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EDITORIAL
TaggedH1Antisynthetase syndrome with predominant lung
involvement. An easy to miss diagnosis TaggedEnd
TaggedPInterstitial Lung Diseases can be extremely challenging in terms
of diagnosis. Antisynthetase syndrome (ASYS) represents a major
area of concern as it can present with isolated pulmonary
involvement and can even mimic other diseases, notably hyper-
sensitivity pneumonitis.1 ASYS is a clinically distinct subset
among the immune inflammatory myopathies, characterized by
the presence of autoantibodies against aminoacyl-tRNA synthe-
tases (anti-ARS) that are myositis-specific antibodies. The classic
clinical triad of myositis, ILD and arthritis is referred to as com-
plete ASYS. However, all triad findings are rarely found at pre-
sentation. Even after extended surveillance extending over one
year, a complete ASYS is seen in no more than 50% of patients
with anti-Jo1 and even less for patients with non-anti-Jo-1 auto-
antibodies. Organ involvement and thus clinical presentation
depends on the type of anti-ARS antibody meaning that differ-
ent medical specialties encounter different phenotypes. Rheu-
matologists are more likely to see patients in whom muscle and
joint involvement predominates, while patients with predomi-
nant lung involvement are more likely to be referred to pulmo-
nologists.2 We analyze the diagnostic difficulties of ASYS from
the pulmonologists perspective, focusing on four domains, clini-
cal, laboratory, imaging and pathology.TaggedEnd

TaggedPPatients with ASYS, usually presenting to respiratory serv-
ices are more likely to have isolated lung involvement. Myo-
sitis if present can be subclinical without muscle weakness.
History is unhelpful and sometimes can be misleading as
some patients report exposure to organic antigens, errone-
ously pointing towards hypersensitivity pneumonitis. Helpful
physical findings as mechanic hands, Gottron papules, peri-
orbital edema, and skin erythema, can easily go unnoticed
by non experienced pulmonologists. TaggedEnd

TaggedPIn cases of ASYS where lung is the first involved organ or in
cases with subclinical myositis, muscle enzymes (creatine
kinase and aldolase) can be normal. Aminoacyl-tRNA synthe-
tases antibodies (anti-ARS) are located in the cytoplasm and
result in a negative ANA test which does not indicate autoanti-
body negativity in the context of ASYS.3 Furthermore, the
extractable nuclear antigen (ENA) panel includes only anti-Jo-1
out of the eight known anti-ARS antibodies.4 A negative ENA
panel cannot exclude the diagnosis of ASYS and can miss
https://doi.org/10.1016/j.pulmoe.2023.02.009
2531-0437/© 2023 Sociedade Portuguesa de Pneumologia. Published by Els
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPpatients that are at high risk for developing isolated or predom-
inant lung involvement (e.g. anti-PL-7, anti-PL-12 and anti-EJ)
[4]. A prominent bronchoalveolar lavage lymphocytosis (�30%),
usually pointing towards hypersensitivity pneumonitis has been
reported in ASYS.1TaggedEnd

TaggedPImaging findings of ASYS based on high resolution computed
tomography (HRCT) are not specific. They include bilateral
areas of ground glass, consolidation, and reticulation. Traction
bronchiectasis points to the presence of underlying fibrosis. The
corresponding patterns are Non Specific Interstitial Pneumonia
(NSIP), Organizing Pneumonia (OP), mixed NSIP/OP, while a
Usual Interstitial Pneumonia pattern (typical or probable) has
only rarely been described.5 In some patients there are diffuse
areas of ground glass, alternating with normal parenchyma,
resulting in a mosaic pattern. Also, consolidative areas tend to
have a peribronchial distribution. The presence of mosaic atten-
uation and peribronchial distribution, especially when there is a
history of exposure to an inciting antigen, can be strongly
deceptive in favor of hypersensitivity pneumonitis. Coronal ref-
ormations can be helpful as they can highlight the predominant
location of findings to the lung bases with sharp demarcation in
the craniocaudal plane. This is known as the “straight edge”
sign and is considered to be indicative of an underlying connec-
tive tissue-interstitial lung disease.TaggedEnd

TaggedPLung biopsy findings in ASYS are also not specific. The pres-
ence of dense lymphocytic inflammation with peribronchial dis-
tribution, predominance of plasma cells, lymphoid aggregates
with or without germinal centers, follicular bronchiolitis and
pleuritis raise suspicion of an underlying collagen tissue disease.
However, these findings are by no means pathognomonic of
ASYS or connective tissue-interstitial lung disease in general.
Furthermore, there can be significant overlap with other dis-
eases with HP being a characteristic example.1 In a patient
with ASYS and avian exposure, prominent bronchoalveolar
lavage lymphocytosis, mosaic pattern on HRCT, pathology could
be considered compatible with HP, leading to a false diagnosis.TaggedEnd

TaggedPTimely diagnosis of ASYS has significant impact on patients’
outcome. Lung involvement in the context of ASYS is not only
one of the most common manifestations but also a major factor
of increased morbidity and mortality. Delayed diagnosis has
evier España, S.L.U. This is an open access article under the CC BY-NC-



TaggedEnd Table 1 Diagnostic challenges in amyopathic lung predominant idiopathic inflammatory myositis.

Clinical Laboratory
� Idiopathic inflammatory myositis with predominant lung involve-
ment is rare. TaggedEnd

� Musclesymptomsareabsent. TaggedEnd
� Exposure toan inciting antigen can be misleading. TaggedEnd
� Skin findings or arthritis can be overlooked.TaggedEnd

� Muscle enzymes are within normal range. TaggedEnd
� ANA can be negative/lowtiterpositive. TaggedEnd
� ENA panel tests only for anti-Jo-1. TaggedEnd
� BAL lymphocytosis is not pathognomonic TaggedEnd

Imaging Pathology
� Imaging patterns (NSIP, OP, mixed NSIP/OP) are not specific. TaggedEnd
� Mosaicattenuation orpredommant peribronchial distribution can
be present pointing to more common diagnoses. TaggedEnd

� Pathology findings (dense lymphocytic inflammation with
peribronchial distribution, lymphoid aggregates with or
without germi nal centers) are not specific. TaggedEnd

TaggedEndV. Tzilas, J.H. Ryu, P.P. Sfikakis et al.
TaggedEndTaggedPbeen associated with worst prognosis and not surprisingly is most
commonly observed in non-anti-Jo-1 patients.6 The significance
of this observation is twofold. First, ENA panel does not test for
non-anti-Jo-1 autoantibodies. Second, patients with non-anti-
Jo-1 autoantibodies, mainly anti-PL-7, anti-PL-12 and anti-EJ
are most often associated with clinically isolated pulmonary
involvement and thus more easily to be misdiagnosed. ASYS has
the perfect camouflage recipe (Table 1). It can present with iso-
lated pulmonary involvement, skin manifestations can be absent
or go unnoticed by the non-experienced pulmonologist, and
muscle involvement can be present, but subclinical, resulting in
normal muscle enzymes. ANA can be negative and ENA panel
does not test for anti-ARS except for anti-Jo-1. Furthermore,
ASYS can notoriously masquerade as hypersensitivity pneumoni-
tis in the presence of an inciting antigen, prominent bronchoal-
veolar lavage lymphocytosis, mosaic attenuation of the lung
parenchyma and/or bronchocentric distribution on HRCT, and
pathology findings exhibiting bronchiolocentric lymphocytic
inflammation with lymphoid aggregates and peribronchiolar
metaplasia.TaggedEnd

TaggedPIn the above-mentioned clinical scenario imaging holds a key
role. The presence of radiological NSIP and/or OP pattern should
always raise suspicion of underlying ASYS even in the presence
of a working diagnosis, as HP. It is impossible to exclude ASYS
unless testing for anti-ARSs. Biomarkers are the basis of person-
alized medicine. Thankfully, in ASYS we have myositis specific
antibodies as diagnostic biomarkers. It is important to actively
involve rheumatologists in the context of multidisciplinary dis-
cussion to bridge the gap between the two medical specialties
and increase awareness and expertise for both sides. Collabora-
tive studies to determine the exact incidence of ASYS in ILD
patients presenting to respiratory departments with radiological
NSIP and/or OP pattern are needed. In the meantime, there
should be a low threshold in ordering a myositis panel for these
patients. A joint statement can serve as a valuable first step
towards this goal.TaggedEnd
TaggedH1Conflicts of interest TaggedEnd
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COMMENT
TaggedH1Biologics and anti-Sars Cov2 vaccination in severe
asthma riding the big wave: Unity is strength! TaggedEnd
TaggedPG. Guarnieri*, B. Molena, F. Chieco Bianchi, A. Vianello TaggedEnd
TaggedPDepartment of Cardiac-Thoracic-Vascular Sciences and Public Health University of Padova, Respiratory Pathophysiology Unit,
Padova, Italy
TaggedEnd
Received 22 May 2022; accepted 1 June 2022
Available online 9 June 2022
TaggedPIn the spring of 2020, at the beginning of Covid-19 pandemic,
there was a consistent medical concern raised about
patients suffering from severe chronic respiratory diseases.
For asthma patients, the GINA guidelines, as well as all inter-
national scientific societies, promptly provided statements
strongly recommending inhalation therapy maintenance, as
well as monoclonal antibodies treatment.1-3 Indeed, at that
time optimal asthma control and prevention of exacerba-
tions represented a priority to reduce the risk of infection
associated with admission to ER or hospitalization. In this
regards we developed a telemedicine-based approach to
monitor patients at home remotely, thus reducing access to
hospital and consequently the risk of infection over the pro-
longed lockdown.4,5 At the same time, we encouraged
severe asthmatic patients to self-administer biologics after
an appropriate face-to-face consultation or even by remote
training.4 Alternatively, home care projects were launched
for the delivery and administration of biological drugs by
healthcare personnel.6 TaggedEnd

TaggedPIn the pre-vaccination era, severe asthma patients
treated with biologics targeting type 2 inflammation were
not generally considered at increased risk for COVID-19,
when compared with age- and geography-matched non-asth-
matic population.7,8 In the Severe Asthma Network in Italy
(SANI), 26 cases of infections out of 1504 patients (1.73%)
TaggedEnd * Corresponding author at: Department of Cardiac-Thoracic-Vas-
cular Sciences and Public Health, Respiratory Pathophysiology Unit,
University of Padova, Via Giustiniani, 2, 35126, Padova, Italy.

E-mail address: gabriella.guarnieri@unipd.it (G. Guarnieri).

https://doi.org/10.1016/j.pulmoe.2022.06.001
2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by E
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPwere reported and related mortality was 7.7%, lower than
that observed in the general Italian population (14.5%).9

Accordingly, the Dutch Severe Asthma Registry RAPSODI
recorded an incidence of Sars-Cov-2 infection equal to 1.4%
among severe asthma patients on biologics.10 However, in
this population the incidence of COVID-19 related hospitali-
zation and intubation were higher, and death was 5 times
higher than that observed in a comparable sample of Dutch
population for age and sex. TaggedEnd

TaggedPAt that time, from our experience among the 145 severe
asthma patients (79/66 F/M; mean age 59§3 ys) treated
with monoclonal antibodies, 12 (8%) contracted Sars- Cov-2
infection and one was admitted to ICU for respiratory failure
and severe pneumonia. The remaining patients received
home therapy with oral cortisone and antibiotic (azithromy-
cin), with an average recovery time of 18§3 days. TaggedEnd

TaggedPThe anti-Sars-Cov-2 vaccine became available at the
beginning of 2021. Subsequently, an International Consensus
produced by multidisciplinary group of international experts
recommended vaccination for asthmatic subjects. However,
an allergy evaluation was mandatory for patients with a his-
tory of severe allergic reaction to vaccine/excipient.11TaggedEnd

TaggedPAt our clinic, in April 2021 we timely offered to adminis-
trate the anti-Sars-Cov-2 vaccination to severe asthmatics.
No serious adverse events were recorded. Less than 20% of
patients reported side effects, most of which classified as
very common side effects.12 In terms of patient reported
outcomes, a significant improvement of both ACT and AQLQ
was observed between the first and the second dose admin-
istration, ruling out the risk of asthma exacerbations related
to the COVID-19 vaccine. During 2021 we also administered
lsevier España, S.L.U. This is an open access article under the CC BY-



TaggedEndG. Guarnieri, B. Molena, F. Chieco Bianchi et al.
TaggedEndTaggedPthe third dose of Sars- Cov-2 vaccine to severe asthma
patients, without observing any side effects. TaggedEnd

TaggedPIn the spring 2022, on the Omicron pandemic wave, 177
severe asthma patients (99/78 F/M; mean age 56§4 ys) were
on biologic treatment at our clinic: 33% were on Benralizumab
31%, on Mepolizumab, 26% on Omalizumab and 10% on Dupilu-
mab. Among them 93 (52%) were infected by Sars-CoV-2 and
one had re-infection. Nobody required hospitalization and in
all cases the disease was treated at home. Most of the sub-
jects (82%) presented a paucisymptomatic or asymptomatic
infection, whereas in the remaining ones the administration
of oral corticosteroids was prescribed. Anti-Sars-Cov-2 mono-
clonal antibody therapy was also used in 3 subject. The aver-
age recovery time was 11§2 days.TaggedEnd

TaggedPAfter two years of Covid-19 pandemic, the reported data
provide us a glimmer of light and lead to some considerations.TaggedEnd

TaggedPAccording to the evidence from literature, allergic asth-
matic subjects seem to be less likely to be infected by SarS-
CoV-2. This could be for several reasons.13 First, the anti-
inflammatory action of inhaled corticosteroids (ICS) and
their possible “turn off” effect on “cytokine storm” elicited
by the virus. Second a down regulation of ACE2 and TMPRSS2
receptors, which can be related to the allergic inflammation
per se or the action of ICS.14TaggedEnd

TaggedPOn clinical ground, biologics targeting type-2 inflamma-
tion seem to decrease the risk of COVID-19 related asthma
exacerbations by reducing airway inflammation and possibly
through specific antiviral properties. In fact, Omalizumab,
crosslinking IgE, leads to lower IFN production. Mepolizu-
mab, Reslizumab and Benralizumab, increase the ratio of
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Abstract
Introduction: Several multidimensional indices have been proposed to predict mortality in
chronic obstructive pulmonary disease (COPD). The BODEX index is simple and easy to use
for this purpose in all clinical settings. Only a few prognostic indices have integrated oxygena-
tion variables, with measurement methods that are not practical for real life clinical practice
in all settings.
Objectives: To develop and externally validate a new prognostic index (BODEXS90) that com-
bines the variables included in BODEX index with rest peripheral oxygen saturation measured
with finger oximetry (SpO2) to predict all-cause mortality in stable COPD.
Method: Observational, non-intervention, multicenter historic cohort study. The BODEXS90
index was developed in a derivation cohort and externally validated in a validation cohort. Cal-
ibration of the index was carried out using Hosmer-Lemeshow test. The discrimination capacity
of BODEXS90 and BODEX were compared by means of receiver-operating characteristics curves.
Modelling of the index was carried out by crude and adjusted Cox regression analysis.
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Results: The derivation and validation cohorts included 787 and 1179 subjects, respectively.
SpO2 predicted all cause-mortality independently of BODEX index. Discrimination capacity of
BODEXS90 to predict the outcome was significantly higher than that of BODEX, particularly for
more severely affected patients, both in the derivation and in the validation cohorts.
Conclusions: The new index is potentially useful for designing clinical decision-making algo-
rithms in stable COPD.
© 2020 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introduction

Chronic obstructive pulmonary disease (COPD) is one of the
leading causes of death in the world.1 Therefore, predicting
mortality is of paramount importance to design management
strategies for this disease. Traditionally, the forced expira-
tory volume in one second (FEV1) has been the most widely
used predictor of mortality. However, it is currently clear
that COPD is a complex disease, with multiple dimensions
involved in its prognosis. As a consequence, several multidi-
mensional indices have been validated, integrating assorted
prognostic determinants, with the objective of improving
the predictive capability of adverse outcomes provided by
FEV1 alone.2 In this regard, the BODE (body mass index, air-
flow obstruction, dyspnea, exercise capacity) index is more
effective than FEV1 in predicting mortality.3 However, the
index does require performance of a 6-minute walk test,
a technique that is time-consuming and requires sufficient
space to perform it, making it difficult to be carried out in
some settings, like primary care facilities. The BODEX index
simplifies the BODE index and precludes these drawbacks
by replacing the exercise capacity component with the his-
tory of COPD exacerbations that required hospitalization the
year prior to patient’s evaluation.4 This index has a similar
prognostic capacity to BODE.4

Chronic respiratory failure is associated with a higher
mortality rate in COPD, and it is another dimension that
is amenable to treatment, with long-term oxygen therapy.5

For that reason, oxygenation variables might be theoreti-
cally valuable for use as a component of prognostic indices in
COPD. Two previously validated indices, mBODE and DOREMI
BOX have integrated these variables, but they used mea-
surement methods (maximal oxygen consumption during
exercise test and blood gas analysis, respectively) that are
difficult to implement in all clinical settings and throughout
the whole spectrum of disease severity.6,7 On the other hand,
measurement of peripheral oxygen saturation by means of
pulse oximetry (SpO2) correlates well with arterial partial
pressure of oxygen,8 it is cheap, easy and readily available
in all clinical scenarios.

We hypothesized that a new index that combines rest
SpO2 with the BODEX index variables would increase the
capacity of BODEX index to predict all-cause mortality in
stable COPD patients. The objectives of this study were: 1)
to determine whether rest SpO2 and BODEX index are inde-
pendent predictors for death, 2) to develop an index that
combines the BODEX components with SpO2 (BODEXS90), 3)

to assess whether the prognostic capacity of BODEXS90 is
higher than that of BODEX in a derivation cohort and 4) to
externally validate the index in an independent cohort.

Methods

Study population and setting

This was an observational, non-intervention, multicenter
historic cohort study. Inclusion criteria were age > 35 years,
a diagnosis of COPD according to the Global Initiative for
Chronic Obstructive Lung Disease (GOLD)1 and clinical sta-
bility at the time of the first visit (i.e.: free of exacerbations
in the prior 3 months). Exclusion criteria were the diagno-
sis of concomitant chronic respiratory diseases other than
COPD (e.g: interstitial lung disease, pneumoconiosis). The
derivation cohort contained consecutive patients seen at
a second-level university hospital’s dedicated COPD clinic
(Hospital Universitario Lucus Augusti, Lugo, Spain), visited
from January 2008 to October 2019. The participants were
identified from a database that was set-up for clinical pur-
poses. The validation cohort was made up of a combination
of three different cohorts: two were prospective observa-
tional cohorts from third-level University hospitals (Hospital
de Galdakao-Usansolo, Galdakao, Spain and Hospital Univer-
sitario Marqués de Valdecilla, Santander, Spain) recruited
from April 2003 to November 2004 and from March 2018
to August 2018, respectively. The third one was a clinical
cohort, formed of all consecutive patients seen at a general
pulmonology clinic from a 3rd level university hospital (Hos-
pital Universitario Nuestra Señora de Candelaria, Santa Cruz
de Tenerife, Spain) which was visited from January 2012 to
December 2014.

Study variables

On the first visit, the following variables were registered:
age, sex, history of tobacco consumption (pack-year index,
current versus former smoker), body mass index (kg/m2),
value of the age-adjusted Charslon comorbidity index,9

percent-predicted forced expiratory volume in 1-second
(FEV1%), percent-predicted forced vital capacity (FVC%),
FEV1/FVC index, value of SpO2 measured with the patient
resting in sitting position, dyspnea measured using the mod-
ified medical research council scale (mMRC), and number
of exacerbations that required hospital management dur-
ing the year previous to the first visit. The BODEX index
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Table 1 Variables and score values used for the calculation of the BODEXS90 index.

Score
Variable 0 1 2 3

B BMI (Kg/m2) > 21 ≤ 21
O FEV1% ≥ 65 64 --- 50 49 -36 ≤ 35
D MMRC dyspnea scale 0 --- 1 2 3 4
EX Number of COPD exacerbationsa 0 1 -2 ≥ 3
S90 Resting SpO2 ≥ 90% < 90%

a Exacerbations that required hospital management, the year before the index date. BMI: body mass index. FEV1: forced expiratory
volume in 1 s. COPD: chronic obstructive pulmonary disease. SpO2: peripheral oxygen saturation.

was calculated as previously described.4 Introducing SpO2

in a multivariable Cox proportional hazard regression analy-
sis did not significantly change the hazard ratios (HR) of the
BODEX variables to reach the endpoint outcome (see below),
and the HR associated to a SpO2 below 90% was 1.6. Thus,
the new BODEXS90 index was computed by adding one point
to the BODEX index when SpO2 was below 90% (Table 1).

Outcome variable

All-cause mortality was the outcome variable of the study.
Vital status was determined by reviewing electronic medical
records and, in some cases, by telephone calls to patients
or relatives. Dates of death were obtained from the medical
records.

Statistical analysis

Descriptive analyses were carried out by calculating mean
and standard deviation for continuous variables and fre-
quency and percentages for discrete variables. Comparisons
between the derivation and validation cohorts were per-
formed by means of Student’s T-test or Pearson’s chi-square
test, as appropriate. To assess whether BODEX and SpO2 had
independent value as predictors of mortality, a Cox pro-
portional hazards regression analysis was carried out in the
derivation cohort, by introducing both variables simultane-
ously. Both BODEX index and SpO2 were coded continuously,
in one-unit increments. The ability of BODEX and BODEXS90
indices to predict mortality was compared by means of
receiver-operating characteristics (ROC) curves. For this
analysis, the indices were coded continuously, in 1-unit
increments. We included a ROC analysis for the most com-
monly used predictor variable (FEV1%), as a comparator. The
areas under the curves were compared using the method of
De Long et al.10

Calibration of the index was performed by fitting a
multivariate logistic regression model and using Hosmer-
Lemeshow goodness-of-fit test. All-cause death was the
dependent variable and predictors were BODEXS90 index
plus age-adjusted Charlson index, pack-years index, and cur-
rent smoking status. BODEXS90, Charlson and pack-years
indices were coded continuously, in 1-unit increments, while
current smoking status was coded dichotomously (yes/no).

We used Cox proportional hazards regression models to
calculate HR for mortality and 95% confidence intervals (CI)

Table 2 Cut-off points for classification of BODEX and
BODEXS90 into quartiles.

Points of indices

BODEX BODEXS90

Q1 0−2 0−2
Q2 3−4 3−4
Q3 5−6 5−7
Q4 7−9 8−10

for BODEX and BODEXS90. We calculated crude (model 1)
and adjusted (model 2) HR. In model 2, we adjusted for
pack-years index, current smoking status and age-adjusted
Charlson index, coded as previously mentioned. To enhance
the applicability of the indices for clinical practice, BODEX
and BODEXS90 were divided into quartiles for this analysis3,4

(Table 2).
Survival curves for BODEXS90 index, divided into quar-

tiles, were constructed using the Kaplan-Meier Method. The
curves were compared by means of the log-rank test.

All the analyses were repeated in the validation cohort
using the same methodology. All effects were considered
significant at a p-value < 0.05. The statistical analysis
was performed with MedCalc statistical software Version
13.3.3.0 (MedCalc Software bvba, Ostend, Belgium)

We did not use an a priori sample size calculation because
this is a retrospective analysis of cohorts that recruited
patients for other studies. Further, there are no overall
accepted methods to estimate the sample size for deriva-
tion and validation studies of risk prediction models.11 It
has been suggested that an adequate sample size for these
studies should include a number of participants ≥ 20 with
the outcome event per candidate variables for derivation
cohorts, and a number of at least 100 events for validation
cohorts.12 Our sample and the number of events exceeded
these thresholds (see results).

Compliance with ethical standards

The collection of clinical data from the medical records
was originally authorized by the ethical committees. We
obtained specific authorization to carry out the present
study (Comité de Ética de Investigación Clínica del Hos-
pital Universitario Nuestra Señora de Candelaria, Registry
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number: CHUNSC 2020 52). The data were de-identified for
analysis. Informed consent was waived for this analysis due
to the retrospective, non-interventional design of the study
and the use of anonymous clinical data for the analysis.

Results

The derivation cohort included 792 patients and the valida-
tion cohort included 1234 subjects. Five patients were lost
to follow-up in the derivation cohort and 55 in the validation
cohort, mainly because the patients moved to other areas
or because they had withdrawn from the original prospec-
tive studies. Thus, the final sample size for the derivation
and the validation cohorts were 787 and 1179, respectively.
As contemplated by the Spanish COPD guidelines,13 all the
study variables are systematically registered in the partic-
ipant centers, thus there were few missing data. Only 15
(1.9%) cases in the derivation cohort and 32 (2.7%) subjects
in the validation cohort had missing data. Therefore, since
the risk of bias was low, imputation techniques were not
deemed necessary and complete case analysis was carried
out.14

Table 3 shows the characteristics of the derivation and
validation cohorts. There were significant differences in
most variables and, in general, the patients from the val-
idation cohort had less severe disease. Follow-up time was
similar for both cohorts.

Table 4 shows the results of the Cox proportional hazards
analysis to assess whether BODEX and SpO2 had independent
value as predictors of mortality. Both variables indepen-
dently predicted the risk for all-cause death both in the
derivation and the validation cohorts.

Area under the ROC curve (AUC) to predict mortality for
BODEXS90 in the derivation cohort was 0.753 (95% CI: 0.722
--- 0.783), slightly but significantly higher than the AUC for
BODEX: 0.745 (95% CI: 0.713 --- 0.775), difference between
AUC: 0.008 (95% CI: 0.002 --- 0.013), p = 0.006, and higher
than the AUC for FEV1%: 0.687 (95% CI: 0.654 --- 0.720),
difference: 0.065 (95% CI: 0.037 --- 0.094), p < 0.001.

The AUC for BODEXS90 and BODEX in the validation cohort
were 0.670 (95% CI: 0.640 --- 0.695) and 0.663 (95% CI: 0.636
--- 0.691), respectively. The difference between AUC was
small but also statistically significant: 0.007 (95% CI: 0.0001
--- 0.008), p = 0.04. The AUC for BODEXS90 was also higher
than that of FEV1% in this cohort: 0.617 (95%: 0.588 --- 0.645),
difference: 0.051 (95% CI: 0.026 --- 0.076), p < 0.001.

The BODEXS90 provided an adequate match between
predicted and observed mortality (Fig. 1). The value of
the Hosmer-Lemeshow statistic was 5.21 in the derivation
cohort and 12.8 in the validation cohort (p = 0.73 and 0.11
with 8 degrees of freedom, respectively).

The HR for mortality for the highest quartiles of
BODEXS90 were higher than the highest quartiles of BODEX,
both in crude and adjusted models, and in the derivation
and validation cohorts, suggesting that BODEXS90 is a better
predictor of mortality than BODEX (Table 5).

Fig. 2 shows the Kaplan-Meier survival curves for the
BODEXS90 quartiles in the derivation and validation cohorts.
The differences between curves were significant for both
cohorts (p < 0.0001 for both samples).

Fig. 1 Calibration plot of the BODEXS90 score adjusted by
pack-years index, current smoking status and age-adjusted
Charlson index in the derivation and validation cohorts.

Discussion

The present study has shown that SpO2 has additional prog-
nostic value to predict mortality in stable COPD patients,
independent of BODEX index, and that combining oxime-
try results with the BODEX index components, in a new
composite BODEXS90 index, increases the ability to predict
all-cause mortality in this population, particularly in the
most severe cases.

COPD is a major health problem worldwide. Predicting
mortality in this disease is an important element to design
follow-up and treatment strategies. COPD is a heterogenous,
multi-component disease, and using a single dimension, like
lung function variables, to predict mortality does not take
into account the complexity of the factors that can influence
the prognosis of patients. The GOLD initiative acknowledges
the value of composite scores to predict disease outcomes
and recognizes that the BODE composite score is a bet-
ter predictor of survival than individual components of the
index.1 GOLD also admits that simpler composite indices
that do not include exercise test might be suitable alterna-
tives. These indices might be easier to use in non-specialized
settings, but validation studies are needed before they can
be used in clinical practice.1

Many prognostic models have been studied in COPD,
although only a minority has been externally validated.15

Some of these, like the ADO index include non-modifiable
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Table 3 Characteristics of the derivation and validation cohorts.

Derivation cohort (N = 787) Validation cohort (N = 1179) P

Age, years 67.8 ± 9.5 68.0 ± 8.8 0.63
Male sex, n (%) 697 (88.5) 826 (70.0) < 0.0001
Packs-year 58.6 ± 30.0 49.1 ± 24.4 < 0.0001
Current smokers, n (%) 212 (26.9) 139 (11.7) < 0.0001
SpO2, % 93.1 ± 4.4 94.3 ± 2.7 < 0.0001
Subjects with SpO2 < 90%, n (%) 128 (16.2) 66 (5.5) < 0.0001
FEV1, % 50.4 ± 17.2 55.5 ± 17.2 < 0.0001
FVC, % 74.8 ± 17.5 81.9 ± 19.5 < 0.0001
FEV1/FVC, % 48.8 ± 12.5 52.4 ± 11.2 < 0.0001
GOLD 1, n (%) 44 (5.5) 88 (7.4) 0.11
GOLD 2, n (%) 351 (44.5) 643 (54.5) < 0.0001
GOLD 3, n (%) 283 (35.9) 379 (32.1) 0.08
GOLD 4, n (%) 109 (13.8) 69 (5.8) < 0.0001
BMI, kg/m2 28.2 ± 5.9 28.1 ± 4.9 0.68
BODEX index 2.5 ± 1.9 2.5 ± 1.7 1.00
Charlson indexa 5.3 ± 1.9 4.9 ± 2.0 < 0.0001
Follow-up time, months 56.0 ± 30.1 56.3 ± 32.5 0.83
Deaths, n (%) 217 (27.5) 321 (27.2) 0.92

a Age-adjusted. FVC: forced vital capacity. GOLD: global initiative for chronic obstructive lung disease. For further definitions see
legend to Table 1.

Table 4 Results of the Cox proportional hazards regression model to assess the independent value of BODEX and SpO2 to predict
mortality in the derivation and validation cohorts.

Derivation cohort Validation cohort

Covariate HR (95% CI) P HR (95% CI) P

BODEX 1.28 (1.19---1.38) < 0.0001 1.23 (1.15---1.32) < 0.0001
SpO2 0.93 (0.91 --- 0.96) < 0.0001 0.93 (0.90 --- 0.97) 0.0009

HR: hazard ratio. CI: confidence interval. For further definitions see legend to Table 1.

Table 5 Hazard ratios (HR) and 95% confidence intervals (CI) for all-cause mortality, for BODEX and BODEXS90 indices coded in
quartiles, in derivation and validation cohorts. Model 1: crude HR. Model 2: HR adjusted for pack-year index, current smoking
status and age-adjusted Charlson index.

Derivation cohort

BODEX BODEXS90
Model 1 Model 2 Model 1 Model 2

Q1 Reference Reference Reference Reference
Q2 3.07 (2.19---4.31) 2.84 (1.93---4.16) 2.86 (2.00---4.08) 2.57 (1.72---3.86)
Q3 4.44 (3.05---6.46) 4.24 (2.79---6.45) 4.95 (3.47---7.06) 4.95 (3.32---7.37)
Q4 10.02 (6.22---16.16) 8.02 (4.34---14.79) 11.6 (7.07---19.11) 8.48 (4.42---16.24)

Validation cohort

Q1 Reference Reference Reference Reference

Q2 1.74 (1.35---2.24) 1.63 (1.25---2.12) 1.68 (1.30---2.17) 1.59 (1.22---2.08)
Q3 2.61 (1.95---3.50) 2.38 (1.75---3.24) 2.65 (2.00---3.50) 2.38 (1.78---3.19)
Q4 4.72 (2.61---8.55) 3.88 (2.14---7.05) 7.29 (3.21---16.53) 6.69 (2.93---15.29)
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Fig. 2 Kaplan-Meier survival curves for BODEXS90 divided in
quartiles for the derivation and validation cohorts.

variables, like age, that are not directly related to the
disease in itself.11,16 The value of age and similar, non-
modifiable variables in the clinical stratification of specific
diseases has been questioned.17 Although such variables,
integrated into multidimensional indices are useful to
inform patients and relatives about prognosis, and to help
regulatory agencies to manage health resources, their utility
to tailor individual treatments is less evident. On the other
hand, prognostic indices integrated by components that are
susceptible to modification with treatments should be more
useful when designing therapeutic strategies. They could be
used to measure the impact of interventions and, ideally,
the improvement of index scores with treatments should
correlate with better clinical outcomes. Actually, the BODE
index has been found to improve with therapeutic interven-
tions, like pulmonary rehabilitation, and to correlate in this
context with better outcomes.18 However, general imple-
mentation of BODE index is hampered by the need to carry
out an exercise test. Also, patients with some comorbidities,
like orthopedic or peripheral vascular diseases might not be
able to perform the test, limiting its widespread availability.
The simpler BODEX index, which does not require a 6-minute
walk test, and replaces it by the history of severe exacer-
bations is advantageous in this regard.4 This index has been
externally validated by indepent teams since its develop-
ment, and the value of the c-statistic to predict adverse
outcomes for this model was between 0.63 and 0.73 in a
recent meta-analysis.15

Low SpO2 identifies COPD cases with more severe dis-
ease, and correlates with poorer survival.19 Long-term
oxygen therapy is one of the few interventions that have
demonstrated an impact on survival of COPD patients with
respiratory failure. Hence, oxygenation variables are attrac-
tive candidates for becoming part of prognostic indices,
particularly in those aimed to measure the impact of thera-
peutic interventions. A previous paper evaluated the ability
of a modified BODE (mBODE) index, that used oxygen uptake
measured at peak exercise during cardiopulmonary exercise
test, to predict mortality in COPD.6 Surprisingly, the con-
ventional BODE index performed equally well, if not even
slightly better than mBODE to predict mortality. The authors
speculated that some patients might have stopped the exer-
cise test because of dyspnea or leg fatigue before reaching a
true peak oxygen uptake, and concluded that simpler tests
might be more practical to evaluate the multidimensional
deterioration of COPD patients.6 Our proposed BODEXS90
index is simple and easy to obtain. Global discrimination
of the index, assessed with the c-statistic values, was only
marginally higher than that of BODEX, and of uncertain clin-
ical significance.20 However, modeling of the index showed
that it might be more useful than BODEX to predict mor-
tality, particularly for those patients at higher risk (i.e:
those in the highest quartiles of both indices). Therefore,
the index might be particularly helpful for outcome predic-
tion in more severe cases. It must be noted that BODEXS90
conserved its predictive value after adjusting for two impor-
tant confounders, age and comorbidity, quantified with the
age-adjusted Charlson index. There are two possible reasons
that might explain the small increase of the c-statistic val-
ues of BODEXS90 over BODEX: the number of patients with
SpO2 < 90% was low, particularly in the validation cohort.
Thus, the study might lack power to adequately assess the
discrimination ability of the index. Second, it is plausible
that most patients with low oxygen saturation might have
been treated with supplementary oxygen, and this might
have reduced the impact of this variable on the study out-
come. Due to the design of the study, this possibility cannot
be reliably ruled out.

The new index proposed in this study is potentially use-
ful for future research. Comorbidities are common in COPD
patients21 and they can have an adverse effect on sur-
vival in this disease. Combining COPD-specific prognostic
indices (e.g: BODEX or BODE) with comorbidity indices (e.g:
Charlson or COTE) into new, combined indices, increases
the ability to predict all-cause mortality.22,23 Therefore,
combining BODEXS90 with a comorbidity index might also
prove advantageous in this respect. Also, COPD is a complex
disease24 and it has been found that mortality risk is dif-
ferent for distinct clinical phenotypes.25 It is plausible that
patients with emphysema are at a higher risk of suffering
oxygen desaturation than subjects with other phenotypes.
Thus, the performance of BODEXS90 may vary based on
patients’ phenotype.

The present study has some strengths: it incorporated a
relatively high number of patients with a long follow-up,
and it included an external validation cohort. Because the
study variables are systematically registered by the investi-
gators in their clinical practice, missing values were few and
the risk of bias is low. The outcome variable (all-cause mor-
tality) is robust and easy to measure in our public health
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system, which covers virtually the whole population, and
uses electronic medical records. There were significant dif-
ferences in the characteristics of patients in the derivation
and validation cohorts. This can be considered a strength of
the study, because it is recommended that validation stud-
ies should be performed in populations with a different case
mix than the derivation cohorts.26 Conversely, some limita-
tions must be acknowledged: the study was performed in
pneumology services, and the number of patients with less
severe ventilatory obstruction (i.e. GOLD-1) was low. This is
a significant limitation, particularly for an index that pur-
ports to be useful in all clinical settings. Additional studies
should be carried out including patients followed-up in a pri-
mary care setting. As mentioned previously, the number of
patients with SpO2 < 90% was low, and the sample size might
not be large enough to adequately assess the differences in
the discriminative ability of BODEXS90 and BODEX indices.
There were even fewer patients with SpO2 < 85% and, as
a consequence, we could not evaluate whether using other
cut-off values for SpO2 might increase the discrimination
capability of BODEXS90. Besides, the outcome variable was
measured over a long follow-up period. If the index is to be
useful for planning ahead therapeutic strategies, its ability
to predict outcomes should be ideally demonstrated within
a shorter time frame (i.e: 12 months), and a larger sample
size would be needed to demonstrate this.

Despite these limitations, the study shows that SpO2 has
additional prognostic value over the previously validated
multi-component BODEX index and that a simple, easy to
obtain multidimensional BODEXS90 index that includes oxy-
genation variables can improve the ability of the former
to predict long-term all-cause mortality. These results pro-
vide the basis for future validation studies from independent
investigators teams and to design impact studies to evalu-
ate the effect of using such index in direct decision-making
algorithms.
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Introduction: COPD is one of the most common pulmonary diseases and one of the leading causes
of death worldwide. Exacerbations of COPD include acute worsening that could lead to hospitaliza-
tion and death. In this study, our objective was to investigate the natural course of moderate and
severe exacerbations (SAE) and mortality in the Hungarian population in the past decade.
Methods: A retrospective financial database analysis was performed to examine the risk of addi-
tional SAEs and death after the first ever SAE in COPD patients, using the financial database of
the Hungarian National Health Insurance Fund (NHIF). Patients were enrolled between
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Results: A total of 63,037 patients with COPD were enrolled after their first SAE. Of them, 27,095
patients suffered at least one subsequent SAE, and 32,120 patients diedduring the 10-year follow-up. The
median survival was 4.7 years. The risk of subsequent hospitalizations increased significantly after each
SAE,with hazard ratios ranging from1.65 to 5.01. The risk formortalitywas increased after each SAE, but
did not increase further with the number of SAEs. Moreover, the risk for subsequent SAE and death
increasedwithmoderate exacerbations; however, this risk did not increase furtherwith each event.
Conclusions: Despite a relevant improvement in COPD treatment, the natural course of exacer-
bations remained unchanged. This result highlights the importance of preventing exacerbations
and the need for more research to better predict them.
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TaggedPChronic obstructive pulmonary disease (COPD) is an irrevers-
ible, long-term respiratory syndrome that, in most cases, is
the result of years of cigarette smoking. The disease is char-
acterised by a slow but progressive worsening of respiratory
function and symptoms, such as cough, sputum production
and dyspnoea. The slow disease progression is often inter-
rupted by acute exacerbations (AE).1TaggedEnd

TaggedPThe exact definition of AE has varied over time and
between studies and working groups, but all the definitions
include the basic characteristics of the event: an acute wors-
ening of symptoms, leading to the need for a change in
patient care (e.g. medication, hospitalization or even assisted
ventilation).1�4 The long-term consequences of AEs are well
known: worsening of respiratory symptoms, a decrease in lung
function and quality of life (QoL) and an increase in the risk of
hospitalization and mortality.1�5 Furthermore, it is well estab-
lished that the occurrence of one AE increases the risk of
another AE, especially if the first AE required hospital
admission.6�8 For all the above reasons, the GOLD guidelines
state that one of the key goals of COPD therapy is the preven-
tion and appropriate treatment of AEs.1TaggedEnd

TaggedPAmong the first to show the above results, Suissa et al. in
their publication from 2012 reported that severe AEs (SAEs)
significantly increase the risk of further SAEs and mortality.
They performed a financial database analysis including
patients treated with COPD from 1990 to 2005.9 However,
since then general awareness of the disease has increased,
and the number of available therapies for COPD has
increased substantially. The past decades have marked the
introduction of combined therapies of inhaled corticoste-
roids (ICS), long-acting beta agonists and muscarinic antago-
nists (LABA and LAMA) in dual and, recently, even triple
combinations. Dual combinations have repeatedly been
proven superior to single therapies for improving symptoms,
lung function and quality of life and preventing AEs,1,10�12

and triple combinations are considered even more effective,
with some studies even showing an increase in overall
survival.1,13,14 TaggedEnd

TaggedPIn Hungary, COPD is the second most prevalent lung dis-
ease, with almost 200,000 registered patients.15 Although
all novel therapies are available to patients, COPD is still
considered an underdiagnosed and undertreated disease.
Furthermore, there is a lack of data on exacerbation and
mortality rates in Hungarian patients with COPD; thus, a
comparison of our health system to international trends had
not been possible so far. Finally, since the update of the
GOLD guidelines in 2015, COPD treatment has been guided
by symptoms and exacerbation risk. Two or more moderate
exacerbations in one year increase the risk for further exac-
erbations, thus warranting treatment escalation. However,
we do not currently know how moderate exacerbations fit
into the model of successive SAEs described by Suissa et al. TaggedEnd

TaggedPConsidering all these findings, we decided to implement
and expand the methodology of Suissa et al. using the data-
base of the Hungarian National Health Insurance Fund
(NHIF), analysing the data on all COPD patients from 2009 to
the end of 2019, incorporating the effect of moderate exac-
erbations into our model. TaggedEnd
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TaggedH2Data source TaggedEnd

TaggedPA longitudinal, retrospective analysis using the NHIF data-
base was performed. This is a complex database that encom-
passes almost the entire population of Hungary, collecting
certain healthcare data, including all reimbursement for
drug prescriptions, inpatient and outpatient visits, labora-
tory and imaging examinations and the International Classifi-
cation of Diseases (ICD-10) codes for all these events. All
these data are linked to individual patients by their insur-
ance number. The NHIF has a legal right to handle patients’
data (Act No. 80/1997 on mandatory health insurance cover-
age) and has a right to share it on a claim basis (based on Act
63/2012 on the reuse of public data). Due to the contract
terms, it is not possible to obtain data on individual patients
or results that come from aggregating the data of less than
10 individuals from the database. Permission to conduct the
study was provided by the National Institution of Pharmacy
and Nutrition of Hungary, based on the beneficial assessment
by the National Scientific and Research Ethics Committee of
Hungary (docket number: IV/8716- 3 /2021/EKU). TaggedEnd

TaggedPThis database had been used in previous studies in multi-
ple fields of medicine (oncology,16,17 psychiatry,18,19 diabe-
tology20 etc.); however, to the best of our knowledge, this is
the first study in the field of obstructive pulmonary diseases. TaggedEnd
TaggedH2Patients TaggedEnd

TaggedPFirst, all patients who received at least one inhalation
drug (ICS, LABA, LAMA or any fixed combination of these
or SABA or SAMA) between 2010-01-01 and 2019-12-31
(906,461 patients) were identified. After the first respira-
tory medication, at least one hospital admission (inpa-
tient hospital or ambulatory emergency care) with the
J44 ICD-10 code was required (referred to as the index
hospitalization event in the following sections) (82,542
patients � 100%). The baseline period was defined as one
year before the index hospitalization event. Patients who
were under 18 years of age (60 patients � 0.07%) or had
been hospitalized with the J44 ICD-10 code one year
prior to the first COPD drug dispensation or had lung can-
cer (C34 ICD-10 code) in the baseline period were
excluded from the study (18,442 patients � 22.34%).
Lung cancer can present with specific symptoms and can
cause repeated hospitalizations in patients with COPD
before its diagnosis; these events could be mistaken for
SAE. Therefore, the follow-up of patients with lung can-
cer (code C34 ICD-10) was censored one year prior to the
first discharge diagnosis of lung cancer. Therefore,
patients who had lung cancer in the first year after the
index hospitalization event were also excluded from the
study, resulting in a final population of 63 037 (74.5%)
patients. Follow-up of all patients continued until the
end of the study (2019.12.31.), the date of death, or one
year before the occurrence of lung cancer. During the
follow-up time, all SAEs were recorded. The steps of
cohort formation are shown in Fig. 1. TaggedEnd
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Fig. 1 Flow chart of cohort formation.
COPD � Chronic Obstructive Pulmonary Disease; ICD-10 � 10th edition of International Classification of Diseases; LABA � Long-acting
beta agonist; LAMA � Long-acting muscarinic antagonist; SABA � Short-acting beta agonist; SAE � Severe acute exacerbation; SAMA
� Short-acting muscarinic antagonist.
TaggedEnd
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TaggedH2Data analysis TaggedEnd

TaggedPDescriptive parameters such as gender, age (calculated at
the first event of exacerbation), and length and type (acute
inpatient care/rehabilitation) of the first hospitalization
were collected on the index date. One year before the first
severe exacerbation, a baseline period was applied, which
was used to collect information on comorbidities and dis-
pensed treatments. The Charlson comorbidity index was
also calculated based on the definition of Quan.21 TaggedEnd

TaggedPThe main outcomes of the study were subsequent exacer-
bations and death. As in the method of Suissa et al., the
start of follow-up differed for the two types of outcomes. In
the case of a subsequent exacerbation, the start was defined
as the date of live discharge from the hospital, while in the
case of death, it was defined as the date of the index hospi-
talization event. The survival function of mortality was esti-
mated using the Kaplan-Meier technique. The overall hazard
function of successive severe exacerbations was estimated
using the additional approach of Suissa et al., where the
event was defined as the next severe COPD exacerbation or
death, whichever occurred first, and with a competing risk
model against death. To graphically analyse the effect of
successive severe exacerbations, the hazard function of
each successive severe exacerbation was combined in the
same figure in such a way that two consecutive hazard func-
tions were bound together when the previous one reached
the median value of the survival probability function.
Finally, competing risk models were used to estimate the
effect of each successive severe exacerbation on the subse-
quent one and on mortality. The number of previous severe
and moderate exacerbations was included in both models as
a time-dependent covariate, maximized at a value of 10,
with sex, age, and Charlson’s comorbidity index as time-
independent covariates. The values of the Charlson index
286
TaggedEndTaggedPwere classified in the model as mild (values of 1�2), moder-
ate (3�4) or severe (5), according to the appropriate meth-
odology.22 In the case of the exacerbation model, the
duration of the index hospitalization was also included as a
covariate.9 Prescription of oral corticosteroids under J44
ICD-10 code (or 1430 diagnosis related group code DRG) OR
prescription of any antibiotic under J44 ICD-10 were consid-
ered to be a moderate exacerbation. Subsequent prescrip-
tions within 7 days were counted as the same moderate
exacerbation event. This definition was similar to those used
in previous trials.23,24 If an OCS prescription was followed by
an SAE within 7 days, we only considered it as an SAE. TaggedEnd
TaggedH1Results TaggedEnd

TaggedH2Descriptive results TaggedEnd

TaggedPFollowing the application of all exclusion criteria, a final
cohort of 63,037 patients was formed. In all, 32,227 patients
were women (51.1%), and the average age was 67.4 years.
Most of the patients had at least one comorbidity, with an
average Charlson comorbidity index of 2.76. Most of the
patients had received therapeutic regimens containing LABA
(67.9%), ICS (54.9%) and LAMA (54.5%) one year before their
index hospitalization. Almost two-thirds of all patients had
used at least one reliever therapy (61.8%), and 37.0% had
been administered more than three containers in the base-
line year. Less than 1% of all patients received no therapy
prior to their first SAE (0.7%). There were significant and
clinically relevant differences between the general popula-
tion, patients who suffered subsequent SAE and patients
who died during follow-up. Members of the latter group
were older and had more comorbidities (especially



TaggedEnd Table 1 Characteristics of the entire patient population, patients who had suffered at least one subsequent SAE and patients
who died during follow-up. For age, data on the Charlson index and sex are shown as mean and standard deviation. For all other
variables, data are shown as the number of patients and percentages. ICS � Inhaled corticosteroid; LABA � Long-acting beta ago-
nist; LAMA � Long-acting muscarinic antagonist; SABA � Short-acting beta agonist; SAE � Severe acute exacerbation; SAMA �
Short-acting muscarinic antagonist; SD � Standard deviation.

Entire cohort At least one subsequent
exacerbation

Death

At the time of
the index
hospitalization

Number of patients 63 037 27 095 32 120
Age at cohort entry
(years)

67.44 (11.22) 66.18 (10.55) 70.53 (10.57)

Charlson comorbidity
index)

2.76 (1.85) 2.63 (1.74) 3.03 (1.94)

Female (%) 32 227 (51.1) 13 807 (51.0) 14 663 (45.7)
One year prior to the

index hospitalization
(%)

SABA/SAMA therapy 38 950 (61.8) 18 214 (67.2) 20 101 (62.6)
LABA therapy 42 779 (67.9) 19 604 (72.4) 22 207 (69.1)
LAMA therapy 34 363 (54.5) 16 297 (60.1) 18 099 (56.3)
SABA therapy
without ICS therapy

12 967 (20.6) 5 370 (19.8) 5 945 (18.5)

More than 3
SABA/SAMA therapy

23 331 (37.0) 11 653 (43.0) 12 915 (40.2)

Any therapy but
ICS therapy

27 964 (44.4) 10 549 (38.9) 13 307 (41.4)

Any therapy AND
ICS therapy

34 610 (54.9) 16 380 (60.5) 18 602 (57.9)

No therapy at all 463 (0.7) 166 (0.6) 211 (0.7)
Comorbidity in year

prior to the index
hospitalization (%)

Myocardial infarction 3 260 (5.2) 1 347 (5.0) 1 945 (6.1)
Heart failure 16 939 (26.9) 6 861 (25.3) 10 834 (33.7)
Peripheral vascular
disease

9 483 (15.0) 3 866 (14.3) 5 443 (16.9)

Cerebrovascular disease 12 966 (20.6) 5 225 (19.3) 7 008 (21.8)
Diabetes 12 586 (20.0) 4 955 (18.3) 6 713 (20.9)
Renal disease 2 742 (4.3) 861 (3.2) 1 862 (5.8)
Cancer (not lung) 5 652 (9.0) 2 021 (7.5) 3 521 (11.0)
Metastatic cancer 561 (0.9) 156 (0.6) 435 (1.4)
Dementia 1 207 (1.9) 377 (1.4) 828 (2.6)
Rheumatoid disease 1 189 (1.9) 494 (1.8) 602 (1.9)
Peptic ulcer 317 (0.5) 133 (0.5) 159 (0.5)
Liver disease 1 671 (2.7) 671 (2.5) 815 (2.5)
Hemiplegia or
paraplegia

417 (0.7) 141 (0.5) 245 (0.8)

Cardiovascular diseases 37 834 (60.0) 15 865 (58.6) 21 393 (66.6)
Schizophrenia 1 824 (2.9) 732 (2.7) 950 (3.0)
Depressive episode 9 275 (14.7) 4 133 (15.3) 4 369 (13.6)
Anxiety 14390 (22.8) 6209 (22.9) 6832 (21.3)

TaggedEndPulmonology 29 (2023) 284�291
TaggedEndTaggedPcardiovascular diseases), and a higher proportion of them
were men. All other baseline details are shown in Table 1. TaggedEnd

TaggedPThe mean follow-up was 1,209 days (3.31 years). At the
index hospitalization, most patients (83.0%) had been
treated in active inpatient care, with more than half of
these patients (52%) spending 4�8 days hospitalized (aver-
age 8.51 days). However, about 17.0% of the patients had
been treated in rehabilitation wards, where most of them
spent 21 days. The distribution of patients according to the
length of hospital stay (in days) is shown in Fig. 2. TaggedEnd

TaggedPIn all, 27,095 patients (43.0%) suffered at least one subse-
quent AE. As in Suissa et al., the median times between
exacerbations decreased significantly with each subsequent
SAE, and there was a parallel increase in the risk for the
287
TaggedEndTaggedPnext SAE, from a median of 3.2 years between the first and
second SAE to 0.3 years between the ninth and tenth SAE.
The hazard function of all subsequent SAEs (A) and death
(B), created by the same methods as Suissa et al, is shown
on Fig. 3.TaggedEnd

TaggedPA total of 32,120 patients died during the follow-up
period. The median survival was 4.77 years. The Kaplan-
Meier survival curve for the whole cohort is shown in Fig. 4. TaggedEnd
TaggedH1Model results TaggedEnd

TaggedPIn the case of the exacerbation model, the risk of the next
SAE increased from 1.636 (95% confidence interval � 95% CI:
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Fig. 2 Distribution of patients according to the length of their
index hospital stay (number of days) in active inpatient care
and on rehabilitation wards. TaggedEnd

TaggedEnd TaggedFigure

Fig. 3 Hazard function of all subsequent SAEs (per 10,000 per
day) from the time of the first SAE over the follow-up period,
with the time between successive exacerbations estimated
using (A) the median interexacerbation times, conditional on
survival with death as a censor event, and (B) the median inter-
exacerbation times as time to the next exacerbation or death,
whichever occurred first. TaggedEnd

TaggedEnd TaggedFigure

Fig. 4 Kaplan-Meier survival function of all included patients,
from their index hospitalization event throughout the follow-up
period. TaggedEnd

TaggedEndB. S�anta, G. Tomisa, A. Horv�ath et al.
TaggedEndTaggedP1.602�1.669) to 5.017 (95% CI: 4.797�5.248) between the
same SAEs. In the model, the effect of moderate exacerba-
tions, the length of the index hospitalization and the Charl-
son comorbidity index on the risk for the next SAEs were also
examined. Interestingly, moderate exacerbations increased
the risk for the next exacerbation; however, this increase
was not dependent on the number of moderate exacerba-
tions (HR of 1.183 to 1.288 for the first and tenth or more
moderate exacerbation). Female patients had a significantly
lower risk of subsequent exacerbations (HR = 0.925).
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TaggedEndTaggedPAlthough age did not have a significant effect, patients with
a higher Charlson index score had a lower risk of subsequent
SAEs. The longer the index hospitalization, the higher the
risk of a subsequent SAE event. All HR values and 95% confi-
dence intervals are shown in Fig. 5.TaggedEnd

TaggedPThe trend in mortality risk after each subsequent SAE was
different from that reported by Suissa et al. With the use of
a competing risk model, the effect of SAEs on the risk of
mortality did not increase with the number of the SAEs:
HR = 1.211 (95% CI 1.175; 1.247) after the second SAE and
1.067 (0.983; 1.159) after nine or more SAE in the adjusted
model. Moderate exacerbations increased the risk of mortal-
ity only after the second moderate exacerbation event (HR
values of 1.077 and 1.324 for the second and tenth or more
moderate exacerbations). Female patients had a markedly
lower risk of death (HR = 0.755), while advancing age is asso-
ciated with an increased risk of mortality. Finally, higher val-
ues of the Charlson index conferred a significant excess risk
of death (HR = 1.180 and 1.475 for moderate and severe cat-
egories, respectively). All HR values and 95% confidence
intervals are also shown in Fig. 5. TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPIn this retrospective analysis based on the Hungarian NHIF
financial database, we showed that each exacerbation
requiring hospitalization (SAE) significantly increases the
risk of the next SAE event and death. The result on SAEs,
based on a 10-year follow-up of more than 63,000 COPD
patients, is in line with the work of Suissa et al. from 2012,
who first showed important and severe worsening of the dis-
ease after each SAE. In our analysis, the risk of mortality did
not increase with the number of SAEs � a result of the com-
peting risk model that was used. Patients are more likely to
suffer a subsequent SAE after a previous one than they are
to die. This results in a consistently elevated risk for mortal-
ity compared to baseline, without an increase after each
subsequent event. When a competing risk model was not
used, the risk for death increased with each subsequent
SAE. TaggedEnd

TaggedPIt is important to note that the increase in risk was far
greater in their study (HR of 23.5 vs. 4.491 for the next SAE
after the 10th exacerbation). Furthermore, the median sur-
vival was longer in our study (4.7 years vs. 3.6 years in Suissa
et al.9); however, there was a difference in the average age
of the included populations (67.4 years vs. 75.4 years9).
Nonetheless, in our study, almost 50% of all patients had
died within 5 years after their first SAE � an alarming num-
ber considering the high prevalence of COPD and its exacer-
bations. These results highlight the importance of
exacerbation prevention and the need for further research
seeking markers that could help physicians identify patients
with an increased susceptibility to exacerbations. Moreover,
the wider use of influenza and pneumococcal vaccination
and non-pharmacological approaches such as pulmonary
rehabilitation, physiotherapy and smoking cessation should
be advocated for every COPD patient. TaggedEnd

TaggedPWe could also demonstrate that moderate exacerbations
increase the risk of a subsequent SAE and mortality. This is
an important addition to earlier findings because it shows
that moderate exacerbations are also pivotal events that
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Fig. 5 Model-estimated hazard ratios and respective 95% confidence intervals for the risk of the next severe exacerbation and
death. TaggedEnd
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TaggedEndTaggedPcould significantly alter the disease course. A more thorough
assessment of all exacerbations is necessary for further
improvement in their treatment � an idea that has been
evoked more and more frequently in recent years.25TaggedEnd

TaggedPModerate exacerbations can be treated with OCS and/or
antibiotics in routine clinical care; however, in most finan-
cial database analyses, the prescription of only an oral corti-
costeroid is considered as a moderate AE. We believe that
the main reason for this exclusion is that clinicians tend to
prescribe antibiotics with ICD-10 codes other than J44, even
if they aim to treat a moderate exacerbation. But the inclu-
sion of ICD-10 codes other than J44 in the definition might
mistakenly label other events (such as upper respiratory
tract infections) as moderate exacerbations. For these rea-
sons, we believe that the inclusion of an antibiotic prescrip-
tion with a J44 code in the definition of moderate events
will result in the inclusion of a higher number of moderate
exacerbations, without the possibility of misidentification of
events. TaggedEnd

TaggedPTo explore the treatment prescription habits of the past
decade, an analysis of therapies received after each SAE was
also performed. Compared to baseline, there was an
289
TaggedEndTaggedPincrease in the use of ICS-containing medications after the
first two severe exacerbations (index hospitalization and
first subsequent SAE). In all, 55% of all patients used ICS at
baseline and 59% and 67% after index hospitalization and
first subsequent SAE, respectively, but there was no further
increase in the prevalence of ICS use after subsequent
events. The GOLD guidelines have recommended ICS use
after one severe or two (or more) moderate exacerbations
for many years now.1 However, it was quite clear from our
data that a high proportion of patients (almost one third) do
not receive or do not take ICS-containing medications even
after multiple SAE events. Without proper treatment, the
prevention of further SAEs is impossible, as highlighted by a
recent study by Tkacz et al., who showed that even a delay
in appropriate treatment could also result in a large increase
in the risk of exacerbation.25 TaggedEnd

TaggedPThe proportion of women among COPD patients has
increased significantly in the past few decades. In our study,
as in the study by Suissa et al., women also had a lower risk
of subsequent SAEs and mortality. Based on our descriptive
data, there were very few medically relevant differences
between the enrolled women and men. While a higher
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TaggedEndTaggedPproportion of men suffer from heart failure, prior myocar-
dial infarction and peripheral vascular disease, many more
women are reported to have depressive disorder or anxiety
� both diseases could affect adherence to therapy, which
could increase the risk of SAEs. In addition, more detailed
research is needed to explain the reason for the lower risk of
SAE among women. TaggedEnd

TaggedPThe most important strength of our study is the large num-
ber of enrolled patients and a length of follow-up that could
be difficult to match in prospective studies. Another advantage
is that we could assess a population from the last decade,
whose treatment had been much more uniform than that of
patients in earlier studies. Finally, Hungary’s health financing
system is a single-payer system that includes almost the entire
population of the country, resulting in a decrease in territorial
or societal differences between the people included in the
database and the entire population.TaggedEnd

TaggedPThe most important limitation is the lack of data on the
severity of COPD symptoms and lung function. Furthermore,
it is impossible to verify the diagnosis of each patient based
on spirometry data; inclusion was based solely on prescrip-
tion medication use, and ICD-10 codes for prescriptions and
discharge diagnoses. A further limitation is the lack of data
on smoking history, obesity and possible exposure to high
ambient air pollution. TaggedEnd

TaggedPNonetheless, the results of our study and the conclusions
drawn are of significance: despite the improvement in COPD
management, the natural course of the disease cannot be
altered, and exacerbations are still dominant effectors of the
prognosis. Furthermore, these results highlight the huge impor-
tance of prevention of exacerbations and the need for further
research on clinical parameters predicting exacerbations.TaggedEnd
TaggedH1Conclusions TaggedEnd

TaggedPWe performed a retrospective financial database analysis of
more than 63 000 patients followed over a 10-year period
and concluded that moderate and severe exacerbations of
COPD significantly increase the risk of further exacerbations
and mortality. This effect increases with the number of
events in the event of severe exacerbations. These results
emphasize the importance of prevention of these events and
the prompt initiation of appropriate treatment. TaggedEnd
TaggedH1Conflict of interest TaggedEnd

TaggedPThe authors report that they have no conflicts of interest
related to the submitted work. TaggedEnd

TaggedPG. G�allfy has accepted consulting fees from Astra-
Zeneca, Chiesi, BMS, MSD, Berlin Chemie, Boehringer Ingel-
heim, Roche, Novartis, Pfizer, Ipsen, Mylen and Orion outside
the submitted work. B. Santa, G. Tomisa and A. Horv�ath are
all employees of Chiesi Hungary Ltd. T. Bal�azs and L. N�emeth
are employees of Healthware Consulting Ltd.TaggedEnd
TaggedH1CRediTauthorship contribution statement TaggedEnd

B. S�anta: Conceptualization, Visualization, Funding acquisi-
tion, Formal analysis, Methodology, Writing � original draft,
290
Writing � review & editing. G. Tomisa: Conceptualization,
Visualization, Funding acquisition, Formal analysis, Method-
ology. A. Horv�ath: Conceptualization, Visualization, Funding
acquisition, Formal analysis, Methodology. T. Bal�azs: Con-
ceptualization, Visualization, Formal analysis, Methodology,
Writing � original draft, Writing � review & editing. L.
N�emeth: Conceptualization, Visualization, Formal analysis,
Methodology, Writing � original draft, Writing � review &
editing. G. G�alffy: Conceptualization, Visualization, Funding
acquisition, Formal analysis, Methodology.
TaggedH1Funding TaggedEnd

TaggedPThe study was funded by Chiesi Hungary Ltd. TaggedEnd
TaggedH1Ethics approval TaggedEnd

TaggedPPermission to conduct the study was provided by the
National Institution of Pharmacy and Nutrition of Hungary,
based on the beneficial assessment by the National Scientific
and Research Ethics Committee of Hungary (docket number:
IV/8716- 3 /2021/EKU). All procedures were performed in
accordance with the ethical standards of the aforemen-
tioned institutions and with the Declaration of Helsinki of
1964 and its subsequent amendments or comparable ethical
standards. TaggedEnd
TaggedH1Acknowledgements TaggedEnd

TaggedPThe authors thank the Research & Data Analysis Department
of Healthware Consulting Ltd. for completing the database
search and statistical analysis. We would also like to thank
ProofreadingServices.com Ltd for the English language revi-
sion of our work. TaggedEnd
TaggedH1Supplementary materials TaggedEnd

TaggedPSupplementary material associated with this article can be
found in the online version at doi:10.1016/j.pul
moe.2022.11.001. TaggedEnd
TaggedH1References TaggedEnd

TaggedP 1. Global Strategy for the Diagnosis, Management, and prevention
of chronic obstructive pulmonary disease. 2022 Report. Pages
43-86. Available at: https://goldcopd.org/2022-gold-reports-
2/. Accessed 25. January 2022. TaggedEnd

TaggedP 2. Montes de Oca M, Laucho-Contreras M. Is it time to change the
definition of acute exacerbation of chronic obstructive pulmo-
nary disease? What do we need to add? Med Sci. 2018;6(2):50.
https://doi.org/10.3390/medsci6020050. TaggedEnd

TaggedP 3. Finch D, Pavord I, Jones P, Burgel PR, Rabe KF. Exacerbations of
COPD. Int J Chron Obstruct Pulmon Dis. 2016;11(Spec
Iss):21�30. https://doi.org/10.2147/COPD.S85978. TaggedEnd

TaggedP 4. Ritchie AI, Wedzicha JA. Definition, causes, pathogenesis, and
consequences of chronic obstructive pulmonary disease exacer-
bations. Clin Chest Med. 2020;41(3):421�38. https://doi.org/
10.1016/j.ccm.2020.06.007. TaggedEnd



TaggedEndPulmonology 29 (2023) 284�291
TaggedP 5. van Dijk M, Gan CT, Koster TD, et al. Treatment of severe stable
COPD: the multidimensional approach of treatable traits. ERJ
Open Res. 2020;6(3):00322�2019. https://doi.org/10.1183/
23120541.00322-2019. TaggedEnd

TaggedP 6. M€ullerova H, Maselli DJ, Locantore N, et al. Hospitalized exacerba-
tions of COPD: risk factors and outcomes in the ECLIPSE cohort.
Chest. 2015;147(4):999�1007. https://doi.org/10.1378/chest.14-
0655.TaggedEnd

TaggedP 7. Hurst JR, Vestbo J, Anzueto A, et al. Susceptibility to exacerbation
in chronic obstructive pulmonary disease. New Engl J Med.
2010;363(12):1128�38. https://doi.org/10.1056/NEJMoa0909883.TaggedEnd

TaggedP 8. Soler-Catalu~na JJ, Martínez-García MA, Rom�an S�anchez P, Sal-
cedo E, Navarro M, Ochando R. Severe acute exacerbations and
mortality in patients with chronic obstructive pulmonary dis-
ease. Thorax. 2005;60(11):925�31. https://doi.org/10.1136/
thx.2005.040527. TaggedEnd

TaggedP 9. Suissa S, Dell’Aniello S, Ernst P. Long-term natural history of
chronic obstructive pulmonary disease: severe exacerbations
and mortality. Thorax. 2012;67(11):957�63. https://doi.org/
10.1136/thoraxjnl-2011-201518. TaggedEnd

TaggedP10. Lipari M, Kale-Pradhan PB, Wilhelm SM. Dual� versus mono-
�bronchodilator therapy in moderate to severe COPD: a meta-
analysis. Ann Pharmacother. 2020;54(12):1232�42. https://
doi.org/10.1177/1060028020932134.TaggedEnd

TaggedP11. Oba Y, Keeney E, Ghatehorde N, Dias S. Dual combination ther-
apy versus long-acting bronchodilators alone for chronic
obstructive pulmonary disease (COPD): a systematic review and
network meta-analysis. Cochrane Datab Syst Rev. 2018;12(12):
CD012620. https://doi.org/10.1002/14651858.CD012620.pub2. TaggedEnd

TaggedP12. Celli BR. Pharmacological therapy of COPD: reasons for opti-
mism. Chest. 2018;154(6):1404�15. https://doi.org/10.1016/
j.chest.2018.07.005.TaggedEnd

TaggedP13. Cazzola M, Rogliani P, Calzetta L, Matera MG. Triple therapy ver-
sus single and dual long-acting bronchodilator therapy in COPD:
a systematic review and meta-analysis. Eur Respir J. 2018;52
(6):1801586. https://doi.org/10.1183/13993003.01586-2018.TaggedEnd

TaggedP14. Koarai A, Yamada M, Ichikawa T, Fujino N, Kawayama T, Sugiura
H. Triple versus LAMA/LABA combination therapy for patients
with COPD: a systematic review and meta-analysis. Respir Res.
2021;22(1):183. https://doi.org/10.1186/s12931-021-01777-x.TaggedEnd

TaggedP15. B€osz€orm�enyi Nagy G. Kor�anyi Bulletin 2021. COPD. Pages 24-29
Available from: https://szakmai.koranyi.hu/bulletin/. Accessed
at: 26 January 2022, 2021.TaggedEnd
291
TaggedP16. Kiss Z, Bogos K, Tam�asi L, et al. Increase in the length of lung can-
cer patient pathway before first-line therapy: a 6-year nationwide
analysis from hungary. Pathol Oncol Res. 2021;27:1610041.
https://doi.org/10.3389/pore.2021.1610041.TaggedEnd

TaggedP17. Bogos K, et al. Revising incidence and mortality of lung can-
cer in central Europe: An epidemiology review from Hun-
gary. Front Oncol. 2019: 9. https://doi.org/10.3389/
fonc.2019.01051. TaggedEnd

TaggedP18. Tak�acs P, Czobor P, Feh�er L, et al. Comparative effectiveness of
second generation long-acting injectable antipsychotics based on
nationwide database research in Hungary. PLoS One. 2019;14(6):
e0218071. https://doi.org/10.1093/schizbullopen/sgac013.TaggedEnd

TaggedP19. Rokszin G, Kiss Z, S€uto�� G, et al. Sodium-glucose co-transporter 2
inhibitors may change the development of urinary tract and
hematological malignancies as compared with dipeptidyl pepti-
dase-4 inhibitors: data of the post-hoc analysis of a nationwide
study. Front Oncol. 2021;11:725465. https://doi.org/10.3389/
fonc.2021.725465.TaggedEnd

TaggedP20. Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for
defining comorbidities in ICD-9-CM and ICD-10 administrative
data. Med Care. 2005;43(11):1130�9. https://doi.org/
10.1097/01.mlr.0000182534.19832.83. TaggedEnd

TaggedP21. Huang YQ, Gou R, Diao YS, et al. Charlson comorbidity index
helps predict the risk of mortality for patients with type 2 dia-
betic nephropathy. J Zhejiang Univ Sci B. 2014;15(1):58�66.
https://doi.org/10.1631/jzus.B1300109.TaggedEnd

TaggedP22. Suissa S, Dell’Aniello S, Ernst P. Triple inhaler versus dual bron-
chodilator therapy in COPD: real-world effectiveness on mortal-
ity. COPD. 2022;19(1):1�9. https://doi.org/10.1080/
15412555.2021.1977789.TaggedEnd

TaggedP23. Suissa S, Dell’Aniello S, Gonzalez AV, Ernst P. Inhaled corticosteroid
use and the incidence of lung cancer in COPD. Eur Resp J. 2020;55
(2):1901720. https://doi.org/10.1183/13993003.01720-2019.TaggedEnd

TaggedP24. Mathioudakis AG, Janssens W, Sivapalan P, et al. Acute exacer-
bations of chronic obstructive pulmonary disease: in search of
diagnostic biomarkers and treatable traits. Thorax. 2020;75
(6):520�7. https://doi.org/10.1136/thoraxjnl-2019-214484. TaggedEnd

TaggedP25. Tkacz J, Evans KA, Touchette DR, et al. PRIMUS - prompt initi-
ation of maintenance therapy in the US: a real-world analysis
of clinical and economic outcomes among patients initiating
triple therapy following a COPD exacerbation. Int J Chron
Obstruct Pulmon Dis. 2022;17:329�42. https://doi.org/
10.2147/COPD.S347735. TaggedEnd



TaggedEndPulmonology 29 (2023) 292�305

TaggedFigure TaggedEnd

www.journalpulmonology.org

TaggedFigure TaggedEnd
ORIGINAL ARTICLE
TaggedH1Identification by cluster analysis of patients with asthma
and nasal symptoms using the MASK-air� mHealth app TaggedEnd
TaggedPJ. Bousqueta,b,c,*, B. Sousa-Pintod,e,f, J.M. Antog,h,i,j, R. Amarald,e,f, L. Brussinok,
G.W. Canonical,m, A.A. Cruzn, B. Gemiciogluo, T. Haahtelap, M. Kupczykq, V. Kvedariener,
D.E. Larenas-Linnemanns, R. Louist, N. Pham-Thiu, F. Puggionil,m, F.S. Regateirov,
J. Romantowskiw, J. Sastrex, N. Scichiloney, L. Taborda-Barataz, M.T. Venturaaa,
I. Agachebb, A. Bedbrookcc, K.C. Bergmanna,b, S. Bosnic-Anticevichdd, M. Boniniee,ff,gg,
L.-P. Boulethh, G. Brusselleii, R. Buhljj, L. Cecchikk, D. Charpinll, C. Chaves-Loureiromm,
W. Czarlewskinn, F. de Blayoo, P. Devillierpp, G. Joosii, M. Jutelqq, L. Klimekrr, P. Kunaq,
D. Launess, J.L. Pechtt, M. Makelap, M. Morais-Almeidauu, R. Nadifvv, M. Niedoszytkow,
K. Ohtaww, N.G. Papadopoulosxx, A. Papiyy, D.R. Yeverinozz, N. RocheAA, A. S�a-Sousad,e,f,
B. SamolinskiBB, M.H. ShamjiCC, A. SheikhDD, C. Suppli UlrikEE, O.S. UsmaniFF, A. ValiulisGG,
O. VandenplasHH, A. YorganciogluII, T. Zuberbiera,b, J.A. Fonsecad,e,f TaggedEnd
TaggedP

a Institute of Allergology, Charit�e � Universit€atsmedizin Berlin, Corporate Member of Freie Universit€at Berlin and
Humboldt-Universit€at zu Berlin, Berlin, Germany
b Fraunhofer Institute for Translational Medicine and Pharmacology ITMP, Allergology and Immunology, Berlin, Germany
c University Hospital Montpellier, Montpellier, France
dMEDCIDS - Department of Community Medicine, Information and Health Decision Sciences; Faculty of Medicine, University of Porto,
Porto, Portugal
e CINTESIS � Center for Health Technology and Services Research; University of Porto, Porto, Portugal
f RISE � Health Research Network; University of Porto, Porto, Portugal
g ISGlobal, Barcelona Institute for Global Health, Barcelona, Spain
h IMIM (Hospital del Mar Medical Research Institute), Barcelona, Spain
i Universitat Pompeu Fabra (UPF), Barcelona, Spain
j CIBER Epidemiología y Salud P�ublica (CIBERESP), Barcelona, Spain
k Department of Medical Sciences, Allergy and Clinical Immunology Unit, University of Torino & Mauriziano Hospital, Torino, Italy
l Department of Biomedical Sciences, Humanitas University, Pieve Emanuele, Milan, Italy
m Personalized Medicine, Asthma and Allergy, Humanitas Clinical and Research Center IRCCS, Rozzano, Italy
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TaggedPAbstract
Background: The self-reporting of asthma frequently leads to patient misidentification in epi-
demiological studies. Strategies combining the triangulation of data sources may help to
improve the identification of people with asthma. We aimed to combine information from the
self-reporting of asthma, medication use and symptoms to identify asthma patterns in the
users of an mHealth app.
Methods: We studied MASK-air� users who reported their daily asthma symptoms (assessed by a
0-100 visual analogue scale � “VAS Asthma”) at least three times (either in three different
months or in any period). K-means cluster analysis methods were applied to identify asthma pat-
terns based on: (i) whether the user self-reported asthma; (ii) whether the user reported asthma
medication use and (iii) VAS asthma. Clusters were compared by the number of medications
used, VAS asthma levels and Control of Asthma and Allergic Rhinitis Test (CARAT) levels.
Findings: We assessed a total of 8,075 MASK-air� users. The main clustering approach resulted in
the identification of seven groups. These groups were interpreted as probable: (i) severe/uncon-
trolled asthma despite treatment (11.9-16.1% of MASK-air� users); (ii) treated and partly-con-
trolled asthma (6.3-9.7%); (iii) treated and controlled asthma (4.6-5.5%); (iv) untreated
uncontrolled asthma (18.2-20.5%); (v) untreated partly-controlled asthma (10.1-10.7%); (vi)
untreated controlled asthma (6.7-8.5%) and (vii) no evidence of asthma (33.0-40.2%). This classi-
fication was validated in a study of 192 patients enrolled by physicians.
Interpretation: We identified seven profiles based on the probability of having asthma and on its
level of control. mHealth tools are hypothesis-generating and complement classical epidemio-
logical approaches in identifying patients with asthma.
© 2022 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/). TaggedEnd
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TaggedH1Introduction TaggedEnd

TaggedPSelf-reporting is a common method for gathering data in
medical research. While self-reported data may be prone
to information bias,1 they can help to complement other
data collection approaches.2 Relying on the self-reporting
of asthma may be problematic, as patients self-report
bronchoconstriction variably,3 may not have been diag-
nosed (asthma under-diagnosis ranges between 19-73%4,5)
or believe they do not have asthma despite being
symptomatic.6,7 TaggedEnd

TaggedPCluster analysis, combining information from different
variables, may help to overcome undue reliance on self-
reported asthma, improving the identification and charac-
terisation of patients with asthma. This approach has been
used to understand the heterogeneity of asthma8-10 or to
test different hypotheses in adult patients with
asthma.8,11,12 The application of clustering approaches to
asthma real-world data (RWD) may also be valuable. As an
example, RWD obtained with MASK-air� (Mobile Airways Sen-
tinel networK), a validated mobile app for rhinitis and
asthma, have enabled the definition of new phenotypes of
allergic rhinitis13 and the assessment of adherence to treat-
ment.14 MASK-air� may result in similar advances in asthma,
but the correct identification of asthmatic patients is
required. TaggedEnd

TaggedPIn this study, we used cluster analysis to identify and
characterise asthma patterns amongst MASK-air� users in a
non-supervised way. We aimed to understand whether RWD
from mobile apps can be informative for the identification
of asthma, hinting at the frequency of misdiagnosis and,
potentially, mistreatment. TaggedEnd
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TaggedH1Methods TaggedEnd

TaggedH2Study design TaggedEnd

TaggedPWe performed a cross-sectional analysis using the MASK-
air� database to identify asthma patterns, assessing
three different samples (Supplementary Figure 1). We
performed cluster analysis to identify asthma patterns
based on the self-reporting of asthma, asthma medica-
tion use and VAS asthma, adopting a stepwise approach
to check for consistency of results. We compared the
characteristics of the obtained clusters and we validated
them in a sample of patients in whom asthma diagnosis
had been assessed by a physician during a transfer of
innovation (Twinning) of the European Innovation Partner-
ship on Active and Healthy Ageing.15 TaggedEnd

TaggedH2Setting and participants TaggedEnd

TaggedPMASK-air�, available since 2015, can be downloaded via the
Apple App and Google Play Stores. We assessed three sam-
ples of MASK-air� users from May 2015 to December 2020.
The users were aged 16-90 years and had self-reported aller-
gic rhinitis. Samples 1 and 2 consisted of all MASK-air� users
reporting VAS asthma in at least three different months - to
limit the possibility of having “false-positives” (e.g.,
patients with high values of VAS asthma or those using
asthma medication inappropriately within short periods of
time as a result of respiratory infections or other non-
asthma-related causes). In Sample 1, only users who
answered to the Control of Allergic Rhinitis and Asthma Test
(CARAT)16 at least once were included. In Sample 2, all users
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TaggedEndTaggedPwere included irrespective of having answered to CARAT or
not. Sample 3 consisted of all MASK-air� users reporting at
least three VAS asthma, irrespective of the timing. TaggedEnd

TaggedPIn the Twinning project, patients were enrolled during a
medical consultation with an asthma specialist (14 centres
from Germany, Italy, Lithuania, Poland, Portugal and Spain)
and were instructed to use MASK-air�.15 Asthma was diag-
nosed according to the Global Initiative for Asthma (GINA),17

with patients having a pulmonary function test. Participants
were classified as having “current asthma”, “past asthma”
or “no current or past asthma”. TaggedEnd

TaggedH2Ethics TaggedEnd

TaggedPMASK-air� follows the GDPR regulations.18 All data are ano-
nymised using k-anonymity. An independent Review Board
(Bohn-K€oln; 11.05.2017; N°17-069) approval was obtained
for the MASK-air studies.15 For the Twinning project, addi-
tional local review board approvals were obtained (Man-
nheim � reference: 2018-527N-MA, 29.03.2018 for
Germany; Coimbra � reference: CHUC-022-18, 14.09.2018
for Portugal; Warsaw � reference: AKBE/213/2019,
13.05.2019 for Poland; Vilnius 2021 for Lithuania; Bari � ref-
erence: 7287, 30.03.2022 for Italy). For patients who did not
participate in the Twinning, individual boards in different
countries were not required since users agree to the analysis
of their data in the terms of use. TaggedEnd

TaggedH2Data sources and variables TaggedEnd

TaggedPMASK-air� comprises a daily monitoring questionnaire
assessing (i) the daily impact of asthma and rhinitis symp-
toms by means of 0-100 VASs and (ii) users’ asthma and rhini-
tis daily medications (available from country-specific lists
with prescribed and over-the-counter medications). TaggedEnd

TaggedPMASK-air� also allows users to answer to CARAT, a 10-item
questionnaire assessing rhinitis and asthma control in the
previous four weeks.19 We considered “CARAT asthma” to
correspond to questions 5-7 (“Shortness of breath/dys-
pnoea”, “Wheezing in the chest” and “Chest tightness upon
physical exercise”), with a score of �6 out of 9 indicating
symptoms suggestive of asthma. TaggedEnd

TaggedH2Size of the study TaggedEnd

TaggedPData from all users meeting the inclusion criteria were ana-
lysed. TaggedEnd

TaggedH2Biases TaggedEnd

TaggedPThere are potential information biases related to the
self-reported nature of the data collection. There may
be an over-representation of users suffering from moder-
ate-to-severe asthma20 and of younger individuals. Addi-
tionally, it is not known whether users fill in the MASK-
air� daily questionnaire before or after treatment for a
given day. TaggedEnd

TaggedH2Data analysis TaggedEnd

TaggedPA full description of the data analysis methods is available
in the Supplement. In brief, in each sample, we applied
295
TaggedEndTaggedPk-means cluster analysis methods to identify patterns of
MASK-air� users according to self-reported asthma, use of
asthma medication and VAS asthma (supplementary Figure
2). Obtained clusters were assessed and compared regarding
asthma- and rhinitis-related variables as well as patients’
demographic characteristics. To check for consistency of
results, we compared clusters obtained by the main cluster-
ing approach with those obtained using alternative
approaches, and in a sample of patients with physician-diag-
nosed asthma (Twinning participants). TaggedEnd
TaggedH1Results TaggedEnd

TaggedH2Demographic and clinical characteristics TaggedEnd

TaggedPAmong the 17,780 patients of the MASK-air� database, 8,075
provided data on VAS asthma at least three different times
(Sample 3). Of those, 3,797 provided VAS asthma in at least
three different months (Sample 2), including 466 patients
who answered to CARAT at least once (Sample 1) (Supple-
mentary Figure 3). The demographic characteristics of
patients are available in Supplementary Table 1. TaggedEnd

TaggedH2Cluster analysis results TaggedEnd

TaggedPMain analysis approach TaggedEnd
TaggedPAn optimal number of four clusters (A-D) was identified in
the patients of Sample 1 (Table 1A):

TaggedEndTaggedP� Cluster A: 96% of the patients self-reported asthma and
91% reported �3 days of asthma medication. VAS asthma
values were high (median maximum value=85/100).
Asthma symptoms identified by “CARAT-asthma” were
observed in 67% of the patients. TaggedEnd

TaggedP� Cluster B: 93% of the patients self-reported asthma and
87% reported �3 days of asthma medication. Maximum
VAS asthma values were moderate (median=45). Asthma
symptoms identified by “CARAT-asthma” were observed
in 32% of the patients. TaggedEnd

TaggedP� Cluster C: 50% of the patients self-reported asthma and
most never reported any asthma medication. High maxi-
mum VAS asthma values were reported (median=74).
Asthma symptoms identified by “CARAT-asthma” were
observed in 58% of the patients. TaggedEnd

TaggedP� Cluster D: Few patients self-reported asthma (15%), most
never reported any asthma medication (97%) and VAS
maximum asthma values were low (median=11). Asthma
symptoms identified by “CARAT-asthma” were observed
in 15% of the patients. TaggedEnd

TaggedPThe same optimal number of clusters was identified in
Samples 2 and 3. The characteristics of the four clusters
were highly consistent across all samples (Tables 1B
and 1C). TaggedEnd

TaggedPWe subsequently identified two subgroups within Cluster
B and three subgroups within Cluster D. The two subgroups
of Cluster B differed on VAS asthma (Table 2; Supplementary
Table 2). The three subgroups of Cluster D included (i) one
subgroup with a low frequency of asthma self-reporting
(<20%) and moderate maximum VAS asthma values; (ii) one
subgroup with all participants self-reporting asthma and



TaggedEnd Table 1 Description of the four asthma-related clusters using the k-means approach.
A. Sample 1: Patients with at least 3 VAS asthma in 3 different months who answered at least once to CARAT

Cluster A Cluster B Cluster C Cluster D p-value

N (%) 75 (16.1) 69 (14.8) 90 (19.3) 232 (49.8)
Reported days � N (average days per user) 8888 (118.5) 9066 (131.4) 7646 (85.0) 21,730 (93.7)
Females* 62 (82.7) 46 (66.7) 58 (64.4) 147 (63.4) 0.019a

Agek 41.1 (11.2) 40.7 (11.4) 39.2 (14.0) 37.5 (13.6) 0.104
Self-reported asthma* 72 (96.0) 64 (92.8) 45 (50.0) 35 (15.1) <0.001
Asthma medication reporting* <0.001
0 days 0 0 79 (87.8) 226 (97.4)
1 day 0 0 11 (12.2) 6 (2.6)
2 days 7 (9.3) 9 (13.0) 0 0
3 or more days 68 (90.7) 60 (87.0) 0 0

Total days reporting asthma medication*
SABA 1379 (15.5) 578 (6.4) 9 (0.1) 7 (0.03) <0.001
LABA+ICS 3916 (44.1) 3369 (37.2) 8 (0.1) 2 (0.01) <0.001
ICS 1168 (13.1) 1443 (15.9) 3 (0.04) 0 <0.001
OCSb 507 (5.7) 41 (0.5) 61 (0.8) 31 (0.1)
LAMA 651 (7.3) 456 (5.1) 0 0
Omalizumab 7 (0.1) 6 (0.1) 0 0

VAS asthma
Maximum valuey 85 (76-94) 45 (30-55) 74 (61-86) 11 (3-26) <0.001
Three highest valuesy 73 (64-83) 35 (23-45) 61 (48-75) 6 (1-14) <0.001
Days with VAS asthma >50* 1392 (15.7) 35 (0.4) 1057 (13.8) 17 (0.1) <0.001

Maximum VAS dyspneay 68 (56-83) 20 (4-41) 59 (34-74) 20 (7-36) <0.001
CARATasthma (questions 5-7)y 5 (2�7) 7 (6�9) 6 (4�8) 9 (7�9) <0.001
Presence of asthma symptomsc * 50 (66.7) 22 (31.9) 52 (57.8) 36 (15.5) <0.001

CARAT (questions 1�10)y 13 (8�16) 19 (17�23) 15 (11�19) 20 (16�24) <0.001
Uncontrolledd * 73 (97.3) 53 (76.8) 81 (90.0) 174 (75.0) <0.001

Maximum CSMSy 68 (59�78) 36 (30�46) 63 (46�69) 39 (20�54) <0.001
Maximum VAS globaly 84 (74�96) 49 (41�65) 87 (71�100) 65 (44�84) <0.001
Maximum VAS eyesy 78 (60�92) 40 (19�59) 76 (64�97) 50 (27�76) <0.001
Maximum VAS nosey 86 (70�98) 58 (42�75) 88 (75�100) 69 (44�89) <0.001
Maximum VAS worky 61 (43�73) 27 (10�46) 62 (44�83) 31 (10�54) <0.001
Maximum VAS sleepy 87 (71�98) 67 (44�84) 86 (70�100) 66 (41�86) <0.001
Total days reporting rhinitis medication*
Oral antihistamines monotherapy 1199 (13.5) 934 (10.3) 710 (9.3) 2440 (11.2) <0.001
Intranasal steroids monotherapy 361 (4.1) 768 (8.5) 378 (4.9) 776 (3.6) <0.001
Azelastine�fluticasone monotherapy 346 (3.9) 543 (6.0) 107 (1.4) 1009 (4.6) <0.001
Oral antihistamines + intranasal steroids 2087 (23.5) 1721 (19.0) 454 (5.9) 1009 (4.6) <0.001
Azelastine�fluticasone + other rhinitis medication 878 (9.9) 850 (9.4) 125 (1.6) 520 (2.4) <0.001

Conjunctivitis* 68 (90.7) 49 (71.0) 66 (73.3) 183 (78.9) 0.016a

Sensitisatione * 0.181
Monosensitisatione 8 (11.4) 6 (8.8) 8 (9.1) 31 (13.7)
Polysensitisatione 51 (72.9) 40 (58.8) 51 (58.0) 132 (58.1)

B. Sample 2: All patients with at least 3 VAS asthma in 3 different months

Cluster A Cluster B Cluster C Cluster D p�value

N (%) 451 (11.9) 414 (10.9) 780 (20.5) 2152 (56.7)
Reported days � N (average days per user) 38,823 (86.1) 35,723 (86.3) 47,352 (60.7) 134,941 (62.7)
Females* 310 (68.7) 234 (56.5) 460 (59.0) 1138 (52.9) <0.001
Agek 41.1 (14.3) 40.1 (14.1) 38.3 (13.8) 35.5 (13.2) <0.001
Self�reported asthma* 432 (95.8) 389 (94.0) 391 (50.1) 341 (15.8) <0.001
Asthma medication reporting* <0.001
0 days 0 0 698 (89.5) 2102 (97.7)
1 day 4 (0.9) 10 (2.4) 82 (10.5) 50 (2.3)
2 days 68 (15.1) 64 (15.5) 0 0
3 or more days 379 (84.0) 340 (82.1) 0 0

Total days reporting asthma medication*
SABA 4285 (11.0) 1586 (4.4) 66 (0.1) 37 (0.03) <0.001
LABA+ICS 16,275 (41.9) 15,038 (42.1) 74 (0.2) 23 (0.02) <0.001
ICS 4658 (12.0) 5722 (16.0) 25 (0.1) 22 (0.02) <0.001
OCSb 1331 (3.4) 243 (0.7) 244 (0.5) 141 (0.1)
LAMA 1453 (3.7) 534 (1.5) 0 0
Biologics 112 (0.3) 86 (0.2) 0 0

VAS asthma
Maximum valuey 81 (69�92) 38 (25�49) 72 (58�85) 8 (2�22) <0.001
Three highest valuesy 69 (58�82) 27 (15�37) 56 (44�72) 4 (0�12) <0.001
Days with VAS asthma >50* 5610 (14.5) 91 (0.3) 4799 (10.1) 94 (0.1) <0.001

Maximum VAS dyspneay 69 (54�82) 31 (18�45) 61 (42�75) 19 (7�34) <0.001
Maximum CSMSy 63 (52�72) 36 (25�47) 62 (50�71) 37 (26�53) <0.001
Maximum VAS globaly 80 (69�93) 49 (34�67) 81 (68�95) 61 (39�81) <0.001
Maximum VAS eyesy 71 (51�89) 34 (20�60) 75 (57�90) 44 (21�71) <0.001
Maximum VAS nosey 82 (67�95) 53 (34�75) 85 (70�100) 66 (41�85) <0.001
Maximum VAS worky 57 (37�71) 26 (9�43) 58 (40�74) 29 (10�52) <0.001
Maximum VAS sleepy 72 (26�90) 52 (33�77) 79 (60�94) 56 (34�79) <0.001
Total days reporting rhinitis medication*
Oral antihistamines monotherapy 4594 (11.8) 3852 (10.8) 4984 (10.5) 16,971 (12.6) <0.001
Intranasal steroids monotherapy 1787 (4.6) 3864 (10.8) 2290 (4.8) 7290 (5.4) <0.001
Azelastine�fluticasone monotherapy 1465 (3.8) 1217 (3.4) 1288 (2.7) 5270 (3.9) <0.001
Oral antihistamines + intranasal steroids 5949 (15.3) 3362 (9.4) 2982 (6.3) 8158 (6.0) <0.001
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Azelastine�fluticasone + other rhinitis medication 2568 (6.6) 1804 (5.0) 1601 (3.4) 3244 (2.4) <0.001
Conjunctivitis* 341 (75.6) 293 (70.8) 590 (75.6) 1581 (73.5) 0.239
Sensitisationf * 0.149
Monosensitisationf 18 (6.3) 20 (7.4) 36 (7.8) 97 (7.6)
Polysensitisationf 136 (47.7) 113 (41.7) 181 (39.3) 486 (38.1)

C. Sample 3: All patients with at least 3 VAS asthma

Cluster A Cluster B Cluster C Cluster D p�value

N (%) 957 (11.9) 937 (11.6) 1468 (18.2) 4713 (58.4)
Reported days � N (average days per user) 52,649 (55.0) 44,468 (47.5) 54,438 (37.1) 145,614 (30.9)
Females* 675 (70.5) 562 (60.0) 907 (61.8) 2554 (54.2) <0.001
Agek 39.5 (13.5) 38.3 (13.8) 37.1 (13.6) 34.6 (12.9) <0.001
Self�reported asthma* 875 (91.4) 754 (80.5) 680 (46.3) 763 (16.2) <0.001
Asthma medication reporting* <0.001
0 days 0 0 1316 (89.6) 4604 (97.7)
1 day 6 (0.6) 0 152 (10.4) 109 (2.3)
2 days 82 (8.6) 117 (12.5) 0 0
3 or more days 869 (90.8) 820 (87.5) 0 0

Total days reporting asthma medication*
SABA 5531 (10.5) 1581 (3.6) 65 (0.1) 39 (0.03) <0.001
LABA+ICS 20,320 (38.6) 14,135 (31.8) 54 (0.1) 28 (0.02) <0.001
ICS 5471 (10.4) 5853 (13.2) 25 (0.1) 13 (0.01) <0.001
OCSb 1480 (2.8) 264 (0.6) 355 (0.7) 231 (0.2)
LAMA 1901 (3.6) 307 (0.7) 1 (0.002) 0
Biologics 116 (0.2) 88 (0.2) 1 (0.002) 0

VAS asthma
Maximum valuey 78 (65�92) 30 (13�45) 69 (54�84) 6 (0�18) <0.001
Three highest valuesy 65 (53�79) 18 (6�30) 52 (39�68) 2 (0�9) <0.001
Days with VAS asthma >50* 7677 (14.6) 154 (0.3) 6001 (11.0) 154 (0.1) <0.001

Maximum VAS dyspneay 67 (53�83) 29 (16�41) 61 (46�76) 17 (7�32) <0.001
CARATasthma (questions 5�7)g y 6 (3�8) 7 (6�9) 6 (5�8) 9 (7�9) <0.001
Presence of asthma symptoms c,g * 125 (74.9) 55 (44.7) 90 (61.6) 78 (19.6) <0.001

CARAT (questions 1�10)g y 15 (10�18) 19 (15�24) 15 (12�20) 20 (15�23) <0.001
Uncontrolledd,g * 159 (95.2) 107 (87.0) 138 (94.5) 333 (83.7) <0.001

Maximum CSMSy 61 (50�70) 34 (23�47) 60 (49�71) 35 (25�51) <0.001
Maximum VAS globaly 78 (66�92) 49 (32�69) 78 (66�92) 58 (36�78) <0.001
Maximum VAS eyesy 66 (43�84) 32 (13�59) 72 (51�88) 40 (16�68) <0.001
Maximum VAS nosey 78 (64�93) 52 (32�75) 81 (66�97) 62 (37�82) <0.001
Maximum VAS worky 52 (24�67) 21 (4�40) 53 (27�70) 25 (4�49) <0.001
Maximum VAS sleepy 79 (63�95) 54 (32�78) 77 (58�92) 55 (33�77) <0.001
Total days reporting rhinitis medication*
Oral antihistamines monotherapy 5880 (11.2) 4243 (9.5) 6431 (11.8) 19,395 (13.3) <0.001
Intranasal steroids monotherapy 3060 (5.8) 4039 (9.1) 2976 (5.5) 8405 (5.8) <0.001
Azelastine�fluticasone monotherapy 1963 (3.7) 1028 (2.3) 1476 (2.7) 6145 (4.2) <0.001
Oral antihistamines + intranasal steroids 7600 (14.4) 4693 (10.6) 3542 (6.5) 7967 (5.5) <0.001
Azelastine�fluticasone + other rhinitis medication 3773 (7.2) 1766 (4.0) 1487 (2.7) 3414 (2.3) <0.001

Conjunctivitis* 717 (74.9) 660 (70.4) 1136 (77.4) 3487 (74.0) 0.002a

Sensitisationh * 0.021a

Monosensitisationh 33 (10.5) 28 (10.1) 38 (10.4) 121 (12.0)
Polysensitisationh 195 (62.3) 185 (66.5) 209 (57.4) 657 (65.4)

CARAT: Control of Allergic Rhinitis and Asthma Test; CSMS: Combined symptom-medication score; ICS: Inhaled corticosteroid; IQR: Inter-
quartile range; LABA: Long-acting beta-agonist; LAMA: Long-acting muscarinic antagonist; OCS: Oral corticosteroid; SABA: Short-acting
beta-agonist; VAS: Visual Analogue Scale.
* Results presented as N(%).
k Results presented as mean (SD).
y Results presented as median (percentile 25-percentile 75).
a Non-significant after applying the Bonferroni correction.
b It is not possible to differentiate OCS used for asthma or for allergic rhinitis.
c Score �6.
d Score �24.
e Number of patients for whom sensitisation data are available: 70 for cluster A, 68 for cluster B, 88 for cluster C, and 227 for cluster D.
f Number of patients for whom sensitisation data are available: 285 for cluster A, 271 for cluster B, 460 for cluster C, and 1275 for cluster D.
g Number of days reporting CARAT: 167 for cluster A, 123 for cluster B, 146 for cluster C, and 398 for cluster D.
h Number of patients for whom sensitisation data are available: 313 for cluster A, 278 for cluster B, 364 for cluster C, and 1005 for clus-

ter D.
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TaggedEndTaggedPwith low maximum VAS asthma values and (iii) one subgroup
with no participants self-reporting asthma and with very low
VAS asthma values. For Clusters A and C, the silhouette score
was <0.5, suggesting that clustering may not be adequate.
Nevertheless, since there were around 50% of patients self-
reporting asthma in Cluster C, we performed an ancillary
analysis comparing Cluster C patients with self-reported
297
TaggedEndTaggedPasthma (C’) versus those with no self-reported asthma (C’’).
Overall, patients of the two subgroups were similar (Supple-
mentary Table 3). TaggedEnd

TaggedPSince selecting patients reporting VAS asthma in at least
three different months could be interpreted as having some
degree of arbitrariness, we performed sensitivity analyses
applying the same methods in patients reporting VAS asthma
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TaggedEnd TaggedFigure

Fig. 1 Classification of patients who reported VAS asthma in at least three different months (Sample 2) with clustering based on the
main analysis approach and on the alternative analysis approach of this study.TaggedEnd

TaggedEndJ. Bousquet, B. Sousa-Pinto, J.M. Anto et al.
TaggedEndTaggedPin at least four and five different months. Similar results
were obtained. TaggedEnd
TaggedPAlternative analysis approachTaggedEnd
TaggedPFour clusters were identified among patients self-reporting
asthma, while two clusters were identified among those not
self-reporting asthma (Supplementary Tables 5-6). Using a
Sankey diagram, the two approaches showed consistent
results (Fig. 1).TaggedEnd
TaggedH2Phenotypic characteristics of the clustersTaggedEnd

TaggedPMedian VAS asthma maximal levels were over 50/100 for
Clusters A and C, indicating “uncontrolled asthma”. VAS
asthma levels ranged from 20 to 49/100 in Clusters B1 and
D1 (indicating “partly-controlled asthma”) and were under
20/100 in Clusters B2 and D2 (indicating “controlled
asthma”). The lowest levels were in Cluster D3 (Supplemen-
tary Figure 4). TaggedEnd

TaggedPPatients were mostly undertreated in Clusters C, D1, D2
and D3. In Cluster C, only half of the patients self-reported
asthma. Therefore, Clusters C and D1 may include patients
with under-diagnosed asthma. A possible clinical
300
TaggedEndTaggedPinterpretation of the seven clusters observed with the main
approach is available in Table 3. TaggedEnd

TaggedPThroughout the different months of the year, the order of
VAS asthma levels was found to be consistent, with the high-
est levels being observed in Cluster A, followed by C, B1 and
the remaining groups (Supplementary Figure 5).TaggedEnd

TaggedPBesides differences in asthma features, the seven clus-
ters differed in the participants’ demographics, in the VASs
on allergy symptoms and in rhinitis treatment (Table 2, Sup-
plementary Figures 4 and 6). The reported rhinitis treat-
ments varied between clusters, ranging from 22.8-42.1% of
days. Co-medication was reported in 21.9% of days for Clus-
ter A, 15.4% for Cluster B1, 12.3% for Cluster B2 and around
9-10% of days in untreated asthma clusters. TaggedEnd

TaggedH2Validation of the cluster classification TaggedEnd

TaggedPWe analysed 192 Twinning participants, comparing the clus-
ter classification obtained by the main analysis approach
with physician-diagnosed asthma (Supplementary Table 7). TaggedEnd

TaggedPPatients clustered as having “probable asthma” (clusters
A, D and C’) had a physician diagnosis of current or past
asthma in 92.3% of cases. Patients with “no evidence of cur-
rent asthma” (cluster D3) had a diagnosis of “no current
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TaggedEndJ. Bousquet, B. Sousa-Pinto, J.M. Anto et al.
TaggedEndTaggedPasthma” in 90.4% of cases. Patients with “uncontrolled
underdiagnosed asthma” (cluster C”) had an infrequent phy-
sician diagnosis of asthma, supporting the label of underdi-
agnosis. TaggedEnd

TaggedPA patient with current asthma displayed an 85.5%
probability of being classified in a cluster of probable
asthma (sensitivity) and a 93.4% probability of being in a
cluster of probable or possible asthma. A patient with no
history of asthma displayed a 52.6% probability of being
classified as having no asthma (specificity) and 79.3% as
having current asthma. TaggedEnd

TaggedPThe classification of probable versus possible or no
asthma for the identification of current asthma versus past
or no asthma displays an agreement of 81% and a kappa coef-
ficient of 0.610. TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPCluster analysis approaches were used to identify asthma
control patterns in MASK-air� users combining information
from self-reported asthma status, reported asthma medica-
tion use and VAS asthma. We identified seven profiles of
asthma control and treatment patterns. These profiles were
replicated in three samples and were validated in a sub-sam-
ple of physician-assessed patients.TaggedEnd

TaggedH2Limitations and strengths TaggedEnd

TaggedPThis study has some limitations. First, clustering was not
performed based on patients from asthma clinics with a con-
firmed diagnosis of asthma. This type of study (i) would have
a limited number of patients and (ii) would have mostly
included severe patients and patients under treatment.
However, we validated the results of the cluster classifica-
tion in a sample of participants with a physician-diagnosis of
asthma. Further information biases may occur, resulting
from incorrect information on self-reported asthma or medi-
cation use. However, the consistency of the results suggests
that this is unlikely. TaggedEnd

TaggedPAll assessed patients displayed self-reported rhinitis, and
the results are only valid for those with nasal symptoms.
These patients do however represent a very large proportion
of patients with asthma. Furthermore, there may be an
over-representation of users suffering from moderate-to-
severe asthma20 and of younger individuals. TaggedEnd

TaggedPThis study also has important strengths. MASK-air� has
been developed for patients with rhinitis or asthma and has
been assessed in patients with both diseases. VAS asthma �
which was the main assessed VAS � has been shown to have
high reliability, concurrent validity (with strong correlation
with VAS dyspnea,21 significant correlation with the Asthma
Control Test22 and moderate correlation with CARAT23) and
moderate responsiveness.24 We also assessed a sample of
participants enrolled by a physician to validate our main
results. In addition, this study was conducted in 25 countries
(indicating a generalisability of results). TaggedEnd

TaggedPResults were highly consistent when using two clustering
methodologies or when assessing different sets of patients.
Furthermore, the average number of days reported by
patients was longer than in previous MASK-air studies.20 This
302
TaggedEndTaggedPlonger period of reporting will enable future studies to
assess medication adherence. TaggedEnd

TaggedH2Interpretation TaggedEnd

TaggedPWe classified approximately 70% of the MASK-air� users as
having probable asthma or no current asthma (Clusters A, B,
C’ and D3). In addition, we identified a set of patients who
would benefit from further clinical assessment, including
users who present high values of VAS Asthma despite not
reporting asthma or asthma medications (Clusters C’’ and
D1). This suggests an under-diagnosis of asthma. Using the
Twinning data, most patients of these clusters were classi-
fied by their physician as having no asthma. Patients of Clus-
ter A (“uncontrolled treated asthma”) may also benefit from
clinical assessment for treatment adjustment. It is possible
that patients of this cluster may comprise an extreme
asthma phenotype, which may be poorly responsive to
asthma treatment. Interestingly, this asthma phenotype also
tends to display poorer rhinitis control. TaggedEnd

TaggedPOnly one-third of the patients with probable asthma
reported information that was at least partly compatible
with proper treatment/control. This may mirror the clinical
challenges related to diagnosing asthma, assessing its sever-
ity and tailoring medication. It may also enable patients to
understand the importance of self-management. TaggedEnd

TaggedPSome interesting hypothesis-generating results have been
observed: (i) There may be an extreme asthma phenotype
with a high level of multimorbidity and a relatively poor
response to treatment, both for rhinitis and asthma. If this
group is confirmed in epidemiologic studies, it may be pre-
dictive of the need for biologicals and may allow patient
stratification for these treatments. (ii) Better asthma con-
trol associated with lower and upper airways as well as eye
symptoms. Patients had a similar control for all morbidities,
whether or not they received treatment. Ocular symptoms
are seldom considered in asthma, although epidemiologic
studies have stated their importance.10 (iii) Among the
seven identified clusters, six were associated with asthma
and one - rhinitis without current asthma - was strikingly dif-
ferent, suggesting that rhinitis alone and rhinitis and asthma
are different diseases.25TaggedEnd

TaggedPTaken together, these results suggest that RWD collected
under pragmatic circumstances - and particularly when com-
bining information from different variables - can be used to
investigate asthma and to identify patients who would bene-
fit from further clinical assessment for diagnostic or thera-
peutic reasons. This may allow for future studies to be
conducted in order to develop CSMSs for the assessment of
asthma control based on MASK-air� data. TaggedEnd
TaggedH1Conclusion TaggedEnd

TaggedPThis study allowed a consistent identification of seven pro-
files based on the probability of having asthma and on its
control. It resulted in a classification supported by physi-
cian-diagnosed asthma and in the identification of a substan-
tial percentage of patients potentially benefiting from
clinical assessment for diagnosis or treatment adjustment
purposes. The use of an mHealth app can help to comple-
ment classical epidemiological approaches with RWD. This
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TaggedEndTaggedPcan potentially support the identification of patients with
asthma and reduce biases of epidemiologic studies solely
relying on the retrospective data of self-reported asthma
diagnoses. TaggedEnd
TaggedH1Data availability TaggedEnd

TaggedPData are available upon request to Prof. J Bousquet (jean.
bousquet@orange.fr). TaggedEnd
TaggedH1Funding sources TaggedEnd

TaggedPMASK-air� has been supported by EU grants (POLLAR, EIT
Health; Structural and Development Funds, Twinning, EIP on
AHA and H2020) and educational grants from Mylan-Viatris,
ALK, GSK, Novartis and Uriach. There was no specific funding
for this study.TaggedEnd
TaggedH1Take-home message TaggedEnd

TaggedPK-means cluster analysis algorithms using real-world data
obtained using a mobile app in over 8,000 patients iden-
tified patients with probable or possible asthma con-
firmed by a sub-study in patients with physician-
diagnosed asthma. TaggedEnd
TaggedH1Conflicts of interest TaggedEnd

TaggedPDr. Agache has nothing to disclose. TaggedEnd
TaggedPDr. Amaral has nothing to disclose. TaggedEnd
TaggedPDr. Ant�o has nothing to disclose. TaggedEnd
TaggedPDr. Basaga~na has nothing to disclose. TaggedEnd
TaggedPMs. Bedbrook has nothing to disclose. TaggedEnd
TaggedPDr. Bergmann has nothing to disclose. TaggedEnd
TaggedPDr. Bonini has nothing to disclose. TaggedEnd
TaggedPDr. Bosnic-Anticevich reports grants from TEVA, personal

fees from TEVA, personal fees from TEVA, personal fees from
AstraZeneca, personal fees from AstraZeneca, personal fees
from Boehringer Ingelheim, personal fees from Boehringer
Ingelheim, personal fees from GSK, personal fees from
Sanofi, personal fees from Mylan, outside the submitted
work. TaggedEnd

TaggedPDr. Boulet reports grants from Amgen, AstraZeneca, Glax-
oSmithKline, Merck, Novartis, Sanofi-Regeneron, personal
fees from UptoDateĐaylor and FrancisĐptoDateĐaylor and
FrancisĐ personal fees from Astra Zeneca, Novartis, GlaxoS-
mithKline, Merck, Sanofi-Regeneron, personal fees from
AstraZeneca, Covis, GlaxoSmithKline, Novartis, Merck,
Sanofi, outside the submitted work. TaggedEnd

TaggedPDr. Bousquet reports personal fees from Chiesi, Cipla,
Hikma, Menarini, Mundipharma, Mylan, Novartis, Sanofi-
Aventis, Takeda, Teva, Uriach, other from KYomed-Innov,
personal fees from Purina, outside the submitted work. TaggedEnd

TaggedPDr. Brusselle reports personal fees from Astra Zeneca,
personal fees from Boehringer-Ingelheim, personal fees
from Chiesi, personal fees from GlaxoSmithKline, personal
fees from Novartis, personal fees from Sanofi, personal fees
303
TaggedEndTaggedPfrom Teva, grants from MerckSharp&Dohme, outside the
submitted work.TaggedEnd

TaggedPDr. Brussino has nothing to disclose. TaggedEnd
TaggedPDr. Buhl reports grants to Mainz University Hospital from

Boehringer Ingelheim, GlaxoSmithKline, Novartis, and
Roche, and personal fees from AstraZeneca, Berlin-Chemie,
Boehringer Ingelheim, Chiesi, Cipla, GlaxoSmithKline,
Novartis, Roche, Sanofi, and Teva, all outside the submitted
work. TaggedEnd

TaggedPDr. Canonica has nothing to disclose.TaggedEnd
TaggedPDr. Cecchi reports personal fees from Sanofi, personal

fees from Astra Zeneca, personal fees from Novartis, per-
sonal fees from Thermofisher, personal fees from Menar-
ini, personal fees from Malesci, outside the submitted
work. TaggedEnd

TaggedPDr. Charpin has nothing to disclose. TaggedEnd
TaggedPDr. Chaves Loureiro has nothing to disclose. TaggedEnd
TaggedPDr. Cruz reports grants and personal fees from Astraze-

neca, personal fees from Boehringer-Ingelheim, personal
fees from Chiesi, grants and personal fees from GSK, per-
sonal fees from Glenmark, personal fees from Novartis,
grants and personal fees from Sanofi, personal fees from
Mylan, personal fees from Abdi-Ibrahim, outside the submit-
ted work.TaggedEnd

TaggedPDr. Czarlewski has nothing to disclose. TaggedEnd
TaggedPDr. de Blay reports other from Novartis, other from ALK,

other from Stallerg�enes, other from Regeneron, other from
DBV, other from Sanofi, other from Boehringer, other from
AstraZeneca, outside the submitted work.TaggedEnd

TaggedPDr. Devillier reports personal fees and non-financial sup-
port from Stallergenes Greer, personal fees and non-finan-
cial support from ALK-Abello, personal fees and non-
financial support from Astra Zeneca, personal fees and non-
financial support from CHIESI, personal fees from MENARINI,
personal fees and non-financial support from MYLAN / Meda
Pharma, personal fees and non-financial support from Novar-
tis, personal fees and non-financial support from GlaxoS-
mithKline, personal fees and non-financial support from
Sanofi, personal fees and non-financial support from IQVIA,
outside the submitted work; . TaggedEnd

TaggedPDr. Fonseca reports participation in SME that has mHealth
technologies for patients with asthma. TaggedEnd

TaggedPDr. Gemicioglu has nothing to disclose. TaggedEnd
TaggedPDr. Haahtela has nothing to disclose. TaggedEnd
TaggedPDr. Joos reports grants and personal fees from AstraZe-

neca, grants and personal fees from Chiesi, personal fees
from Bayer, grants and personal fees from GlaxoSmithKline,
personal fees from Novartis, personal fees from Lapharcon,
personal fees from Eureca vzw, outside the submitted work;
all fees were paid to the Department of Respiratory Medi-
cine. TaggedEnd

TaggedPDr. Jutel reports personal fees from ALK-Abello, personal
fees from Allergopharma, personal fees from Stallergenes,
personal fees from Anergis, personal fees from Allergy Ther-
apeutics, personal fees from Leti, personal fees from HAL,
during the conduct of the study; personal fees from GSK,
personal fees from Novartis, personal fees from Teva, per-
sonal fees from Takeda, personal fees from Chiesi, outside
the submitted work; . TaggedEnd

TaggedPDr. Klimek has nothing to disclose. TaggedEnd
TaggedPDr. Kuna reports personal fees from Adamed, personal

fees from AstraZeneca, personal fees from Berlin Chemie



TaggedEndJ. Bousquet, B. Sousa-Pinto, J.M. Anto et al.
TaggedEndTaggedPMenarini, personal fees from Boehringer Ingelheim, personal
fees from Chiesi, personal fees from GSK, personal fees from
Novartis, personal fees from Polpharma, outside the submit-
ted work. TaggedEnd

TaggedPDr. Kupczyk reports personal fees from Astra Zeneca,
Novartis, Glaxo, Teva, Adamed, Sanofi, Berlin Chemie,
Chiesi, Emma, Lekam, outside the submitted work.TaggedEnd

TaggedPDr. Kvedariene reports other from Norameda, other from
BerlinCHemie Menarini, outside the submitted work.TaggedEnd

TaggedPDr. Larenas Linnemann reports personal fees from Alla-
kos, Amstrong, Astrazeneca, Chiesi, DBV Technologies, Gru-
nenthal, GSK, Mylan/Viatris, Menarini, MSD, Novartis, Pfizer,
Sanofi, Siegfried, UCB, Alakos, Gossamer, Carnot, grants
from Sanofi, Astrazeneca, Novartis, Circassia, UCB, GSK,
Purina institute, Abvvie, Lilly, Pfizer, outside the submitted
work. TaggedEnd

TaggedPDr. Laune has nothing to disclose. TaggedEnd
TaggedPDr. Louis reports grants and personal fees from GSK,

grants and personal fees from AZ, grants and personal fees
from Chiesi, personal fees from Novartis, personal fees from
Sanofi, outside the submitted work. TaggedEnd

TaggedPDr. Pech has nothing to disclose. TaggedEnd
TaggedPDr. M€akel€a has nothing to disclose. TaggedEnd
TaggedPDr. Morais-Almeida has nothing to disclose. TaggedEnd
TaggedPDr. Nadif has nothing to disclose. TaggedEnd
TaggedPDr. Niedoszytko has nothing to disclose. TaggedEnd
TaggedPDr. Ohta has nothing to disclose. TaggedEnd
TaggedPDr. Papadopoulos reports personal fees from Novartis,

personal fees from Nutricia, personal fees from HAL, per-
sonal fees from MENARINI/FAES FARMA, personal fees from
SANOFI, personal fees from MYLAN/MEDA, personal fees
from BIOMAY, personal fees from AstraZeneca, personal fees
from GSK, personal fees from MSD, personal fees from ASIT
BIOTECH, personal fees from Boehringer Ingelheim, grants
from Gerolymatos International SA, grants from Capricare,
outside the submitted work. TaggedEnd

TaggedPDr. Papi reports grants from CHIESI, ASTRAZENECA, GSK,
BI, PFIZER, TEVA, SANOFI, personal fees from CHIESI, ASTRA-
ZENECA, GSK, NOVARTIS, SANOFI, IQVIA, AVILLION, ELPEN
PHARMACEUTICALS, personal fees from CHIESI, ASTRAZE-
NECA, GSK, BI, MENARINI, NOVARTIS, ZAMBON, MUNDI-
PHARMA, TEVA, SANOFI, EDMOND PHARMA, IQVIA, MSD,
AVILLION, ELPEN PHARMACEUTICALS, outside the submitted
work. TaggedEnd

TaggedPDr. Pham-Thi has nothing to disclose. TaggedEnd
TaggedPDr. Puggioni reports personal fees from SANOFI, personal

fees from NOVARTIS, personal fees from ASTRAZENECA, per-
sonal fees from GSK, personal fees from VALEAS, personal
fees from MENARINI, personal fees from CHIESI, from null,
personal fees from STALLERGENS, personal fees from MUNDI-
PHARMA, outside the submitted work. TaggedEnd

TaggedPDr. Regateiro has nothing to disclose. TaggedEnd
TaggedPDr. Rivero Yeverino has nothing to disclose. TaggedEnd
TaggedPDr. Roche reports grants and personal fees from Boeh-

ringer Ingelheim, grants and personal fees from Novartis,
grants and personal fees from GSK, personal fees from Astra-
Zeneca, personal fees from Chiesi, grants and personal fees
from Pfizer, personal fees from Sanofi, personal fees from
Zambon, personal fees from MSD, outside the submitted
work. TaggedEnd

TaggedPDr. Romantowski has nothing to disclose. TaggedEnd
TaggedPDr. S�a-Sousa has nothing to disclose. TaggedEnd
304
TaggedPDr. Samolinski has nothing to disclose. TaggedEnd
TaggedPDr. Sastre reports grants and personal fees from SANOFI,

personal fees from GSK, personal fees from NOVARTIS, per-
sonal fees from ASTRA ZENECA, personal fees from MUNDI-
PHARMA, personal fees from FAES FARMA, outside the
submitted work.TaggedEnd

TaggedPDr. Shamji has nothing to disclose. TaggedEnd
TaggedPDr. Sheikh reports grants from Asthma UK, outside the

submitted work.TaggedEnd
TaggedPDr. Scichilone has nothing to disclose. TaggedEnd
TaggedPDr. Sousa-Pinto has nothing to disclose. TaggedEnd
TaggedPDr. Suppli Ulrik reports grants and personal fees from AZ,

persona! fees from GSK, grants and personal fees from BI,
personal fees from Chiesi, personal fees from TEVA, personal
fees from Orion Pharma, grants and personal fees from
Sanofi, grants and personal fees from Novartis, outside the
submitted work.TaggedEnd

TaggedPDr. Taborda-Barata has nothing to disclose. TaggedEnd
TaggedPDr. Usmani reports grants and personal fees from astra

zeneca, grants and personal fees from boehringer ingelheim,
grants and personal fees from chiesi, grants and personal
fees from glaxosmithkline, personal fees from napp, per-
sonal fees from mundipharma, personal fees from sandoz,
personal fees from takeda, grants from edmond pharma,
personal fees from cipla, personal fees from covis, personal
fees from novartis, personal fees from mereo biopharma,
personal fees from orion, personal fees from menarini, per-
sonal fees from ucb, personal fees from trudell medical, per-
sonal fees from deva, personal fees from kamada, personal
fees from covis, personal fees from kyorin, outside the sub-
mitted work;. TaggedEnd

TaggedPDr. Valiulis has nothing to disclose. TaggedEnd
TaggedPDr. Vandenplas has nothing to disclose. TaggedEnd
TaggedPDr. Ventura has nothing to disclose. TaggedEnd
TaggedPDr. Yorganc{o�glu has nothing to disclose. TaggedEnd
TaggedPDr. Zuberbier: Organizational affiliations: Commitee

member: WHO-Initiative "Allergic Rhinitis and Its Impact on
Asthma" (ARIA) ; Member of the Board: German Society for
Allergy and Clinical Immunology (DGAKI) ; Head: European
Centre for Allergy Research Foundation (ECARF) ; President:
Global Allergy and Asthma European Network (GA2LEN) ;
Member: Committee on Allergy Diagnosis and Molecular
Allergology, World Allergy Organization (WAO)TaggedEnd
TaggedH1Supplementary materials TaggedEnd

TaggedPSupplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.pul
moe.2022.10.005. TaggedEnd
TaggedH1References TaggedEnd

TaggedP 1. Althubaiti A. Information bias in health research: definition, pit-
falls, and adjustment methods. J Multidiscip Healthc.
2016;9:211�7.TaggedEnd

TaggedP 2. Zhu K, McKnight B, Stergachis A, Daling JR, Levine RS. Compari-
son of self-report data and medical records data: results from a
case-control study on prostate cancer. Int J Epidemiol. 1999;28
(3):409�17. TaggedEnd



TaggedEndPulmonology 29 (2023) 292�305
TaggedP 3. Burnett DM, Vardiman JP, Deckert JA, Ward JL, Sharpe MR. Per-
ception of exercise-induced bronchoconstriction in college ath-
letes. Respir Care. 2016;61(7):897�901.TaggedEnd

TaggedP 4. Kavanagh J, Jackson DJ, Kent BD. Over- and under-diagnosis in
asthma. Breathe. 2019;15(1):e20�7.TaggedEnd

TaggedP 5. Aaron SD, Boulet LP, Reddel HK, Gershon AS. Underdiagnosis and
overdiagnosis of asthma. Am J Respir Crit Care Med. 2018;198
(8):1012�20.TaggedEnd

TaggedP 6. Toren K, Palmqvist M, Lowhagen O, Balder B, Tunsater A. Self-
reported asthma was biased in relation to disease severity while
reported year of asthma onset was accurate. J Clin Epidemiol.
2006;59(1):90�3.TaggedEnd

TaggedP 7. Mirabelli MC, Beavers SF, Flanders WD, Chatterjee AB. Reliabil-
ity in reporting asthma history and age at asthma onset. J
Asthma. 2014;51(9):956�63. TaggedEnd

TaggedP 8. Haldar P, Pavord ID, Shaw DE, et al. Cluster analysis and clinical
asthma phenotypes. Am J Respir Crit Care Med. 2008;178
(3):218�24. TaggedEnd

TaggedP 9. Boudier A, Chanoine S, Accordini S, et al. Data-driven adult
asthma phenotypes based on clinical characteristics are associ-
ated with asthma outcomes twenty years later. Allergy. 2019;74
(5):953�63. TaggedEnd

TaggedP10. Amaral R, Bousquet J, Pereira AM, et al. Disentangling the het-
erogeneity of allergic respiratory diseases by latent class analy-
sis reveals novel phenotypes. Allergy. 2019;74(4):698�708. TaggedEnd

TaggedP11. Wu W, Bang S, Bleecker ER, et al. Multiview cluster analysis
identifies variable corticosteroid response phenotypes in severe
asthma. Am J Respir Crit Care Med. 2019;199(11):1358�67. TaggedEnd

TaggedP12. Tibble H, Chan A, Mitchell EA, et al. A data-driven typology of
asthma medication adherence using cluster analysis. Sci Rep.
2020;10(1):14999. TaggedEnd

TaggedP13. Bousquet J, Devillier P, Anto JM, et al. Daily allergic multimor-
bidity in rhinitis using mobile technology: a novel concept of
the MASK study. Allergy. 2018;73(8):1622�31. TaggedEnd

TaggedP14. Menditto E, Costa E, Midao L, et al. Adherence to treatment in
allergic rhinitis using mobile technology. The MASK study. Clin
Exp Allergy. 2019;49(4):442�60.TaggedEnd
305
TaggedP15. Bousquet J, Agache I, Aliberti MR, et al. Transfer of innovation
on allergic rhinitis and asthma multimorbidity in the elderly
(MACVIA-ARIA) - reference site twinning (EIP on AHA). Allergy.
2017;73(1):77�92.TaggedEnd

TaggedP16. Fonseca JA, Nogueira-Silva L, Morais-Almeida M, et al. Control
of allergic rhinitis and asthma test (CARAT) can be used to
assess individual patients over time. Clin Transl Allergy. 2012;2
(1):16. T aggedEnd

TaggedP17. GINA report 2021. https://ginasthmaorg/wp-content/uploads/
2021/05/GINA-Main-Report-2021-V2-WMSpdf. 2021. TaggedEnd

TaggedP18. Laune D, Arnavielhe S, Viart F, et al. [Adaptation of the general
data protection regulation (GDPR) to a smartphone app for rhi-
nitis and asthma (MASK-air(R))]. Rev Mal Respir. 2019;36
(9):1019�31. TaggedEnd

TaggedP19. Fonseca JA, Nogueira-Silva L, Morais-Almeida M, et al. Valida-
tion of a questionnaire (CARAT10) to assess rhinitis and asthma
in patients with asthma. Allergy. 2010;65(8):1042�8.TaggedEnd

TaggedP20. Bedard A, Basagana X, Anto JM, et al. Treatment of allergic
rhinitis during and outside the pollen season using mobile
technology. A MASK study. Clin Transl Allergy. 2020;10(1):
62. TaggedEnd

TaggedP21. Sousa-Pinto B, Fonseca JA, Gemicioglu B, et al. Patient-
reported outcome measures (PROMs) using the MASK-air(R) app
in severe asthma. Allergy. 2022;77(5):1600�2. TaggedEnd

TaggedP22. Sastre J, Del Cuvillo A, Colas C, et al. Validation of the MASK-air
App for assessment of allergic rhinitis. Allergy. 2020;75
(11):2958�61.TaggedEnd

TaggedP23. Sousa-Pinto B, Sa-Sousa A, Amaral R, et al. Assessment of the
control of allergic rhinitis and asthma test (CARAT) using MASK-
air. J Allergy Clin Immunol Pract. 2022;10(1):343�5.TaggedEnd

TaggedP24. Sousa-Pinto B, Eklund P, Pfaar O, et al. Validity, reliability, and
responsiveness of daily monitoring visual analog scales in MASK-
air(R). Clin Transl Allergy. 2021;11(7):e12062. TaggedEnd

TaggedP25. Lemonnier N, Melen E, Jiang Y, et al. A novel whole blood
gene expression signature for asthma, dermatitis, and rhini-
tis multimorbidity in children and adolescents. Allergy.
2020;75:3248�60. TaggedEnd



TaggedEndPulmonology 29 (2023) 306�314

TaggedFigure TaggedEnd

www.journalpulmonology.org

TaggedFigure TaggedEnd
ORIGINAL ARTICLE
TaggedH1Prescribing and adjusting exercise training in chronic
respiratory diseases � Expert-based practical
recommendations TaggedEnd
TaggedPR. Gloeckla,b,*, R.H. Zwickc, U. F€urlingerc, I. Jaroscha,b, T. Schneebergera,b, D. Leitla,b,
A.R. Koczullaa,b,d, K. Vonbanke, C. Alexiouf, I. Vogiatzisf, M.A. Spruitg,h,i TaggedEnd
TaggedP

a Institute for Pulmonary Rehabilitation Research, Schoen Klinik Berchtesgadener Land, Schoenau am Koenigssee, Germany
b Department of Pulmonary Rehabilitation, Philipps-University of Marburg, Marburg, Germany
c Therme Wien Med, Ludwig Boltzmann Institute for Rehabilitation Research, Vienna, Austria
d Teaching Hospital, Paracelsus Medical University Salzburg, Salzburg, Austria
e Clinical Division of Pulmonology, Department of Medicine II, Medical University of Vienna, Vienna, Austria
f Department of Sport, Exercise, and Rehabilitation; Faculty of Health and Life Sciences. Northumbria University, Newcastle, UK
g Department of Research and Development, CIRO+, Center of Expertise for Chronic Organ Failure, Horn, The Netherlands
h NUTRIM, School of Nutrition and Translational Research in Metabolism, Faculty of Health, Medicine and Life Sciences, Maastricht,
The Netherlands
i Department of Respiratory Medicine, Maastricht University Medical Center, Maastricht, The Netherlands
TaggedEnd
Received 14 July 2022; accepted 5 September 2022
Available online 20 October 2022
TaggedEnd Abbreviations: AACVPR, American
cians; ATS, American Thoracic Society
ERS, European Respiratory Society; ET
controlled trial; ST, strength training.
TaggedEnd TaggedEnd* Corresponding author at: Institute
Schoenau am Koenigssee, Germany.

E-mail address: rgloeckl@schoen-k

https://doi.org/10.1016/j.pulmoe.20
2531-0437/© 2022 Sociedade Portugue
NC-ND license (http://creativecommo
TaggedPAbstract
Background: International guidelines recommend endurance (ET) and strength training (ST) in
patients with chronic respiratory diseases (CRDs), but only provide rough guidance on how to set
the initial training load. This may unintentionally lead to practice variation and inadequate training
load adjustments. This study aimed to develop practical recommendations on tailoring ET and ST
based on practices from international experts from the field of exercise training in CRDs.
Methods: 35 experts were invited to address a 64-item online survey about how they prescribe
and adjust exercise training.
Results: Cycling (97%) and walking (86%) were the most commonly implemented ET modali-
ties. Continuous endurance training (CET, 83%) and interval endurance training (IET, 86%)
were the frequently applied ET types. Criteria to prescribe IET instead of CETwere: patients
do not tolerate CET due to dyspnoea at the initial training session (79%), intense
TaggedEndTAGGEDPKEYWORD
COPD;
Endurance training;
Guideline;
Pulmonary
rehabilitation;
Resistance training;
Strength training TaggedEnd
Association of Cardiovascular and Pulmonary Rehabilitation; ACCP, American College of Chest Physi-
; BTS, British Thoracic Society; CET, continuous endurance training; CRD, chronic respiratory disease;
, endurance training; IET, interval endurance training; PR, pulmonary rehabilitation; RCT, randomized,

for Pulmonary Rehabilitation Research, Schoen Klinik Berchtesgadener Land, Malterhoeh 1, 83471

linik.de (R. Gloeckl).

22.09.004
sa de Pneumologia. Published by Elsevier España, S.L.U. This is an open access article under the CC BY-
ns.org/licenses/by-nc-nd/4.0/).



TaggedEndPulmonology 29 (2023) 306�314
TaggedEndTaggedPbreathlessness during initial exercise assessment (76%), and/or profound exercise-induced
oxygen desaturation (59%). For ST, most experts (68%) recommend 3 sets per exercise; 62% of
experts set the intensity at a specific load that patients can tolerate for a range of 8 to 15
repetitions per set. Also, 56% of experts advise patients to approach local muscular exhaus-
tion at the end of a single ST set.
Conclusions: The experts�practices were summarized to develop practical recommendations in
the form of flowcharts on how experts apply and adjust CET, IET, and ST in patients with CRDs.
These recommendations may guide health care professionals to optimize exercise training pro-
grams in patients with CRDs.
© 2022 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/). TaggedEnd
TaggedH1Introduction TaggedEnd

TaggedPPatients with chronic respiratory diseases (CRDs) perceive
various limitations of exercise capacity, which go far
beyond (exertional) breathlessness. Peripheral muscle
weakness and associated physical inactivity accelerate
physical deconditioning and amplify exercise-induced
breathlessness and peripheral muscle discomfort.1 The
beneficial effects of exercise training (either as a stand-
alone intervention or as part of a pulmonary rehabilita-
tion (PR) program) have been well documented in
patients with CRDs.2-4 Thus, exercise training has been
established as a key component of non-pharmacological
treatment options in CRDs.5,6 However, when it comes to
practical recommendations on how to prescribe exercise
training in patients with CRDs, there is only scarce infor-
mation available in the international respiratory socie-
ties’ official statements and guidelines (Tables 1-2).5,7,8

This lack of information is even more noticeable regard-
ing how exercise training should be adjusted and pro-
gressed during an ongoing exercise training program.
Therefore, we collected the experiences of multiple
international experts from the field of exercise training
in CRDs on how they initially set and subsequently adjust
exercise training workloads in patients with CRDs. TaggedEnd
TaggedH1Methods TaggedEnd

TaggedPWe initially developed a 64-item online survey to understand
international expert practices on the delivery of exercise
training in the setting of PR in patients with CRDs like
chronic obstructive pulmonary disease, asthma, or intersti-
tial lung disease. Peers checking for plausibility and consis-
tency proofread the survey before its dissemination. The
survey consisted of mixed open-ended questions and multi-
ple-choice questions. Most of the questions afforded multi-
ple answers � no question was mandatory to be addressed.
The survey was built by using SurveyMonkey Software. TaggedEnd

TaggedH2Dissemination of the survey TaggedEnd

TaggedPThe survey was sent by email to 45 international experts from
the field of exercise training in CRD patients and was avail-
able from 18 January 2022 to 18 February 2022. Participants
for the survey were selected from contributor lists of previous
international surveys and statements on PR5,9 and were partly
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TaggedEndTaggedPexpanded by experts based on the experiences and judgment
of the authors. Only one expert per center was invited to
participate in the survey to avoid a center-based bias. Partici-
pation in the survey was voluntary and participants were
asked if they agreed that their names would be disclosed in
the section of acknowledgments.TaggedEnd

TaggedH2Data analysis TaggedEnd

TaggedPQuantitative data were reported as percentages of answers
for each question of the survey. TaggedEnd
TaggedH1Results TaggedEnd

TaggedPThirty-five out of 45 invited experts from 21 countries across
5 continents (e-Figure 1) completed the survey (response
rate: 78%). The professional background of the experts was
multidisciplinary, consisting of physiotherapists (66%), pul-
monologists (20%), and clinical exercise physiologists (14%).
Most experts provide outpatient programs (71%) of 8 to 12
weeks, including 2 to 3 training sessions per week or inpa-
tient exercise programs (37%) for 3 to 4 weeks applying 5-7
exercise sessions per week (e-Figures 2-4). All experts
(100%) provide endurance training and 94% apply strength
training. The online supplement includes all survey ques-
tions and the experts�responses. TaggedEnd

TaggedPTables 1-2 summarise the findings from the survey rele-
vant to CET, IET and ST recommendations reported within
international respiratory society statements, and guidelines
as well as evidence from the literature. TaggedEnd

TaggedH2Endurance training TaggedEnd

TaggedPCycling (97%) and walking (ground floor 86% or treadmill 77%)
were the most common endurance training modalities, and
continuous endurance training (CET, 83%) or interval endur-
ance training (IET, 86%) were the most used modes (e-Figures
8-9). Criteria to prescribe IET instead of CET were: when
patients do not tolerate CET due to dyspnoea at the initial
training session (79%), intense breathlessness during the ini-
tial exercise assessment (76%), or profound exercise-induced
oxygen desaturation (59%). The following measurements are
usually performed during CET and IET: 10-point Borg scale
rating of breathlessness (94%) and leg discomfort (86%), oxy-
gen saturation (87%), and heart rate (80%) (e-Figures 20
and 33). TaggedEnd



TaggedEnd Table 1 Overview of recommendations to prescribe and adjust continuous and interval endurance training in patients with
chronic respiratory diseases including experts’ practices from the current survey.

Continuous
endurance training
(CET)

ACCP/AACVPR 2007 8 BTS 2013 7 ATS/ERS 2013 5 Evidence from the
literature (n=13
studies) 1 Meta-
analysis 10

Expert-based practices from the
current survey 2022

Modality Walking or cycling Walking or cycling Walking (treadmill
or ground-based) or
cycling (cycle
ergometer)

Stationary cycling Walking (treadmill or ground-
based) or cycling (cycle
ergometer)

Frequency Not stated 2-3 days per week
(minimum)

3-5 days per week 2-6 days per week 2-3 days per week (outpatient)
5-7 days per week (inpatient)

Intensity 60-80% of peak work
rate

>60% of peak work
rate

>60% of peak work
rate

50-80% of peak work
rate

60-70% of peak work rate

Duration Not stated 30-60 minutes per
session

20-60 minutes per
session

20-47 minutes per
session

30-40 minutes per session

Dyspnoea/Leg
discomfort
(10-point Borg
scale)

Not stated Not stated 4-6 4-5 4-6

Criteria for work-
load
progression

Not stated Not stated Not stated - Mainly when symp-
toms on the Borg
scale are <3-4
- increase the inten-
sity by 5-10% of
baseline workload
- total workload
increments weekly
or monthly

When symptoms on the Borg
scale are �3:
1) Increase intensity and
2) Increase duration, both
according to symptoms
When symptoms on the Borg
scale are >4:
Increase duration up to 30-40
minutes, if tolerated
Increase intensity, according to
symptoms
See the flowchart for detailed
information (Figure 1)

Interval endurance
training (IET)

ACCP/
AACVPR 2007 8

BTS 2013 7 ATS/ERS 2013 5 Evidence from the
literature (n=13 studies)
1 Meta-analysis 10

Expert-based practices from the
current survey 2022

Modality Not stated Walking or cycling Typically stationary
cycle based

Stationary cycling Typically cycle based

Frequency Not stated 2-3 days per week
(minimum)

3-5 days per week 2-6 days per week 2-3 days per week (outpatient)
5-7 days per week (inpatient)

Intensity Not stated Not stated Not stated 80-100% of peak work
rate for the active
period and typically
complete rest in the
passive period

80-100% of peak work rate

Duration Not stated 30-60 minutes per
session, interval
duration not stated

20-60 minutes per
session; interval
duration not stated

20-45 minutes per ses-
sion, most common rate
1:1 with 30 seconds per
interval

20-40 minutes per session;
The most common mode is 1:1
with 30-60 seconds per interval

When to apply
interval instead
of continuous
endurance
training (CET)

Not stated The choice of inter-
val or continuous
training will be
down to the patient
and/or therapist‘s
preference

Not stated

When CET is not toler-
ated due to dyspnoea TaggedEnd

- CET is not tolerated due to
dyspnoea TaggedEnd

- intense breathlessness during
the initial exercise assessment TaggedEnd

- profound exercise-induced
oxygen desaturation during
CET TaggedEnd

Criteria for work-
load
progression

Not stated Not stated Not stated - Mainly when symptoms
for the BORG scale are
<3-4
- increase the intensity
by 10-20% from the
baseline workload
- total workload incre-
ment weekly

When symptoms on the Borg
scale are �3:Increase intensi-
tyReduce the duration of the
recovery periodWhen symptoms
on the Borg scale are >4:
Increase total duration up to 20-
40 minutes, if tolerated

- Increase intensity, according
to symptoms TaggedEnd

Abbreviations: ACCP �American College of Chest Physicians, AACVPR � American Association of Cardiovascular and Pulmonary Rehabilita-
tion, BTS � British Thoracic Society, ATS � American Thoracic Society, ERS � European Respiratory Society, CET � continuous endurance
training.
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TaggedEnd Table 2 Overview of recommendations to prescribe and adjust strength training in patients with chronic respiratory diseases
including experts’ practices from the current survey.

Strength
Training (ST)

ACCP/AACVPR
2007 8

BTS 2013 7 ATS/ERS 2013 5 Evidence from the
literature (n=11 RCTs)
2 Meta-Analyses 11 12

Expert-based
recommendations from
the current survey 2022

Modality Machine weights,
free weights,
elastic resistance
bands, and lifting
the body against
gravity

Not stated Not stated Strength training
machines, dumbbells,
elastic tubes, or
bodyweight

Strength training machines,
dumbbells, elastic tubes, or
bodyweight

Frequency 2-3 days per week 2 days per week
(minimum)

2-3 days per week 2-3 days per week 2-3 days per week (outpa-
tient)
5-7 days per week (inpatient)

Load Not stated Not stated 60-70%1RM or 8-
12 RM

40-90% 1RM 8-15 RM at an intensity that
evolves `local muscular
exhaustion�

Duration Not stated 2-4 sets of 10-15
repetitions

1-3 sets of 8-12
repetitions

2-4 sets of 5-15
repetitions

3 sets �a 8-15 repetitions

Criteria for work-
load
progression

Not stated The load chosen
should be individ-
ualized and pro-
gressed once all
sets can be com-
pleted with the
selected weight

When an individ-
ual can perform
the current work-
load for 1 or 2 sets
over the desired
number of 6 to 12
repetitions, on 2
consecutive train-
ing sessions the
load should be
increased

- Reassessment with
1RM test when
required sets and/
or repetitions are
achieved without
difficulty orTaggedEnd

- improvements
based on 1RM tests
every 2 weeks orTaggedEnd

- based on Borg scale
when scores <4 for
muscle discomfort
at a given fixed
number of repeti-
tions or can
increase number of
repetitions for a
given setTaggedEnd

When patient discontinued
strength training exercise
<8 repetitions:
1) Decrease the load until
patients reach `momentary
muscular failure�between 8
to 15 repetitions
2) Decrease the number of
total sets according to the
patient�s tolerance
When patient completed
strength training exercise
>15 repetitions:
1) Increase the load until
patients reach `momentary
muscular failure�between 8
to 15 repetitions
2) Increase the number of
total sets according to the
patient�s tolerance

Abbreviations: ACCP �American College of Chest Physicians, AACVPR � American Association of Cardiovascular and Pulmonary Rehabilita-
tion, BTS � British Thoracic Society, ATS � American Thoracic Society, ERS � European Respiratory Society, RM � repetition maximum,
RCT � randomized controlled trial.
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TaggedH2Setting initial CET load TaggedEnd

TaggedPTo set initial training intensity, 82% of experts start CETat 60-
70% of peak work rate and 77% use the 10-point Borg scale to
set exercise intensity aiming for a dyspnoea score between 4
and 6. Seventy-four percent prescribe a total duration of 10 to
20 minutes during the first training session (Table 1).TaggedEnd

TaggedH2Adjusting CET load during an ongoing training
program TaggedEnd

TaggedPTo advance the training load, 57% of experts initially
increase the duration of exercise, aiming for a total CET
duration of 30 to 40 minutes per session (71% of experts, e-
Figure 21). As a second step, the intensity is increased. The
rate of intensity progression is variable, as 71% increase the
intensity depending on the patients� symptoms (breathless-
ness and/or leg discomfort, e-Figure 25). Fig. 1 provides an
overview on experts�practices, when patients need to inter-
rupt a CETsession due to various reasons. TaggedEnd
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TaggedH2Setting initial IET load TaggedEnd

TaggedPMost experts (59%) use a ratio of 1 to 1 alternating exercise
with active or complete recovery periods. Work to recovery
ratios of 1 to 2 (29%) or 2 to 1 (26%) are also used (e-Figure
35). Periods of 30 to 60 seconds are usually (69%) imple-
mented as the length of time for the interval (exercise or
recovery) phases (e-Figure 36). The initial intensity for the
work interval is mostly (78%) set between 80% to 100% of
baseline peak work rate with an initial total exercise dura-
tion of 10 to 20 minutes (61%) during the first training session
(e-Figures 37 and 41). TaggedEnd

TaggedH2Adjusting IET load during an ongoing training
program TaggedEnd

TaggedPAll experts (100%) agreed that it is necessary to progressively
adjust the load during IET (e-Figure 43) with 76% allowing a
total IET duration ranging between 20 and 40 minutes per
session based on the patients�tolerance (e-Figure 42). Also,



TaggedFigure

Fig. 1 Summary of expert-based practices for prescribing and adjusting continuous and interval endurance training in patients with
chronic respiratory diseases. TaggedEnd

TaggedEndR. Gloeckl, R.H. Zwick, U. F€urlinger et al.
TaggedEndTaggedP76% of experts progressively increase the intensity of exercise
during IET based on the patients� symptoms (e-Figure 45).
Fig. 1 provides an overview on experts� practices when
patients discontinue a IETsession due to various reasons.TaggedEnd

TaggedH2Strength training (ST) TaggedEnd

TaggedPExperts used various ST apparatus, such as regular weight
training machines (79%), elastic tubes (56%), dumbbells
(53%), or bodyweight only (53%) (e-Figure 52). The following
muscle groups were seen as a minimum standard for ST:
knee extensors (91%), chest muscles (59%), arm flexors
(59%), arm elevator muscles (56%), hip extensors (56%), and
upper back muscles (50%) (e-Figure 53). Fifty-one percent of
experts do not perform a 1-repetition maximum test at the
beginning of a ST program (e-Figure 54). TaggedEnd

TaggedH2Setting initial load for ST TaggedEnd

TaggedPMost experts (68%) perform 3 sets per exercise (e-Figure 58).
62% of experts set the intensity at a specific load that
patients can tolerate for a range of 8 to 15 repetitions per
set, whereas 56% of experts use a range of around 60% to
70% from the 1-repetition maximum test to determine the
initial ST intensity (e-Figure 55). Also, 56% of experts advise
patients to reach local muscular exhaustion (or close to it)
at the end of a single STset (e-Figure 59). TaggedEnd

TaggedH2Adjusting ST load during an ongoing training
program TaggedEnd

TaggedPWhen patients can complete all sets during an exercise
workout without significant exhaustion, experts increase the
load to the next higher tolerated workload (41%), increase
the weight by 5 to 10% of the 1-repetition maximum (35%) or
increase the training load until patients reach local muscular
310
TaggedEndTaggedPexhaustion (or close to it) at the end of a single set (35%) (e-
Figure 63). 53% of experts also extend the total number of
exercises, according to the patients� tolerance to further
progress training volume (e-Figure 64). TaggedEnd

TaggedH2Exercise prescription flowcharts TaggedEnd

TaggedPExercise flowcharts were developed (Figs. 1 and 2) to facili-
tate tailoring of exercise training prescription to the individ-
ual patient’s needs and capabilities. The expert practices on
adjusting exercise training for the presented cases, were
derived on the basis of the most prevalent responses to the
survey questions (see online supplement). TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPWe conducted a survey to capture the practices of interna-
tional experts in delivering exercise training for patients with
CRDs. Based on the expert clinical practice, exercise flow-
charts were developed including suggestions on prescribing
and adjusting continuous, interval, and strength training in
patients with CRDs. International experts from 35 different
centres across 21 countries completed the survey. This reflects
the largest collection of multiple expertise within this field
and provides an update and extension of previously published
practical recommendations on exercise training in patients
with COPD.13 Interestingly, there was considerable heteroge-
neity amongst experts on how they apply and adjust exercise
training. This shows that there are several ways to reach the
same aim for improving physical performance.TaggedEnd

TaggedPInternational guidelines and statements on PR provide rec-
ommendations on how exercise training in patients with CRDs
should be prescribed (Tables 1�2). Our survey indicates that
exercise training practices closely align with these guidelines.
However, guidance on how to further adjust exercise training



TaggedFigure

Fig. 2 Summary of expert-based practices for prescribing and adjusting strength training in patients with chronic respiratory dis-
eases. TaggedEnd

TaggedEndPulmonology 29 (2023) 306�314
TaggedEndTaggedPworkload during an ongoing exercise training program and how
to deal with situations when patients need to discontinue a
session of exercise training due to various limitations, is
scarce. Former surveys about exercise prescription also
focussed more on exercise programme structures and modali-
ties rather than on practical advice on tailoring exercise train-
ing workload.14,15 However, these aspects are highly relevant
to the delivery of exercise training, and as such our flowcharts
may provide further practical guidance on prescribing and
adjusting exercise training according to the individual
patient’s needs and capabilities.TaggedEnd

TaggedPEndurance training (CETor IET) is consistently considered a
fundamental component of exercise training in patients with
CRDs.5,16-18 Most endurance training programmes are based on
the CET method, in which exercise is performed at a constant
intensity for an extended period without interruption. How-
ever, patients with severe CRDs are usually unable to sustain
CET at relatively high intensities for an extended period due
to increased respiratory distress.19,20 IET, which consists of
repeated bouts of maximal/high-intensity exercise, alter-
nated with short intervals of rest or low-intensity exercise, is
a suitable alternative to CET.21 Several systematic reviews
have consistently concluded that CET and IET demonstrate
comparable efficacy in improving exercise capacity, exercise-
induced dyspnoea sensations, muscle fiber structure and func-
tion, and quality of life.10,22 However, there is also some evi-
dence, that especially patients with advanced CRDs perceive
less dyspnoea during IET compared to CET.20,23 Underlying
physiological reasons include a lower reliance on anaerobic
glycolysis associated with lower ventilatory requirement and
degrees of dynamic hyperinflation during IET.24,25 This explains
the greater tolerance to IET compared to CET in patients with
advanced CRDs. In our flowchart we presented practical indi-
cations from the experts�experiences on when to consider IET
instead of CET. Furthermore, practical cases are presented,
that show how experts proceed, when patients need to inter-
rupt CETor IET due to various reasons.TaggedEnd
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TaggedPStudies have shown, that endurance training combined
with strength training results in significantly greater
improvements in muscle strength, muscle hypertrophy, and
quality of life compared to endurance training alone in
patients with COPD.11,12,26,27 Therefore, when patients with
COPD have the capacity to perform a combined endurance
and strength training program, this may provide the optimal
exercise prescription. TaggedEnd

TaggedPOne of the most important considerations concerning
strength training is intensity. The general use of the term
`intensity� in the strength training literature, including the
ACSM statement,28 refers to the load used (i.e. the fraction of
1 repetition maximum, %1RM). However, the expression of
%1RM only represents the training load given as a fraction of
maximal effort. The %1RM does not explicitly imply how hard
an individual is working during a set of strength exercises.
Therefore, Fisher and colleagues proposed that `intensity� in
its truest sense is the level of a subject�s effort applied to a
given load.29 The inability to perform additional concentric
contractions at a given load without significant changes in pos-
ture or movement speed was defined as `momentary muscular
failure�.29 It has been shown that training to `momentary mus-
cular failure�, maximizes muscle fibre recruitment (especially
to the higher threshold fast-twitch muscle fibres), and
increases the secretion of growth-promoting hormones com-
pared to not reaching `momentary muscular failure�.30 Both
are important factors for the capability of producing the
greatest increases in muscle strength and hypertrophy.TaggedEnd

TaggedPTo date, many studies have investigated the benefits of
strength training and the different approaches to determine
the optimal strength training intensity/load. Several sys-
tematic reviews have consistently concluded that muscle
hypertrophy can be equally achieved across a wide spectrum
of loads (30%1RM to 90%1RM).29,31,32 This evidence suggests
that reaching `momentary muscular failure�at the end of a
strength training set (i.e. within a range of 8 to 15 repeti-
tions) is the most important aspect for maximizing muscle
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TaggedEndTaggedPhypertrophy. Therefore, it is not necessary to perform a 1RM
effort for prescribing strength training intensity at a certain
fraction of 1RM, because the fraction of 1RM alone is not rel-
evant for improving muscle hypertrophy.29 Instead, it is the
effort that a subject perceives as strenuous. TaggedEnd

TaggedPWe are aware that the requirements for exercise training
programmes in patients with CRDs vary widely across the
world within different healthcare systems and local infra-
structure. However, different types of exercise training
apparatus (e.g. regular strength training machines, free
weights, elastic tubes, etc.) can potentially increase exer-
cise performance, when appropriate exercise training prin-
ciples and intensity progression to reach `momentary
muscular failure�are applied.33,34 Recent studies have shown
that an exercise training program using minimal equipment
can be equally effective in increasing muscle strength and
exercise performance compared to using sophisticated exer-
cise apparatus.33,34 Therefore, what is much more relevant
is how adequately patients exercise and not what kind of
apparatus they use. Hence, our flowchart suggestions are
also transferable to different exercise training settings. TaggedEnd

TaggedPSome limitations need also to be addressed. First, there is
no direct proof of the benefits of the training recommenda-
tions included in our flowcharts. A clinical validation is
needed. However, we suggest that the meaningful benefits
shown in numerous exercise training studies might also apply
to our expert-based recommendations since there is a sub-
stantial overlap in several basic training principles between
the experts�practices and scientific evidence. TaggedEnd

TaggedPSecond, there was no official panel discussion involving
all experts like a Delphi consensus process. Third, we did not
ask for safety issues related to the experts�experiences with
exercise training. However, exercise training is usually
accepted as a safe intervention for patients with CRDs fol-
lowing a baseline patient assessment to rule out any contra-
indications for physical exercise.5 Fourth, we provided
general recommendations for a range of CRDs and did not
take disease-specific considerations into account (i.e. an
interval warm-up phase of 10-15 minutes in patients with
asthma to prevent exercise-induced bronchoconstriction
during a subsequent endurance training).35 TaggedEnd

TaggedPFinally, the current flowcharts do not take into account
non-invasive ventilation during exercise training,36 or other
types of lower-limb muscle training, such as neuromuscular
electrical stimulation,37 single-leg cycling,38 and whole-
body vibration.39 TaggedEnd

TaggedPA strength of this survey is the large collection and con-
solidation of international experts�experiences for adjusting
exercise training in patients with CRDs during an ongoing
training program. TaggedEnd

TaggedPDuring the process of this survey, we have also identified
important questions for future research like what patient/
modality combinations are the best to safely achieve the
largest training effects? What are the underlying changes in
exercise performance, including intramuscular changes40

and oxygen uptake kinetics.41 Furthermore, is there a valid
approach to optimise walking speed during ground-based
walking training? Future studies should include a larger num-
ber of rehabilitation experts and should collect more data
with a more detailed description of the expert responses, in
order to standardize procedures at a world level in the area
of exercise training in CRDs. TaggedEnd
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TaggedPIn conclusion, based on these experts� experiences,
exercise prescription flowcharts were developed. These
flowcharts are meant to guide healthcare professionals in
prescribing and adjusting continuous, interval, and
strength training in patients with chronic respiratory dis-
eases. TaggedEnd
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TaggedPAbstract
Background: Pneumonia is a leading cause of childhood mortality globally. Children with severe
pneumonia associated with hypoxaemia require oxygen (O2) therapy, which is scarce across
resource-constrained countries. Solar-powered oxygen (SPO2) is a novel technology developed
for delivering therapeutic O2 in resource-constrained environments.
Research question: Is the introduction of SPO2 associated with a reduction in mortality, relative
to the existing practice?
Study design: This was a pragmatic, quasi-experimental study comparing mortality amongst
children < 5 years of age with hypoxaemic respiratory illness before and after the installation of
SPO2 in two resource-constrained hospitals.
Methods: Participants were children < 5 years old admitted with acute hypoxaemic respiratory
illness. The intervention was SPO2, installed at two resource-constrained hospitals. The primary
outcome was 30-day mortality. Secondary outcomes included in-hospital mortality (time to
death), length of hospital stay among survivors, duration of O2 therapy (time to wean O2), and
O2 delivery system failure(s).
Results: Mortality amongst children admitted with acute hypoxaemic respiratory illness
decreased from 30/50 (60%) pre-SPO2 to 15/50 (30%) post-SPO2 (relative risk reduction 50%,
95%CI 19 � 69, p = 0.0049). The post-SPO2 period was consistently associated with decreased
mortality in statistical models adjusting for potential confounding factors. Likewise, survival
curves pre- and post- SPO2 differed significantly (hazard ratio 0.39, 95% CI 0.20 � 0.74,
TaggedEndTAGGEDPKEYWORDS
Pediatrics;
Oxygen;
Oxygen delivery;
Solar power;
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Global health TaggedEnd
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TaggedEndTaggedPp = 0.0043). A reduction in the frequency of O2 delivery interruptions due to fuel shortages and
multiple patients needing the concentrator at once was observed, explaining the mortality
reduction.
Interpretation: Solar-powered oxygen installation was associated with decreased mortality in
resource-constrained settings.
© 2021 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/). TaggedEnd
TaggedH1Introduction TaggedEnd

TaggedPPneumonia is a leading cause of mortality among children
under 5 years of age, accounting for more than 800,000
deaths annually.1 Oxygen (O2) is an essential therapy for
hypoxaemic illnesses, including pneumonia; however, O2 is
often not available on paediatric wards in resource-con-
strained hospitals.2,3 In the current COVID-19 pandemic, O2

demand is expected to increase dramatically in low- and
middle-income countries, exacerbating this pre-existing
shortage. TaggedEnd

TaggedPIn resource-constrained settings, methods of delivering
O2 include O2 cylinders and grid-powered O2 concentra-
tors,4,5 both of which are limited by cost and logistical
issues.2,6 Studies conducted in Uganda and Kenya reported
that < 20% of paediatric wards in district hospitals have
access to functional O2 delivery systems,2 with facilities
experiencing power outages 7% of the time.7TaggedEnd

TaggedPImproved O2 delivery systems can lead to significant
improvements in mortality from childhood pneumonia.8 We
have previously detailed the design and implementation of a
novel method of O2 delivery capable of implementation in
remote locations with limited access to consistent electrical
supplies: solar powered oxygen (SPO2).9,10 Solar powered O2

involves photovoltaic cells to collect solar energy, which is
then stored in a battery bank and used to power an O2 con-
centrator for the production of medical grade O2. The feasi-
bility, safety, and efficacy of SPO2 has been demonstrated
through a proof-of-concept study and a randomized con-
trolled trial, showing non-inferiority compared to cylinder
O2 in terms of hospital length of stay, duration of O2 therapy,
and recovery time.9,10 An evaluation of the impact of SPO2
on mortality is warranted. TaggedEnd

TaggedPThe objective of this study was to compare the mor-
tality among infants and children admitted with acute
hypoxaemic respiratory illness at two resource-con-
strained hospitals in the Democratic Republic of the
Congo (DRC) before and after installation of SPO2. We
hypothesized that the introduction of a reliable source of
O2 would be associated with a reduction in mortality, rel-
ative to the existing practice, in which the O2 supply was
scarce and inconsistent. TaggedEnd
TaggedH1Methods TaggedEnd

TaggedH2Study design TaggedEnd

TaggedPThis was a pragmatic, quasi-experimental study comparing
the mortality amongst children under 5 years of age admit-
ted with acute hypoxaemic respiratory illness before
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TaggedEndTaggedP(pre-SPO2) and after (post-SPO2) the installation of SPO2 in
two resource-constrained hospitals. Before-after designs
have been used in several recent trials evaluating O2 systems
in resource-constrained settings,11 novel O2 delivery meth-
ods,12 other respiratory therapies,13-15 and childhood
infections.16,17 Although subject to limitations such as tem-
poral trends, before-after study designs are effective
research tools that, in some cases, have changed practice.18

To mitigate potential biases inherent in this study design,
we used prospective data collection with consistent report-
ing criteria and multivariable statistical methods to correct
for potential confounding factors. TaggedEnd

TaggedH2Setting TaggedEnd

TaggedPThe DRC ranks 179th out of 188 countries in terms of the
human development index and 88% of the population
lives on less than US $1.25 per day.19 The mortality under
five years of age is 300,000/year, with 45,000 deaths/year
due to pneumonia.20 The delivery of health services is
complicated by ongoing armed conflicts and security con-
cerns, which contribute to the elevated mortality rates
in these regions.21 The DRC has also experienced out-
breaks of Ebola virus, with the most recent outbreak in
North Kivu beginning in August 2018, during this study’s
implementation. Availability of O2 remains poor across
rural parts of the DRC.22 TaggedEnd

TaggedPThe study enrolled hypoxaemic children admitted to
two hospitals in Butembo, DRC. Matanda Hospital is a
260-bed facility, with a 6-bed intensive care unit. The
solar powered O2 concentrator was installed in the inten-
sive care unit during the present study. The Centre Hospi-
talier Universitaire du Graben is a 178-bed facility, with
dedicated pediatric and neonatal wards. The solar pow-
ered O2 concentrator was installed in the neonatal ward
during the present study. Of note, the solar powered O2

concentrators were not present during the pre-SPO2
period at either site. The two hospitals have a high ratio
of patients to healthcare providers (approximately one
nurse for every 20 patients). Each site was staffed by
one general practitioner and one pediatrician. Fingertip
pulse oximeters (ChoiceMMmed brand, 2018Beijing
Choice Electronic Tech Co., Beijing, China) were used for
spot checks of O2 saturation. Use of pulse oximetry was
individualized and guided by the individual clinicians,
according to clinical judgement. TaggedEnd

TaggedH2Participants TaggedEnd

TaggedPPatients presenting to selected sites meeting the following
criteria were included: (1) age < 5 years; (2) hypoxaemia
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TaggedEndTaggedP(O2 saturation < 90%); (3) warranted hospital admission
based on clinical judgement. TaggedEnd
TaggedH2Intervention and Study procedures TaggedEnd

TaggedPThe solar powered O2 system has been previously
described.10 In brief, the system consisted of locally sourced
solar panels, charge controller, battery bank, DC/AC current
inverter, and a 300 W O2 concentrator (model 525 KS, DeVil-
biss, Healthcare LLC, Somerset, PA, USA).10 The system com-
ponents were purchased from and installed by a Congolese
non-profit association providing essential medicines and
equipment throughout the DRC (Association R�egionale
D'Approvisionnement en M�edicaments Essentiels, ASRAMES,
Goma, DRC). TaggedEnd

TaggedPEligible participants’ parents or legal guardians were
approached for written informed consent to participate in
the study. The study’s purpose, benefits, risks, confidential-
ity, and alternatives were explained to parents or legal
guardians in the appropriate language. Patients received
standard care for their underlying illness. Fifty patients
were recruited in both in the pre- and post- implementation
periods, a sample size similar to previous before-after
designs in the field.12 TaggedEnd

TaggedPDemographic information and clinical data were col-
lected from the medical records. After discharge, follow-up
was done by telephone to determine vital status 30 days
after admission (primary outcome). The need for O2 therapy
was evaluated daily using standard operating procedures for
weaning O2. The final disposition of the patients was
recorded (discharged with or without disability, transferred
to another facility, absconded, death), and the length of
stay was calculated amongst survivors. TaggedEnd
TaggedH2Outcome measures TaggedEnd

TaggedPOur primary endpoint was mortality at 30 days post-admis-
sion. Secondary outcomes were in-hospital mortality (time
to death), length of hospital stay among survivors, duration
of O2 therapy (time to wean O2), and O2 delivery system fail-
ure(s). TaggedEnd
TaggedH2Statistical considerations TaggedEnd

TaggedPDescriptive statistics used number and percentage for binary
variables and median with interquartile range for continuous
variables. Comparative statistics used chi-squared or Fish-
er’s exact test, as appropriate, for binary variables and
Mann-Whitney U-test for continuous variables. Kaplan-Meier
survival analysis was used to compare the time to death pre-
and post-SPO2. We used stratified analysis to examine mor-
tality across strata that could confound the association of
SPO2 and mortality. There was no missing data pertaining to
the primary outcome. We used logistic regression models to
examine the effect of SPO2 on mortality while adjusting for
clinical and statistical co-variates (R version 4.0.0, R Com-
puting, Vienna, Austria). Model selection was guided by both
biological and statistical considerations. Models were
restricted to a maximum of five independent variables for
parsimony and to avoid overfitting (limited sample size with
45 deaths). TaggedEnd
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TaggedH2Ethics approval TaggedEnd

TaggedPThe study was approved by the Comit�e d’�Ethique du Nord
Kivu (Centre Hospitalier Universitaire du Graben, Butembo,
DRC, Protocol number 005/TEN/2017) and by the Research
Ethics Board of the University of Alberta (Study ID
Pro00061203). TaggedEnd
TaggedH1Results TaggedEnd

TaggedPFifty patients were recruited between 1 September 2017
and 19 March 2018 (pre-SPO2). Solar-powered oxygen sys-
tems were installed in both hospitals from 5-8 October,
2018. Fifty patients were then recruited between 10 Octo-
ber 2018 and 1 August 2019 (post-SPO2). Table 1 shows the
demographic and clinical features of the pre-SPO2 and post-
SPO2 groups. Most differences between the pre-SPO2 and
post-SPO2 groups were not statistically significant, with key
data presented in Table 1. Table 2 shows the treatment and
outcome for patients enrolled pre- and post-SPO2. TaggedEnd

TaggedPThe 30-day mortality among hypoxaemic infants and chil-
dren was 30/50 (60%) pre-SPO2 and 15/50 (30%) post- SPO2
(p = 0.0049). This represents a relative risk reduction of 50%
(95% CI 19 � 69%) and a number needed to treat of 3.3 (95%
CI 2.1 � 8.8). The survival curves pre- and post-SPO2 dif-
fered significantly (hazard ratio 0.39 [95%CI 0.20-0.74],
p = 0.0043, Fig. 1).TaggedEnd

TaggedPThere was a significant reduction in the number of
patients experiencing interruptions to their O2 therapy from
26/50 (52%) pre-SPO2 and 1/50 (2%) post-SPO2 (p < 0.0001).
More specifically, there were fewer interruptions due to fuel
shortages (12/50 [24%] to 0/50 [0%], p = 0.00023) and
decreased need to share O2 therapy among multiple patients
(14/50 [28%] to 1/50 [2%], p = 0.00039). The duration of O2

therapy and the total volume of O2 administered increased
significantly from pre-SPO2 to post-SPO2 (Table 2) TaggedEnd

TaggedPBecause of the quasi-experimental design, several poten-
tial confounding factors were identified to be different in
the pre-SPO2 and post-SPO2 periods including site, markers
of disease severity (presence of cough, tachycardia, deep
breathing), primary diagnosis (malaria versus pneumonia,
sepsis and other conditions), and co-treatments (intravenous
glucose, third-generation cephalosporin, ampicillin, metro-
nidazole, and antipyretics) (Table 2). We performed a strati-
fied analysis, examining the difference in mortality pre- and
post- SPO2 in these subgroups (Fig. 2). We found a consistent
reduction in mortality across multiple subgroups, suggesting
that there was no confounding that would have affected the
observed mortality difference pre- and post-SPO2. TaggedEnd

TaggedPWe next constructed multivariable logistic regression
models to adjust for potential effects of co-variates (Supple-
mental e-Table 1). Model 1 adjusted for disease severity
(RISC, coded as a continuous variable) and diagnosis (cate-
gorical variable with four levels, pneumonia, sepsis,
malaria, and other), and showed that the association
between lower mortality post-SPO2 remained statistically
significant (adjusted odds ratio 0.31 [95%CI 0.12-0.77],
p = 0.013). Model 2 adjusted for potential factors affecting
mortality based on statistical considerations. Cough and
malaria were both statistically significantly associated with
reduced mortality and were more frequent post-SPO2. In



TaggedEnd Table 1 Characteristics at admission of 100 children under 5 years of age hospitalized with hypoxaemia.

Overall (N = 100) Pre-SPO2 (N = 50) Post-SPO2 (N = 50) p-Value

Demographics
Age [months] median (IQR) 2 (0-8.2) 2.2 (0-10) 2 (0-4.8) 0.18

<2 months 42 (42) 19 (38) 23 (46) 0.54
2-59 months 58 (58) 31 (62) 27 (54)

Female sex 48 (48) 22 (44) 26 (52) 0.55
Site 0.0088

CHU Graben 44 (44) 15 (30) 29 (58)
Matanda Hospital 55 (55) 35 (70) 21 (42)

Clinical features
Cough 72 (72) 26 (52) 46 (92) <0.0001
Fever prior to admission 68 (68) 29 (58) 39 (78) 0.054
Unable to feed or drink 70 (70) 36 (72) 34 (68) 0.83
Vomiting everything 10 (10) 6 (12) 4 (8) 0.74
Lethargic 79 (79) 40 (80) 39 (78) >0.99
Convulsions 28 (28) 14 (28) 14 (28) >0.99
Physical findings
Severely underweight1 33 (33) 19 (38) 14 (28) 0.39
Mid-upper arm circumference [mm], median

(IQR)
110 (100-130) 110 (100-130) 120 (100-130) 0.72

SpO2 [%], median (IQR) 70 (60-78) 70 (60-77) 71 (60-80) 0.45
Temperature [°C], median (IQR) 38 (36-38) 38 (36-38) 38 (36-38) 0.63
Tachycardia2 24 (24) 17 (34) 7 (14) 0.035
Tachypnea2 28 (28) 12 (24) 16 (32) 0.50
Chest indrawing 80 (80) 37 (74) 43 (86) 0.21
Deep breathing 69 (69) 27 (54) 42 (84) 0.0025
Composite clinical severity score
RISC, median (IQR)3 6 (5-6) 6 (5-6) 6 (5-6) 0.94
Laboratory
Haemoglobin [g/L], median (IQR)4 110 (90-130) 110 (90-120) 110 (90-130) 0.38
Glucose [mmol/L], median (IQR)5 4.4 (3-7.2) 6.7 (3.4-9.9) 3.2 (3-4.5) 0.037
Primary diagnosis
Pneumonia 33 (66) 16 (32) 17 (34) >0.99
Sepsis 29 (29) 18 (36) 11 (22) 0.19
Malaria 20 (20) 5 (10) 15 (30) 0.023
Neonatal respiratory distress syndrome 9 (18) 4 (8) 5 (10) >0.99
Bronchiolitis 3 (3) 2 (4) 1 (2) >0.99
Congenital heart disease 3 (3) 3 (6) 0 (0) 0.24
Ebola virus disease 1 (1) 0 (0) 1 (2) >0.99
Other6 2 (2) 2 (4) 0 >0.99

Values represent n (%) unless otherwise specified
1 Less than 3 standard deviations below the mean weight for age28
2 Less than 99th percentile of the vital sign for age
3 Respiratory Index of Severity in Children29
4 Hemoglobin was measured in 89 (89%) of children
5 Glucose was measured in 40 (40%) of children
6 Other primary diagnoses: malformation, meningitis

TaggedEndN. Conradi, K.M. Claude, B.E. Lee et al.
TaggedEndTaggedPaddition, although not statistically significant, treatment
with cefotaxime/ceftriaxone and intravenous glucose were
associated with reduced mortality and were more frequent
post-SPO2. Model 2, adjusting for cough, malaria, cefotax-
ime/ceftriaxone, and intravenous glucose treatment,
showed that the association between lower mortality post-
SPO2 remained statistically significant (adjusted odds ratio
0.30 [95%CI 0.095-0.89], p = 0.033). In summary, the post-
SPO2 period was consistently and robustly associated with
decreased mortality in statistical models adjusting for
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TaggedEndTaggedPpotential factors associated with mortality that were differ-
ent pre- and post-SPO2 (Supplemental e-Table 2). TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPThis study found that implementation of SPO2 systems was
associated with a 50% decrease in 30-day mortality in chil-
dren with hypoxaemic respiratory illness. Installation of
SPO2 systems was associated with a reduced frequency of



TaggedEnd Table 2 Clinical management and outcomes of 100 children under 5 years of age hospitalized with hypoxaemia.

Overall (N = 100) Pre-SPO2 (N = 50) Post-SPO2 (N = 50) p-Value

Oxygen treatment
Duration of O2 therapy [hours], median

(IQR)1
16 (9.7-48) 6.5 (4.0-24) 20 (12-57) 0.0049

Total volume of O2 delivered [£ 1000 L],
median (IQR)1

39 (22-110) 15 (9.0-68) 50 (31-120) 0.0049

SpO2 at last encounter [%], median (IQR) 91 (52-95) 81 (55-96) 94 (42-95) 0.56
Interruptions to O2 therapy 27 (27) 26 (52) 1 (2) <0.0001
Fuel shortages 12 (12) 12 (24) 0 (0) 0.00023
Multiple patients 15 (15) 14 (28) 1 (2) 0.00039

Antibiotic Use
Ampicillin 9 (9) 8 (16) 1 (2) 0.031
Gentamicin 59 (59) 29 (58) 30 (60) >0.99
Cefotaxime or Ceftriaxone2 93 (93) 43 (86) 50 (100) 0.012
Metronidazole 10 (10) 9 (18) 1 (2) 0.016
Other3 9 (9) 7 (14) 2 (4) 0.16

Other Treatments
Intravenous glucose 73 (73) 26 (52) 47 (94) <0.0001
Antipyretics 60 (60) 24 (48) 36 (72) 0.025

Length of Stay, median (IQR)1 7 (5-9) 6 (5-7) 8 (5-10) 0.054
Mortality

At 48 hours after admission 30 (30) 18 (36) 12 (24) 0.28
In hospital 43 (43) 30 (60) 13 (26) 0.0012
At follow-up 30 days after admission 45 (45) 30 (60) 15 (30) 0.0049

1 Among survivors (N = 55)
2 As ceftriaxone or as combination ceftriaxone-tazobactam (brand name Tazex�)
3 Other antibiotics included azithromycin (2), amoxicillin (1), amoxicillin-clavulanate (1), cefpodoxime (1), clindamycin (1), vancomy-

cin (1), levofloxacin (1), and antituberculous medications (1)

TaggedEndPulmonology 29 (2023) 315�322
TaggedEndTaggedPinterruptions to O2 therapy due to fuel shortages or need to
share systems among multiple patients, suggesting an
improvement in the quality of care being delivered. TaggedEnd

TaggedPOxygen availability remains a challenge in many
resource-constrain settings around the world. In a survey
conducted in Kenya, approximately 20% of rural healthcare
facilities lacked O2 equipment. Of those with equipment, a
third of their patients faced interruptions lasting a median
of 11 minutes, with less than 20% having access to backup
O2 cylinders.7 In Uganda, only 18% of paediatric wards had
access to functional O2 delivery systems.2 Similar shortages
have been reported in other resource-constrained settings

TaggedFigure

Fig. 1 Survival analysis of 100 infants and children hospital-
ized with hypoxaemia. The survival curves were significantly
different pre- and post-SPO2 implementation (hazard ratio 0.39
[95% CI 0.20-0.74], p = 0.0043). TaggedEnd
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TaggedEndTaggedPacross Africa.5,23 Similarly, in the current study, prior to
SPO2 installation, 52% of patients experienced interruptions
to their O2 therapy, half of which were due to fuel short-
ages leading to concentrator failure. After installing SPO2,
only a single patient (2%) experienced an interruption to
their O2 therapy, in their case due to multiple paediatric
patients requiring the O2 concentrator simultaneously.
Among survivors, the duration of O2 therapy and the total
volume of O2 delivered were statistically significantly
greater after SPO2 installation (Table 2), reflecting fewer
interruptions and greater O2 availability. Overall, these
findings suggest that the lack of available O2 equipment
together with frequent power interruptions contribute to
the elevated mortality associated with hypoxaemic respira-
tory illnesses.TaggedEnd

TaggedPWhile hypoxaemia is known to be associated with an
increased risk of mortality in patients with acute respiratory
illnesses, the mortality rate seen in our study before the
implementation of SPO2 (60%) was higher than many past
reports.24 This may reflect the remote, rural, and severely
resource-constrained hospitals selected for this study (e.g.,
lack of reliable access to O2 as well as ventilators). Danger
signs (i.e., not able to drink, persistent vomiting, convul-
sions, lethargy, stridor at rest, or severe malnutrition)25

were common in our cohort and were associated with subse-
quent mortality (Supplemental e-Table 1), consistent with
previous studies. Of note, the frequency of danger signs and
the RISC scores did not differ between the pre- and post-
SPO2 periods, suggesting that the severity of presenting ill-
ness was comparable pre- and post-SPO2. TaggedEnd



TaggedFigure

Fig. 2 Stratified analysis of mortality differences amongst 100 infants and children hospitalized with hypoxaemia pre- and post-
SP02 installation. Across all strata, there was a decrease in mortality in post-SPO2 compared to pre-SPO2. * - significantly different
(p < 0.05); ** - significantly different (p < 0.01). TaggedEnd

TaggedEndN. Conradi, K.M. Claude, B.E. Lee et al.
TaggedPThere were a number of differences, besides mortality, in
patients enrolled in the post-SPO2 period, relative to the
pre-SPO2 period: higher proportion of patients from the CHU
Graben; higher frequency of cough and deep breathing;
lower frequency of tachycardia; and higher proportion diag-
nosed with malaria (Table 1). Of these factors, only the pres-
ence of cough and a diagnosis of malaria were associated
with decreased 30-day mortality (Supplemental e-Table 1).
In a multivariable logistic regression model including these
320
TaggedEndTaggedPvariables (Model 2, Supplemental e-Table 2), the association
between SPO2 and decreased mortality remained statisti-
cally significant, suggesting that the higher proportion of
children with cough and malaria post-SPO2 did not explain
the observed mortality reduction. TaggedEnd

TaggedPThis study builds on our group’s previous work evaluating
SPO2 in resource-constrained settings. Previously, we have
demonstrated proof-of-concept,10 non-inferiority relative to
cylinder O2,

9 and cost-effectiveness26 of SPO2. The current
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TaggedEndTaggedPstudy provides quasi-experimental evidence of mortality
reduction associated with SPO2. Additional experimental
evidence from cluster-randomized controlled trials will be
needed to conclusively show that SPO2 reduces mortality.
Currently, we are conducting a stepped-wedge cluster-ran-
domized controlled trial of SPO2 at 20 sites across Uganda.27 TaggedEnd

TaggedPThe median length of hospital stay was 6 days (interquar-
tile range [IQR] 5-7) pre-SPO2 and 8 days (IQR 5-10) post-
SPO2, a difference that approached statistical significance
(p = 0.054). The possible prolongation of duration of admis-
sion may be due to delay in discharge with improved recog-
nition of clinically apparent hypoxaemia that resulted from
increased use of pulse oximeters with our study. Of note,
one previous randomized controlled trial demonstrated that
SPO2 was not associated with prolonged length of stay, rela-
tive to cylinder O2.

9
TaggedEnd

TaggedPOur study has several limitations. Quasi-experimental
before-after designs are subject to the confounding effects
of time and lack a distinct control group.18 Indeed, imbalance
in co-treatments (e.g., intravenous glucose) pre- and post-
SPO2 were directly attributable to improvements in patient
care that arose as a result of our study. Potential confounding
variables were examined through stratified analyses (Fig. 2)
and multivariable modelling (Supplemental e-Table 2). None-
theless, further investigation is required to conclusively show
mortality benefit of SPO2. The limited samples size (50
patients in each group) restricted the number of co-variates
that could be included in multivariable models. This sample
size is small relative to the burden of disease globally and
relative to the patient volumes treated at the participating
facilities. A larger study would be desirable to comprehen-
sively adjust for co-variates. Moreover, replication of these
findings in other resource-constrained settings would be
needed to demonstrate the generalizability of these findings.TaggedEnd
TaggedH1Conclusions TaggedEnd

TaggedPSPO2 installation was associated with a marked reduction in
mortality among children hospitalized with hypoxaemia in
two resource-constrained hospitals. SPO2 is an innovative
and simple approach to providing therapeutic O2 to
resource-constrained settings. Its ease-of-use, cost-effec-
tiveness, and efficacy in decreasing childhood mortality
make it an accessible and effective solution to the high bur-
den of childhood pneumonia. O2 requirements have spiked
globally during the ongoing COVID-19 pandemic, and SPO2
can provide a useful countermeasure in resource-con-
strained settings. TaggedEnd
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TaggedPAbstract Novel Coronavirus Disease 2019 (Covid-19) is associated with multi-systemic
derangement, including circulatory dysfunction with features of endothelial dysfunction, micro-
angiopathic thrombosis and angiocentric inflammation. Recently, intussusceptive angiogenesis
has been implicated in the pathogenesis of the disease.

Herein, we conducted a narrative review according to the SANRA guidelines to review
and discuss data regarding splitting angiogenesis including mechanisms, drivers, regulators
and putative roles. Relevant angiogenic features in Covid-19, including their potential role
in inflammation, endothelial dysfunction and permeability, as well as their use as prognos-
tic markers and therapeutic roles are reviewed. Splitting angiogenesis in Covid-19 involve
hypoxia, hypoxia-inducible factors, classic angiogenic mediators, such as the Vascular Endo-
thelial Growth Factor (VEGF), Angiopoietins, hyperinflammation and cytokine storm, and
dysregulation of the Renin-Angiotensin-Aldosterone System, which combined, interact to
promote intussusception.

Data regarding the use of angiogenic mediators as prognostic tools is summarized and suggest
that angiopoietins and VEGF are elevated in Covid-19 patients and predictors of adverse out-
comes. Finally, we reviewed the scarce data regarding angiogenic mediators as therapeutic tar-
gets. These preliminary findings suggest a potential benefit of bevacizumab as an add-on therapy.
© 2021 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).TaggedEnd
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TaggedH1Introduction TaggedEnd

TaggedPCovid-19 is a potentially life-threatening disease caused by
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) infection.1 Since its first identification in December
2019, the disease evolved into an international public health
emergency, and in March 2020, the World Health Organiza-
tion declared it a pandemic. TaggedEnd
lsevier España, S.L.U. This is an open access article under the CC BY-



TaggedEndG. Madureira and R. Soares
TaggedPSARS-CoV-2 is associated with a plethora of clinical mani-
festations ranging from pauci-symptomatic to an invasive,
severe infection with acute respiratory distress, systemic
hyperinflammation and multi-organ failure.1 SARS-CoV-2
engages the same receptor as SARS-CoV, the angiotensin-
converting enzyme 2 (ACE2).2 By expressing abundant ACE2,
endothelial cells (EC) are a primordial target to SARS-CoV-2
infection. Accordingly, SARS-CoV-2-mediated endothelial
damage is an important issue regarding the virus effects.2-4 TaggedEnd
TaggedH1Methods TaggedEnd

TaggedPThis narrative review was performed according to the SANRA
(Scale for the quality Assessment of Narrative Review
Articles) guideline.5 A literature search was performed in
PUBMED. The search strategy was focused on articles of four
categories: (1) vasculopathic effects of SARS-CoV-2 infection
(query used: [Endothelial OR Vasculopathic OR Endothelium]
AND [COVID-19 OR SARS-CoV-2]), (2) Vascular effects of cyto-
kine storm (query: [Cytokine OR Cytokine storm] AND [Endo-
thelial OR Vasculopathic OR Endothelium OR Angiogenesis]),
(3) Angiogenic features of Covid-19 (query used: [Angiogene-
sis OR Intussusceptive angiogenesis OR Splitting angiogene-
sis] AND [COVID-19 OR SARS-COV-2]) and (4) General
features of intussusceptive angiogenesis (query used: [Intus-
susceptive angiogenesis OR Splitting angiogenesis]). The
search included articles from a time span ranging 1986 (the
year when IA was discovered) and February 2021. Further-
more, we performed an extensive search of the selected
articles’ bibliography to retrieve further papers of interest.TaggedEnd

TaggedPTable 1 summarizes the most significant articles evalu-
ated with relevant data. TaggedEnd
TaggedH1Covid-19 as a vascular disease TaggedEnd

TaggedPStudies suggest that vascular disease plays a major role in
Covid-19 course, influencing both susceptibility and out-
comes of the infection. Classical cardiovascular risk factors
TaggedEnd Table 1 List of significant papers presenting the most relevant in

Authors Description

Nishiga M et al This review summarizes the current understanding regard
lar system and its related disorders.

Pons S et al This article focused on the effects of SARS-CoV-2 infection
thelial dysfunction that arises in COVID-19.

Iba Tet al This article elucidates the phenomena of COVID-19 associ
and therapeutic implications.

Patel BV et al This paper demonstrated the presence of a hypercoagulab
nary perfusion likely caused by pulmonary angiopathy and

Ackermann M et al In this study Ackermann et al examined lungs from patien
obtained from patients who died from A(H1N1) infection a
strated for the first time Intussusceptive Angiogenesis as a

Rovas A et al This paper demonstrated alterations of the microcirculat
19, further implicating systemic vascular alterations in CO

Burri PH et al This review elucidates the various aspects of intussuscept
genesis, IBR, IMR, IAR.

Medford A et al This review elucidates the role of VEGF in ALI/ARDS, as w
Smadja D et al This paper demonstrated the prognostic role of Angiopoet

reinforces that endothelial activation is likely a major con
Pang J et al This study evaluated the efficacy of Bevacizumab, an anti

the results are promising, further studies are needed to e
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TaggedEndTaggedPsuch as hypertension, cardiovascular disease, diabetes, and
obesity are the most prevalent comorbid conditions among
Covid-19 patients.2,3 These conditions are associated with
worse outcomes and are independently associated with
Covid-19 related deaths.2,3 Furthermore, they also correlate
with age, as ageing is associated with complex vascular
changes that result in endothelial dysfunction. Age is the
strongest predictor of Covid-19 mortality, implying that
endothelial dysfunction might be responsible for part of the
excess mortality in the elderly.2,3TaggedEnd

TaggedPSARS-CoV-2 infection results in the disruption of endothe-
lial homeostasis with loss of Renin-angiotensin-aldosterone
system (RAAS) balance, anti-thrombotic and immune func-
tions.6 The hyperinflammatory state potentiated by SARS-
CoV-2 infection is deleterious to EC. High circulating cyto-
kines levels (the cytokine storm context) act as endothelial
activators shifting EC towards a pro-inflammatory, chemo-
tactic phenotype with high permeability and pro-thrombotic
features.6,7 A maladaptive innate immune response is also
responsible for endothelial damage as DAMPs and PAMPs-
mediated TLR activation promotes oxidative stress.8 Neutro-
phil extracellular traps are also associated with endothelial
injury.9TaggedEnd

TaggedPThese immune changes along with RAAS dysregulation are
associated with hypercoagulability state.10 SARS-CoV-2
infection leads to loss of ACE2 activity in ECs,11 which
reduces angiotensin II metabolism and inactivation and con-
sequently lower levels of Angiotensin1-7 (the byproduct of
angiotensin II degradation). Higher levels of ATII associated
with lower levels of AT1-7 cause vasoconstriction, leucocyte
and platelet adhesion, thus promoting thrombogenicity and
suppressing fibrinolytic activity.12 Furthermore, ATII regu-
lates NADPH oxidase 2 and higher levels of ATII result in
increased oxidative stress,13 further amplifying vascular dys-
function. TaggedEnd

TaggedPThis prothrombotic milieu has analytic repercussions.
Patients with Covid-19 exhibit increased levels of fibrinogen,
D-dimer and fibrin degradation products, von Willebrand
factor/factor VIII and lower levels of Plasminogen Activator
Inhibitor 1 (PAI-1).10 Data suggests that these mediators
formations.
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TaggedEndTaggedPcorrelate with disease severity and thrombotic risk.10,12 This
hypercoagulability state is an important part of the patho-
physiological basis of cardiovascular complications in Covid-
19 patients, such as myocardial injury and dysfunction, deep
venous thrombosis, pulmonary thromboembolism and some
obstetric complications in pregnant women with SARS-CoV-2
infection such as pre-eclampsia and HELLP syndrome.6TaggedEnd

TaggedPAltogether, these findings provide strong evidence that
SARS-CoV-2 infection results in the development of vascular
disease. TaggedEnd
TaggedH1Pulmonary vascular bed alterations in Covid-19 TaggedEnd

TaggedPAn important feature of COVID-19 associated coagulopathy is
microcirculatory endothelial damage in pulmonary vascular
beds. Although less well characterized, peripheral pulmo-
nary vascular repercussions are an important pathogenic
factor that may result in increasing perfusion-ventilation
mismatch, ultimately leading to worsening hypoxemia.14TaggedEnd

TaggedPCovid-19 associated coagulopathy is associated with two
main forms of thrombotic repercussions in the pulmonary
vascular bed. As Covid-19 is associated with a pro-throm-
botic phenotype, the risk of deep vein thrombosis or pulmo-
nary thromboembolism is significantly higher and is a
potential cause of acute exacerbation in patients.10 How-
ever, the most common form of thrombosis is microangio-
pathic thrombosis in the pulmonary microcirculation.
Studies report microthrombosis features in pulmonary
capillaries.15,16 In fact, microthrombi in the pulmonary vas-
cular beds are 9 times more common in SARS-CoV-2 infection
than in Influenza infection16 and are associated with worsen-
ing hypoxia, shunting and increasing pulmonary vascular
resistance. Changes in pulmonary microvascular resistance,
more specifically in venules, is responsible for the discrep-
ancy between the relatively preserved ventilatory mechan-
ics and the severity of hypoxemia in Covid-19 patients,
which differs from Acute Respiratory Distress Syndrome
(ARDS) caused by other agents.17 Microangiopathic thrombo-
sis is also responsible for up to 90% reduction in capillary
density in lungs of patients with Covid-19.18 TaggedEnd

TaggedPThis microangiopathic phenomenon has been demon-
strated by histopathological and ultrastructural studies. Typ-
ically, pathological evidence shows thrombi in pulmonary
arterioles associated with diffuse alveolar damage and hya-
line membrane formation.15 The latter are a direct reper-
cussion of increased permeability in the microcirculation
and disruption of intercellular junctions of the pulmonary
endothelium. Hyaline membranes impair alveolar-capillary
barriers and jeopardize gas exchange, contributing to hyp-
oxemia and V/Q mismatch. TaggedEnd

TaggedPBesides the thrombotic manifestations in pulmonary vas-
cular plexus, Covid-19 is associated with features of small
vessel vasculitis.16 This is not exclusive to the lung, and
Kawasaki-like cases of coronary vasculitis have been
described.19 Nevertheless, in the pulmonary vascular beds,
SARS-CoV-2 infection promotes angiocentric inflammation.
Patients with SARS-CoV-2 infection, especially those with
ARDS, exhibit features of vascular acute inflammatory infil-
trates with perivascular T-lymphocytes infiltration.16 These
inflammatory infiltrates contribute to endothelial barrier
disruption that leads to hyaline membrane formation and
325
TaggedEndTaggedPaggravate respiratory failure. Interestingly, Covid-19
patients display a feature similar to solid organ rejection
characterized by a pattern of a T-lymphocyte crown sur-
rounding a highly activated EC. This interaction between
immune environment and endothelium has been termed
endothelialitis.16,20 These features are highly common in
Covid-19 patients and impair the pulmonary vascular bed. TaggedEnd
TaggedH1Angiogenesis and Covid-19 TaggedEnd

TaggedPAckermann et al analyzed 7 lungs from people who died from
Covid-19 and compared them to lungs from patients who
died from Influenza and healthy controls.16 They found sig-
nificant distortion of the lung angioarchitecture with promi-
nent variations in small vessels caliber. Surprisingly,
capillaries in Covid-19 subjects lungs exhibit cylindrical
microstructures in the capillary lumina, implicating, for the
first time, intussusceptive angiogenesis (IA) in the pathogen-
esis of Covid-19. IA offers the advantage of being faster and
more efficient than sprouting angiogenesis (SA) in expanding
a vascular plexus,21 promoting arborization through intus-
susceptive arborization (IAR), optimizing the microan-
gioarchitecture by pruning ineffective or occluded branches
(IBR). However, the findings of Ackermann et al must be
taken with caution. As Hariri et al point out, sample size is
too small to make any extrapolation, as ARDS and Covid-19
are too heterogenous entities.22 But an interesting hypothe-
sis is that these vasculocentric features represent a particu-
lar ARDS endotype. Angiogenesis has been implicated in
ARDS pathology in subgroups of patients, in the pre-Covid
era.23 Nevertheless, this is the first time that IA has been
described in the context of ARDS.TaggedEnd

TaggedPThe populations compared in the study had major differen-
ces, as pointed out by Ackermann and his colleagues.16 In the
Covid-19 group, no single patient had been mechanically venti-
lated, whereas in the Influenza group, a significant proportion
of the subjects had been intubated without protective lung
measures. It is possible that mechanical ventilation has reper-
cussions in microcirculatory dysfunction and angiogenesis.TaggedEnd

TaggedPThe authors also suggest the possibility that differences
noted between the two groups were attributable to the dif-
ferences in the stages, as the Influenza subjects had more
advanced and extensive diffuse alveolar damage. Contra-
dicting this hypothesis, Ackermann and his colleagues report
increasing levels of IA with increasing time of hospitalization
and in Influenza it remained significantly lower and rela-
tively constant. TaggedEnd

TaggedPWe believe that IA has been overlooked in pathology
reports of patients with ARDS and Covid-19. IP cannot be
detected by light microscopy requiring corrosion casting or
scanning electron microscopy to be identified, which are
rarely used techniques. Furthermore, IA remains largely
unknown and poorly studied. IP could be misidentified as
artifacts or simply overlooked. Therefore, researchers
should be aware of this phenomenon when conducting
pathology studies in Covid-19 populations. TaggedEnd
TaggedH1Overview of IA mechanisms and roleTaggedEnd

TaggedPIA was first noticed in 1986 by Caduff et al while studying
angiogenesis in the postnatal rat lung.24 These authors
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TaggedEndTaggedPnoticed small holes in sheet-like regions of the microvascula-
ture which enlarge to constitute a microvascular network.25

IA is a dynamic process of microvascular growth and devel-
opment through the formation of IPs that span and divide
capillaries lumen forming neovascular networks. Translumi-
nal pillar morphogenesis is the hallmark of IA.26 Pillar devel-
opment starts with the protusion of diametrically opposed
capillary walls into the lumen until direct contact between
EC in both sides is established. The result of this protrusion
is the formation of a transluminal interendothelial cellular
bridge. Further reorganization of the interendothelial junc-
tion results in a perforated core within the endothelial
bilayer which is occupied in a centripetal fashion by cyto-
plasmatic processes of fibroblasts and pericytes. Pericytes
and fibroblasts then secrete collagen fibrils further dividing
the initial single lumen into two.27 Alternative morphogenic
mechanisms of pillar formation has been described27 and
include pillar formation by kissing or peg-like contacts,
meso-like intravascular folds, merging of adjacent capillar-
ies or splitting of intercapillary meshes. TaggedEnd

TaggedPMechanistically, IA can be divided into three different
processes: intussusceptive microvascular growth (IMG), IAR
and intussusceptive branching remodeling (IBR), which occur
in tandem during embryogenesis. In post-natal organs
however, they overlap in time and constitute a single
process.26,27 TaggedEnd

TaggedPIA starts with IMG, which initiates pillar morphogenesis and
expansion, allowing a quick capillary plexus development.
This constitutes a primordial vascular bed characterized by an
increased surface area. IMG is a ubiquitous mechanism28,29

allowing rapid expansion of capillary plexus without jeopar-
dizing vascular and hemodynamic efficiency.28 This quick vas-
cular expansion is particularly useful in tissues with high
metabolic demands, ischemia or hypoxia allowing nutrients
and oxygen to be readily delivered and metabolites to be
swiftly removed.30 IAR then allows the establishment of the
proper angioarchitecture by remodeling the capillary bed in
an organized, branched.28,29 Ultimately, IBR increases the effi-
ciency of nutrient and gas exchange by remodeling branches
in poorly oxygenated areas and pruning branches that are
superfluous or inefficient.28,29TaggedEnd

TaggedPEvidence of IA was found during the formation and
remodeling of vascular beds in many organs including: the
mammary gland, the bone, the glomeruli, the skeletal mus-
cle, the ovaries, and others.31-37 This ubiquity of the process
of IA in the human body was not exclusive of physiological
mechanisms and soon, evidence of IA in pathological scenar-
ios arose, including both non-neoplastic and neoplastic dis-
eases.38-44 This data proves that IA is a relevant form of
angiogenesis, playing a pivotal role in a wide variety of set-
tings. However, its stimuli, molecular mechanisms, whether
it occurs in synergy with other vascularization processes,
and whether it plays an advantageous role in pathological
conditions remain poorly understood. TaggedEnd
TaggedH1Possible hypothesis on the occurrence of IA in
Covid-19 patients TaggedEnd

TaggedPEvidence suggests that IA occurrence in Covid-19 results
from the dynamic interaction between different factors:
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TaggedEndTaggedP TaggedEndTaggedP1. Hypoxia, VEGF and angiopoietins: TaggedEnd

TaggedPIn ARDS, inflammatory markers (e.g. IL-1) and neutro-
philic mediators (e.g. ROS, elastasis, LPS) cause extensive
damage to the alveoli capillary plexus and endothelium.
Such damage leads to transudation of fluid to the intersti-
tium and air spaces during exudative phase and, later, exu-
dation of neutrophils and protein-rich fluid, culminating in
the formation of hyaline membranes that impair gas
exchange and ultimately cause hypoxemic respiratory fail-
ure with regional alveolar hypoxia.45 TaggedEnd

TaggedPHypoxia is a known angiogenesis promoter.46 Local hyp-
oxia associated with ongoing inflammatory processes results
in HIF-1a stabilization. HIF-1a regulates the expression of a
wide range of genes involved in vasodilation, extracellular
matrix remodeling, angiogenic pathways such as the VEGF
and Angiopoietin/Tie2.47 TaggedEnd

TaggedPViral infections (e.g HCV, EBV, HPV) per se induce HIF-1a
activation.48 This phenomenon seems to be dual as HIF-1a
also contributes to the pathogenesis of the infection itself.
Interestingly, HIF-1a overexpression reduces ACE2 mem-
brane expression.49 However, this effect is damped if AT II is
inhibited, suggesting a close relationship between HIF1a and
AT II.48 This might explain why populations living under
chronic hypoxic conditions (e.g. Himalaya and the Andes)
display less severe disease features.50 Thus, it is likely that
HIF-1a is induced in Covid-19 associated ARDS. Nevertheless,
its role in IA is unknown. TaggedEnd

TaggedPVEGF and its receptors are widely expressed in the lung
(mainly in the alveolar epithelium) even in a non-pathologi-
cal state, suggesting a potential physiological role of VEGF
in the lung.50 In fact, VEGF acts as a stimulant and mitogen
of the alveolar epithelium52 and primary human type 2 alve-
olar epithelial cells express VEGFR252 which implies a possi-
ble autocrine role of VEGF in the air space beside its
paracrine actions in vascular bed.52 VEGF also plays an
important role in pulmonary organogenesis as VEGF antago-
nism during the embryonic period arrests alveolarization
besides leading to impaired lung vasculogenesis.52 Con-
versely, transgenic HIF-2a�/� mice (leading to VEGF down-
regulation) have diminished surfactant production and die
from neonatal respiratory distress syndrome (RDS). Interest-
ingly, in utero administration of VEGF165 to these mice is
protective against RDS.52 Post-natal, VEGF-R2 blockage
results in emphysema and alveolar apoptosis without inflam-
matory features,52 implying that VEGF pneumotrophic role
is not only important during embryogenesis but also in the
post-natal life. TaggedEnd

TaggedPVEGF has been implicated in the pathogenesis of ARDS
before the pandemic. In fact, VEGF seems to be a key regu-
lator of the interstitial edema that happens in ARDS. This
edema occurs despite normal pulmonary capillary wedge
pressure and normal oncotic pressure, which implicates
endothelial permeability as the main culprit. VEGF is one of
the prominent mediators of vascular permeability. VEGF/
VEGFR2 interaction results in an intracellular cascade that
among other factors, results in the downstream activation
of nitric oxide synthase (NOS) and Rho-Rac pathway with
subsequent involvement of junctional signaling proteins
leading to increased vascular permeability.53 Gene therapy
delivering VEGF165 resulted in non-cardiogenic lung edema
and an increased capillary permeability, a phenotype very
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TaggedEndTaggedPsimilar to that of ARDS.52 Pro-inflammatory stimuli such as
LPS and neutrophil-derived enzymes stimulate VEGF secre-
tion by alveolar cells and acute lung injury (ALI)/ARDS mod-
els demonstrated increased VEGF levels in the lung, early
after insult, simultaneously to increased protein levels and
neutrophils in bronchoalveolar lavage.54 This suggests a piv-
otal role of VEGF in exudate and hyaline membranes forma-
tion phases of ARDS. Yet, typically, there is a concentration
gradient through the alveolar-capillary membrane with
VEGF concentration in the air space being 500 times higher
than in the capillary. In ARDS, however, there is a shift of
this ratio and even though plasma VEGF levels increase,
there is a marked reduction of the levels in the air space.51

It is possible that this reduction of VEGF results in a loss of
its pneumotrophic protection and aggravation of alveolar
damage. TaggedEnd

TaggedPBesides its role in vascular permeability, VEGF signaling
probably plays an important role in Covid-19-associated IA.
VEGF family members and their pathways are the best stud-
ied angiogenic stimulating factors promoting mitogenesis,
differentiation and migration of ECs. VEGF plays a critical
role in both SA and IA29 and its actions are therapeutically
modulated in settings where angiogenesis is contributing to
the pathogenesis of the underlying condition (e.g. retina
neovascularization and tumor neoangiogenesis).55 Its role in
IA was demonstrated in models of the chorioallantoic mem-
brane (CAM)26 as well as in human skeletal muscle.56,57 VEGF
signaling in SA and IA depend on a multitude of factors such
as experimental model, dose, location, process.56 While
high levels of VEGF promote sprouting, lower levels of VEGF
may be crucial in promoting intussusception. Such dose-
dependent effect explains the transient increase in intussus-
ception in tumor neovascular beds after treatment with
anti-VEGF therapies. However, in skeletal muscle, high lev-
els of VEGF are associated with IA mainly because there is a
disruption of the concentration gradient, therefore promot-
ing a switch from SA to IA.56,57 Reduced levels of VEGF are
also associated with vascular pruning and may play a role in
IBR.28 In Covid-19 patients, high VEGF plasma levels have
been reported from early stages.57 This is consistent to pre-
vious findings in ARDS patients. It is, therefore, likely that
disruption of the alveolar-plasma VEGF gradient in Covid-19
patients aggravates diffuse alveolar damage already in the
early stages of disease. Although VEGF concentration gradi-
ent disruption may promote shifting from SA to IA, as IA
seems to be a late feature, associated with prolonged hospi-
talization, it is unlikely that VEGF per se can cause angiogen-
esis by splitting. Other factors may as well contribute to IA in
Covid-19 patients. TaggedEnd

TaggedPVEGF overexpression associated with Angiopoietins-1/2
overexpression results in a higher number of small holes in
primordial capillary plexuses, a sign of increased IA.29 Angio-
poietins are important signaling molecules for EC-pericyte
crosstalk. Ang-2 secretion by EC is stimulated by hypoxia
(the hallmark of ARDS), TNF-a (typically elevated in Covid-
19), turbulent flow and thrombin. Therefore, Ang2 is a
marker of endothelial activation and associates with endo-
thelial dysfunction.58 In Covid-19 patients, Ang2 levels rise
along with VEGF levels, probably reflecting extensive endo-
thelial dysfunction and activation.58 High levels of VEGF and
of Ang-2 in the latter stages of Covid-19 could be the molec-
ular drive to promote IA. While VEGF may act as a promoter
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TaggedEndTaggedPof IA, Angiopoietins may play a crucial role in the subsequent
phases.29 Ang-2 acts as an Ang-1 antagonist and promotes
vascular regression, disrupts vessel integrity and promotes
EC death. Ang-2 also acts with PDGF to promote pericyte
division, migration and recruitment, which is important in
pillar morphogenesis.29 This is corroborated by the fact that
Tie2-knockout mice have impaired pillar morphogenesis.29

Angiopoietin expression is modulated by shear stress.
Accordingly, laminar shear stress down-regulates Ang-2
expression while turbulent shear stress promotes the
opposite.29

TaggedEndTaggedP2. Microangiopathic thrombosis, hemodynamic and platelet
derived factors: TaggedEnd

TaggedPCovid-19 is associated with extensive microangiopathic
thrombosis. Obstruction of pulmonary microcirculation
results in significant changes in hemodynamic conditions.
The MYSTIC study18 reported significant reductions of VRBC
associated to capillary density loss in Covid-19 patients. This
loss is almost exclusive to small capillaries between 4�6 mm
diameter and results in a lower area of gas exchange, con-
tributing to worsening hypoxia. D-dimers correlate strongly
with vascular density, indicating a causality between micro-
thrombi and vascular regression. This could be explained by
a mechanism of intussusceptive branching remodeling and
pruning. Microthrombi result in vasooclusion and acute
reductions in blood flow, shear stress together with high
transmural pressures caused by the thrombi promote IBR,
which optimize the disrupted angioarchitecture, reconduct-
ing blood flow to spared areas. TaggedEnd

TaggedPLocal changes in hemodynamic forces remarkably impact
in IA mechanisms. It has been demonstrated that IMG and
IAR occur predominantly in regions with high blood flow.59-60

Blood flow redistribution to patent branches results in areas
of high blood flow with high distending forces promoting IP
morphogenesis and high shear stress promoting arborization
of the newly formed branches by IAR. TaggedEnd

TaggedPApart from hemodynamic factors, platelet derived fac-
tors may also play a role in IA. PDGF-BB markedly acceler-
ates the splitting process.56 PDGF-BB modulates VEGFR-2,
promotes pericyte survival and controls vascular circular
expansion.57 This mechanism protects against aberrant
angiogenesis promoted by exacerbated VEGF.55,56

TaggedEndTaggedP3. Inflammation, endothelialitis and cytokine storm: TaggedEnd

TaggedPThe immune system also plays an important role in IA.
Mononuclear cells stabilize IP by protruding uropod-like
projections and producing collagen.61 The role of mono-
nuclear cells such as lymphocytes or monocytes was first
described in a Notch knockout model.61 Notch inhibition
has been associated with mononuclear cell recruitment
and migration as well as with increased pillar morphogen-
esis. While the precise mechanism is unclear, this process
is known to depend on chemokines such as CXCL12 or
SDF-1.61,62 SDF-1 is responsible for the Notch-dependent
mobilization of mononuclear cells acting in MMP-9.63 Fur-
thermore SDF-1 also acts in CXCR4 receptor in mononu-
clear cells to promote the formation of the uropod-like
that stabilize the IP’s.63 TaggedEnd
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TaggedPVEGF and bFGF promote IA by acting on the SDF-1/CXCR4
pathway.62 In fact, a study using a mouse model of diabetic
retinopathy reported increased retinal neovascularization
after vitreal injection of SDF-1.64 Hypoxia, a known angio-
genic trigger, promotes SDF-1 up-regulation and SDF-1/
CXCR4 pathway seems to play an important role in re-estab-
lishing blood flow to ischemic zones through IA.61-63 TaggedEnd

TaggedPSDF-1/CXCR4 are associated with T-lymphocyte infiltrates
in Covid-19.65 It is therefore likely that a positive feedback
between shear stress alterations induced by inflammation
(particularly T-cell), SDF-1, hypoxia and eNOS promote
angiogenesis. This represents a vascular adaptation to main-
tain high blood flow prominent inflammatory areas. A
dynamic interaction between T-cell infiltrates and EC, a phe-
nomenon of endotheliatis has been described in Covid-19.
This further contributes to prolonged local inflammation,
enhancing thus angiogenesis. In endothelialitis, T-cell infil-
trates activate ECs, which overexpress TLRs and MyD88.
These molecules recognize SARS-CoV-2 and promote cyto-
kine, chemokine and adhesion molecule expression as well
as angiogenic factors namely VEGF, NOS, and CD14 mono-
cytes recruitment.65TaggedEnd

TaggedPOne of the most prominent features of COVID-19 is an
inappropriate and excessive inflammatory response with
concomitant release of large amounts of pro-inflammatory
(e.g. IL-6 and TNF-a), a process termed “cytokine storm”

(CS).66 CS relates to the severity of Covid-19 and is directly
correlated with lung injury, multi-organ dysfunction and
adverse outcomes in Covid-19 patients.66-67 TaggedEnd

TaggedPIL-6 is the most frequently reported cytokine elevated in
Covid-19 and its levels are independently associated with
higher mortality.67 IL-6 has been implicated in pathogenic
angiogenesis in different scenarios (rheumatoid arthritis,
stroke and cancers). Studies in tumors have shown that IL-6
levels are directly correlated with VEGF levels and vessel
density.68 The published literature suggests that IL-6 can
drive aberrant angiogenesis.69 IL-6 promotes the formation
of defective vascular beds with abnormal pericyte coverage.
Loss of pericytes has been described in Covid-19,70 however
it was postulated that this was a direct effect of viral infec-
tion as pericytes express ACE2. We suggest that IL-6 might
be a contributor to this shift. Loss of pericytes has been pre-
viously implicated as an angiogenic driver, promoting both
SA and IA.71 Thus, the aberrant effects of IL-6 on pericytes
could be related to IA in Covid-19.68 Furthermore, studies
showed that IL-6-trans-signaling inhibits proliferation and
tube formation of ECs that could also explain the shift from
SA towards IA in Covid-19.71 TaggedEnd

TaggedPTaking into account the complex etiopathogenesis of
Covid-19, we anticipate that the development of IA is attrib-
uted to the intricate involvement of hypoxia, proangiogenic
and platelet-derived molecules, microangiopathic thrombo-
sis, hemodynamic forces and inflammatory factors in these
patients. TaggedEnd
TaggedH1Prognostic and therapeutic implications of IA in
Covid-19 TaggedEnd

TaggedPAckermann et al reported increasing density of angio-
genic features with increasing duration of hospitalization,
suggesting IA as a potential prognostic tool in Covid-19
328
TaggedEndTaggedPpatients. Angiogenic mediators have an established prog-
nostic role in ARDS. Positive correlations between VEGF,
soluble VEGFR2 (sVEGFR2), Ang2 and Ang2/Ang1 ratio
and ARDS development in critical illness have been
described.54 Moreover, Ang2 and sVEGFR2 are also associ-
ated with adverse outcomes and higher risk of mortality
in ARDS patients.54,72 TaggedEnd

TaggedPAng2 is a marker of endothelial activation.58 Ang2 lev-
els have been consistently reported elevated in critical
Covid-19 patients. High levels of Ang2 are also associated
with poor lung compliance, higher CRP and D-
dimers,58,73,74 thus reflecting CAC in Covid-19 patients.
Ang2 is associated with worse outcomes in Covid-19, pre-
dicting ICU admission, mechanical ventilation, and
death.58,74 Therefore, Ang2 is a strong prognostic bio-
marker in critical Covid-19 patients. However, whether
that reflects only endotheliopathy and EC activation or
also IA is unknown. It is possible that EC activation trig-
gers Ang2 secretion which in turn promotes angiogenesis,
therefore linking endothelial dysfunction and IA. It is also
unknown if Ang2 levels correlate with IA in critical Covid-
19 patients, although that hypothesis seems likely. TaggedEnd

TaggedPMoreover, data also suggests that VEGF-A and Flt-1 levels
are elevated in both non- and critical patients.75 VEGF-D lev-
els are lower in patients in mechanical ventilation than
those who are not submitted to this procedure.76 However,
plasma VEGF levels must be analyzed with caution as plasma
VEGF changes may not reflect local VEGF changes and VEGF
may be sequestered by tissues as most VEGF isoforms are
heparin binding. TaggedEnd

TaggedPOther endothelial dysfunction markers have been
described in critical ICU patients such as follistatin, PAI-1, E-
selectin and vWF.73-75 These markers are also higher in
patients that died than survivors, suggesting a potential
prognostic role. TaggedEnd

TaggedPBiomarkers of angiogenesis are also associated with other
factors such as vascular permeability and endothelial dys-
function. Further studies should focus on confirming whether
IA is an independent prognostic factor in Covid-19. Direct
quantification of angiogenic features would be a better way
of establishing this process, than using indirect biomarkers
such as Ang or VEGF because the latter are susceptible to
many factors implicated in Covid-19’s pathogenesis. TaggedEnd

TaggedPTherapeutic modulation of IA is a potential adjuvant ther-
apy in Covid-19. Among the therapeutic strategies imple-
mented in COVID-19, a few are known to inhibit
angiogenesis. Glucocorticoids alone or in combination with
other pharmacological agents have been largely used to
treat SARS-CoV-2. Corticosteroids are well known to exert
anti-angiogenic effects in many disorders including cancer
and vasoproliferative ocular disorders.77 Currently, the anti-
angiogenic drug, bevacizumab is being studied in Covid-19
(NCT04344782, NCT04305106 and NCT04275414). Bevacizu-
mab is a monoclonal antibody that targets VEGF-A and inhib-
its its actions, used in oncotherapy of different neoplasms
with efficacy and safety.78 A recent single-arm trial
(NCT04275414) suggested beneficial results of using Bevaci-
zumab as an add-on therapy.79 They report improvements in
oxygenation (reflected by PaO2/FiO2 ratio, oxygen support),
radiologic improvement, fever and lymphocyte count.
Although anti-angiogenic, IA degree was not taken into con-
sideration in this study. The authors suggest that the
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Figure 1 Schematic diagram of the stimuli interactions that drive intussusceptive angiogenesis occurrence in COVID-19. In a syner-
gic way, hypoxia-induced angiogenic factors, including VEGF, SDF-2 and Ang-2, hyperinflammation and cytokine storm, thrombosis
and associated hemodynamic changes and RAAS dysregulation will trigger intussusceptive growth in COVID-19 patients. Factors impli-
cated in endothelial dysfunctions may be used as prognostic factors. Splitting angiogenesis may therefore be a therapeutic target in
COVID-19. EC, Endothelial cell; HIF1a, Hypoxic-inducible factor 1a; VEGF. Vascular endothelial growth factor; Ang2, Angiopoietin-2,
SDF-1, Stromal-derived factor-1, RAAS, Renin-angiotensin-aldosterone system; PAI-1, Plasminogen activating inhibitor-1; E-selectin,
Endothelial-leukocyte adhesion molecule; vWF, von Willebrand factor; CRP, C reactive protein.TaggedEnd

TaggedEndPulmonology 29 (2023) 323�331
TaggedEndTaggedPbeneficial effects of bevacizumab in oxygenation are related
to modulation of vascular leakage and diminishing pulmo-
nary edema (a rationale similar to the effect of bevacizumab
in capillary-leakiness in age-related macular degeneration).
Interestingly, they report positive outcomes of fever resolu-
tion and lymphocyte count. VEGF has a speculative role in
immunopathology, promoting inflammatory cell mobilization
to pathological tissues. Therefore, bevacizumab’s anti-
pyretic effect could be related to antagonism of inflamma-
tion caused by SARS-CoV-2 infection, as bevacizumab also
resulted in lower CRP levels in Covid-19 patients. Another
striking finding is that bevacizumab improves lymphopenia,
associated with worse outcomes in Covid-19. Although the
exact mechanism is unknown, it is hypothesized that bevaci-
zumab might affect lymphocyte extravasation and redistri-
bution. Further randomized control trials are needed to
establish the use of bevacizumab in Covid-19 and to assert
its effects on intussusception. Nonetheless, these findings
are promising, and pave the way for the use of anti-angio-
genic therapeutic agents against Covid-19. TaggedEnd
TaggedH1Conclusion TaggedEnd

TaggedPThe pathogenesis of SARS-CoV-2 infection is complex and dif-
ferent pathogenic factors contribute to the severity of the
infection. Among those, vascular repercussions of the infec-
tion are a major threat, severely worsening prognosis and
significantly increasing mortality. Notwithstanding the fact
that a lot of effort was put into studying these vascular
repercussions (including the endothelial dysfunction), intus-
susceptive angiogenesis, a prominent feature of Covid-19,
remains poorly understood. There are significant gaps in
329
TaggedEndTaggedPknowledge regarding splitting angiogenesis including molec-
ular control and regulation, microenvironmental factors and
therapeutic and prognosis implications. The current paper
reviewed the main characteristics and mechanisms of IA and
formulated a theoretical model that explains the occurrence
of splitting angiogenesis in Covid-19 (Fig. 1). We conclude
that although there is much to learn regarding this subject,
IA is likely to be the product of hypoxia, classical angiogenic
molecular factors (e.g. VEGF, Ang-2), hyperinflammation
and cytokine storm, thrombosis and associated hemody-
namic changes and RAAS dysregulation. To the best of our
knowledge this is the first comprehensive review regarding
this intriguing feature of Covid-19. TaggedEnd
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LETTER TO THE EDITOR
TaggedH1Effectiveness of a remote
simulation training in mechanical
ventilation among trainees TaggedEnd
Dear Editor,

TaggedPUnderstanding basic principles of pathophysiology, modes,
patient-ventilator interaction and waveform analysis is essen-
tial for the safe delivery of mechanical ventilation.1�3 The
COVID-19 pandemic has profoundly impaired medical educa-
tion, reducing the chance of in-person educational events
and leading to an increasing number of physicians with little
TaggedEnd TaggedFigure
Fig. 1 VentSim� software main features> The figure shows the s
offered by the software. TaggedEnd
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2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by E
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TaggedEndTaggedPor no specific experience (i.e. trainees or physicians from
other fields) being hired and managing mechanically venti-
lated critically ill patients. Thus, effective methods to teach
competencies in mechanical ventilation to large cohorts of
physicians in short periods of time were urgently needed.
Simulators for training had been previously investigated4�6

for teaching purposes, but free or open source simulators are
rare, and they often have outdated technical requirements,
limiting their use in current educational programs.TaggedEnd

TaggedPTo address such issues, we conducted a randomized con-
trolled trial assessing the effectiveness of a remote simula-
tion-based training using VentSim�,7 free, interactive,
imulation environment of VCV ventilation in the main modality

lsevier España, S.L.U. This is an open access article under the CC BY-
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TaggedEndTaggedPonline software with a graphic interface displaying standard
ventilator curves, able to simulate basic modes of mechani-
cal ventilation and patient-ventilator interaction (Fig. 1).
The protocol of this trial was approved by the Ethics Com-
mittee Palermo 1 (ID: 11/2021, date: 15 December 2021)
and followed the Helsinki Declaration. We assessed the
effectiveness of providing a short educational cycle with
standard teaching alongside simulation-based lessons, in
comparison to standard teaching alone, to increase the
knowledge and skills on mechanical ventilation of trainees
in anesthesia and intensive care. TaggedEnd

TaggedPFor the purpose of this study, all the trainees regularly
attending the specialty training program in a single centre in
Italy were officially invited to participate to the study. A
total of 183 residents voluntarily joined the study and were
randomized, using strata based on previous rotation in the
Intensive Care Unit (ICU). The rate of lost to follow up was
19%. All the analyses were performed under the intention-
to-treat principle. All the participants attended two two-
hour remote lessons provided by two academics, consultants
in Anesthesia and Critical Care (CG and AC) on core topics of
mechanical ventilation. Participants randomized to the
intervention group (“VentSim� group”) also attended two
remote simulation-based lessons, delivered using the simu-
lation software VentSim�.7 All the lessons were held in the
period from 24th February and 29th March 2022. We
TaggedEnd Table 1 Characteristics of included participants and outcome me

Characteristics of participants
Age, years
Female, n (%)
Experience in ICU, %
Year of residency
I
II
III
IV
V

Outcomes
Correct answers,mean § SD (%)
Correct answers among those with experience in ICU,mean § SD (%)
Correct answers among those without experience in ICU,mean § SD (%)
Correct waveform interpretation answers,median [IQR] (%)
Correct theorical answers,median [IQR] (%)
Correct answers to clinical scenarios,median [IQR] (%)
Agreement on usefulness of contents, median 1�5Likert [IQR]
Agreement on clarity of contents, median 1-5Likert [IQR]
Agreement on self-perceived improvement in knowledge,median 1-

5Likert [IQR]
Agreement on self-perceived improvement in competencies, median 1-

5Likert [IQR]
Agreement on inclusion of simulation-based lesson in the ordinary cur-

ricula of the school,median 1-5Likert [IQR]

Data are reported as mean§ SD or median [IQR] and percentages, as ap
The number of correct answers (primary outcome) and overall agreeme
using t- test for independent means, if normal distribution confirmed t
non-normal distribution of the data. Unbalances between of the two g
Mann Whitney U test and Chi-square, as appropriate. Statistical signific
secondary analysis was conducted on the type of questions, consideri
group analysis basing on previous clinical rotation in ICU was also condu

333
TaggedEndTaggedPcollected baseline characteristics of the participants includ-
ing age, gender and information about previous rotations in
ICU. TaggedEnd

TaggedPThe primary outcome of the trial was the number of cor-
rect answers to a 50 multiple choice questionnaire, com-
posed of 21 theorical questions, 24 waveform interpretation
questions, and 5 clinical scenarios. Trainees’ satisfaction on
the educational program was also assessed as secondary out-
come, through 5 sentences on which the participants had to
express agreement with a 5-points Likert scale. TaggedEnd

TaggedPThe overall number of correct answers was similar
between the VentSim� group and control group
(28.6§ 8.6 vs. 27.6§ 9; P = 0.49). Using a 5-points-Likert
scale, the VentSim� group rated 4 [4�5] the contents, 4
[4�5] the clarity of explanation, 4 [4�5] the self-perceived
comprehension of mechanical ventilation and 4 [3�4] the
self-perceived ability to manage mechanically ventilated
patients. No significant effect of the intervention was regis-
tered in term of satisfaction through these items. The Ven-
tSim� group rated 5 [4�5] the utility of integrating
simulation in routine training of residents. TaggedEnd

TaggedPOur data showed that a remote simulation-based course
on mechanical ventilation with VentSim� did not signifi-
cantly improve the competencies of trainees in anaesthesia
and intensive care in comparison with traditional lessons at
the end of a short educational cycle (Table 1). These data
asures.

Intervention Control P value

29 [28�30] 28 [27�30] 0.73
39 (53%) 48 (64%) 0.25
22 (30%) 25 (33%) 0.81

0.62
23 (31.5%) 27 (36%)
24 (32.8%) 16 (21%)
15 (20.5%) 19 (25%)
7 (1%) 9 (1.2%)
4 (0.5%) 4 (0.5%)

P value
28.6§ 8.6 (58%) 27.6§ 9 (56%) 0.49
32.7§ 7.8 (65%) 31.3§ 7.1 (63%) 0.52
26.8§ 8.4 (53%) 25.7§ 9.4 (51.4%) 0.54
14 [11�18] (58%) 14 [10.5�18] (58%) 0.45
12 [10�14] (57%) 12 [9.5�13.5] (57%) 0.15
3 [2�3] (60%) 3 [2�4] (60%) 0.74
4 [4�5] 4 [4�5] 0.80
4 [4�5] 4 [3�5] 0.76
4 [4�5] 4 [3�5] 0.60

4 [3�4] 4 [3�4.5] 0.94

5 [4�5] - -

propriate.
nt on satisfaction statements (additional outcome) were compared
hrough Shapiro-Wilk test. Mann Whitney U test was used in case of
roups on participants’ characteristics were also checked for, using
ance was accepted at p-value< 0.05 and all tests were 2-tailed. A
ng only the questions related to waveforms interpretation. A sub-
cted.



TaggedEndM. Ippolito, B. Simone, S. Safadi et al.
TaggedEndTaggedPcould be interpreted in favor of the potential need to
resume face-to-face teaching educational programs of ade-
quate duration during the chronic phase of pandemic.
Among limitations, the single-center design and the poten-
tial bias due to assignment to intervention (e.g., residents in
the control groups may have studied more to offset their
assignation group) may have limited the results. Also, the
external validity is limited, as the results may be different
in other centers. Finally, we did not grant learners free
access to the platform after the workshops, which could be
an advantage of using software instead of macrosimulation,
also in term of information retention. However, the high
rate of satisfaction among the participants, the absence of
associated costs and the readiness to be used in remote
meetings, make VentSim� a potentially valuable comple-
mentary didactical tool.TaggedEnd

TaggedPOverall, our data seem to suggest that remote training
may not be the best option for educational programs on
mechanical ventilation, although these pandemic years
made such solutions inevitable. Moreover, the results suggest
that it is unlikely that a single short educational cycle can
lead to full understanding of the mechanical ventilation
techniques or the ability to solve clinical scenarios, indepen-
dently of the methods. These considerations should be taken
into account when setting educational programs for young
physicians. Further studies should assess the efficacy of face-
to-face simulation-based educational program on mechanical
ventilation using VentSim�, also evaluating the best group
size of trainees to optimize such learning experiences.TaggedEnd
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LETTER TO THE EDITOR
Use of the Borg dyspnea scale to
identify dynamic hyperinflation
during the 6-minute walking test in
individuals with moderate-severe
COPD: A pilot study
TaggedPIn individuals with chronic obstructive pulmonary disease
(COPD), dynamic hyperinflation (DH) may be a determinant
of the worsening in dyspnea discomfort during exertion.1 DH
is the temporary increase of the end-expiratory lung volume
above baseline values, with consecutive reduction of the
inspiratory capacity (IC), which occurs when ventilatory
demand is acutely increased.2 The assessment of DH during
exertion can be limited in clinical settings when there is
need for expensive and specific equipment and trained
assessors.2 Therefore, this study aimed to determine
whether the Borg dyspnea scale3 (BORG-D), an easy and
affordable tool to assess dyspnea, may have a cutoff point
capable of identifying individuals with stable COPD who
develop DH during the 6-minute walk test (6MWT). Also, it
investigated if other clinical outcomes are similarly associ-
ated with dyspnea complaints in women and men with
COPD. TaggedEnd

TaggedPThis cross-sectional analysis was developed with data
previously collected in a convenience sample of consecutive
individuals with COPD at the Laboratory of Research in
Respiratory Physiotherapy of the Universidade Estadual de
Londrina, Brazil. Inclusion and exclusion criteria may be
found in the original publication.4 The protocol was
approved by the institution’s ethics committee (#151/2013)
and all participants signed an informed consent form.TaggedEnd

TaggedPThe 6MWTwas performed according to international stan-
dardization.5 Dyspnea was quantified using the BORG-D rang-
ing from 0 (no dyspnea) to 10 (maximum dyspnea) and
patients were properly instructed before the application of
the scale. The main outcome used for analysis was dyspnea
self-reported immediately after the 6MWT minus that
reported immediately before the test (D_BORG-D).
TaggedEnd Abbreviation: COPD, Chronic obstructive pulmonary disease; DH,
Dynamic hyperinflation; EELV, End-expiratory lung volume; IC, Inspi-
ratory capacity; BORG-D, Borg dyspnea scale; 6MWT, 6-minute walk
test; AUC, area under the curve; FEV1, Forced expiratory volume in
the first second; BMI, Body mass index; RV/TLC, Residual volume/
total lung capacity.

https://doi.org/10.1016/j.pulmoe.2023.02.003
2531-0437/© 2023 Sociedade Portuguesa de Pneumologia. Published by Els
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPAdditionally, DSpO2/distance index was determined as post
minus pre SpO2 divided by the 6MWT distance x 100. TaggedEnd

TaggedPDH during the 6MWTwas quantified by serial assessments
of IC using a portable spirometer (Spiropalm, Cosmed, Italy).
The device’s original face mask model was used for all
patients. There were no complaints concerning the mask’s
use as tested in the original study.4 Measures were done at
rest, 2 and 4 min after the beginning of the test, 15 s before
completion, and immediately at the end of the test. DH was
defined by a reduction in IC over the test (delta IC nadir
minus pre-test, or DIC) according to two criteria: at least
150 ml (DIC>150 ml)2 or at least 4.5%predicted
(DIC>4.5%pred)6 relative to the resting value. TaggedEnd

TaggedPData were described as mean§standard deviation or
median [interquartile range 25�75%] according to normality
in data distribution (Shapiro-Wilk test). The cutoff points for
D_BORG-D were verified by the area under the curve (AUC)
of the receiver operating characteristics. Differences
between sexes were analyzed through parametric, non-
parametric and Chi-square tests, as indicated. The software
used was SPSS 22.0 (IBM, USA) with a statistical significance
level set as P<0.05. TaggedEnd

TaggedPTwenty-four individuals with moderate-severe COPD
(13men; 67§6years) were studied. Table 1 shows all sample
characteristics and sex comparisons. Out of the 24 patients,
75% (11 male and 7 female) developed DH according to the
DIC>150 ml criterium, whereas 79% (11 male and 8 female)
developed DH according to the DIC>4.5%pred criterium. In
addition, in comparison to men, women were younger, had
less severe disease, less static hyperinflation and lower
DSpO2. TaggedEnd

TaggedPTable 2 shows that a cutoff point for D_BORG-D (increase
> 2.75 points in BORG_D after the 6MWT) satisfactorily iden-
tified DIC>4.5%pred for the whole (general) group and espe-
cially for men. When using DIC>150 ml, the same cutoff
point was satisfactory only for men. Regarding women, a sat-
isfactory cutoff point could not be found with any DH crite-
rium (Table 2). TaggedEnd

TaggedPThe present results corroborate with previous literature1

showing an association between DH and BORG-D during the
6MWT. However, it takes it further by proposing a cutoff
point of an increase �2.75 (or 3) points in BORG-D after the
6MWT as able to identify individuals with moderate-severe
stable COPD who develop DH defined as a decrease in IC
>4.5%pred during exertion.6 Thus, individuals who showed
an increase in BORG-D > 3 points after the 6MWT are
evier España, S.L.U. This is an open access article under the CC BY-NC-



TaggedEnd Table 1 Sample characteristics and comparison according to sex.

Variable Overall (n = 24) Men (n = 13) Women (n = 11) P value (men vs women)

Age (years) 67.00 § 5.85 69.15 § 5.14 64.45 § 5.6.2 0.039
BMI (kg/m2) 28.90 § 4.3 28.74 § 5.56 28.42 § 5.73 0.800
FEV1 (L) 1.48 § 0.38 1.52 § 0.46 1.45 § 0.30 0.706
FEV1 (% predicted) 55.52 § 17.58 47.45 § 14.11 6.27 § 17.31 0.018
FVC (L) 2.84 § 0.49 3.09 § 0.48 2.59 § 0.37 0.019
FVC (% predicted) 83.96 § 16.51 77.85 § 12.86 91.18 § 17.96 0.046
FEV1/FVC (%) 52.29 § 9.99 48.83 § 11.11 55.75 § 7.71 0.139
IC pre 6MWT (L) 2.22 § 0.54 2.79 § 0.73 2.51 § 0.66 0.341
IC 2min_6MWT (L) 1.93 § 0.51 2.11 § 0.57 1.71 § 0.34 0.076
IC 4 min_6MWT (L) 1.90 § 0.48 2.06 § 0.47 1.71 § 0.43 0.086
IC 5:45_6MWT (L) 1.88 § 0.51 2.13 § 0.48 1.60 § 0.38 0.011
IC post 6MWT (L) 1.97 § 0.50 2.21 § 0.49 1.69 § 0.36 0.017
DIC nadir-pre 6MWT (L) �0.48 § 0.40 �0.61 § 0.42 �0.35 § 0.35 0.107
DIC nadir-pre 6MWT >150 ml, Yes/No

(n[%])
18[75] / 6[25] 11[85] / 2[15] 7[64] / 4[36] 0.478

DIC nadir-pre 6MWT >4.5%pred, Yes/
No (n[%])

19[79] / 5[21] 11[85] / 2[15] 8[73] / 3[27] 0.475

RV/TLC ratio (%) 49.58 § 7.56 52.69 § 6.44 45.91 § 7.38 0.025
6MWT (m) 458.67 § 46.44 466.69 § 59.92 449.18 § 21.65 0.342
6MWT (% predicted) 88.33 § 10.54 87.08 § 12.16 89.82 § 8.47 0.538
SpO2 post-6MWT (%) 90.58 § 5.03 89.38 § 5.37 92.00 § 4.42 0.212
DSpO2 post-pre 6MWT(%) �4.13 § 3.34 �5.54 § 3.17 �2.45 § 2.80 0.021
DSpO2/distance index 0.60 § 0.83 0.90 § 0.85 0.25 § 0.69 0.054
DBORG D (points) 3.37 § 2.14 3.88 § 2.22 2.77 § 1.97 0.179
DBORG F (points) 2.12 § 2.23 2.61 § 2.42 1.53 § 1.90 0.275
Literate Yes/No (n[%]) 23[96] / 1[4] 13[100] / 0[0] 10[91] / 1[9] 0.458

Data presented in absolute frequency, mean § standard deviation or median [interquartile rage 25% �75%]. BMI: body mass index; FEV1:
forced expiratory volume in the first second; FVC: forced vital capacity; IC: Inspiratory capacity; 6MWT: 6-minute walking test; L: liters;
RV: residual volume; TLC: total lung capacity; DH: Dynamic Hyperinflation; SpO2: Pulse oxygen saturation; Index D SpO2/distance: ratio of
SpO2 pre-post to 6MWD x 100. BORG D: Borg dyspnea; BORG F: Borg fatigue.

TaggedEndA.P. de Freitas, L.F. Belo, L. Martinez et al.
TaggedEndTaggedPpossible hyperinflators, whereas this applies especially for
men but not necessarily for women. Previous literature
described that hyperinflation may be related to various clini-
cal outcomes in addition to dyspnea. Abdelwahab et al.7

found that severe hyperinflation can be predicted by the
index between DSpO2 and the 6MWT distance presenting
value �0.6. In the present study, only the general sample
and the male group had values above this cutoff. This
TaggedEnd Table 2 Results of different criteria to detect dynamic hyperinfl
with COPD performing the 6MWT.

Criterium AU

DIC nadir-pre 6MWT >150 ml, general 0.
DIC nadir-pre 6MWT >4.5%pred, general 0.
DIC nadir-pre 6MWT >150 ml, men 0.
DIC nadir-pre 6MWT >4.5%pred, men 0.
DIC nadir-pre 6MWT >150 ml, women 0.
DIC nadir-pre 6MWT >4.5%pred, women 0.

Receiver operating characteristic (ROC) curve of the delta cutoff point
dynamic hyperinflation (DH) in individuals with COPD performing the 6-
ratory capacity of at least 150 ml during or after the 6MWT; Criterium D

dicted during or after the 6MWT. The cutoff point for men and genera
after the 6MWT, whereas for women was >1.75 points.
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TaggedEndTaggedPcorroborates the finding of higher DH in men, although com-
parable increase in DH during exertion between men and
women have been previously described.8 The non-feasibility
of finding a cutoff point for women is probably due to the
fact that the female participants in this sample were youn-
ger, had less severe disease, less static hyperinflation and
lower DSpO2 than male participants. A study with a sample
of slightly older women with more severe disease and more
ation (delta inspiratory capacity nadir-pre test) in individuals

C Sensibility Specificity

60 72% 67%
72 74% 80%
84 81% 100%
84 82% 100%
43 86% 50%
60 88% 67%

of the Borg dyspnea scale (D _BORG-D nadir-pre 6MWT) to identify
minute walk test (6MWT). Criterium DIC>150ml: reduction of inspi-
IC>4.5%pred: reduction of inspiratory capacity of at least 4.5% pre-
l sample was an increase >2.75 points in the BORG dyspnea scale
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TaggedEndTaggedPpronounced static hyperinflation may be necessary to iden-
tify such a cutoff for female patients. Further, previous liter-
ature describes that it is common for women with COPD to
be more symptomatic than men, even with milder disease
severity, and this can be justified by the reduced ventilatory
reserve that contributes to women reaching total lung
capacity limit faster.9 Therefore, a female-specific cutoff
may be necessary. TaggedEnd

TaggedPAnother difference found was that women showed less
hyperinflation compared to men. Perhaps static hyperinfla-
tion is better related to dyspnea in women than in men; pre-
vious studies with mixed samples have shown that there is
an association between these outcomes.10 Further studies
may advance understanding of the mechanisms of dyspnea
in women. TaggedEnd

TaggedPDespite its novelties, the present study has limitations
such as the small sample size, lack of testing of the cutoff on
a larger sample and absence of the BORG-D measurements
at the minutes 2, 4 and 5:45 of the 6MWT. Furthermore, a
convenience sample of consecutive individuals with COPD
was used in which women had different characteristics than
men, and perhaps the design could have encompassed
matched groups of male and female patients with similar
characteristics. New studies with larger samples, similar
characteristics between the sexes (including disease sever-
ity and static hyperinflation), a wider range of disease sever-
ity and with other relevant outcomes could be useful to
expand the understanding of the present results.TaggedEnd

TaggedPIn conclusion, when defining DH as a reduction in IC of at
least 4.5%predicted, an increase �2.75 (or 3) points in the
Borg dyspnea scale after the 6MWTwas able to satisfactorily
identify individuals with moderate/severe COPD who hyper-
inflate during the test. In specific analyses according to sex,
it was also possible to establish the same satisfactory cutoff
point for men using the same definition of DH, as well as
defining DH based on a reduction in IC of at least 150 ml.
However, no satisfactory cutoff point was found for women
using any DH criterium. TaggedEnd
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LETTER TO THE EDITOR
TaggedH1Changes in exercise endurance and
inspiratory capacity after
lumacaftor/ivacaftor therapy in
cystic fibrosis TaggedEnd
TaggedPDear Editor, TaggedEnd
TaggedPThe long-term positive effects of the combination of the

corrector lumacaftor (LUM) with the potentiator ivacaftor
(IVA) on physical activity and oxygen uptake values obtained
during a symptom-limited incremental cardiopulmonary
exercise test (CPET) in cystic fibrosis (CF) have been
described.1 Among available exercise-testing protocols, con-
stant work-rate exercise tests, such as a cycle endurance
test, deliver a reliable assessment of changes in exercise
capacity following intervention (both pharmacologic and
nonpharmacologic).2 As previously demonstrated, one-
month LUM/IVA therapy did not increase exercise endurance
or modify dyspnea or leg discomfort in adult CF patients3

and no data are available on the longer-term effects of such
modulator therapy on exercise endurance and symptoms of
exertion. The aim of this study was to examine the potential
impact of LUM/IVA therapy (400 mg/250 mg administered
orally every 12 h) on exercise endurance time (EET) and
symptoms of exertion during constant work-rate cycle ergo-
metry (CWRCE) after six months treatment. This was a pro-
spective, observational, multicenter study, involving three
CF centers in Italy (Rome, Milan, Orbassano). The study
(number 853/18) was approved by the ethics committee of
Policlinico Umberto I Hospital, Sapienza University of Rome,
Italy, and other local ethics committees. All patients pro-
vided written informed consent for this study. During the
study period from April 2019 to March 2020, we recruited
three stable adult CF patients (� 18 years old, homozygous
for Phe508del) who were about to initiate LUM/IVA treat-
ment. We used a protocol consisting of two visits: 3-4 weeks
prior to initiation of LUM/IVA treatment (visit 1) and 6
months afterwards (visit 2). During each visit, in the morning
patients performed spirometry and a symptom-limited
incremental CPET using cycle ergometry to determine peak
work rate (defined as the highest work rate maintained for
> 30 s). In the afternoon, all subsequent symptom-limited
CWRCE tests were conducted at 80% of peak work rate.
Inspiratory capacity and intensity of breathing discomfort
and leg discomfort (Borg scale4) were measured prior to
exercise, every 2 min during exercise and at the point of
https://doi.org/10.1016/j.pulmoe.2022.09.009
2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by Els
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPsymptom limitation (end-exercise). Minute ventilation (VˈE)
and oxygen uptake (V'O2) were measured using a calibrated
metabolic system (Cosmed K5). After completing each exer-
cise test, patients identified the primary reason for stopping
(due to leg and/or breathing discomfort or another reason).
Patients were asked to continue any respiratory-related
medications before the visits. Assessment was conducted at
the same place and time of day for all subjects. The number
of pulmonary exacerbations were prospectively collected
throughout the 6- month period. For each patient we calcu-
lated the percentage of change between “pre” and “post”
the start of LUM/IVA therapy for each variable. TaggedEnd

TaggedPPatient 1 is a 28 - year-old man of Caucasian origin diag-
nosed with CF at birth (Table 1). He commenced LUM/IVA
treatment in May 2019. During six months treatment, he pre-
sented with one pulmonary exacerbation, which was treated
with oral antibiotics. He reached his peak exercise at a higher
oxygen uptake than that measured prior to therapy (Table 2).
Patient 1 showed an improvement in oxygen pulse (VꞌO2/HR)
following treatment, as well as slightly higher values of ventila-
tion (VˈEpeak), while mean maximal ventilation was less than
the predicted MVV (208 L) and breathing reserve (BR) was
reduced (Table 2). Ventilatory efficiency (V'E/V'CO2 slope) and
partial pressure of end-tidal CO2 (PETCO2) were slightly lower.
After six month treatment, there was an increase in EET (344 s
vs 644 s, 87%) and an improvement in inspiratory capacity prior
to exercise of 520 mL, +17% (Table 2). The improvements in
inspiratory capacity were sustained during exercise and end-
exercise (160 mL, 4%, Table 2). There was a reduction in
breathing discomfort and leg fatigue.TaggedEnd

TaggedPPatient 2 is a 34-year-old man of Caucasian origin diag-
nosed with CF at birth (Table 1). He commenced LUM/IVA
treatment in July 2019. During six months treatment, the
patient did not have exacerbations. He reached peak exer-
cise at a higher oxygen uptake uptake than prior to treat-
ment (+5%, Table 2). There was an improvement in VꞌO2/
HR by + 6%. We observed lower values of VˈEpeak, a mean
maximal ventilation less than the predicted MVV (130 L) and
a higher BR following treatment, suggesting that ventilation
limit was not a limiting factor. V'E/V'CO2 slope and PETCO2

were slightly reduced. There was an increase in EET (416 s
vs 635 s, 52%) and an improvement in inspiratory capacity
prior to exercise of 350 mL, 16% (Table 2). The improvement
in inspiratory capacity was sustained during exercise and
end-exercise (540 mL, 23%, Table 2). There was a reduction
in breathing and leg discomfort as indicated in Table 2. TaggedEnd
evier España, S.L.U. This is an open access article under the CC BY-NC-



TaggedEnd Table 1 Anthropometric and clinical characteristics of adult CF patients.

Characteristics Patient 1 Patient 2 Patient 3

Pre Post % change Pre Post % change Pre Post % change

BMI, Kg/ m2 24.2 25.1 +4 23.9 24.6 +3 21.3 21.1 -0.93
Pseudomonas aeruginosa colonization no no 0 yes yes 0 yes yes 0
Staphylococcus aureus colonization yes yes 0 yes yes 0 yes yes 0
Burkholderia cepacia colonization no no 0 no no 0 no no 0
Pancreatic insufficiency yes yes 0 yes yes 0 yes yes 0
CF-related diabetes no no 0 no no 0 no no 0
FEV1, % predicted 106 109 +3 75 82 +10 72 65 -9.7
FVC, %predicted 123 118 -4 102 101 -0.9 98 84 -14.2

Definition of abbreviations: BMI = body mass index; FEV1 = Forced expiratory volume in 1 second; FVC = forced vital capacity; CF = Cystic
Fibrosis.

TaggedEndPulmonology 29 (2023) 338�341
TaggedPPatient 3 is a 30-year-old man of Caucasian origin diag-
nosed with CF at birth (Table 1). He commenced LUM/IVA
treatment in June 2019. During the following 6 months, the
patient had one pulmonary exacerbation requiring IV anti-
biotic therapy. He reached peak exercise at a lower oxygen
uptake (17% less, Table 2) and there was a marked reduc-
tion in VꞌO2/HR of 29%. He showed lower VˈEpeak and BR
values, with maximal ventilation less than the predicted
MVV (107 L). The V'E/V'CO2 slope improved marginally.
There was an increase in EET (371 s vs 460 s, 23%).
TaggedEnd Table 2 Measurements at peak symptom-limited incremental
(CWRCE) of adult CF patients.

Variables at Peak CPET Patient 1

Pre Post % change

Work rate, watt 180 172 -4.4
V’O2, ml/min 2084 2328 +11.7
V’O2, ml/min/Kg 25.41 27.39 +7.8
V’O2, % predicted maximum 67 69 +3
HR, beats¢min�1 179 175 -2.2
VꞌO2/HR, ml O2/beat 11.6 13.3 +15
DSpO2 0 0 0
VT peak (l) 2.6 2.5 -3.8
V’E, l/min 88.4 96 +8.6
BR (%) 115 112 -2.6
V’E /VꞌCO2 slope 36.9 35.4 -4
PETCO2 peak (mmHg) 34 32 -5.8
Dyspnea, Borg scale 8 7 -12.5
Leg discomfort, Borg scale 9 7 -22.2
Variables at CWRCE
EET,s 445 644 +87
IC baseline, l 3.05 3.57 +17
IC end-exercise, l 4.31 4.47 +4
Dyspnea, Borg scale 6 5 -17
Leg discomfort, Borg scale 9 7 -22

Definition of abbreviations: V’O2 = oxygen uptake; HR = heart rate; V
from rest to peak exercise; VT= tidal volume; V’E =minute ventilation;
bon dioxide. CWRCE = constant work-rate cycle ergometry; EET = exerc
pre treatment with lumacaftor/ivacaftor; Post = measurements after 6
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TaggedEndTaggedPAlthought the patient showed dynamic hyperinflation both
before and after treatment (ICD pre � 0.37 L, post � 0.3
L), there was an improvement in inspiratory capacity prior
to exercise of 180 mL (+6%) and at end-exercise 250 mL
(+10%; Table 2). There was a reduction in breathing and leg
discomfort (Table 2). TaggedEnd

TaggedPResults from these case series demonstrate a longer EET
after six months LUM/IVA treatment. Improvements in exer-
cise endurance were accompanied by improvements in inspi-
ratory capacity prior to exercise and additional serial
cycle exercise and at constant work-rate cycle ergometry

Patient 2 Patient 3

Pre Post % change Pre Post % change

180 210 +16.6 120 125 +4.1
2650 2786 +5.1 1699 1384 -18.5
38.41 39.24 +2.1 26.97 22.14 -17.9
97.6 102.2 +5 62.2 51.3 -17.5
150 148 -1.3 134 156 +16.4
17.7 18.8 +6.2 12.7 8.9 -29
-1 -1 0 0 0 0
3.84 3.7 -3.6 1.9 1.7 -10.5
86.5 81.4 -5.8 50.5 48.3 -4.3
28.3 49 +73 64.7 59.3 -8
30.3 28.9 -4.6 27.5 30.5 +10
42 41 -2.3 43 38 -11.6
7 8 +14.2 5 4 -20
7 8 +14.2 8 7 -12.5

416 635 +52 371 460 +23
2.1 2.45 +16 2.82 3 +6
2.36 2.9 +23 2.45 2.7 +10
6 5 -17 5 4 -20
9 7 -22 9 8 -11

ꞌO2/HR = oxygen pulse; DSpO2 = arterial oxygen saturation delta
BR= breathing reserve; V’E/V’CO2 = ventilatory equivalent for car-
ise endurance time; IC = inspiratory capacity; Pre = Measurements
months treatment with lumacaftor/ivacaftor.



TaggedEndD. Savi, A. Gramegna, M. Vicenzi et al.
TaggedEndTaggedPassessment of inspiratory capacity during exercise demon-
strated that these improvements were maintained at end-
exercise. All three patients experienced less dyspnoea and
less leg discomfort, while exercise limitation was often
related to peripheral muscle fatigue and not to ventilatory
constraints. Finally, in two patients we observed improve-
ments in oxygen uptake values obtained during an incremen-
tal CPET, which is an important result as V0O2 peak is an
excellent general predictor of survival in CF.5 TaggedEnd

TaggedPAs a wide variety of exercise testing protocols is currently
available with their own strengths and weaknesses, the deci-
sion about the most appropriate exercise test should be
guided by the objective of the measurement. Incremental
exercise protocols (incremental cycle or treadmill exercise
tests) are more appropriate in the evaluation of the degree
of exercise limitation, in the assessment of mechanisms of
exercise limitation and/or in the prescription of training
programs. Constant work-rate exercise test (CWRET) tLIM is
considered more responsive for detecting improvement in
exercise tolerance after an intervention.2,6 In COPD
patients, exercise training and interventions designed to
improve ventilatory function (i.e. bronchodilators) showed
an increase in endurance time.2,6 TaggedEnd

TaggedPImproving dyspnoea and exercise tolerance are recog-
nised as important goals in the treatment of CF, with the
measurement of exercise endurance also considered a valu-
able component of CF assessment, particularly in response
to treatment interventions with new drugs as modulators. In
this case series we found evidence that LUM/IVA can
increase inspiratory capacity, reduce exertional breathless-
ness and improve EET in patients with CF. Slowed increases
in operating lung volume provided reductions in exertional
breathlessness and improvements in symptom-limited exer-
cise endurance. These improvements include sustained lung
volume reduction as a result of enhanced tidal expiratory
flow rates and lung emptying, with reduced resting and exer-
cise lung hyperinflation observed in patient 3, together with
a delay in the mechanical limitation to ventilation. Conse-
quently, exertional dyspnoea was alleviated, leading to
increases in EET. In addition to changes in dyspnoea, our
patients who showed an increase in endurance time also
experienced less leg discomfort. Although we recognize that
both peripheral muscle dysfunction and deconditioning
could be related to exercise limitation in CF, we did not eval-
uate muscle function in this study. We acknowledge that this
is a case series with no control arm, so only interesting
observations can be made. Constant work-rate exercise
test, such as a cycle endurance test, confirmed its utility to
assess change in exercise capacity following longer-term
therapy with modulators. TaggedEnd
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LETTER TO THE EDITOR
TaggedH1Results of surgery versus
stereotactic body radiotherapy for
lung cancer TaggedEnd
Dear Editor,

TaggedPHistorically, the best outcomes for early-stage lung cancer
have been achieved through surgery, via lobectomy.1 Never-
theless, stereotactic body radiotherapy (SBRT) has emerged
as an effective treatment for stage I lung tumors unsuitable
for surgery.2 TaggedEnd

TaggedPFrom August 2012 to June 2018, 49 patients with lung
cancer were submitted to SBRT and 232 patients underwent
surgical resection (pathological stage above IIB and neuroen-
docrine subtype were excluded). See Table 1 for baseline
data. Patients submitted to SBRTwere considered not fit for
surgery, 32 of them due to severe chronic obstructive pulmo-
nary disease (COPD). TaggedEnd

TaggedPLobectomy was the most frequent surgery (92.2%). Patients
undergoing SBRT were submitted to different schemes, the
most frequent being 46�60 Gy in 4 fractions (n = 19), followed
by 30�34 Gy in 1 fraction (n = 16), 42.5�50 Gy in 5 fractions
(n = 12) and 60 Gy in 3 fractions (n = 2).TaggedEnd

TaggedPPatients in the SBRT group were older, showed a higher
burden of comorbidities, their mean value of FEV1 was lower
and their incidence of COPD was higher, compating to
patients in the surgical group. One limitation of our study is
that we only distinguished the presence or absence of
comorbidities, and not their severity. For tumours in stage
IA, the SBRT group had a lower mean FEV1 and a higher inci-
dence of COPD. TaggedEnd

TaggedPProgression was defined by imagiological criteria: 20%
increase in unidimensional measurement or appearance of
new lesions. All the patients had a computed tomography
scan, performed every 6 months for surgical patients and
3�6 months for SBRT patients. Other studies, like positron
emission tomography, were performed if doubts over disease
progression remained. Twelve patients from the surgical
group were lost to follow-up. Median survival comparison for
surgical and SBRT groups including the results for stage IA
patients are depicted in Table 2.TaggedEnd

TaggedPThe groups did not reveal differences in median overall
survival (OS) and distant progression free survival (PFS), but
TaggedEndTaggedEndEthics committee approval: CE-OP55�2022; 22�07�2022

https://doi.org/10.1016/j.pulmoe.2022.10.001
2531-0437/© 2023 Sociedade Portuguesa de Pneumologia. Published by E
license (http://creativecommons.org/licenses/by/4.0/).
TaggedEndTaggedPthere were significant differences between surgical and
SBRT groups on PFS and local PFS. For disease in stage IA
alone, median survival rates are significantly higher in the
surgical group for OS, PFS, local and distant PFS. TaggedEnd

TaggedPA propensity score-matching analysis was applied to
reduce potential confounding. We matched 31 pairs of
patients, using a propensity score based on age, sex, comor-
bidities like COPD, FEV1, stage and histology. We were not
able to compare the two groups on OS due to zero deaths in
one of the groups. No significant differences were found
between the two groups for PFS (95%CI=0.1;25.3)
[p = 0.917], local PFS 95%CI=0.1;20.6) [p = 0.917] and distant
PFS (95%CI=0.1;279.1) [p = 0.415]. TaggedEnd

TaggedPLobectomy remains the standard for surgical manage-
ment of NSCLC, although sublobar resection for NSCLC is still
a controversial issue.3 Rami-Porta and Tsuboi3 reported that,
in terms of survival, lobectomy and wedge resection are
equivalent in patients aged more than 71 years; they also
report that, in patients unable to undergo lobectomy, sublo-
bar resection is an alternative that will confer similar prog-
nosis. In our study, sublobar resection was performed in only
4 patients, not allowing a subanalysis. TaggedEnd

TaggedPDifferent stages had different survival and progression
rates.4 One possible confounding factor regarding the distri-
bution of different stages is that the surgical group had a
pathological stage while SBRT patients had a clinical stage.
These results could also be biased owing to the very small
number of patients included in the SBRT group, resulting in a
large sample size difference, which could have significantly
influenced the analytical power.TaggedEnd

TaggedPWe subanalyzed patients in stage IA. This comparison
allowed for a better interpretation of the results, as SBRT
and surgical groups were more homogenous. However,
patients in the SBRT group still presented a lower mean
FEV1 and a higher incidence of COPD, and these could have
been why the patients were considered unfit for surgery.
Surgery has also the advantage of allowing a definitive path-
ologic diagnosis, accurate lymph node evaluation, and possi-
ble upstaging for adjuvant therapy.5 The lower number of
patients included in the propensity matched analysis raises
doubts due to low precision results. TaggedEnd

TaggedPSurgery was the primary treatment and only unfit
patients were submitted to SBRT, in accordance with guide-
lines. In RTOG 0236 (a multicenter phase II study),6 52
patients with medically inoperable NSCLC were treated with
60 Gy delivered in 3 fractions; long-term results showed an
lsevier España, S.L.U. This is an open access article under the CC BY



TaggedEnd Table 1 Clinicopathologic characteristics of the patients submitted to surgery and SBRT included in the study.

Thoracic Surgery Patients n = 232 SBRT Patients N = 49 p

Sex n (%) n (%) 0.017
Male 154 (66.4%) 41 (83.7%)
Female 78 (33.6%) 8 (16.3%)

Median (range) Median (range) <0.001
Age (years) 65.5 (35�88) 71 (54�88)
ECOG PS n (%) n (%) 0.649

0 150 (64.7%) 30 (61.2%)
1 82 (35.3%) 17 (34.7%)
2 0 2 (4.1%)

Median (range) Median (range) <0.001
FEV1 96 (29.5�115) 69.5 (32�121)
Comorbidities n (%) n (%)

COPD 35 (15.1%) 32 (65.3%) <0.001
CVD 43 (18.5%) 5 (10.2%) 0.159
CKD 11 (4.7%) 2 (4.1%) 0.174
ILD 5 (2.2%) 1 (2.0%) 0.719

Histology n (%) n (%) <0.001
Adenocarcinoma 205 (88.4%) 33 (67.3%)
Squamous 27 (11.6%) 16 (32.7%)
Stage n (%) n (%) <0.001

IA 99 (42.7%) 41 (83.7%)
IB 87 (37.5%) 5 (10.2%)
IIA 5 (2.2%) 2 (4.1%)
IIB 41 (17.7%) 1 (2.0%)

Table1 � CKD-chronic kidney failure; COPD-Chronic Obstructive Pulmonary Disease; CVD: Cardiovascular disease; ECOG PS- Eastern Coop-
erative Oncology Group Performance Status; FEV1-Forced Expiratory Volume in 1 S; ILD: Interstitial Lung Disease.

TaggedEnd Table 2 Median survival (months) in patients submitted to surgery versus SBRT.

Surgical patients
-Median (95%IC)

SBRT Patients
Median (95%IC)

p

OS 68.243 (64.497�71.990) 43.355 (36.028�50.682) 0.099
PFS 69.625 (65.816�73.435) 31.039 (24.063�38.014) <0.001
Local PFS 73.400 (69.979�76.821) 34.494 (25.394�43.594) <0.001
Distant PFS 74.347 (71.116�77.578) 42.948 (35.548�50.349) 0.062

Surgical Stage IA patients-Median (95%IC) SBRT Stage IA Patients Median (95%IC) p
OS 70.568 (65.153�75.983) 42.949 (35.507�50.391) 0.038
PFS 77.032 (71.728�81.337) 32.588 (25.301�39.875) <0.001
Local PFS 77.904 (73.899�81.910) 36.014 (26.508�45.520) <0.001
Distant PFS 78.710 (74.982�82.439) 43.738 (36.345�51.131) 0.009

TaggedEndPulmonology 29 (2023) 342�344
TaggedEndTaggedPOS of 40% after a median follow-up of 4 years, and 13% expe-
rienced locoregional recurrence at 3 years. In another study
(RTOG 0618),7 33 operable patients were also treated with
60 Gy delivered in 3 fractions; the 2-year local failure rate
was 8%. We expect further data on SBRT outcomes in
patients fit to undergo surgery. Results of prospective ran-
domized clinical trials are awaited. TaggedEnd

TaggedPOur cohort represents tumours in stages I-II and most of
the patients were submitted to surgery (232 patients, versus
49 submitted to SBRT). SBRTwas the preferred treatment in
patients deemed unfit for surgery. Survival analysis showed
significantly higher values in the surgical group, especially in
stage IA, but SBRT remains a suitable option for inoperable
patients. TaggedEnd
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LETTER TO THE EDITOR
TaggedH1Chylothorax as an unusual
presentation of Bosutinib therapy
toxicity TaggedEnd
Dear Editor,

TaggedPTyrosine kinase inhibitors (TKIs) are the mainstay of the cur-
rent treatment of Philadelphia chromosome positive chronic
myeloid leukemia (CML). Pulmonary complications associ-
ated with TKIs are more frequently reported with Dasatinib,
particularly pleural effusion, although they can also be sec-
ondary to Bosutinib therapy.1-3 Here we present a case of a
patient with CML treated with Bosutinib who developed a
chylothorax. TaggedEnd

TaggedPA 68-year-old woman, non-smoker, with no history of sig-
nificant comorbidities was diagnosed with chronic-phase
CML in 2006. She was initially treated with Imatinib 400mg
qd, achieving a complete molecular response. However,
therapy was switched to Bosutinib 500mg qd in 2016, due to
gastrointestinal intolerance. In 2021, she presented in the
emergency department complaining of a one-month history
of severe dyspnea (mMRC 3), dry cough and chest pain. On
auscultation, there was a decrease in breath sounds on the
right inferior lung field. There were no other abnormalities
on physical examination. TaggedEnd

TaggedPA chest radiograph revealed a small volume bilateral
pleural effusion, which was larger on the right. A CT-Scan
of the thorax was then performed showing a bilateral
free-flowing pleural effusion, which was larger on the
right, and a partial collapse of the right middle lobe with
no clear obstructive cause. A flexible bronchoscopy pro-
vided better characterization with the finding of right
middle bronchus tapering, allowing the progression of the
bronchoscope. A bronchoalveolar lavage and brushing
were performed in that bronchial segment, with no abnor-
malities found. An ultrasound-guided diagnostic thoraco-
centesis was performed, with the removal of 26 mL of
pleural effusion with a hazy and milky appearance, classi-
fied as a lymphocytic predominant exudate. The pleural
fluid was categorized as a chylothorax after the biochemi-
cal examination (pleural fluid triglyceride concentration
of 375 mg/dL). The pleural fluid culture, immunopheno-
typing and cytology exam were negative. Liver function
tests were normal. TaggedEnd
https://doi.org/10.1016/j.pulmoe.2022.07.005
2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by E
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedPA clinical suspicion of a Bosutinib induced chylothorax
was raised. Since all the criteria for stopping TKI were met,
Bosutinib was withdrawn, with a complete resolution of the
bilateral pleural effusion within five weeks, therefore con-
firming the diagnosis. Respiratory symptoms resolved within
a week. The patient remains in complete molecular
response after 6 months without TKI therapy.TaggedEnd

TaggedPPulmonary toxicity is a common adverse effect of Dasati-
nib therapy, particularly pleural effusion, with a reported
incidence as high as 39%.4 Although the risk decreases over
time, it can occur throughout the whole treatment. Bosuti-
nib has also been associated with pleural effusion, with a
reported incidence around 5% in the first-line setting and up
to 17% in later-line settings5. Known risk factors for Dasati-
nib-related pleural effusion include cardiac disease, arterial
hypertension, pulmonary disease, hypercholesterolemia,
autoimmune disease, advance phase CML and age older than
60 years and are thought to be the same for Bosutinib.4,6TaggedEnd

TaggedPManagement of Dasatinib-related pleural effusion is
based on its estimated size on chest x-ray and the severity
of symptoms. Small, asymptomatic pleural effusions (< 500
mL) may only require close monitoring; if symptomatic, they
can be managed with temporary TKI suspension and treat-
ment can resume at the same or a lower dose.4,6 If the pleu-
ral effusion does not resolve with TKI suspension, diuretics
or a short course of corticosteroids are options in stable
patients. Severe pleural effusions which cause dyspnea may
require thoracentesis.4,6 For recurrent pleural effusions,
switching to another TKI should be considered depending on
severity, so that CML treatment is not compromised with fur-
ther dose reductions.6 There are no specific data regarding
nutritional management of Dasatinib-related chylothorax,
however there is a rationale to include a medium-chain tri-
glyceride diet as an add-on strategy for large recurrent chy-
lothorax. Similarly, no specific recommendations exist for
the management of Bosutinib-related pleural effusions, but
it seems reasonable to follow a similar strategy.TaggedEnd

TaggedPAlthough TKIs have revolutionized the treatment of
patients with CML, there are clinically important pulmonary
toxicities to be aware of. As far as we know, this is the first
report of a Bosutinib-associated chylothorax. Other than
older age, the patient had none of the risk factors known to
be associated with Dasatinib-related pleural effusion.
Therefore, and due to this infrequent presentation, a high
clinical suspicion is required. TaggedEnd
lsevier España, S.L.U. This is an open access article under the CC BY-
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Fig. 1 TaggedEnd

TaggedEnd TaggedFigure

Fig. 2 TaggedEnd

TaggedEndI. Farinha, J. Gai~ao Santos, A. Cunha et al.
TaggedH1Patient consent TaggedEnd

TaggedPWritten informed consent was obtained from the patient for
publication of her clinical details and images. TaggedEnd
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LETTER TO THE EDITOR
TaggedH1Hypersensitivity pneumonitis, a
differential diagnosis of cystic lung
diseases TaggedEnd
To the Editor,

TaggedPCystic lung disease (CLD) encompasses a broad set of uncom-
mon disorders that can represent a diagnostic challenge, in
part due to an increasing number of diseases with similar
presentation.1 Hypersensitivity pneumonitis (HP) is a com-
plex and heterogeneous interstitial lung disease (ILD) caused
by an exaggerated immune response to an inhaled antigen in
predisposed individuals.2 TaggedEnd

TaggedPCysts have been reported in a small percentage of
patients with non-fibrotic HP3; they are typically few (less
than 5% of lung parenchyma), range from 3 to 25mm in
diameter and are associated with ground-glass opacities.
The cysts resemble those of lymphoid interstitial pneumonia
and are presumably caused by partial bronchial obstruction
due to peribronchiolar lymphocytic infiltrate present in
patients with HP.4,5 TaggedEnd

TaggedPHP diagnosis is often difficult to achieve in part due to non-
specific clinical manifestations but also because radiological
and histological patterns can mimic other interstitial and small
airway disease. Taking this into account, a minority of patients
may present thin-walled lung cysts as the main chest high-reso-
lution computed tomography (HRCT) characteristic, which
requires a differential diagnosis with others CLDs.TaggedEnd

TaggedPWe present a case of a 54-year-old women, non-smoker,
who owned parakeets and goldfinches and lived near a
square frequently occupied by pigeons; her personal medical
history included chronic kidney disease and dyslipidemia. TaggedEnd

TaggedPShe was referred to our outpatient clinic complaining of
fatigue and progressive dyspnea with moderate exertion in the
previous year. Chest HRCT showed bilateral multiple cysts pre-
dominantly in the pulmonary inferior lobes (Fig. 1A,B), some
traction bronchiectasis and limited areas of emphysema and
mosaic attenuation. Serum specific IgGs were positive for para-
keets and pigeons. Complete autoimmune study and VEGF-D
were normal. Pulmonary function tests revealed FVC 89,9%
and a severe-moderate decrease in DLCO (DLCO 49,4%, KCO of
57,3%). Bronchoalveolar lavage with differential cell count
showed 15% of lymphocytes. The nonspecific nature of these
https://doi.org/10.1016/j.pulmoe.2022.11.003
2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by Els
ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPresults combined with the possibility of other CLD, like lympho-
cytic interstitial pneumonia, prompted a request for a lung
biopsy; the histological examination revealed a cellular inter-
stitial pneumonitis with peribronchiolar pattern and microgra-
nulomas compatible with HP.TaggedEnd

TaggedPOnce the diagnosis of HP was established, the patient was
advised to avoid any contact with possible allergens and
inhaled corticosteroid and bronchodilators were prescribed.
Initially, the patient improved and remained stable, report-
ing only mild dyspnea (mMRC 0-1) during moderate/ hard
exercises, especially after being in the square and exposed
to pigeons and other birds; over time there was a substantial
improvement in the respiratory functions tests, with a FVC
of 93%, a DLCO of 66% and a KCO of 80%. TaggedEnd

TaggedPAfter ten years the patient experienced clinical and func-
tional worsening (FVC 74%, DLCO 48% and KCO 66%) and was
put on oral corticosteroids (prednisolone 5mg/day), with
favorable response. TaggedEnd

TaggedPCurrently, the patient is clinically and functionally stable
(FVC 84%, DLCO 55% and KCO 72%); although HRCT shows no
changes regarding multiple cysts, there are extensive areas
with mosaic attenuation associated with ground glass opacities,
traction bronchiectasis and loss of lobar volume (Fig. 1C,D).TaggedEnd

TaggedPCystic lung diseases are increasingly recognized as a het-
erogeneous group of ILD with a broad spectrum of outcomes
and consequences; the widespread use of HRCT has had an
important role in this increased knowledge and understand-
ing.1 HP is a good prognosis disease often diagnosed by a
combination of typical clinical history, positive serum pre-
cipitins and a characteristic bronchoalveolar lavage.3 Cystic
HP is a rare form of HP frequently associated with a chal-
lenging diagnosis4; in these cases, where there is an exten-
sive overlap between clinical and radiographic features,
lung biopsy and histopathologic evaluation may be crucial to
establishing a confident diagnosis. Faced with this scenario
it is important to weigh the need for a secure histopatholog-
ical diagnosis against the risks of the medical procedure. In
recent years and in part due to an increasing demand for his-
tological evaluations in patients with comorbid conditions,
poor overall health status, physical frailty and a more severe
degree of lung function impairment the role of transbron-
chial cryobiopsy (TBLC) in ILD patients has grown. Nowa-
days, compared to surgical lung biopsy, TBLC offers a less
evier España, S.L.U. This is an open access article under the CC BY-NC-



TaggedFigure

Fig. 1 HRTC images showing bilateral pulmonary cysts in a hypersensitivity pneumonitis patient at diagnosis (A,B) and after a 10
year follow-up (C,D). TaggedEnd

TaggedEndE.M. Tinoco, G. Bermudo, V. Vicens-Zygmunt et al.
TaggedEndTaggedPinvasive diagnostic method that is almost as accurate as sur-
gical lung biopsy but has a better safety profile.6 TaggedEnd

TaggedPFurthermore, and similar to other non-cystic forms of HP,
cystic HP can slowly progress over time, especially the
inflammatory-fibrotic component, even after removing
exposures and treating acute exacerbations; interestingly,
the cystic component of the disease seems to remain stable. TaggedEnd
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LETTER TO THE EDITOR
TaggedH1Predicting lung nodules malignancy TaggedEnd
Dear Editor,

TaggedPJacob, et al.1 in their original article “Predicting lung nod-
ules malignancy” established a prediction model that can be
used to assess the probability of malignancy in a Portuguese
population, thereby providing help for the diagnosis of lung
nodules. They also argue that their model can help decide
the need for a lung biopsy and, thus reduce useless invasive
techniques.1 TaggedEnd

TaggedPEvery year, hundreds of thousands of patients are diag-
nosed with incidentally detected pulmonary nodules, and
after lung cancer screening implementation, thousands more
will be identified. However, the ideal approach for assessing
pulmonary nodules is still vague, since most published guide-
lines2 do not clearly state which strategy is accompanied by
benefit outcomes, namely in surveillance, need for percuta-
neous/surgical biopsy or just clinical revaluation.TaggedEnd

TaggedPWith the emergence of new approaches such as uniportal
and non-intubated video-assisted thoracic surgery (VATS) as
well as exciting innovations in intra-operative imaging, VATS
not only remains a reliable management option for patients
with pulmonary nodules, but also an increasingly attractive
one as side effects from anaesthesia and surgical access
trauma are further minimized, and surgical accuracy
improved.3TaggedEnd

TaggedPNowadays, awake non-intubated uniportal VATS wedge
resection is one of the new frontiers in minimal invasive
management of patients with solitary lung nodule and
already a standard in the armamentarium of some Portu-
guese thoracic surgeons.3 The emergence of image guided
VATS, hybrid operating theatre and fluorescence thoraco-
scopy have all contributed to improved precision of VATS
lung resection, and are becoming important adjuncts to lung
sparing surgery when managing lung nodules diagnosis. TaggedEnd

TaggedPLocal anaesthesia awake procedures provide lower costs,
shorter hospital stay, shorter anaesthesia and operation
times compared to general anaesthesia patients. Other
advantages include increased ventilation, fewer respiratory
https://doi.org/10.1016/j.pulmoe.2022.11.005
2531-0437/© 2022 Published by Elsevier España, S.L.U. on behalf of Socie
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd
TaggedEndTaggedPcomplications, shorter recovery time and it is not traumatic
for the immune system which allows for faster recovery.4 TaggedEnd

TaggedPIn conclusion, there is much debate on the best manage-
ment of solitary pulmonary nodules. Even if they are mostly
benign, they may represent an early-stage lung cancer. Mini-
mally invasive surgical removal is probably the best
approach to this insidious disease and should help keep VATS
at the forefront of the diagnostic and therapeutic algorithm
of lung nodules. TaggedEnd
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PHOTO
TaggedH1Images: Secondary pulmonary alveolar proteinosis in
brucellosis TaggedEnd
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TaggedPPulmonary alveolar proteinosis (PAP) is a rare pulmonary dis-
ease with specific features caused by the alveolar accumula-
tion of surfactant, composed of proteins and lipids, due to
dysfunctional pulmonary macrophages.1 It is classified into
two types primary PAP and PAP secondary to leukemia, lung
infections, and inhalation of mineral particles or chemical
material.2 Secondary PAP (sPAP) is mainly caused by hemato-
logical disorders; sPAP associated with brucellosis is
extremely rare. Here, we report a rare case of sPAP in brucel-
losis in a herdsman. Clinicians should consider the possibility
of sPAP when chest radiography reveals abnormal findings and
the bronchoalveolar lavage fluid (BALF) is milky.TaggedEnd

TaggedPA 41-year-old male herdsman was hospitalized due to
repeated cough and expectoration for 5 years, aggravated
with shortness of breath for 5 months. Seven months prior,
he was diagnosed with brucellosis with the presentation of
lung infection at a local hospital, which improved after one
month of treatment, leading to his discharge. His vital signs
were normal. Physical examination and routine blood tests
revealed unremarkable findings except for the clubbing of
his digits. The electrocardiogram was negative, but a lung
CT result revealed scattered patchy and large fuzzy shadows
TaggedEnd * Corresponding authors.
E-mail addresses: zjwjack1979@163.com (J. Zhao), liujinlinhz@

163.com (J. Liu).
TaggedEnd
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TaggedEndTaggedP(crazy-paving appearance) in the bilateral lungs (Fig. 1A).
Simultaneously, bronchoscopy was performed, and the BALF
revealed a characteristic milky appearance. Interestingly,
after centrifuging the BALF sample at 1500 rpm for 5 min
and using the cell pellet to make a smear, a large number of
phospholipid-rich protein aggregates were easily observed
for microscopic examination (Fig. 1B). Moreover, the
Wright�Giemsa staining for the above cell pellet smear
showed bluish-purple staining (Fig. 1C). Also, periodic acid-
Schiff (PAS) staining revealed PAS-positive proteinaceous
material on the smear (Fig. 1D). Moreover, after incubating
100 uL oil red O with 1 mL of the BALF sample for 10 min and
centrifuging the stained sample at 1500 rpm for 5 min, we
used the cell pellet to make a smear, which clearly revealed
an orange aggregate (Fig. 1E). Consequently, PAP was sus-
pected. However, a test for serum anti-granulocyte macro-
phage colony-stimulating factor (GM-CSF) antibody yielded
negative results; therefore, he was diagnosed with sPAP in
brucellosis, and received several courses of whole lung
lavage, his condition improved, and he was discharged. TaggedEnd

TaggedPRecently, abnormalities in GM-CSF signaling are impli-
cated in the pathogenesis of autoimmune PAP, which
accounts for the vast majority of cases. However, sPAP is a
rarer disorder, is not dependent on GM-CSF, and mainly
occurs owing to a hematological disease.3 TaggedEnd

TaggedPTo our knowledge, this is the first report of PAP with a
recent brucellosis history and GM-CSF antibody negativity. The
evier España, S.L.U. This is an open access article under the CC BY-NC-



TaggedFigure

Fig. 1 Secondary pulmonary alveolar proteinosis in brucellosis in a herdsman. (A) CT reveals a crazy-paving appearance on the
bilateral lungs. (B) Phospholipid-rich protein aggregates are clearly observed on the BALF smear through a direct smear for micro-
scopic examination (1000£). (C) Wright�Giemsa staining reveals bluish-purple staining (1000£). (D) Periodic acid-Schiff-positive pro-
teinaceous material is observed (1000£). (E) Oil red O staining reveals an orange aggregate (1000£). TaggedEnd

TaggedEndL. Yan, Z. Wang, J. Zhao et al.
TaggedEndTaggedPherdsman was diagnosed with sPAP in brucellosis. Moreover,
our study suggests that if the crazy-paving appearance on CTor
milky BALF are observed and characteristic globules of PAS-
positive proteinaceous material are also observed on the BALF,
PAP should be considered as a differential diagnosis.TaggedEnd
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