hold baggage.

» Emergency medications, including salbutamol inhalers and
spacers, must be immediately accessible.

» Individuals prescribed epinephrine auto-injectors should have
them readily available.

» For acute exacerbations on board, the passenger’s own broncho-
dilator inhaler should be given, with a spacer if needed.

» The passenger should alert the cabin crew if symptoms do not
respond rapidly to use of the inhaler, or if they recur after a short
interval.

» If the passenger does not have their own inhaler with them, or
if it is inaccessible, the airline may carry an inhaler in the emer-
gency medical kit. Spacers are not commonly available.

» Those with severe asthma should consult their respiratory
specialist beforehand and consider taking an emergency supply
of oral corticosteroid in their hand luggage in addition to their
usual medication.
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Is MRC dyspnoea
score 2 or less?

Does the patient require
in-flight oxygen er HCT?

Is SpOz 295%
on room air?

Is the patient
already on LTOT?

Consider in-flight
oxygen at 2 Limin*

HCT or in-flight oxygen
not required

Is SpO2 <84% History of Hisk of Yes Type Type |
; ¥ F H
on 6MWT or SWT? hypercapnia? failure failure
Consider inflight

oxygen at 2 Limin
greater than LTOT
prescription®

Consider HCT ] [

HCT = Hypoxic challenge test
LTOT = Long-term oxygen therapy
BMWT = B-minute walk test

SWT = Shuttle walk test (incremental)

* Flight oxygen is commonly pulsed delivery
which may not be suitable for some patients.
If in doubt, HCT should be considered.

T Mot including other conditions that can
cause chronic airflow obstruction, such as
cystic fibrosis and bronchiectasis. Refer to
the main document for criteria for other
obstructive conditions.

Figure 1 Preflight assessment of patients with chronic airflow obstruction.

|

Passengers with severe asthma are advised to carry copies of their
asthma management plan and/or relevant clinic letters. Information
can be held securely as scanned copies on a mobile phone, or on a
digital platform such as the National Health Service (NHS) App.
Food allergy affects up to 8.5% of children and adults with asthma
and asthma is a risk factor for severe or fatal anaphylaxis. Appropriate
precautions for those affected include wiping tray tables and hands,
informing the airline beforehand and the cabin crew of allergies, and
not eating during flights or bringing known ‘safe’ foods from home.

Chronic obstructive pulmonary disease

>

The patient’s condition should be optimised before travel, with
attention paid to inhaler technique and smoking cessation
referral where appropriate.

All medications and spacer devices should be carried in hand
luggage to mitigate the risk of missing hold baggage.
Emergency medications, including salbutamol inhalers and
spacers, must be immediately accessible.

For acute exacerbations on board, the passenger’s own broncho-
dilator inhaler should be given, with a spacer if appropriate.
Passengers with severe COPD are advised to carry a copy of their
COPD management plan and/or relevant clinic letters. This infor-
mation can be held securely as scanned copies on their mobile
phone A history of previous pneumothorax or bullous lung disease
necessitates assessment by a respiratory specialist to determine the
potential risk of complications from reduced cabin pressure.
Patients with COPD are at greater risk of VTE as a direct conse-
quence of the underlying condition, as well as after an exacerba-

Patients requiring long-term oxygen therapy should also plan
for oxygen supplementation at their destination (see online
supplemental appendix 1).

Wherever possible, those who have had a recent exacerbation
of their condition should not fly until their condition is stable
and use of reliever therapy has returned to their usual base-
line. If their condition deteriorates while overseas, medical
advice should be sought before undertaking the return flight.

Cystic fibrosis

>

>

>

All medications and spacer devices should be carried in hand
luggage to mitigate the risk of missing hold baggage.

Patients with CF under the age of 6 are likely to be well enough
to fly at the paediatrician’s discretion.

In those with CF who are old enough for spirometry and whose
FEV | is <50% predicted, HCT is recommended. If SpO, falls
below the 90% cut-off, as outlined above, in-flight oxygen is
advised.

In children with chronic lung disease able to perform spiro-
metry whose FEV | is consistently <50% predicted, HCT should
be considered. This includes children with CF and non-CF bron-
chiectasis. Children with chronic lung disease who are too young
to reliably perform spirometry should have a clinical assessment
of assess disease severity and their likely tolerance of hypoxia.
For children with CF disease is rarely severe enough to severely
compromise lung function at this age.

Non-CF bronchiectasis

tion. They should be advised accordingly, especially if planning ~ » Regular airway clearance is essential for those dealing with over-
longer flights when the risk is further enhanced. production of mucus.
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HCT or in-flight oxygen
not required

* Data is limited in this group and pulsed
delivery oxygen may not be suitable for
some patients, so they should be assessed
on a case-by-case basis. If in doubt, HCT
should be considered.

T Not including patients with other restrictive
conditions such as neuromuscular and chest
wall disorders. Refer to main document for
criteria for other restrictive conditions.

Does the patient require
in-flight oxygen or HCT?

Is Sp0O2 <95%
on BMWT or SWT?

Is the patient already
on LTOT?

Consider inflight

oxygen at 2 Limin

greater than LTOT
prescription*

Is TLeo =50%
predicted?

Is pO2=9.42 kPa
on room air?

Is TLeo s50%
predicted?

HCT = Hypoxic challenge test

LTOT = Long-term oxygen therapy
BMWT = 6-minute walk test

SWT = Shuttle walk test (incremental)

Consider HCT

Consider inflight
oxygen at 2 Limin*

Figure 2 Preflight assessment of patients with restrictive respiratory disease.

» Advice from a respiratory physiotherapist on adapting airway
clearance techniques should be sought for long-haul flights.

» DPortable nebulisers and positive expiratory pressure (PEP)
devices may be considered, but use of these devices in-flight
must be approved by the airline before travel.

Interstitial lung disease

» In patients with comorbidity, including PH and/ or cardiovas-
cular disease, attention should also be paid to the impact of air
travel on these conditions.

» Physicians may wish to consider HCT in those whom SpO, falls
to <95% on exercise, and/or in those in whom either Transfer Factor
Carbon Monoxide (TLCO) <50% or PaO, <9.42kPa (if available).

» Patients with TLCO <50% of predicted or PaO, <9.42kPa are likely
to need in-flight oxygen. If there are no concerns about hypercapnia
it may be reasonable to recommend 2L/min without recourse to
HCT. In those in whom there are concerns about CO, retention,
titration HCT is advised to determine the oxygen flow rate.

Thoracic surgery

The opinion of the surgeon or interventionalist should be obtained
before the patient travels by air. Patients, professionals and their
carers should be aware that this may result in a delay of 4 weeks for
non-essential air travel and 2 weeks for essential air travel.

» Careful clinical assessment of the patient is required.
This should include consideration of their baseline status
including comorbidities, SpO,, postprocedure complica-
tions such as infection and/or pain, flight duration and
destination.

Other interventional procedures

» The opinion of the interventionalist should be obtained before
the patient travels by air.

» Careful clinical assessment of the patient is required. This should
include consideration of baseline status including co-morbidi-
ties, SpO,, postprocedure complications such as infection or
pain, flight duration and destination.

» Patients with no pneumothorax seen on the postprocedure chest
X-ray should wait for 1 week before air travel.

» DPatients with a pneumothorax seen on the post-procedure chest
X-ray should wait for onel week after resolution on chest X-ray
before air travel.

Trapped lung

» The opinion of the interventionalist should be obtained before
the patient travels by air.

» Patients should be assessed carefully and advised on a case-by-
case basis.

» DPatients should be clinically stable before air travel.
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Bronchoscopic procedures

» The opinion of the interventionalist should be obtained before
the patient travels by air.

» Patients should be clinically stable before they travel.

» After interventional bronchoscopy including Transbronchial
Needle Aspiration (TBNA), Transbronchial Lung Biopsy (TBB),
Endobronchial Ultrasound Bronchoscopy (EBUS) and endobron-
chial valve insertion, those with no pneumothorax seen on the
postprocedure chest X-ray should wait for 1 week before air travel.

» After interventional bronchoscopy including TBNA, TBB and
EBUS, those with a pneumothorax seen on the post-procedure
chest X-ray should wait for 1week after resolution on chest
X-ray before air travel.

Pneumothorax

» Passengers should not travel by air until 7 days after full resolu-
tion on chest X-ray.

» Those at higher risk of recurrent pneumothorax should be
advised accordingly.

» Higher-risk groups, including those with cystic lung disease
such as lymphangioleiomyomatosis (LAM) and Birt-Hogg-
Dubé (BHD) syndrome, should be advised accordingly.

» DPatients with trapped lung and a chronic air space thought to present
a low risk should be evaluated in secondary care before travel.

Upper respiratory infection including otitis media and sinusitis

» In passengers who develop sinus barotrauma after flying, it may
be helpful to consider topical and oral decongestants as well as
appropriate analgesia. Prolonged use of decongestants is not
advised owing to the risk of rebound congestion on withdrawal.

» If there is an allergic component, intranasal steroids used for a
week prior to travel, and/or oral corticosteroids may be considered.

» Symptoms and signs of barotrauma should have resolved before
flying again. This usually takes between 1 and 6 weeks.

» After an episode of acute otitis media, patients are usually
advised not to fly for 2 weeks.

Viral infections

» Patients with highly contagious infections including measles,
chickenpox, mumps, SARS, Middle East respiratory syndrome
(MERS) or COVID-19 should not be allowed to travel until they
are considered non-infectious.

> Passengers should familiarise themselves with current national
and international regulations regarding air travel, which should
always be observed.

Tuberculosis

» Smear positive patients must not fly until they have provided
two smear negative samples on treatment.

» Those starting treatment for pulmonary tuberculosis (TB),
where not all the information is yet available, should not travel
by air for the first 2 weeks.

» For those who are smear negative and have a fully sensitive
organism, treatment would be expected to render them non-
infectious after 2 weeks.

» For patients with multidrug resistant/extensive drug resistant
(MDR/XDR) TB, travel is prohibited until two negative culture
samples have been produced and there is clinical evidence of
improvement on treatment.

» Extrapulmonary TB does not usually warrant additional precau-
tions before air travel.

Pneumonia
» All but essential travel should be postponed for 7days in those
who have reduced baseline sea level SpO, (<94%).

Obstructive Sleep Apnoea (OSAS) and Obesity Hypoventilation Syndrome (OHS)

» Daytime flights are advised wherever possible.

» The patient should be advised to carry their continuous positive
airway pressure (CPAP) device as hand luggage, and a hospital
letter to advise that the patient uses CPAP.

» Careful planning and preparation are required, and use of the
patient’s own CPAP device is advised.

Declaracao clinica da BTS

Table 1 Summary of risk factors for VTE during air travel
Advice

Risk status Risk factors

Avoid excess alcohol and
caffeine-containing drinks
Remain mobile/exercise legs

All passengers Low

Moderate risk Examples include:

Aged over 60

Extensive varicose veins
Recent minor surgery

Pregnancy

Above plus consider:

Take short periods of sleep
Support hosiery/graduated
compression stockings

High risk Examples include: If travel is essential, consider:
Previous VTE (and not on current low-molecular-weight heparin
anticoagulation) or formal anticoagulation
Thrombophilia (including return journey)
Within 6 weeks of major surgery  This requires careful clinical

Current malignancy assessment

VTE, venous thromboembolism.

» Alcohol and sedatives should be avoided in the 12 hours before,
and during, airline travel.

» Patients should use their CPAP device on board if they are tra-
velling overnight, and avoid sleeping during daytime flights.

» Consideration should be given to device settings and whether
adjustment is required for operation at altitude.

» Airline approval for carriage and use of device, including battery
specification, must be gained before travel.

» Consideration should be given to the whole journey. If driving is
required the following day, an overnight stay at destination may be
advisable. Patients are advised to refrain from driving if tired and sleepy.

Respiratory muscle and chest wall disorders

» HCT is recommended for all adult patients with FVC <1L,
pending further data, and may be considered in others thought
to be at particular risk, including children with reduced FVC
due to respiratory muscle or chest wall disorders.

» If patients are unable to perform spirometry reliably, a walk test
may be considered as an alternative.

» Patients should be advised to take daytime flights where possible.

» Further planning and support are required for those established
on non-invasive ventilation (NIV) (see Appendix A). (online
supplemental appendix 2

Prevention of VTE during air travel

See table 1.

» Limit the risk of dehydration with adequate fluid intake.

» Avoid alcohol.

» Keep mobile, if possible, by walking around or doing seat-based
exercises once an hour.

» Consider graduated compression stockings (class 1 with
15-30 mm Hg).

» Low molecular weight heparin (LMWH) or a Direct Acting Oral
Anticoagulant (DOAC) are advised for both outward and return long
haul flights (long haul defined as flights of 6-12hours) in high-risk
patients including those with a history of VTE; local policy should
be followed regarding liaison with primary care and/or haematology
services to teach the patient how to administer the injection and
dispose safely of the equipment. There is no formally recommended
dose, but enoxaparin at a dose of 40mg or weight based 1 mg/kg
injected once 4-5hours before the flight has been suggested.

» The prophylactic doses of the DOAC may also be used.

» All patients with a recent (<6 weeks) history of VTE, especially
any who presented with significant right ventricular strain and
decompensation should be reassessed before air travel.

Air travel after VTE
» Air travel should be delayed for 2 weeks after a diagnosis of DVT
or pulmonary embolism (PE).

Pulmonary hypertension

» Those in New York Heart Association (NYHA) WHO functional
class 3 or 4 are usually advised to have in-flight oxygen. If there
is no evidence of hypercapnia it seems reasonable to suggest 2L/
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min by nasal cannulae. If there are concerns about hypercapnia,
HCT should be considered if available.

» Those eligible for LTOT (sea level PaO, <8kPa at rest on air)
should have in flight oxygen at double the flow rate recommended
at sea level, provided there is no evidence of hypercapnia.

Lung cancer and mesothelioma

» Patients undergoing chemotherapy should not travel while they
are at increased risk of infection or suffering from significant
side effects, such as vomiting.

Hyperventilation and DB

» Patients with DB, inducible laryngeal obstruction (ILO) and/or
vocal cord dysfunction (VCD) should be referred to a respira-
tory physiotherapy specialist for advice on symptom manage-
ment before travel.

» Those with anxiety disorders should be reviewed before travel;
compliance with medication assessed; and use of short acting
anxiolytics encouraged.

» Other life-threatening conditions presenting with dyspnoea
should be excluded on board as far as possible.

> Supplemental oxygen should be given on board if the cause of
breathlessness is unclear

» Rebreathing via a paper bag is not recommended.

HCT outcomes

Preflight respiratory screening

Why?

Medical incidents have been reported in around 1 in 600 flights,'
or 1 in 30 000 passengers.'’ '* Estimates vary and reliable data are
difficult to obtain, but respiratory events account for around 12%
of in-flight incidents. In a recent study of 1260 healthy volunteers,
no significant changes occurred in pulse oximetry (SpO,) during a
simulated 8-hour flight at cabin altitudes up to 2438 m (8000 ft).”
However, if cabin altitude exceeds 3048 m (10000 ft), hypoxaemia
becomes more prominent and SaO, falls to ~89% in healthy indivi-
duals. Other potential hazards for passengers with respiratory
conditions include low relative humidity, and altitude-related expan-
sion of gases within enclosed pulmonary parenchymal spaces. It
follows from Boyle’s Law that a cabin altitude of 2438 m (8000 ft) will
result in a 38% expansion of humidified gas.

Who?

There is no good-quality evidence to determine who should have a

formal respiratory review before air travel. Experts generally advise

preassessment or screening for the following adults, children and
infants:

» Those with a respiratory condition with the potential to
deteriorate acutely resulting in incapacitation and/or the
need for medical intervention. This includes (but is not
exclusive to):

- Severe (FEV, <50% predicted" or poorly controlled obstruc-
tive airway disease (evidenced by symptoms, oxygen require-
ments, severe and/or frequent exacerbations).

- Symptomatic restrictive lung or chest wall conditions, or
known respiratory muscle weakness causing breathlessness
and exercise limitation.

- PH.

- Comorbid conditions which may be worsened by hypoxae-
mia (cerebrovascular or cardiac disease).

- Recent (<6 weeks) hospital treatment for a respiratory condition.

- Requirement for CPAP or ventilator support such as NIV.

- Active cancer with lung involvement.

- Patients requiring domiciliary oxygen.

> Recent (<6 weeks) pneumothorax and those at higher risk of
pneumothorax (cystic lung disease or recurrent pneumothorax),
and patients with trapped lung and a chronic air space.

» Recent (<6 weeks) pulmonary embolus or deep venous throm-
bosis, or increased risk of VTE.

» Anyone who has experienced significant symptoms during previous
air travel, or whose condition is of concern to their physician.

The following are generally considered contraindications to air
travel:

Untreated respiratory failure.

Untreated pneumothorax.

Active infection representing a risk to others for example, TB,

SARS, MERS, COVID-19.

» Bronchogenic cysts. Cerebral air embolism, in some cases fatal,
has been reported in aircraft passengers after rupture of a bron-
chogenic cyst.'®

» DPatients with severe hypoxaemia requiring >4L/min in-flight
oxygen were previously advised against air travel, because 4L/
min was the maximum fixed flow rate routinely available on
commercial aircraft. With the availability of flight approved
POC:s delivering a range of continuous and intermittent flow
rates, this cut-off no longer applies. In-flight oxygen delivery
is more varied, and maximum flow rate is determined by the
equipment available. Pulse-dose delivery systems can however
complicate determination of the flow delivered and may not be
well tolerated. The effects of mouth-breathing, speech, snoring
and/or sleeping should be considered. High-flow nasal oxygen
(HFNO) cannot be delivered on board commercial aircraft.

In-flight oxygen may be contraindicated in adults and children
with a history of type 2 respiratory failure.”” ' Hypoxic challenge
with arterial carbon dioxide tension (PaCO,) measurement was
advised for this group in 1996' but there has been little research
since. This document, therefore, follows the 2015 BTS Guideline for

Home Oxygen Use in Adults" when making recommendations for

managing patients with previously documented hypercapnia.

vyy

Clinical practice points

» All patients should undergo careful initial evaluation with
history and physical examination by a clinician who is compe-
tent. The history should include:

- Review of symptoms, baseline exercise capacity, recent exa-
cerbation history, treatments and previous experience of air
travel.

- Consideration of the logistics of the intended journey, to in-
clude (if known):

- Number and duration of flights, including whether day-
time or overnight.
- Location of stop-over(s) and destination: these deter-
mine air quality, altitude and available medical facilities.
- Time away from home.
- Return journey.
» Further assessment by a Respiratory Specialist is advised for
those in whom screening raises concerns, and hypoxic challenge
testing may be advised.

Infants and children

In general, similar considerations apply to both adults and chil-
dren if they have severe chronic airway disease, or require chronic
supplementary oxygen, or non-invasive or tracheostomy ventilation.
Both children and adults with these conditions require a preflight
assessment. Similarly, unless otherwise stated, recommendations
for individuals with previous thoracic surgery, pneumothorax or
empyema apply to both adults and children. There are, however,
some specific considerations for infants and younger children since
several factors place infants at greater risk of developing hypoxia.
These factors include left shift of the oxygen dissociation curve (due
to the presence of foetal haemoglobin), smaller airway diameter,
relatively fewer alveoli, compliant rib cage and increased tendency
to pulmonary vasoconstriction and bronchoconstriction and thus
ventilation-perfusion mismatch under hypoxic conditions. More-
over, preterm infants and infants under 2 months of age may develop
apnoea/hypoventilation in response to hypoxia or infection.” *!
Beyond 3 months of age there is no evidence that ex-preterm infants,
without bronchopulmonary dysplasia, are at significantly greater risk
of desaturation during a HCT than term infants.?

In addition to very young and ex-preterm infants, the children
most at risk of hypoxia are those with anaemia, congenital heart
disease with an actual or potential right to left shunt,” neuromus-
cular disorders or chronic or acute lung disease. Low humidity during
air travel can also present a problem for children with respiratory
conditions such as CF. Those most at risk of complications associated
with reduced air pressure are children with upper respiratory tract
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infections, or trapped intrathoracic air, including those with recent
pneumothorax or cystic lung disease.”*

For infants born at term (>37 weeks) it is prudent to delay flying
for 1week after birth to ensure they are healthy.”® In view of their
greater risk of apnoea and hypoxia, infants born prematurely (<37
weeks) with or without a history of respiratory disease who have not
reached their expected date of delivery at the time of flying should
have in-flight oxygen available. HCT may not be a reliable guide of
oxygen requirement in this group.” If air travel is essential, they
should travel with oxygen at a tolerable low flow, recognising that
this may be a minimum of 1L/min depending on equipment. The
following Clinical Practice Points are specific to infants and children.

Clinical practice points

» For infants born at term (>37 weeks) it is prudent to delay flying
for 1 week after birth to ensure they are healthy.

» Infants born prematurely (<37 weeks) with or without a history
of respiratory disease who have not reached their expected date
of delivery at the time of flying should have in-flight oxygen
available. HCT may not be a reliable guide of oxygen require-
ment in this group. If air travel is essential, they should travel
with oxygen at a tolerable low flow rate, recognising that this
may be a minimum of 1L/min depending on equipment.

» Infants under 1year with a history of chronic respiratory prob-
lems should be discussed with a respiratory paediatrician and
HCT considered. Those with SpO, <85% on HCT should have
in-flight oxygen available; paediatrician discretion should be used
for infants with SpO, 85%-90% recognising that sleep or respira-
tory infection may further reduce saturations in this group.

» In children with chronic lung disease able to perform spiro-
metry whose FEV | is consistently <50% predicted, HCT should
be considered. This includes children with CF and PCD. Chil-
dren with chronic lung disease who are too young to perform
spirometry reliably should have a clinical assessment of disease
severity and their likely tolerance of hypoxia. In children with
CF the disease is rarely severe enough to compromise lung func-
tion significantly at this age.

» Infants and children who have required long-term oxygen in the
last 6 months should be discussed with a respiratory paediatri-
cian and HCT considered.

How?

Pulse oximetry is the easiest and usually the first screening test.*
It has generally been accepted in the past that those with resting
SpO, >95% at sea level should not require in-flight oxygen.” > 7=
Spirometry results may already be available in patients with known
acute or chronic lung disease, or with symptoms suggesting lung
disease.’’ *> However, lung function parameters are in many cases
poor at predicting hypoxaemia or complications.? -3

Many airlines have historically considered that those able to walk
50m or climb up 10-12 steps without distress have sufficient cardio-
pulmonary reserve to fly.>* The role of the 6MWT in preflight evalu-
ation, widely used to assess functional capacity and exercise-induced
hypoxaemia in COPD*** and ILD including IPE** has also been
examined. Current data suggest that the 50 m walk test is an insensi-
tive assessment of ‘fitness to fly***** although still sometimes refer-
enced.* ** ¥ Several studies show no correlation between walking
distance and HCT outcome in patients with COPD, ILD or extrapul-
monary restriction.”®*%* One study showed no correlation between
exertional dyspnoea and HCT outcome.”® The 50 m walk test alone
thus appears unsuitable for preflight assessment.

The 6MWT and externally paced incremental SWT may be of
value. Baseline values do not reliably predict in-flight hypoxaemia
in a number of respiratory conditions' * ** 3 # 4! but changes in
SpO, during 6MWT and SWT may correlate with HCT outcome
in COPD, ILD and chest wall deformity.* **# 4 Walk tests cannot
predict the in-flight oxygen flow rate required, but they may help
inform the decision as to who needs further assessment.

A walk test is not always practical. Data from one small study in
COPD suggest that MRC scores may help predict the likelihood
of exercise desaturation.”” From this it appears that patients with
COPD, MRC score 1 or 2 and resting oxygen saturations >95% do
not usually need further testing before air travel. If there are still
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concerns, a walk test may help decide whether HCT is required.
In those with COPD who do undergo 6MWT or SWT and do not
desaturate below 84%, in flight oxygen should not be required and
they should not need HCT.

If resting oxygen saturations are SpO, 92%-95%and they desa-
turate <84%but have no evidence of CO, retention, data from
Edvardsen et al’® suggest it is reasonable to recommend in-flight
oxygen at 2L/min without proceeding to HCT. Patients in whom
there are concerns about hypercapnia should proceed to HCT.

Data are much more limited in restrictive disease, including ILD,
and baseline SpO, does not appear to predict outcome. In general, it
seems reasonable to suggest that if baseline saturations are >95% at
rest and there is no desaturation below 95% on 6MWT or SWT, HCT
should not be required. Those with ILD and TLco <50% of predicted
and PaO, <9.42kPa are likely to need in-flight oxygen or HCT. If
there are no concerns about hypercapnia it may be reasonable to
recommend 2 L/min without recourse to HCT. If there are concerns
about CO, retention, titration HCT will be required to determine the
oxygen flow rate.

Hypoxic challenge testing

HCT is performed using an inspired gas mixture containing 15%
oxygen, which gives an approximate similar inspired oxygen tension
(PO,) to breathing air at the maximum allowable cabin pressure
altitude (2438 m or 8000 ft).”* ** HCT is usually performed in a
specialist respiratory physiology unit. The provision of a 15% oxygen
gas mixture can be achieved using one of the methods described in
online supplemental appendix B.

The closest approximation to aircraft cabin conditions entails
exposure to simulated altitude in a hypobaric chamber, but such
chambers are not available for clinical assessment. A reasonable
substitute is the normobaric HCT, described by Gong et al*® in
patients with chronic airflow obstruction. This assesses the response
to hypoxaemia achieved by breathing a hypoxic gas mixture at sea
level. Various methods of hypoxic gas delivery produce equivalent
results to tests in a hypobaric chamber or during real flights in adults
with COPD.! ¥ Data are limited in other conditions as well as for
children and neonates.

The HCT is used to help decide whether passengers with respira-
tory disease need in-flight oxygen and at what flow rate. It does not
assess fitness for air travel, despite its reputation as a ‘fitness to fly’
test. If healthcare providers give this impression in patient informa-
tion, they must manage patient and carer expectations accordingly.
A ‘preflight oxygen test’ is a more accurate description. Most patients
do not require HCT as part of preflight medical assessment, and
there should not be pressure on physicians to arrange, or healthcare
professionals to perform, unnecessary HCT.

The physiological response to hypobaric hypoxia (PaO, <8kPa)
is increased ventilation.” Alterations in respiratory pattern may
adversely impact on lung mechanics, which may be further
impaired by gas expansion, reducing vital capacity and increasing
residual volume.®' The increase in ventilatory drive is likely to be
limited on commercial flights,* but a modest increase in ventilation
can exhaust an already reduced ventilatory reserve.'®®¢

The usual consensus is to recommend in-flight oxygen if PaO, is
predicted to fall below 6.6kPa (50mm Hg) or SpO, below 85% in
flight. There is little high-quality evidence supporting these cut-off
values, but this PaO, value ensures that SpO, remains above the steep
portion of the oxyhaemoglobin dissociation curve.® Some authors
consider 6.6kPa to represent the lower safe limit for hypoxaemia,*
as PVRincreases sharply in response to arterial pO2 below this level,”
with the potential for an acute increase in right ventricle afterload
and right ventricular dysfunction.'®* As many patients with COPD
have cardiac comorbidity,”® hypoxaemia in these patients could
precipitate cardiac ischaemia; this is unlikely in those with stable
disease in NYHA functional class I or II (no or mild limitation of
physical activity).* ”° In the absence of new evidence to the contrary,
the cut-off PaO, of 6.6 kPa during HCT appears reasonable.

HCT outcomes do not predict respiratory symptoms during
air travel.”” 72 7 Such symptoms do not appear to result directly
from hypoxaemia,* but from a combination of poor respiratory
mechanics and reduced respiratory reserve impairing the response
to hypoxaemia. Symptoms are more likely to occur in those with
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more severe breathlessness at sea level.*”> Limited evidence suggests
that those who desaturate during HCT and have previously expe-
rienced respiratory symptoms during air travel can avoid these by
using in-flight oxygen.”” ”* Symptoms may also result from anxiety
regarding air travel (see section on hyperventilation and DB).

Patient selection for HCT

Those with stable respiratory disease without history of air travel
intolerance, normal resting and exercise SpO2 at sea level and
no significant cardiac comorbidity, are unlikely to need in-flight
oxygen and should not require HCT. Those who have had HCT in
the past should not need it repeated unless their clinical condition
has changed. The patient’s plans should, however, be discussed with
the patient’s respiratory physician, paediatrician or specialist nurse.

Those already using LTOT will need in-flight oxygen. Ideally, the
flow rate required at cruising altitude should be determined using
HCT. If HCT is not readily available and there are no concerns about
hypercapnia, passengers already on LTOT should be advised that
they will need a flow rate 2L/min greater than their baseline flow
rate. This should be sufficient to compensate for the relative hypoxia
at normal cabin altitude. However, current POCs do not routinely
offer continuous flow rates above 3 L/min, and a pulse-dose delivery
mode at higher levels may not always be suitable.™

As noted above, it is not practical for all patients with COPD who
want to fly to undergo 6MWT. Respiratory physicians may however
wish to consider 6MWT if there has been a significant change in
the patient’s condition since the last assessment, or in new patients
previously unknown to the service. Those who desaturate below 84%
may then be referred for HCT at the discretion of the respiratory
physician.

Some data are available in smaller numbers of patients with
restrictive lung disease, but there is currently no consensus regarding
the best walk test or cut-off values. In a study of 14 patients with
primary thoracic scoliosis, Bandyopadhyay et al found that resting
SpO, >95% did not accurately identify those who do not desatu-
rate during HCT, and recommend a low threshold for performing
HCT on patients with thoracic scoliosis.** Likewise, in a study of 13
patients with OHS, baseline SpO, did not predict HCT outcome.* In
a study including 42 patients with ILD and 20 with extra-pulmonary
restriction® before and after 2min of moderate exercise, Ling et al
proposed that a postexercise SpO, of no less than 95% could be used
to exclude the need for HCT. Further research is required to deter-
mine the most appropriate assessments for patients with a variety of
restrictive lung diseases, including which (if any) can reliably elimi-
nate the need for HCT.

Clinical practice points: patient selection for HCT
See figures 1 and 2

The following patients should not require HCT

» Those with stable disease who have previously undergone HCT
(no recent hospital admissions, exacerbations, or significant
changes to treatment).

» Patients with COPD with baseline SpO2 >95% and either MRC
score 1-2 or desaturation to no less than 84% during 6SMWT or
SWT, should be able to travel without in-flight oxygen.

» Those with previous significant intolerance to air travel, such
as mid-air emergency oxygen or diversion. These should have
in-flight oxygen available at 2 L/min provided there is no history
of hypercapnia.

» Preterm infants who have not reached their due date at the
time of travel, as testing is not a reliable guide of oxygen
requirement in these infants. These should have in-flight
oxygen available, delivered at 1-2L/min if they develop
tachypnoea, recession, or other signs of respiratory distress.

HCT should be considered for the following

> Patients with COPD with resting SpO, <95%, MRC score 3 or
greater, or desaturation to <84% on 6MWT or SWT, and in
whom there are concerns about hypercapnia

» Infants and children with a history of neonatal respiratory prob-
lems, or existing severe chronic lung disease including those
with FEV, persistently <50% predicted (see page 7).

» Adults and children with severe asthma, evidenced by persistent
symptoms and/or frequent exacerbations despite optimal treat-
ment (see BTS/SIGN Asthma Guideline™) regardless of resting
sea level SpO,.

» Patients with ILD in whom SpO, falls to <95% on exercise,
and whose resting sea level PaO, is <9.42kPa or whose TLCO
is <50%.

» Those with severe respiratory muscle weakness or chest wall
deformity in whom FVC s <1L.

» Those with existing or previous hypercapnia and those at risk
of hypercapnia, including those taking medication(s) which can
cause respiratory depression.

» Patients with a history of type 2 respiratory failure already on
LTOT at sea level. However, if there is no evidence of hyper-
capnia, it seems reasonable to recommend an increase in flow
rate by 2 L/min in-flight, provided the equipment can provide it
(see Appendix A).

Clinical practice points: HCT results

» Pa0, 26.6kPa (=50 mm Hg) or SpO, >85%: in-flight oxygen not
required.

» PaO, <6.6kPa (<50mm Hg) or SpO, <85%: in-flight oxygen
recommended.

» Where required, titrate oxygen to maintain PaO, >6.6kPa
or SpO, >85% in adults, SpO, 90% in children aged 1 year or
more.

Air travel may be contraindicated in infrequent cases when supple-
mentary oxygen, at the flow rate needed to maintain PaO, >6.6kPa
or SpO, >285%, causes significant changes to pH and pCO,. The
2015 BTS Guidelines for Home Oxygen Use in Adults" consider
that a pH <7.35, and a PaCO, increase >1kPa from baseline (within
20min) is significant. Specialist respiratory physicians should use
their discretion to determine the risk in individual cases and advise
accordingly. Where hyperventilation is suspected, especially in
response to anxiety rather than hypoxaemia, results should be inter-
preted with caution as there is a risk of false negative results.”®

HCT methods
These are described in Appendix B.

Exertion on board
Studies in adults with COPD*777® or CF”® have shown that patients
can develop profound hypoxaemia when exercising under hypoxic
conditions, whether on board a commercial aircraft at cruising alti-
tude or during HCT. This has been reported in patients whose HCT
results would otherwise not warrant oxygen. In some cases, PaO,
values as low as 3.9 kPa have been recorded.””®

The combination of further hypoxaemia and increased ventila-
tory demand from exertion while flying may challenge those already
approaching the limits of their respiratory reserve. It therefore seems
prudent to recommend that passengers with significant respiratory
limitation, regardless of whether they travel with in-flight oxygen,
should request an aisle seat near a toilet to avoid long periods of
walking.! % Passengers should keep active by undertaking seat-based
exercises and/or standing at intervals if flight conditions permit.

Patients who cannot tolerate withdrawal of supplemental oxygen
for even a short period of time should not travel by air, as there will
be periods of time when oxygen cannot be supplied. POC use below
10000 ft may in some circumstances be prohibited by cabin crew.
The reduction in cabin pressure between an aircraft taking off and
reaching 10000 ft is small (10%) and unlikely to have any clinical
impact on those who do not usually require oxygen at rest at sea
level. Aircraft descent may however take longer than ascent, and the
time to landing may be less predictable.

Disease/condition-specific advice

Chronic airflow obstruction including asthma and COPD

Most adults and children with well-controlled mild or moderate
airflow obstruction and no other co-morbidities should have no
problem with commercial air travel, but they should be prepared
for the possibility of an exacerbation of their condition. Air travel
presents a theoretical risk of bronchospasm because of mucosal
water loss due to low cabin humidity.
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Cigarette smokers are at a physiological disadvantage during
exposure to altitude.®’ Every opportunity should be taken, when
reviewing travel plans, to take a smoking history and offer brief
intervention and smoking cessation referral as appropriate.

Asthma
While asthma is prevalent and has the potential to be life-threatening,
most episodes are not.*?#

Most passengers with asthma will have relatively mild disease and
do not require HCT. HCT should however be considered for those
with severe asthma, regardless of baseline sea level oxygen saturation.
In a retrospective study of 37 adults with severe asthma (as defined
in the BTS/SIGN Asthma guideline”) undergoing HCT, two-thirds
who fulfilled the criteria for in-flight oxygen on HCT had baseline
sea level oxygen saturations of >95%.%

The role of HCT has not been studied in children with severe
stable asthma. A study in 51 children aged 2-12 years requiring tran-
sient oxygen therapy during an acute asthma attack (SpO, <92%)
showed that although 5% failed HCT within 24 hours of disconti-
nuing oxygen therapy, all passed the HCT when retested at 48 hours.*

Food allergy affects up to 8.5% of children and adults with asthma,*
and asthma is a risk factor for severe or fatal anaphylaxis.” Appropriate
precautions for those affected include wiping tray tables and hands,
informing the airline beforehand and the cabin crew of allergies, and
not eating during flights or bringing known ‘safe’ foods from home®®

Clinical practice points

» The patients condition should be optimised before travel, with
attention paid to inhaler technique and smoking cessation
referral as required.

» All medications and spacer devices should be carried in hand
luggage to mitigate the risk of lost or missing hold baggage.

» Emergency medications, including salbutamol inhalers and
spacers, must be immediately accessible.

» Individuals prescribed epinephrine auto-injectors should have
them readily available.

» For acute exacerbations on board, the passenger’s own broncho-
dilator inhaler should be given, with a spacer if needed.

» The passenger should alert the cabin crew if symptoms do not respond
rapidly to use of the inhaler, or if they recur after a short interval.

» If the passenger does not have their own inhaler with them, or
if it is inaccessible, the airline may carry an inhaler in the emer-
gency medical kit. Spacers are not commonly available.

» Those with severe asthma should consult their respiratory
specialist beforehand and consider taking an emergency supply
of oral corticosteroid in their hand luggage in addition to their
usual medication.

» Passengers with severe asthma are advised to carry copies of
their asthma management plan and/or relevant clinic letters.
Information can be held securely as scanned copies on a mobile
phone, or on a digital platform such as the NHS App.

» Food allergy affects up to 8.5% of children and adults with
asthma and asthma is a risk factor for severe or fatal anaphy-
laxis. Appropriate precautions for those affected include wiping
tray tables and hands, informing the airline beforehand and the
cabin crew of allergies, and not eating during flights or bringing
known ‘safe’ foods from home.

Chronic obstructive pulmonary disease
Patients with COPD planning air travel need careful evaluation, not
only because of their respiratory disease, but also because of their
high levels of comorbidity.” ¥

Respiratory symptoms in those with COPD are common during
air travel, but Edvardsen et al have shown that HCT does not predict
respiratory symptoms during air travel in patients with moderate to
very severe COPD.”" They suggest that exacerbation of comorbidities
such as cardiovascular disease (the most common cause of death in
COPD) is the most threatening consequence of severe hypoxaemia.
This is consistent with data showing a risk of cardiac arrhythmias
and ischaemic chest pain in patients with COPD unable to respond
to the physiological stressors of air travel.*®”° Work by Robson et al
shows that resting sea level saturations alone do not predict HCT
outcome.*
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Spirometry does not reliably predict hypoxaemia or complications
in COPD.” It seems prudent to avoid air travel within 6 weeks of
an exacerbation although there are few data to support this recom-
mendation. Patients with COPD are at greater risk of VTE as a direct
consequence of the underlying condition, as well as after an exa-
cerbation. They should be advised accordingly, especially if plan-
ning longer flights when the risk is further enhanced (see section on
VTE).”** See Figure 1.

Clinical practice points

» The patient’s condition should be optimised before travel, with
attention paid to inhaler technique and smoking cessation
referral where appropriate.

» All medications and spacer devices should be carried in hand
luggage to mitigate the risk of missing hold baggage.

» Emergency medications, including salbutamol inhalers and
spacers, must be immediately accessible.

» For acute exacerbations on board, the passenger’s own broncho-
dilator inhaler should be given, with a spacer if appropriate.

» Passengers with severe COPD are advised to carry a copy of
their COPD management plan and/or relevant clinic letters.
This information can be held securely as scanned copies on their
mobile phone A history of previous pneumothorax or bullous
lung disease necessitates assessment by a respiratory specialist
to determine the potential risk of complications from reduced
cabin pressure.

» Patients with COPD are at greater risk of VTE as a direct conse-
quence of the underlying condition, as well as after an exacerba-
tion. They should be advised accordingly, especially if planning
longer flights when the risk is further enhanced.

» DPatients requiring long-term oxygen therapy should also plan
for oxygen supplementation at their destination (see online
supplemental appendix 1).

» Wherever possible, those who have had a recent exacerbation
of their condition should not fly until their condition is stable
and use of reliever therapy has returned to their usual baseline.
If their condition deteriorates while overseas, medical advice
should be sought before undertaking the return flight.

CF (adults and children)

The risks associated with air travel are greater for those with CF
than for healthy individuals.”® This is despite the fact that people
with CF have been shown to tolerate PaO, values below 6.6kPa
(50mm Hg) for several hours without cardiac decompensation or
cerebral symptoms®; do not usually have cardiovascular comor-
bidities; and are generally younger than patients with other res-
piratory conditions. Hypoxaemia results mainly from ventilation/
perfusion mismatch attributable to chronic inflammation and
mucus plugging. It is not clear which physiological values meas-
ured at sea level best predict hypoxaemia or complications during
flight.

In 1 study of 30 adults with CF undergoing HCT, four fulfilled
the study’s criteria for supplemental oxygen (PaO, <6.6kPa) at
rest and a further 11 dropped below this threshold while walk-
ing slowly. Variables obtained during CPET (including SpO, and
Pa0,) showed a stronger correlation with arterial oxygen tension
(Pao,) during HCT than baseline SpO, or spirometry.” However,
in children with CF the sensitivity and specificity of preflight
HCT have been reported as 20% and 99% (using a cut-off of
SpO, <90% during HCT with FiO, 0.15), compared with 70% and
96% for spirometry (cut-off FEV <50% predicted).”” Combining
spirometry and HCT increased sensitivity to 80%. Spirometry may,
therefore, usefully predict who may desaturate during flight, and a
cut-off of FEV, 50% has been used to recommend HCT.

Passengers with CF should practise good hand hygiene using
soap and water or an alcohol-based hand gel, and avoid touching
their face, particularly after touching arm rests, food trays or toilet
doors to minimise risk of infection. These measures are included
within recommendations from the European Centres of Reference
Network for Cystic Fibrosis project, endorsed by the European
Cystic Fibrosis Society.” These also advise checking the relevant
airline policy and levels of CF healthcare provision at the proposed
destination before travel (see online supplemental appendix 1).
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Clinical practical points

» All medications and spacer devices should be carried in hand
luggage to mitigate the risk of missing hold baggage.

» Patients with CF under the age of 6 are likely to be well enough
to fly at the paediatrician’s discretion.

» In those with CF who are old enough for spirometry and whose
FEV  is <50% predicted, HCT is recommended. If SpO, falls below
the 90% cut-off, as outlined above, in-flight oxygen is advised.

» In children with chronic lung disease able to perform spiro-
metry whose FEV | is consistently <50% predicted, HCT should
be considered. This includes children with CF and non-CF
bronchiectasis. Children with chronic lung disease who are
too young to reliably perform spirometry should have a cli-
nical assessment of assess disease severity and their likely tole-
rance of hypoxia. For children with CF disease is rarely severe
enough to severely compromise lung function at this age.

Non-CF bronchiectasis
Passengers with bronchiectasis should not necessarily be discour-
aged from flying, but air travel can pose challenges.

Clinical practice points

» Regular airway clearance is essential for those dealing with over-
production of mucus.

» Advice from a respiratory physiotherapist on adapting airway
clearance techniques should be sought for long-haul flights.

» Portable nebulisers and PEP devices may be considered, but use
of these devices in-flight must be approved by the airline before
travel.

Interstitial lung disease

Like individuals with airflow limitation, patients with ILD, including
pulmonary fibrosis, respond to hypoxaemia at altitude with increased
heart rate and minute ventilation. In severe disease the ability to
increase minute ventilation is limited and the resulting hypoxaemia
may be marked. However, unlike COPD, where many patients appear
to be able to tolerate marked hypoxia,” patients with ILD may have
acute or subacute disease and be less able to withstand marked hypoxia.
There are fewer relevant studies available in ILD, and patient numbers
are smaller than in COPD studies.

Two studies in patients with ILD (n=15and 10, respectively) have
shown that sea level oxygen saturations do not reliably predict HCT
outcome, and that oxygen saturations fall significantly after light exer-
cise performed under conditions of normobaric hypoxia.”* These
findings are consistent with those from the UK Flight Outcomes
Study,* a prospective observational study of 431 patients including
186 with ILD. This showed that neither FEV nor sea level SpO,
reliably predict desaturation at altitude, and that patients with ILD
were more likely than others to require unscheduled healthcare for
respiratory events within 4 weeks of air travel.

In a study including 15 patients with ILD, Martin et al found that
predictive equations overestimated the need for in-flight oxygen in
patients with ILD, as they did for those with COPD and CE”

More recently, Barratt et al examined the predictive value of
various parameters for HCT outcome in 106 ILD patients (69 with
IPF).” Only the combined parameters of TLCO >50% predicted and
sea level PaO, >9.42kPa independently predicted a successful HCT
outcome. From analysis of a subset of 88 patients with a complete
dataset available the authors propose a new prelight algorithm for
patients with ILD with a sensitivity of 86% and specificity of 84%.
In patients with both sea level PaO, <9.42kPa and TLCO <50%
predicted, in-flight oxygen is recommended without recourse to
an initial diagnostic HCT. HCT for titration of the oxygen flow
rate required on board is still advised. For patients in whom either
TLCO <50% or PaO2 <9.42kPa, diagnostic HCT is advised. This
promising approach requires further validation in a larger, prospec-
tive cohort of patients with ILD, preferably supported by patient
reported outcomes from actual flight(s).

Clinical practice points

» In patients with comorbidity, including PH and/or cardiovas-
cular disease, attention should also be paid to the impact of air
travel on these conditions.

» Physicians may wish to consider HCT in those whom SpO,
falls to <95% on exercise, and/or in those in whom either
TLCO <50% or PaO, <9.42kPa (if available).

» Patients with TLco <50% of predicted or PaO, <9.42kPa are
likely to need in-flight oxygen. If there are no concerns about
hypercapnia it may be reasonable to recommend 2L/min
without recourse to HCT. In those in whom there are concerns
about CO, retention, titration HCT is advised to determine the
oxygen flow rate.

Thoracic surgery and other interventional procedures

There is no high-quality evidence in this area and further research
and/or data collection are needed. The following are suggested time
periods before which a medically unaccompanied commercial flight
can safely be undertaken after the specific thoracic interventions
described below. The advice is conservative. Shorter recovery periods
may be appropriate in individual cases, but only if approved by the
doctor/surgeon carrying out the procedure. It is also important to
note that the potential risks of travel are not just those associated
with a postprocedure pneumothorax, but include wound infection
and pain, which could require medical attention at destination and
would need approval by the travel insurer.

Thoracic surgery, including VATS procedures

In the absence of published evidence, we advocate a conservative and
safe minimum time interval, with the caveat that flying sooner after
such procedures may be possible and/or desirable, but that this should
be agreed with the surgeon and discussed with the airline. At least two
UK centres independently advise against non-essential air travel for
4 weeks after removal of drains (Jon Naylor, personal communica-
tion). If air travel is essential, a minimum delay of 2 weeks is advised,
depending on the type of surgery and the surgeon’s advice.

Clinical practice points

» The opinion of the surgeon or interventionalist should be
obtained before the patient travels by air. Patients, professionals,
and their carers should be aware that this may result in a delay
of 4 weeks for non-essential air travel and 2 weeks for essential
air travel.

» Careful clinical assessment of the patient is required. This should
include consideration of their baseline status including comor-
bidities, SpO,, postprocedure complications such as infection
and/or pain, flight duration and destination.

Percutaneous lung biopsy, pleural procedures (including thora-
cocentesis, medical thoracoscopy and insertion of indwelling
pleural catheter)

A North American study of 179 patients, who between them under-
went 183 percutaneous transthoracic needle biopsies, suggested
that air travel was safe within 24 hours of procedure, even in the 65
patients (35%) who developed a small, stable postbiopsy pneumo-
thorax.” Fifty (77%) of them flew within 4 days of the final post-
biopsy chest radiograph. During a brief telephone survey after the
flight, 14 (8%) reported worsening of pre-existing respiratory symp-
toms or new respiratory symptoms. There were no reported events
requiring in-flight medical attention or flight diversion. These were,
however short, internal North American flights over land, where
diversion is relatively straightforward if required. The situation for a
UK-based patient travelling on a long-haul flight to the Middle East,
USA, Far East or Australasia is quite different.

Clinical practice points

» The opinion of the interventionalist should be obtained before
the patient travels by air.

» Careful clinical assessment of the patient is required. This should
include consideration of baseline status including comorbidities,
SpO, postprocedure complications such as infection or pain,
flight duration and destination.

» Patients with no pneumothorax seen on the postprocedure chest
X-ray should wait for 1 week before air travel.

» Patients with a pneumothorax seen on the postprocedure chest
X-ray should wait for 1week after resolution on chest X-ray
before air travel.
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Trapped lung’ after drainage of pleural space

Only very limited data are available, from a report of two patients
with a small chronic pneumothorax.!® This suggests that such
patients may be able to travel safely by air, but require thorough cli-
nical assessment, CT imaging and HCT as a minimum beforehand.

Clinical practice points

» The opinion of the interventionalist should be obtained before
the patient travels by air.

» Patients should be assessed carefully and advised on a case-by-
case basis.

» Patients should be clinically stable before air travel.

Bronchoscopic procedures

The risks associated with air travel are not only those of a possible
pneumothorax, but also the effects of sedation, exacerbation of pre-
existing or new symptoms such as cough, hoarse voice haemop-
tysis and dyspnoea, respiratory infection and the consequences of
arrhythmias observed during the procedure.

Clinical practice points

» The opinion of the interventionalist should be obtained before
the patient travels by air.

» Patients should be clinically stable before they travel.

» After interventional bronchoscopy including TBNA, TBB, EBUS
and endobronchial valve insertion, those with no pneumothorax
seen on the postprocedure chest X-ray should wait for 1week
before air travel.

» After interventional bronchoscopy including TBNA, TBB and
EBUS, those with a pneumothorax seen on the postprocedure
chest X-ray should wait for 1week after resolution on chest
X-ray before air travel.

Pleural disease

Pleural effusion

Patients with stable pleural disease and normal resting oxygen satu-
rations should be able to fly without further precautions. Those who
have indwelling long-term drainage catheters should be reminded
that the manufacturers do not advise air travel. Those who choose to
travel should be encouraged to take a supply of drainage bottles for
their time away.

In those with a recent onset pleural effusion, investigation should
be delayed if air travel is planned within 2 weeks, since intervention
may increase the risk of pneumothorax. The risk of delaying investi-
gation should be discussed with the individual to determine whether
travel plans can be modified.

Pneumothorax

The prevalence of in-flight pneumothorax in passengers with existing
lung disease appears low overall, being zero in the UK Flight Outcomes
Study:* It increases, however, in those at increased risk: 3.6% in a study
of 276 patients with LAM'; and 9% within 1 month of air travel in a
retrospective survey of 145 patients with BHD syndrome.'*

Most individuals with an untreated, closed pneumothorax should
not travel by air. In exceptional cases where the pneumothorax is
long-standing and thought to present a low risk, secondary care eva-
luation is strongly advised before travel.

In individuals with a treated pneumothorax, exposure to altitude
poses a risk of recurrence. The 2010 BTS Pleural Disease guidelines
state that patients “...should be cautioned against commercial flights
... until full resolution of the pneumothorax has been confirmed by
a chest X-ray”.'® These guidelines state that patients should wait a
week after pneumothorax resolution before flying. There is limited,
more recent evidence to suggest that in the case of traumatic pneu-
mothorax, air travel as early as 72 hours after chest drain removal with
full lung inflation may be safe.'** A prospective observational study of
20 patients with a small residual traumatic pneumothorax, exposed to
hypobaric hypoxia for 2hours suggested no significant clinical effects
despite expansion of up to 171%.' The data should, however, be inter-
preted with caution given the small numbers involved, the small size of
the pneumothorax in each case, and the limited duration of hypobaric
exposure. They are not sufficiently robust to justify overriding current
BTS guidance.

Declaracao clinica da BTS

In those who have undergone thoracotomy and surgical pleu-
rodesis, the recurrence rate is so low that no subsequent restriction
on travel is necessary.' The recurrence rate has been reported to be
four times greater after video-assisted thoracoscopy,'® suggesting
that this procedure may not be as definitive. The risk of recurrence
is greatest in those with pre-existing lung disease, cigarette smokers
and taller men.'

Clinical practice points

» Passengers should not travel by air until 7 days after full resolu-
tion on chest X-ray.

» Those at higher risk of recurrent pneumothorax should be
advised accordingly.

» Higher-risk groups, including those with cystic lung disease such
as LAM and BHD syndrome, should be advised accordingly.

» Patients with trapped lung and a chronic air space thought to present
a low risk should be evaluated in secondary care before travel.

Respiratory tract infections

Upper respiratory infection including otitis media and sinusitis

During air travel with acute infection of the upper airway, the main
risks are unpredictable, but may reflect previous experience. They are
of pain and potential rupture of the tympanic membrane. Those with
significant symptomatic viral upper respiratory tract infection may
wish to delay travel because of the risk of pain and disseminating
infection to others.

Barotrauma, characterised by otalgia, is a consequence of inability
to equilibrate the pressure differential between the external and
middle ear. This is usually more severe during landing than take-oft.
Most passengers, including older children, can equilibrate the pres-
sure through yawning, swallowing, chewing or a Valsalva manoeuvre
(eg, pinching the nose and blowing). Infants and young children
may be unable to perform these manoeuvres, but swallowing may
be encouraged by drinking. It is also more frequent when the child is
awake and/or crying.

It has been estimated that 10% of adults and 22% of children may
have changes to the ear drum after a flight, although perforation is
rare and symptoms usually resolve spontaneously.'” %

Historically, oral (and to a lesser extent topical) decongestants have
been recommended for adults with risk factors for sinus or middle
ear barotrauma.' The evidence is very weak, and there is no evidence
in children. Treatment with intranasal steroids (commenced at least
a week before the flight) can however improve symptoms, as for
inflammatory rhinosinusitis. After an episode of acute otitis media,
patients are usually advised not to fly for 2 weeks'"”

Clinical practice points

» In passengers who develop sinus barotrauma after flying, it may
be helpful to consider topical and oral decongestants as well as
appropriate analgesia. Prolonged use of decongestants is not
advised owing to the risk of rebound congestion on withdrawal.

» If there is an allergic component, intranasal steroids used for a
week prior to travel, and/or oral corticosteroids may be considered.

» Symptoms and signs of barotrauma should have resolved before
flying again. This usually takes between 1 and 6 weeks.

» After an episode of acute otitis media, patients are usually
advised not to fly for 2 weeks.

Viral infections

Although viral infections may be transmitted on board, as in any
environment where people are in proximity for prolonged periods,
available data suggest this is not common on modern commercial
aircraft. This may reflect lack of face-to-face contact, the barriers
afforded by seat backs, and the characteristics of cabin airflow on
board, which is not front to back. Viruses are within the particle
size range captured by HEPA filters on modern commercial aircraft,
which are like those used in hospitals. Transmission by droplet
spread, including via fomites, is applicable to all environments.'? !
This may be reduced by passengers wearing masks, frequent use of
hand sanitiser and disinfectant wipes for hard surfaces, and by regular
deep cleaning of the aircraft cabin. The risk of infection in airport
facilities on departure, during stopovers, and on arrival should also
be considered. More general hygiene practices, such as handwashing

BM)

Coker RK, et al. Thorax 2022;77:329-350. doi: 10.1136/thoraxjnl-2021-218110 (5] 181



Declaracao clinica da BTS

and covering the mouth and nose when coughing or sneezing, have
also been shown to reduce spread of viral infections.'® '

Some respiratory viral infections may be more infectious than
others. A review of passengers on a flight carrying a confirmed case of
SARS in 2003 reported 16 cases of SARS developing in fellow passen-
gers,'"! but it seems likely that affected individuals were in close pro-
ximity in the airport lounge, so transmission may have occurred before
boarding. To date there is just one reported case of possible aircraft
transmission of COVID-19,"? but the literature is clearly evolving.

The principal public health concern around air travel is the role it
plays in carrying infected persons (who may be asymptomatic and
are not always contagious) long distances within a short space of time,
with the associated risk of disseminating novel contagious disease to
new locations. This has been especially evident during the COVID-19
pandemic. Special attention should therefore be paid to the clearance
of people wishing to fly who have respiratory tract symptoms during
outbreaks of such infections. At any time, and not just during outbreaks
of serious infectious respiratory disease, airport screening mea-
sures may be implemented and travellers with a fever can be refused
boarding by the airline. In cases of serious epidemics and/or pandemics
such as MERS and COVID-19, even urgent travel may be prohibited.
The Centers for Disease Control and Prevention website has regular
updates on air travel (www.cdc.gov). The 2020 BTS COVID-19 State-
ment on Air Travel contains practical advice for potential passengers
with lung disease during the COVID-19 pandemic.'”

Clinical practice points

» Patients with highly contagious infections including measles,
chickenpox, mumps, SARS, MERS or COVID-19 should not be
allowed to travel until they are considered non-infectious.

» Passengers should familiarise themselves with current national
and international regulations regarding air travel, which should
always be observed.

Tuberculosis

WHO provides comprehensive information about the risk of air
travel with TB.'"* Risk is determined by two factors: whether acid
fast bacilli are present on smears of respiratory samples, or a sputum
smear is culture positive; and whether drug resistance is present.
Patients with sputum smear or culture positivity are considered
potentially infectious.

Clinical practice points

» Smear positive patients must not fly until they have provided
two smear negative samples on treatment.

» Those starting treatment for pulmonary TB, where not all the
information is yet available, should not travel by air for the first
2 weeks.

» For those who are smear negative and have a fully sensitive
organism, treatment would be expected to render them non-
infectious after 2 weeks.

» For patients with MDR/XDR TB, travel is prohibited until two
negative culture samples have been produced and there is clin-
ical evidence of improvement on treatment.

» Extrapulmonary TB does not usually warrant additional precau-
tions before air travel.

Pneumonia

Patients suffering from acute lobar bacterial pneumonia present a
low risk to other passengers. They are, however, more likely to expe-
rience in-flight desaturation during flight.

Clinical practice points
» All but essential travel should be postponed for 7days in those
who have reduced baseline sea level SpO, (<94%).

OSAS and OHS
The most recent available guidance states that for patients with OSAS,
the potential risks during commercial airline travel are worsening
hypoxaemia when asleep, and exacerbation of jet lag with potential
adverse effects on driving.’

Data are sparse regarding risks for passengers with OSAS during
air travel. Some data suggest there is a risk of cardiovascular and

other adverse events in this group when staying at high altitude
destinations. Hypobaric hypoxia can promote central apnoeas in
addition to obstructive events, which may cause tachycardia, cardiac
arrhythmia and systemic hypertension.'* It is not, however, clear
how quickly this response develops, and therefore whether the find-
ings are relevant to air travel.

Using hypobaric chamber simulation testing, studies have shown
that there is an association between hypoxaemia, decreased sleep time
and an increased frequency of hypopneas for patients with OSAS who
are acutely exposed to high altitude."*® There are further adverse effects
on sleep and OSAS if alcohol'"” or sedatives''® are taken.

Many patients with OSAS are already established on CPAP. Some
studies have shown that patients with OSAS have lower oxygen
saturations at baseline and at cabin altitude simulation than normal
subjects.” The changes are more marked in those with severe OSAS.
Use of CPAP at altitude is associated with decreased central sleep
apnoea and increased sleep efficiency.'®

Consideration must be given to the whole journey including the
return flight. This is especially important if the flight involves an
overnight element and patients expect to drive the next day. Studies
have identified that not using CPAP for one night during the flight
increases the risk of drowsiness at destination the following day.'*

Careful planning is required. A retrospective survey of 394 patients
who undertook air travel with CPAP reported that over a third
encountered problems with their equipment, power cord, adapter or
transport of the CPAP machine.'” These findings highlight the need
for clinical teams to understand the logistics so that they can support
safe patient travel (see Appendix A).

In summary, the potential physiological risks for this group
include cardiac stress; increased frequency of hypopnoeas; possible
central apnoeas; hypoxaemia and exacerbation of jet lag.

There are no data relating specifically to air travel in OHS, which
is considered a restrictive disorder. For these patients, physicians
should refer to guidance around the use of NIV in those with respira-
tory muscle and chest wall disorders.

Clinical practice points

» Daytime flights are advised wherever possible.

» The patient should be advised to carry their CPAP device as hand
luggage, and a hospital letter to advise that the patient uses CPAP.

» Careful planning and preparation are required, and use of the
patient’s own CPAP device is advised.

» Alcohol and sedatives should be avoided in the 12 hours before,
and during, airline travel.

» DPatients should use their CPAP device on board if they are tra-
velling overnight, and avoid sleeping during daytime flights.

» Consideration should be given to device settings and whether
adjustment is required for operation at altitude.

» Airline approval for carriage and use of device, including battery
specification, must be gained before travel.

» Consideration should be given to the whole journey. If driving is
required the following day, an overnight stay at destination may
be advisable. Patients are advised to refrain from driving if tired
and sleepy.

Respiratory muscle and chest wall disorders

There is little good evidence to guide decision-making around the need
for oxygen or NIV during air travel for patients with severe extrapul-
monary restriction resulting from chest wall disorder or respiratory
muscle weakness. One case report suggests that a long-haul flight may
have precipitated a first episode of PH and right heart failure requiring
intubation and ventilator support in a man aged 59 with congenital
kyphoscoliosis and apparently stable cardiorespiratory function before
travel. FVC was documented as 0.98 L on recovery.'*

Some work has been conducted to understand which patients
require HCT. The authors of a study of 21 adults with idiopathic
kyphoscoliosis or neuromuscular disease'” concluded that those
with FVC <1L, even with resting SpO, >95%, are likely to desatu-
rate significantly at cabin altitude. In some restrictive conditions,
for example, bulbar MND, FVC is difficult to reproduce. Walk tests
may aid decision-making in patients with scoliosis,”” but may also
be inaccessible to those with MND and similar conditions where
spirometry is a challenge.
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Since the 2011 BTS recommendations,' several studies have tried
to identify factors that may predict the need for in-flight oxygen for
patients with neuromuscular disease. One study aimed to identify
parameters that predict HCT outcome in 40 patients with MND.
Baseline PaCO, was the only independent predictor of hypoxaemia
during HCT."* This appears to be supported by a more recent
study examining baseline PaCO, as a predictor of HCT outcome.'”
Patients likely to fail HCT have a higher baseline PaC0,, but the
authors were unable to determine an absolute threshold PaCo,
value that could identify patients needing in-flight supplementary
oxygen.

Another study in 36 patients with MND examined baseline lung
function as a predictor of hypoxaemia in response to altitude simu-
lation.'?® The authors concluded that maximuminspiratory pressure
(MIP) and sea level SpO, may help identify MND patients who will
develop hypoxaemia at altitude. Despite the small numbers, none of
the patients with an MIP >30mm Hg or with sea level SpO, >96%
desaturated below 85% during HCT. Preliminary data from a smaller
study of 12 patients with MND suggested that sniff nasal inspira-
tory pressure (SNIP) may more accurately predict the risk of hypoxia
during air travel in those with neuromuscular disease and respira-
tory muscle weakness.'?’

While evidence to date addresses specific patient groups, the prin-
ciples may be applied to any individual with a restrictive disorder
resulting from respiratory muscle weakness or chest wall deformity.
Further research on the value of FVC, PaCO,, MIP and/or SNIP in
predicting HCT outcome in this group is desirable. In the mean-
time, it seems reasonable to recommend that individuals with severe
respiratory muscle weakness or chest wall deformity (FVC <1L)
should undergo HCT before air travel. Physicians should use their
discretion for considering HCT if there are additional reasons for
concern, such as a history of previous travel intolerance, hypoxaemia
or hypercapnia.

In those with respiratory muscle weakness, the possibility of
respiratory failure should also be considered. For patients established
on NIV, further planning and advice are required to support the use
of NIV during flight. If continuous flow oxygen cannot be provided
by the airline or by POC, oxygen and NIV cannot be used simulta-
neously. A decision around whether NIV or supplementary oxygen
is of greatest physiological importance to the patient is then required
on an individual basis. The previous travel history, current clinical
condition and the presence or absence of overnight travel should
also be considered. (see Appendix B, table 2).

In summary, the potential physiological risk for patients with restric-
tive respiratory disease is respiratory failure resulting from inadequate
ventilation. It is therefore essential to assess ventilatory requirements
before deciding whether supplementary oxygen is required. The risk of
respiratory failure must be understood and assessed before travel, and
there are currently no absolute predictors to guide which patients are
likely to require supplementary oxygen.

Clinical practice points

» HCT is recommended for all adult patients with FVC <1L,
pending further data, and may be considered in others thought
to be at particular risk, including children with reduced FVC due
to respiratory muscle or chest wall disorders.

» If patients are unable to perform spirometry reliably, a walk test
may be considered as an alternative.

» Patients should be advised to take daytime flights where possible.

» Further planning and support are required for those established
on NIV (see Appendix A).

VTE (DVT and PE)

Prevention of VTE during air travel

The risk of VTE during air travel appears low overall, and prophy-
laxis is unnecessary for most travellers. Prolonged travel (exceeding
6hours) and/or the coexistence of another risk factor for VTE
increase the risk. The incidence of symptomatic VTE has been esti-
mated at 0.5% on flights over 12 hours, but asymptomatic rates may
be higher."”®'* The reasons for the increased risk are not entirely
clear. Potential contributory factors include prolonged immobility
and dehydration, but these are not conclusively proven. Other
risk factors for VTE such as obesity, recent surgery, pregnancy,
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malignancy and previous VTE all increase the overall risk for
travel-related VTE and may necessitate additional prophylaxis.

General measures, including getting up and walking around
where possible every 2-3 hours; ankle and calf exercises and avoid-
ance of alcohol or sedating drugs; are advisable for most travellers.
Although there is no conclusive evidence that flying causes dehy-
dration, the fall in cabin humidity along with alcohol consumption
and reduced fluid intake, may increase the risk on long haul flights.
Remaining well hydrated is, therefore, advisable. Wearing gradu-
ated compression stockings during travel may reduce the inci-
dence of deep venous thrombosis."*! Data are sparse regarding the
method or duration of pharmacological prophylaxis, and recom-
mendations rely on consensus expert opinion. Physicians may wish
to recommend pharmacological prophylaxis for those at higher risk
of VTE, for example an obese patient planning a flight exceeding
6 hours with a history of recent surgery. The risks of prophylaxis are
thought to be low. There is limited evidence for LMWH as prophy-
laxis.”®? There is no formally recommended dose, but enoxaparin
40mg at a dose of 40mg or weight based 1 mg/kg injected once
4-5hours before the flight has been suggested.'*? The use of factor
Xa inhibitors is off-licence in this situation and currently has no
evidence base.

Clinical practice points

» Limit the risk of dehydration with adequate fluid intake.

» Avoid alcohol.

» Keep mobile, if possible, by walking around or doing seat-based
exercises once an hour.

» Consider graduated compression stockings (class 1 with
15-30 mm Hg).

» LMWH or a DOAC are advised for both outward and return long
haul flights (long haul defined as flights of 6-12hours) in high-risk
patients including those with a history of VTE; local policy should
be followed regarding liaison with primary care and/or haematology
services to teach the patient how to administer the injection and
dispose safely of the equipment. There is no formally recommended
dose, but enoxaparin at a dose of 40mg or weight based 1 mg/kg
injected once 4-5hours before the flight has been suggested.

» The prophylactic doses of the DOAC may also be used.

» All patients with a recent (<6 weeks) history of VTE, especially
any who presented with significant right ventricular strain and
decompensation should be reassessed before air travel.

Air travel after VTE

Although the risks of prolonged air travel and development of VTE
are well known, there are fewer data on the risks associated with
flying after a diagnosis of VTE. A patient with a confirmed diag-
nosis of PE is highly likely to start anticoagulation, with the aim of
preventing the formation of new deep venous thrombi and further
PEs. There is a general acceptance that flying immediately after a
diagnosis of PE/DVT should be avoided. It appears reasonable to
assume that the sooner air travel occurs after a PE the greater the
likelihood that hypoxic pulmonary vasoconstriction will exacerbate
ventilation-perfusion mismatch and raise pulmonary pressures,
affecting cardiac output.

Some authors, but not all, suggest that most clots are resolved
after 14-21days.”® Consensus opinion is to delay air travel, if
possible, usually for at least 2 weeks, although there are no concrete
data to support a safe time interval. Clearly the risk-benefit ratio
needs to be assessed if more urgent air travel is needed. Clot reso-
lution depends principally on in vivo fibrinolysis. Consideration
should be given to the severity of the initial presentation. It is good
practice, before any proposed air travel, to reassess clinically a
patient who has presented with significant right ventricular strain
and decompensation.

The probability of recurrent VTE while anticoagulated is
extremely low. Recovered, stable patients who remain on anticoagu-
lation should be reassured accordingly and advised to follow the
above general measures.

Clinical practice point
» Air travel should be delayed for 2 weeks after a diagnosis of DVT
or PE.
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Table 2 Clinical practice points: Hypoxic challenge test (HCT)
outcomes

Pa0, > 6.6 kPa (= 50 mm Hg);

In-flight oxygen not required

SpO, = 85%
Pa0, < 6.6 kPa (<50 mm Hg); Repeat HCT with oxygen (flow rate and modality
Sp0, <85% ideally the same as that to be given on board
aircraft):
» Titrate oxygen to maintain Pa0, > 6.6 kPa or
Sp0, = 85%
» Monitor pH and pCO, if there is a history of
hypercapnia

Consider advising against air travel if pH falls to
<7.35 and PCO, increases by > 1 kPa (7.5 mm Hg)
from baseline when Pa0, is maintained at > 6.6
kPa or Sp0, =85%

The use of arterial or capillary blood gas sampling is preferred if available. Blood
gases are not routinely measured in children.

Recommendations on pCO, and pH changes are based on the 2015 BTS guideline for
home oxygen use in adults.’

Pulmonary hypertension

Data are sparse, and recommendations are largely based on expert
consensus opinion. The concern in PH is the risk of hypoxia causing
increased pulmonary arterial pressure and right ventricular strain. Most
studies have employed HCT. They have shown that most patients with
PH can tolerate this degree of hypoxia with minor increases in dysp-
noea.”* Furthermore, the effect on the right ventricle in one study has
been shown to be minimal.** However, most of these studies only
covered a short time period.”** Longer exposure to hypoxia on long haul
flights may have more significant effects.

One study has monitored patients during commercial flights."** This
showed that up to a quarter of patients with PH desaturate during short
haul flights, with higher altitude, ambulation and longer flights corre-
lating with desaturations. Most tolerated this well, with fewer than 40%
of participants reporting symptoms. A larger questionnaire based retro-
spective study has also confirmed that in most patients with stable PAH,
flight is well tolerated with minimal clinical effects.”** Around half those
surveyed travelled with supplementary oxygen.

Hypoxia reduces exercise capability; breathing oxygen-
-enriched air improves exercise capacity.”* It therefore appears
logical to give patients with impaired functional capacity supple-
mental oxygen on board the aircraft. Whether patients should
have oxygen while walking around as well as when sitting is
unknown; ambulatory oxygen on board presents obvious logis-
tical challenges.

The 2011 BTS Recommendations advised that patients in NYHA
WHO functional class 3 or 4 should have supplemental oxygen during
air travel.! This recommendation is pragmatic rather than evidence
based; and may result in over-prescribing of in-flight oxygen. One
study suggests that more than double the number of patients would
be recommended in-flight oxygen based on functional class rather
than HCT outcome.”**

If HCT is not readily available and there are no concerns about
hypercapnia, passengers already on LTOT should be advised that
they will need a flow rate 2L/min greater than their baseline flow
rate. This should be sufficient to compensate for the relative hypoxia
at normal cabin altitude.

Clinical practice points

» Thosein NYHA WHO functional class 3 or 4 are usually advised
to have in-flight oxygen. If there is no evidence of hypercapnia it
seems reasonable to suggest 2 L/min by nasal cannulae. If there
are concerns about hypercapnia, HCT should be considered if
available.

» Those eligible for LTOT (sea level PaO, <8 kPa at rest on air) should
have in flight oxygen at double the flow rate recommended at sea
level, provided there is no evidence of hypercapnia.

Lung cancer and mesothelioma

When evaluating those with lung cancer or mesothelioma it is
important to consider the nature and extent of their condition as well
as their treatment. A pragmatic approach is to evaluate their risk of

haemorrhage, pneumothorax, pleural effusion, VTE and any recent
surgical and/or bronchoscopic interventions.

If taking medication, and particularly controlled drugs, patients
must be aware of the appropriate documentation required for the
countries they are visiting. Advance-planning is essential.

Clinical practice point

» Patients undergoing chemotherapy should not travel while they
are at increased risk of infection or suffering from significant
side effects, such as vomiting.

Hyperventilation and DB

There are few data on the implications of functional breathing disor-
ders for air travel, whether DB, VCD or ILO. Asthma should not be
overlooked as a possible association in those with DB.'

Acute shortness of breath is one of several symptoms for which
flight diversion is advised.”*® Diversions are costly, typically ranging
from £10 000-£80 000 depending on aircraft size and diversion desti-
nation." Dyspnoea caused by DB or hyperventilation is unlikely to
have serious clinical consequences; but it must be distinguished from
dyspnoea attributable to life-threatening acute medical conditions
such as acute coronary syndrome or PE.' '

Data from the last two decades suggest that 65% of in-flight
medical emergencies were due to exacerbations of pre-existing
conditions and that respiratory problems were most common; half
were due to asthma or ‘asthma-like’ presentations.'-1**

Air travel can be stressful. Physiological or psychological stress may
precipitate acute breathlessness in patients with respiratory disease.'**
Acute hyperventilation can be a response to stress independent of lung
pathology; usually in those with known panic and anxiety disorders.'*

Hyperventilation can cause bronchoconstriction resulting in
‘asthma-like’ symptoms'* which are unresponsive to standard asthma
medication.!” 1 A perception that the usual rescue’ medication is
‘not working’ may worsen an individual’s breathing pattern, causing
concern to them, other passengers and air crew. Similar situations can
arise with ILO or VCD, and onset of symptoms is often sudden.'*

Where DB is linked to respiratory conditions, particularly asthma,
national and international guidelines endorse breathing exercise
programmes provided by a specialist respiratory physiotherapist as
an adjuvant to pharmacological treatment. Patients should be advised
to use breathing techniques in situations where breathlessness may
become problematic.” *** ILO and VCD, which can present with
acute respiratory distress and stridor, may be treated with breathing
exercises taught by a respiratory physiotherapist or a speech therapist
with specialist expertise in paradoxical vocal cord movement.'!

Paper bag rebreathing is no longer recommended, because
inspired oxygen concentration decreases sufficiently to endanger
hypoxic patients. There are data reinforcing that significant harm to
patients can result from acute myocardial infarction, pneumothorax
and PE being misdiagnosed as hyperventilation. '** 1**

Clinical practice point

» Patients with DB, ILO and/or VCD should be referred to a
Respiratory Physiotherapy Specialist for advice on symptom
management before travel.

» Those with anxiety disorders should be reviewed before travel;
compliance with medication assessed; and use of short acting
anxiolytics encouraged.

» Other life-threatening conditions presenting with dyspnoea
should be excluded on board as far as possible.

» Supplemental oxygen should be given on board if the cause of
breathlessness is unclear.

» Rebreathing via a paper bag is not recommended.

Appendix A Logistics of air travel with equipment

Oxygen

Passengers requiring oxygen and travelling overseas will usually need
to lease a POC privately, since UK companies do not generally allow
equipment provided through the NHS to be taken out of the country.
Furthermore, most airlines have moved away from supplying routine
medical oxygen. Where battery powered mechanical devices are
required in-flight, including a POC, sufficient batteries should be
carried for 1.5 times the anticipated duration of the journey to cope
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Patient meets criteria
for HCT (e.g. SpOz, MRC
score and walk tests)

[ —
HeT If SpO: falls <85%,
rterial or capillary blood
1 for 20 5 P
mi‘nm?ﬁri‘t:sw* gas sample immediately
" ‘ and proceed with oxygen

¥

|s pO2
z6.6 kPa
i with
available flow
rates?

HCT with oxygen for 20
minutes. Titrate as
required

Is Sp0y 280%
after 20 minutes?

i SpO2 =85% and <80%
after 20 minutes - arterial
or capillary blood gas
sample

Recommend in-fight
oxygen at flow rate
required to maintain pCe
26.6 kPa

Patient may not be
suitable for air travel

In-flight oxygen is not
required

Is pO: 266 kPa

Yes without oxygen?

Notes for physiologists

« A 15% oxygen gas mixture is required for HCT. This can be supplied to the patient in a number of ways;

o from pre-mixed cylinders, or pure nitrogen is used to dilute room air to reduce FiO: This mixture can be
delivered either from a Douglas bag and a one-way mask circuit, or to fill a body boxftert {normally for
paediatric patients),

o a 40% Verturi mask using nitrogen as the driving gas, giving a resultant mixture containing 15% oxygen,

o a hypoxic gas generator.

It is advised to monitor FiQ: using a rapid-response oxygen analyser to avoid excessive hypoxia, and to monitor
SpO: in all those exposed to a hypoxic atmosphere (such as adults accompanying children in a body
plethysmograph or tent),

Arterial or capillary blood gas measurement is gold standard, although SpO: 285% as a surrogate value for pO: 26.6
kPa is an acceptable alternative if blood gas analysis is not available. In those with a history of hypercapnia,
supplementary oxygen should not raise SpO: above the resting normoxic value if pCO: and pH are unavailable.

Most in-flight oxygen is currently delivered by portable oxygen concentrators (POC) and nasal cannula. Although
some models are capable of delivering continuous flow (currently up to 3 L/min), pulsed delivery is the most common
POC mode and should be the method by which patients are initially assessed.

If the highest pulsed delivery flow rates do not maintain adequate oxygenation, continuous flow up to 3 L/min may be
considered (this is the maximum continuous flow rate currently available from some POC models).

Those with a significant increase in pCO: or fall in pH with supplementary oxygen are not necessarily precluded from
air travel, Factors such as length of flight and magnitude of blood gas changes should be considered by a respiratory
specialist.

The HCT is not a 'fitness to fly assessment', and should nct be referred to as such. A 'pre-flight oxygen test' is a

more accurate description.

Figure 3  HCT for physiologists.

with delays or diversions. For example, a patient using a POC on a
4-hour flight should have 6 hours of battery life. Any spare batteries
must be correctly packaged and should be carried in cabin baggage.
The airline must be notified in advance of these plans, or airline staff
can refuse to allow the equipment to be taken on board.

Pulse-dose oxygen may not be suitable for patients with a fast and
shallow respiratory pattern, or during sleep.'**'*> Pulse-dose settings
do not equate to the equivalent continuous flow rates,” and not every
POC functions well at altitude.® In contrast, pulse-dose oxygen func-
tions reliably when provided by a cylinder and conserving device.'*
One author found significantly lower PaO, values when using a POC,
compared with compressed oxygen with a conserving device. Accept-
able in-flight values are achievable with POCs, but the dose may need
to be increased.” Pulse-dose delivery systems can complicate deter-
mination of the flow delivered; and may not be well tolerated. The
effects of mouth-breathing, speech, snoring and/or sleeping should be
considered. HFNO cannot be delivered on board commercial aircraft.

Pulse-dose oxygen has not been studied in infants and children;
and should not be used unless they have been shown to trigger the

device’s inspiratory flow. Currently available POCs that do supply
continuous flow oxygen cannot provide flow rates above 3 L/min.
Passengers must refer to POC documentation to check that the
equipment meets their requirements before they lease it for air travel.

For all these reasons, assessments would ideally take place using
the same equipment as that which will be used on board the aircraft.
This is only likely to be possible when the patient has leased or
purchased a POC for their own long term, private use.

Continuous positive airway pressure
Few airlines, if any, allow any medical device to be powered via the
aircraft power supply. An appropriate battery must, therefore, be
used. The device and battery specifications must be approved for use
by the airline before travel. Battery performance should be checked
by the user beforehand, so there is an understanding of operating
times on their usual settings.

Further consideration needs to be given to CPAP use during
flight and at high altitude destinations, as it requires a machine that
will perform adequately at low ambient pressure. The 2011 BTS
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guidance' reported that a fixed-pressure CPAP machine without
pressure compensation, set to deliver a pressure of 12cm H,0
at sea level, may deliver only 9cm H,O at 8000 ft. The machine
may therefore require adjustment to ensure a safe level of treat-
ment throughout the flight. If continuous flow oxygen cannot be
provided by the airline or by POC, oxygen and CPAP cannot be
used simultaneously. The availability of distilled water for humidi-
fiers may be restricted.

Non-invasive ventilation

For patients established on NIV, further planning and advice
are required to support the use of NIV during flight. If conti-
nuous flow oxygen cannot be provided by the airline or by POC,
oxygen and NIV cannot be used simultaneously. A decision around
whether NIV or supplementary oxygen is of greatest physiological
importance to the patient is then required on an individual basis.
Previous travel history, current clinical condition and the presence
or absence of overnight travel should also be considered. The level
of clinical and personal dependency must be considered in the
context of requirements for trained supervision and assistance by
the caregiver.

Appendix B Quick reference guide for respiratory physiologists
Most patients with respiratory conditions are able to fly safely without
any additional support. The following guide provides specific infor-
mation for respiratory physiologists regarding patients who do need
further investigation before embarking on air travel. See figure 3.

HCT methods

The HCT uses an inspired gas mixture containing 15% oxygen,

which gives an approximate similar PO, to breathing air at the

maximum allowable cabin pressure altitude (2438 m or 8000ft).>>*

HCT is usually performed in a specialist respiratory physiology

unit. The provision of a 15% oxygen gas mixture can be achieved

as follows:

» A premixed cylinder containing a 15% oxygen gas mixture can
be obtained from medical gas providers, or Douglas bags can be
mixed with air and nitrogen to reduce the percentage of inspired
oxygen to 15%, both to supply a tight-fitting face mask in a
closed circuit.!

» Pure nitrogen can be introduced into a sealed chamber such as a
body plethysmograph for paediatric or mask-intolerant patients,
removing the need for a face mask."” Paediatric patients can be
sat in a body plethysmograph on an adult’s lap throughout;' the
adult should also undergo SpO, monitoring to avoid excessive
hypoxaemia. A body box is generally used for children, although
some paediatric laboratories use masks

> A 40% Venturi oxygen mask can be used with pure nitrogen
as the driving gas, giving a resultant gas mixture containing
approximately 15% oxygen.''

» Ahypoxic gas generator, like an oxygen concentrator, can be used
to provide a continuous supply of variable hypoxic gas mixtures
to supply a mask or closed chamber. This can be the most cost-
effective method for centres with a high demand for HCT.?

The patient usually breathes the hypoxic gas mixture for 20 min,
or until SpO, reaches 85%. Although this is shorter than the briefest
commercial flight, oxygenation equilibrium is usually reached
within this time."* " The patient is advised to have in-flight oxygen
if PaO, falls below 6.6kPa (<50 mm Hg) or SpO, remains <85%" "’
(see page 11).

HCT with oxygen

If PaO, or SpO, values meet the criteria, in-flight oxygen is recom-
mended.’ The flow rate required can be assessed as part of the
HCT."” Previous BTS recommendations advised in-flight oxygen
to be supplied at two or 4 L/min via nasal cannulae, which were
for many years the only fixed flow rates routinely available on
commercial aircraft. As airline-supplied in-flight oxygen becomes
less common and greater numbers of patients travel with flight-
approved POCs delivering a wide range of continuous and inter-
mittent flow rates, these figures are less critical. The HCT should
ideally be performed with the modality that is intended for use
in-flight.

Most airlines have moved away from supplying routine medical
oxygen. In-flight oxygen is thus now likely to be supplied by an FAA
approved POC, leased by the patient. These are mostly pulse-dose
delivery. It is, therefore, advisable to conduct a titrated HCT with
pulsed dose oxygen to maintain PaO, at >6.6kPa or SpO, >85%,
using setting 2 as the starting point. This approximates to the 2L/
min originally stated. If pulse-dose oxygen at higher settings is insuf-
ficient to maintain PaO, at >6.6kPa or SpO, >85%, then continuous
oxygen should be considered. It should be noted that POC models
supplying continuous flow are limited, and they do not currently
supply >3 L/min.

Pulse-dose delivery is not suitable for young children, for use
during sleep’ '** or for certain adults. Not all POCs function as
expected under conditions of simulated altitude'*® and pulse-dose
settings may not equate to equivalent continuous flow rates ™ (see
Appendix A).

Patients with hypercapnia
Previous BTS advice was to err on the side of recommending
oxygen if in doubt,' and other authors have recommended
doubling oxygen flow rates for patients with a pre-existing
oxygen requirement.' * However, there is a potential risk of
developing hypercapnia and respiratory acidosis from oxygen
during HCT in patients with type 2 respiratory failure.' Patients
with a history of hypercapnia should ideally undergo HCT with
blood gas sampling. In these cases, the minimum amount of
oxygen should be delivered to maintain PaO, >6.6kPa while
monitoring PaCO, and pH. If blood gas sampling is not available
then care should be taken not to raise SpO, above the resting
level with supplementary oxygen in this group of patients ."” In
some cases it may be unsafe to undertake air travel even if good
oxygenation can be achieved, if adverse PCO, and pH changes
are evident.'

An incidental finding of an elevated COHb during HCT repre-
sents an important opportunity to take a smoking history and offer
smoking cessation referral as appropriate.

Twitter Robina Kate Coker @RobinaCoker1
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frequentes em estudos 'hmus(o tolados com dupilumab na dermatie atdpica, asma e CRSWNP foram reagdes no local de injegdo (incluindo eritema, edema, prurido, dor e inchago), conjuntivie, artralgia, herpes oral,  eosinoflia. Foram nofificados casos raros de reages de doenga do soro,feages do tipo doenca do soro, reagaoanaﬁ\aﬂ(a equerat\leul(emxa (verseccéo 44 do RCM completo). Em esfudos de monoterapia na dermatite
atdpica, em adultos, aprporgdo de doentes que descontinuaram o tratamento devido a acontecimentos adversos foi e 1,9% no grupo de placebo, de 1,9% no grupo de dupilumab 300 mg QW edel5%nngrupodedupw\umah}Oqu[)W No estudo com CST concomitantes em adulfos, a propor¢do de doentes qu {ratamento devi adversos oi de 7,6% no grupo de placebo + (ST, de 1,8% no grupo
de dupilumab 300 mg Q2W -+ CST e de 2.9% no grupo de dupilumab 300 mg QW+ CST. Nos estudos de asma DRI12544 e QUEST, a proporgio de doentes qu tamento devido a acontecimentos adversos foi de 4.3% no grupo de placebo, de 3,29 nogrupo de dupilumab 200 mg Q2W e de 1% no grupo de dupilumab 300 mg Q2W: Nos esfudos SINUS- Z4eS\NUS—52de(RSwNPapwporgaodedoenlesquede&wnﬂnuamm
otratamento devido a acontecimentos adversos foi e 2,0% no grupo de dupilumab 300 mg Q2W e de 46% no grupo de placebo. um*ﬂbf‘wdevea*aem»fhasUduu\\umabfmenudaduemWZema\os[hmtoxa\eatunzadnse(umro\adoxporp\a(ebo incluindo dermaite atdpica, asma e doentes com CRSwNP. Os princpais estudos controlados envalveram 4.206 doentes b e 2326 doentes que
durante o periodo controlado. Listadas na Tabela 3 esto a reagdes adversas observadas em estudos clinicos na dermatite atpica, asma e CRSWAP efou apds o incio da comercialzagao, apresentadas por classe e sistema de droaos e frequénia, utlzando as seguintes categorias: muito frequentes (> 1/10); frequentes (> 1/100, < 1 10) pou(ofrequenles (> 141,000, < 15100); raras (> 1/10000 < 141.000); muito raras (< 1/10000)
Tabela 3 Lista de reagdes adversas. Classe de sistemas de drgaos MedDRA: Inecges e nfestacdes. Frequéndia: Frequentes. Reagdo adversa: Conjunivite®; Herpes ora”. Classe de sistemas de drgaos MedDRA: Doengas do sangue e dosistema linftico. Frequéncia:Frequentes. Reacao adversa: Eosinofilia. Classe d MedDRA: Doengs d Frequéndia: Raros. R
Reagén da doenga do soro; R dotipo doenga o soro; Reado anafltice. Frequéncia Pouc requentes. Reagao adversa: Angioederma. Classe de sistemas de orgaos MedDRA: Afegdes oculares.Frequénia:Frequentes. Reagdo adversa: Conjunivie alérgica”. Frequéncia Pouc frequentes. Reagao adversa:Prrido oclar; Blefaite™; Ouerat\le (Olho seco™. Frequéncia: Raros. Reaca ueraite ulcerava’f.
Classe de sistemas de drgaos MedDRA: Afeces dos tecidos cuténeos e subcuténeos. Frequéncia: Pouco frequentes. Reagao adversa: Frupcdo cuténe facal. Classe de sistemas de drgaos MedDRA: Afegdes musculosqueléticas e dos tecidos conjuntivos. Frequéncia: Frequentes. Reagdo adversat Ariralga. Classe de sistemas de drgaos MedDRA: Perturbagoes gerai e alferages no ocal de adm\'nimaqio Frequénu'a:
Frequentes. Reagao adversa: Reades no local de injegao (incluindo ertema, edema, prurido, dor e inchago). * Afecdes oculares e herpexura\ ocorreram predominantemente em estudos de dermatite atdpica. A frequéncia de prurido ocular, blefaite e olho secoera frequemeedaquerame Ulcerativa era pouc frequente em esfudos dedermamealopma Dupivent 200 mg e 300 mg: Descricdo de rea;oe&advenassele(lonadas nasmd\tagoe
de dermatite t6pica, asma e CRSWNP. Hipersensibilidade Foram comunicados casos de reagdo anafilética, angioedema e de doenca do soro‘reages do tipo doenca do soro apds a administracdo de dupilumab (ver seccéo 44 do RCM completo). A I ratte Conjunivite e queratite ocorreram mai m doentes com dermatite atdpica
e estudos de dermaite atdpica. A maioria dos doentes com conjuntiite ou queratie recuperou ou estava a recuperar durante o periodo de tratamento. No estudo de dermaite atdpica a longo prazo OLE (AD-1225) aos trés anos, a respefivas taxas de conjuntivite queralne permane(eram semelhantes as do grupo tratado com dupilumab nos estudos de dermatite atdpica controlados com p\a(ebo Nos doemes on asma afrequen(\a de
conjuntivite e queratite foi baixa e semelhante enire o dupilumab e o placebo. Nos doentes com CRSWP, a frequéncia de conjuntivite foi superior no dupilumab do que no placebo, embora menor do que a observada nos doentes com dermaite atdpica. Néo exsfiram casos dos no program de CRSWHP (ver secgdo 44 do RCM completo). Fczema em< 1%
dos grupos de dupilumab e em < 1% do grupo de placebo nos estudos de monoterapia, em adultos, com dermatite atdpica de 16 semanas. No estudo em adultos de dupilumab + CST de 52 semanas, foi comunicado eczema hevpen[oemHz%doqrupodedup\\umam(STeemI‘l% dnqrupu depla(ebo+(ST As taxas permaneceram estaveis no estudo a longo prazo OLE (AD- 1ZZSDamtresan05 Fosinafia Os doentes tratados com
dupilumab tiveram um aumento médio iicial maior duqueﬂ»a\orhaxa\na(nmaqemdeecsmumosemtompara(nommnsdoemenraladox(omp\a(ebu A contagem de eosindflos diminuiu para perto dos niveis basais durante o ratamento do estudo e voltou aos valores basais studo de extensdo aberto da asma (TRAVERSE). Os iveis médios d pmmnﬁ\m i iram abaivo dos niveis basais,na semana
20, emantiveram-Se, até aos 3 anos, no estudo  longo prazo OLE (AD-1225). Foi notificado tratamento emergente para eosinofiia (> 5,000 células ‘mdl) em <2% dos doentes tratados com dupilumab e < 0,5% nos doentes tratados com placebo (ver eccéo 44 do RCM complefo). n/egoexNoxexludox(hm(os em adultos, de dematite at de 16 semanas, o [ s uwWO%dmdoemestratados
com placebo e em 0,5% dos doentes tratados com dupilumab. No estudo CHRONOS, em adultos, de dermatite atdpica de 52 semanas, foram reportadas infeges graves em 0,6% dos doentes tratados com placebo e em 0,2% dos doentes tratados com dupilumab. As faxas de infegdes graves: stavels até aos 3 anos no estudo a longo prazo OLE (AD- 1225} Naose incige W..Id infegge
em comparagao com placebo no grupo de sequranga dos estudos clinicos de asma. No grupo de sequranga de 24 semanas, foram nofi \ﬁ(adasmfeguesqra»esem1[)“mdnsdoemexlrataduswmdup\\umabeem1W%dnsdoemestraladnsmmp\a(ebu No estudo QUEST de 52 semanas, foram notificadas nfeges graves em 1,3% dos doentes dupilumab ...M%do&dwnles placebo. No se ob aumeniona
incidéncia geral de infegdes com dupilumab em comparagdo com placebo no grupo de sequranga dos estudos linicos de CRSWAP. No estudo SINUS-52 de 52 semanas, foram notificadas infeges graves em 1,3% dos doentes tratados com dupilumab e em 1,3% dos doentes tratados com placebo. Imunagenicidade Como fodas as proteinas’ lerapeullcax exme um potencial para imunogenicidade com dupilumab. As respostas de Anticorpos
Antifimacos (AA ]nan foram, de forma geral, associadas a um impacto na exposicao, na sequranca ou na eficécia de dupilumab. Aproximadamente 5% dos doentes com dermatite atdpica, asma ou CRSWNP que receberam dupilumab 300 mg Q2W durante 52 semanas desenvolveram AAF ao dupilumab; 2% exibiram respostas persstentes de AAF e 2% apresentaram anticorpos neutralzantes, Foram
observados resultados semelhantes em doentes pedidticos (6 aos 11 anos de idade) com dermaite atdpica que receberam dupilumab 200 mg Q2W ou 300 mg Q4W durante 16 semanas. Foram observadas respostas de AAF semelhantes em doentes adulfos com dermaiite atdpica Iratadoxmmdup\\umabateaos}anusnoeﬂudoa\ungo praonLE (AD-1225). Aproxwmadameme16%do&doemesado\estemeswmdermatlteawplca que
receberam dupilumab 300 mg ou 200 mg Q2W durante 16 semanas anticorpos a0 dupilumab; % exibiram respostas persistentes de AAF e aproximadamente 5% apresentaram anticorpos neutralizantes. mdmdoeme m beram dupilumab 200 mg Q2W durante 52 semanas desenvolveram anficorpos ao dupilumab; aprori persistentes
de AAF e aproximadamente 4% apresentaram anficorpos neutralizantes. Independentemente da dade ou populagdo, aproximadamente 2a 4% dos doentes nos grupos placeba foram positvos para anticorpos ao dupilumab; 2% apresentaram [ 1% apresentaram anticorpos neutralizantes. Menos de 1 % dos doentt dupilumab em regime aprovada
apresentaram respostas de AAF com titulagdo elevada associadas a exposico e eficdcia reduzidas. Além disso, houve um doente com doenga do soro e um com reagao do tipo doenca do 00(<0) 1%) assnnadasamu\agoes elevadas de AAF (ver secgéo 4.4 do RCM completo). Populagéo peditrica Dermatit atdpica. Adolescentes dos 12:s 17 anos de dade. A seguranga do dupiumab foi avallada um estudo deZSO doemesdoﬂlaosﬂ
anos de dade com dermatite atdpica moderadaac’a\'mD 1526). 0 perflde sequranca do dupiumab nestes doentes, que foram acompanhados até & semana 16, foi semelhante ao perfi de sequranca dos estudos em adultos com demaiteatGpica. Asma. U total de 107 adolescentes dos 12 aos 17 anos com asma foram incluidos no estudo QUEST de 52 semanas. O prfil de seg semelhante do em adultos.
Foi avaiada a sequranca a longo prazo de dup\\umah em 89 doentes adolescentes que foram inscritos num estudo de extenséo aberto na asma moderada a grave (TRAVERSE). Neste estudo, os doentes foram acompanhados durame 96 semanas. 0 perfil de sequranga de dup\\umab o TRAVERSE foi consistente com o perfi e NG obsewado s estudos princpais da asma até as 52 semanas delmtamemo Sequraﬂga alongo prazo.
Dermnmeavp\(aUpam\dexea ranga de dupilumab + TCS (CHRONOS) em doentes adultos com dermaite atdpica até a semana 52 foi consistente com o perflde sequranga observado na semana 16. A sequranca alongo prazo de dupiluma fof avaliada num estudo de extensdo aberto em doentes dos 6.aos 17 anos deidade com dermait erada agrave (AD-1434). 0 perfl de sequranga de
até 3 semana 52 fo semelhante ao perfi de sequranga obsenvada na semana 16 nos estudos AD-1526 e AD-1652. 0 perfil de sequranca a longo prazo de dupilumab abservado em crianas e adolescentes oi consistente com o observado em adultos com dermatite atdpica. Numenudode fase 3, multicénirico, de extensdo aberta (OLE) (AD-1225), 0\avahadaasegurangaalonqoprazodedosesrepetldasdedupllumabemZﬁﬂadu\loswm
DA moderada a grave expostos a uma dose semanal de 300 mg (99,79, induindo 347 que completaram, pelo menas, 148 semanas do est JdoUpem\dexeoumncan\oﬂquprazonhser\radonexleestudo até aos 3 anos,foi em geralconsistente com o perfl de sequranca de dupil do em esfudos controlados. Asma. 0 perfl de sequrang studod de 96 semanas (TRAVERSE) foi consistente
com o perfil e seguranga observado nos estudos principais da asma até 52 semanas de tratamento. CRSWAP. O perflde sequranga de dupilumab em adultos com CRSWAIP até a semana 52 foi consistente com o perfil de sequranga observado na semana 24. Notificacdo de suspeitas de reades adversas A nofificagdo de suspeifas de reagaes adersas aposa autorizagdo do medicamento é \mponanle Uma vez que permite uma monitorizagéo
continua da relagdo beneficio-isco do medicamento. Pede-5e aos profissonais de saide que noffiquem qualsquer suspeitas de reagdes adversas diretamente ao INFARMED, P. Sito da interet: htp:;/wwww.nfarmed pt/webfnfarmed submissaoram (preferencialmente) ou airaves dos seguintes contactos: Diregao de Gestao do Risco de Medicamentos, Parque da Satde de Lisbo, Av.Brasil 53, 1749-004 Lisboa, Tel: +35121 798 73 73: Linha
do Medicamento: 800222444 (qratuita)E-mal: farmacovigilancia@infarmed.t Data da revisao do texto: Novembro de 2021. Medicamento Sujeito a Receita Médica restita. Para mais informages contactar o representante local do Ttular da Autorizagdo de Introdugo no Mercado.
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