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IN MEMORIAM

TaggedH1In memoriam of Jordi Mancebo TaggedEnd
TaggedPIt is with a profound feeling of loss that Portuguese Intensiv-
ists mourn the loss of Dr. Jordi Mancebo. TaggedEnd

TaggedPDirector of the Intensive Care Department at the Hospital
of Santa Creu and Sant Pau in Barcelona, Catalu~na, he was
an associate professor at Universitat Autonoma de Barcelona
and visiting professor at the Mayo Clinic, Denver Health Med-
ical Center, Loyola University of Chicago, at the National
Institutes of Health Bethesda, Yale University School of Med-
icine, Mc Gill University in Montreal and the University of
Toronto among others. As a result he did multiple research
stints at the Service de R�eanimation M�edicale at the Centre
Hospitalier Universitaire Henri Mondor in Cr�eteil and at the
Centre Hospitalier Universit�e in Montr�eal. He was Honorary
Member of the European Society of Intensive Care Medicine
due to his contributions to the field and to the Society. TaggedEnd

TaggedPA prolific researcher, author, and teacher, he was responsi-
ble for teaching many of us in his preferred fields of respira-
tory failure, mechanical ventilation and ventilator weaning.TaggedEnd

TaggedPDeeply involved with other Scientific Societies, such as
the European Society of Intensive Care Medicine and the
Pan-American and Iberian Federation of Intensive and Criti-
cal Care medicine, Jordi was also a close friend of the Por-
tuguese Society of Intensive Care Medicine, both directly
and indirectly, either as a frequent speaker or teacher at
our events or in receiving many of us in his department to
learn. TaggedEnd

TaggedPFrom the late 90s he was deeply involved in the Mediter-
ranean meetings on Non-Invasive Ventilation (NIV) which
https://doi.org/10.1016/j.pulmoe.2022.08.002
2531-0437/
TaggedEndTaggedPwere organized in Italy, Spain, Portugal and France. In this
forum both intensivists and pulmonologists from each county
joined forces to discuss, on a yearly basis, the state of the
art of NIV, of which Jordi was a great enthusiast and pioneer.TaggedEnd

TaggedPKind, modest, “friend of his friend”, highly intelligent, his
qualities made him the role-model for many young (and not-
so-young) intensivists. A standard too high for many of us.TaggedEnd

TaggedPNow, though he is no longer physically among us, I am
sure that he will be always be alive in our memories, and he
will often be with us when we are faced with difficult
patients.Fins sempre, Jordi. TaggedEnd

R. Morenoa, J.C. Winckb,*, F. Ruac
a H. de S~ao Jos�e, Centro Hospitalar Universit�ario de Lisboa

Central, E.P.E., Faculdade de Ciências M�edicas,
Nova Medical School, Lisboa, Faculdade de Ciências da

Sa�ude, Universidade da Beira Interior, Covilh~a, Portugal
b Faculdade de Medicina da Universidade do Porto,

do Porto, Portugal
c Servico de Cuidados Intensivos do Centro Hospitalar do

Porto, Instituto de Ciências Biom�edicas Abel Salazar,
Abel Salazar, Porto, Portugal

* Corresponding author.
E-mail address: jcwinck@mail.telepac.pt (J.C. Winck).

Received 8 August 2022; Accepted 9 August 2022
Available online 7 October 2022
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EDITORIAL
TaggedH1Tele-consultation: A new promised land? TaggedEnd
TAGGEDPKEYWORDS
Chronic respiratory disease;
Tele-medicine;
Tele-consultation;
Position paperTaggedEnd

TaggedPThe Covid19 pandemic has been responsible for an unprece-
dented pause in the out-patient respiratory practice due to
the clinical emergency. Therefore, the respiratory commu-
nity has been forced to find alternative but equally effective
ways to continue monitoring individuals with respiratory dis-
eases.1,2 A focus on tele-medicine was already present
before the pandemic.3 However, the pandemic has given the
right incentive to overcome some logistic and practical
issues and to rapidly implement the available technology to
support this emergent field.4 Tele-medicine represents the
‘Distribution of health services in conditions where distance
is a critical factor, by health care providers that use infor-
mation and communication technologies (ICT) to exchange
information useful for diagnosis where doctor is able to per-
form diagnosis at distance’.5 TaggedEnd

TaggedPIn this issue of Pulmonology, the position paper of the Portu-
guese Pulmonology Society on the basis of available literature
provides guidance on tele-consultation practices for Pulmonol-
ogists.6 Tele-consultation programs provide consultation from
remote distance when a respiratory assessment or support is
already in place. Many studies focused on the feasibility of
remote monitoring in several respiratory conditions indicating
that it is effective, safe, cost efficient, and well tolerated by
patients.7 Indeed, among the several advantages encountered
in using tele-consultation, the most important are the facili-
tated access to specialist consultation, the improved comfort
in particular for people with physical disabilities, the reduced
infection risks, and travelling expenses.8TaggedEnd

TaggedPThere are still some legal and organizational issues that
need to be clarified and detailed.9 First, tele-consultation
should be provided through hospital software which are set
up in place to guarantee security, data privacy and
https://doi.org/10.1016/j.pulmoe.2022.08.008
2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by E
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPconfidentiality of all the information gathered.9 Second,
there are many barriers to teleconsultation such as low edu-
cation, demographics (e.g., older individuals), modest socio-
economic conditions with no access or confidence with tech-
nology, unavailable high speed internet connection, cogni-
tive, motor, visual, phonation and speech abilities, hospital
and patient costs to ensure the dedicated personnel and right
equipment.10,11 Lastly, many countries have not yet provided
any dedicated rule or law to regulate privacy, data security,
legal and economic issues related to telemedicine.9TaggedEnd

TaggedPIn order to set up an effective respiratory tele-consultation
lab, first, hospital dedicated rooms, PC and software for tele-
consultation have to be set up to record and monitor all remote
consultation provided. Second, all respiratory questionnaires
usually used in clinical practice to check disease status and
quality of life, as well as adherence to therapy or devices use,
need to be available in the tele-consultation environment.12,13

Third, all sensors used with miniaturised processors, body area
networks, and wireless data transmission technologies allowing
the assessment of physical, and physiological parameters have
to be easily accessible via software connection in dedicated
computers so to add these gathered information and to imple-
ment the effectiveness of teleconsultation.4TaggedEnd

TaggedPIn the literature, the use of tele-consultation has been
reported as useful in the management of chronic obstructive
pulmonary disease, asthma, interstitial lung diseases,
chronic respiratory failure, and home mechanical ventila-
tion, among other clinical situations.14 TaggedEnd

TaggedPIn the position paper by Morais et al.,6 the Portuguese
respiratory physicians’ college of experts once again high-
lights the importance of the tele-consultation and provides
a checklist based on the specifics of each respiratory disease
to better tailor tele-consultation. The authors advise that
first there should be some general guidance on providing the
best possible experience in not only technical effectiveness
but also the correct suitability and patient selection. Before
starting, the most important issues are: first, to guarantee
the use of a secure platform provided by the hospital which
complies with legal data protection requirements, privacy
and a suitable physical, acoustic, and visual environment in
lsevier España, S.L.U. This is an open access article under the CC BY-
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TaggedEndTaggedPdedicated rooms. Second, to ensure that the connection is
working correctly to allow a two ways communication with-
out technical problems. Third, to obtain verbal or written
consent for the virtual consultation. Following these first
steps, it appears clear that the referral needs to be appro-
priate. All respiratory tele-consultations need to follow a
first de visu consultation either by the same or other respira-
tory units or out-patients’ facilities. This is needed to rule
out any current clinical exacerbation or clinical instability
together with any physical or cognitive impairment. The
authors suggest that the only exception to first visit in
remote tele-consultations may be considered for smoking
cessation and sleep disordered breathing. Once all the gen-
eral steps are in place, scrutinizing each respiratory condi-
tion becomes easy and feasible ensuring an appropriate
clinical assessment as if in a face to face clinical out-patient
visit. Thus, the authors clearly list all the steps and tools
needed during each tele consultation based on a specific
respiratory disease. These lists come in handy when setting
up a tele-consultation lab from the beginning, allowing an
appropriate flow and time schedule for each dedicated
respiratory condition. TaggedEnd

TaggedPIn conclusion, the Covid19 pandemic brought new oppor-
tunities to continue quality of care for individuals with
respiratory diseases via remote monitoring and tele-consul-
tation.15 Potentially, in the future these new aids will con-
tinue to be implemented and will become an essential part
of the clinical daily practice of care. The manuscript by
Morais and colleagues5 offers practical, easy to follow
recommendations to help standardising this setting. TaggedEnd

TaggedPTele-medicine, artificial intelligence, virtual reality,
robotics are increasingly helping (invading?) the medical
activities. 1,4,16 However, as physicians we need to be aware
that technology has never been able to substitute the empa-
thy of the in-person doctor-patient relationship. Therefore,
as health care providers, we will always be asked to balance
the advances of present and future available technologies
and the direct empathic approach with our most severely
affected respiratory patients. TaggedEnd
TaggedH1Funding TaggedEnd

TaggedPThis manuscript was not funded. TaggedEnd
TaggedH1Conflicts of interest TaggedEnd

TaggedPNo financial or personal relationship can cause a conflict of
interest regarding this article. TaggedEnd
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TaggedPMines Saint-Etienne, Universit�e Lyon, Universit�e Jean Monnet, Etablissement Français du Sang, INSERM, U1059 Sainbiose,
Centre CIS, F-42023 Saint-Etienne, France
TaggedEnd
Received 2 August 2022; accepted 8 August 2022
Available online 15 September 2022
TaggedPIn addition to ultra-fine particles produced naturally or unin-
tentionally released as a consequence of human activities,
engineered nanomaterials are produced purposefully to take
advantage of their unique physicochemical characteristics
associated with their nanostructure. The growing develop-
ment and applications of nanomaterials lead to an increasing
release of these materials into the environment and conse-
quently we are increasingly exposed to them. TaggedEnd

TaggedPInhaled nanoparticles can deeply affect human health,
especially, but not exclusively, in the context of air pollution.
An update of the World Health Organization’s air quality data-
base was released in April 2022, warning that significant harm
can be caused by even low levels of air pollutants.1 As lungs
are directly and constantly exposed to airborne pollutants,
the effects of air pollution on the respiratory system has
received much attention. Correlations have been reported
between air pollution, especially particulate matter (PM),
and the incidence and mortality of lung cancers.2�4 PM was
classified as a group I human carcinogen by the International
Agency for Research on Cancer (IARC) based on data from
human, animal and mechanistic studies.5,6 But other cancers
are also suspected to be related to air pollution such as child-
hood leukemia, cancers of the gastro-intestinal tract, bladder
and kidney cancers or breast cancers.TaggedEnd

TaggedPIn any case, inhaled nanoparticles can accumulate within
the lungs where they are able to induce tissue damages. It
TaggedEnd * Corresponding author.
E-mail address: vforest@emse.fr (V. Forest).
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TaggedEndTaggedPhas been especially reported that biopersistent engineered
nanoparticles can induce pro-inflammatory reaction and oxi-
dative stress, creating a microenvironment favorable to the
development of diseases and especially cancers. In addition,
due to their small size, inhaled nanoparticles can also cross
the blood-air barrier and be distributed to other organs
where they can trigger further damage.TaggedEnd

TaggedPAlthough epidemiological studies are informative, they are
time- and resource- consuming. To get a better understanding
of the chain of events from exposure to disease, alternative
approaches such as the biological monitoring of biopersistent
nanoparticles in patients could be used. Indeed, such biomoni-
toring would allow for the quantification of the internal dose
of inhaled biopersistent particles, which differs from the
external dose that can be measured by ambient monitoring (i.
e., atmospheric metrology). The assessment of the internal
dose is a first step towards the characterization of persistent
engineered nanoparticles in tissues and the understanding of
this potential source of adverse effects.7�9

TaggedEnd

TaggedPThis approach has led to suggestions about the contribution
of silica submicron particles to the development of sarcoido-
sis,10 providing new research avenues. Similarly, it could
improve understanding of the factors, which if they not actually
cause may at least contribute to the development of cancers.TaggedEnd

TaggedPCombining the biomonitoring of nanoparticles in human sam-
ples and toxicological studies could improve understanding of
the pathways involved in cancer development and also play a
part in prevention, by limiting exposure to the incriminated
sources of hazard.TaggedEnd
lsevier España, S.L.U. This is an open access article under the CC BY-
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TaggedPIn conclusion, the biological monitoring of nanoparticles
in human samples appears as an alternative approach to
time- and resource- consuming epidemiological studies to
highlight relationships between exposure to nanoparticles
and lung diseases development. TaggedEnd
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and MIR1208 (rs2608029 and rs13280095) were selected and genotyped among 315 COPD
patients and 314 healthy controls using the Agena MassARRAY platform. SPSS 18.0 was used for
statistical analysis and data processing. Odds ratios (ORs) and 95% confidence intervals (CIs)
were calculated to assess the association between genetic variants of MIR1208 and MIR5708
and COPD risk.
Results: The results suggested that rs16907751 variants in MIR5708 contributed to an increased
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TaggedEndTaggedP(P = 0.017), recessive (P = 0.002), and additive (P = 0.002) models. The effects of MIR5708 and
MIR1208 gene polymorphisms on the risk of COPD were age-, sex-, smoking status-, and BMI-
related. Furthermore, the C-A and G-A haplotypes of rs2608029 and rs13280095 in MIR1208 were
identified as risk factors for COPD in the population over 70 years (P = 0.029) and in women
(P = 0.049), respectively. Finally, significant associations between rs16907751genotypes with
pulse rate and forced expiratory volume in 1 s were found among COPD patients.
Conclusion: Genetic polymorphisms in MIR5708 and MIR1208 are associated with increased risk
of COPD in China.
© 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

TaggedPChronic obstructive pulmonary disease (COPD) is a multi-
factorial chronic respiratory disease characterized by
irreversible pulmonary airflow obstruction.1,2 Many stud-
ies have shown that the development of COPD is influ-
enced by environmental factors and a complex set of
genetic traits.2�4 Recently, genome-wide association and
exome sequencing studies have been used to identify the
hereditary factors of COPD among different populations,
but the effect of genetic variants on COPD is still
unclear.5 TaggedEnd

TaggedPMicro RNAs (miRNAs) are a class of endogenous non-
coding RNAs, 22�25 nucleotides in length that can bind
to the 30-UTR region of mRNA transcripts, thereby inhibit-
ing their translation and expression.6,7 Variants in miRNAs
are thought to be involved in post-transcriptional regula-
tion and influence disease susceptibility.7,8 Zhou et al
and Wang et al found that the miR-146a rs2910164 single
nucleotide polymorphism (SNP) is associated with
improved lung function in smokers with COPD.7,8 Related
studies in the Korean population have suggested that
gene polymorphisms in miR-196a2, miR-146a, and miR-
499 could be associated with asthma phenotypes.6 Fawzy
et al also found a significant association between the
miR-196a2 rs11614913 polymorphism and the bronchodi-
lator response in Egyptians with COPD.9 Therefore, it is
important to explore the effect of miRNA variants on sus-
ceptibility to COPD. TaggedEnd

TaggedPMIR5708 and MIR1208 are miRNAs located on chromosome
8. MIR5708 has been identified as a risk locus for rheumatoid
arthritis through gene-based association testing.10 MIR1208
is thought to be involved in the regulation of tumor-related
pathways by binding to the upstream gene circMTUS1.11 Rel-
evant studies have also recognized MIR1208 as a tumor sup-
pressor gene that can increase sensitivity of renal cancer
cells to cisplatin.12 Moreover, genetic polymorphisms of
MIR1208 rs2648841 have been found to be related to chemo-
therapy toxicity in children with acute lymphoblastic leuke-
mia.13 However, to the best of our knowledge, the influence
of MIR5708 and MIR1208 polymorphisms on the risk of COPD
has not been studied. TaggedEnd

TaggedPTherefore, we performed this case-control study to inves-
tigate the relationship between MIR5708 (rs6473227 and
rs16907751) and MIR1208 (rs2608029 and rs13280095) poly-
morphisms and susceptibility of Chinese to COPD, and to
explain the roles of genetic factors in the pathogenesis of
COPD through statistical analysis. TaggedEnd
7

TaggedH1Methods TaggedEnd

TaggedH2Study population TaggedEnd

TaggedPThis study recruited 314 COPD patients (76% men) and 315
healthy controls (75% men). Patients with appropriate symp-
toms including dyspnea, cough, sputum production, wheez-
ing, and chest tightness were considered as suspected cases
of COPD, which were further confirmed by a post-bronchodi-
lator fixed ratio of forced expiratory volume in 1 second/-
forced vital capacity (FEV1/FVC) < 0.70.14 Meanwhile,
patients with other respiratory diseases, autoimmune dis-
eases, cardiovascular diseases, and others were excluded.
Healthy controls were recruited from the physical examina-
tion center of Hainan General Hospital, matched by age and
sex with FEV1/FVC > 0.70, and no disease or family history.
Demographic and clinical characteristics of all subjects were
surveyed, and informed consent was obtained regarding the
purpose and procedure of this study. This study was
approved by the Hainan General Hospital and followed the
Declaration of Helsinki guidelines. TaggedEnd

TaggedH2SNP selection and genotyping TaggedEnd

TaggedPThe selection of SNPs was based on haplotype or genotype
data. Two SNPs in MIR1208 (rs2608029 and rs13280095) and
two in MIR5708 (rs6473227 and rs16907751) were selected
from the database of the 1000 Genomes Project (https://
www.internationalgenome.org/) with the criteria of minor
allele frequency (MAF) > 0.05, and r2 > 0.80. The online
design of the corresponding primers was performed in
AgenaCx Tools (https://agenacx.com/online-tools/), and
the primer sequences are listed in Supplementary Table 1.
Genomic DNA of all participants was extracted and purified
from cryopreserved serum using a GoldMag-Beads Kit (Gold-
Mag, Xi’an, Shaanxi, China), and spectrophotometry (Beck-
man, Fullerton, CA, USA) was used to determine DNA
concentration. SNP genotyping and data collection were
conducted using the Agena MessARRAY platform and Agena
Bioscience TYPER software (Agena Bioscience, San Diego,
CA, USA), respectively.TaggedEnd

TaggedH2Statistical analysis TaggedEnd

TaggedPThe statistical data of this case-control study were proc-
essed using SPSS software (version 22.0, SPSS Inc., Chicago,
IL, USA), Microsoft Excel software, and PLINK software
(version 1.07) (http://www.cog-genomics.org/plink2/).



TaggedEndY. Zhou, F. Bai, X. Li et al.
TaggedEndTaggedPIndependent-sample t-test and chi-squared test were used
to assess differences in clinical indexes between COPD
patients and healthy controls, where appropriate. The asso-
ciation between each SNP and the risk of COPD was evalu-
ated by logistic regression analysis under different genetic
models, and was represented by odds ratios (ORs) and 95 %
confidence intervals (CIs) after adjusting for age and sex.
Hardy-Weinberg equilibrium (HWE) for each SNP in the con-
trol group was determined using Fisher’s exact test. Statisti-
cal significance was set at p < 0.05. TaggedEnd
TaggedH1Results TaggedEnd

TaggedH2Clinical indexes of participants and genotypic
characteristics of selected SNPs TaggedEnd

TaggedPDemographics and clinical indexes of all 629 participants
comprising 315 COPD patients (mean age 71.93 § 10.11
years) and 314 healthy controls (mean age 71.23 § 6.83
years old) are displayed in Table 1. Statistically, cases
and controls were matched by age (P = 0.306) and sex
(P = 0.908). TaggedEnd

TaggedPTable 2 lists the detailed information of the four SNPs in
MIR2708 and MIR1208; MAFs > 0.05 and SNPs in the control
group conformed to HWE (P > 0.05). Moreover, a significant
association between the rs16907751 polymorphism and
COPD risk was found in the allelic model (P = 0.001). TaggedEnd

TaggedH2Association of MIR1208 and MIR5708 polymorphisms
and COPD susceptibility TaggedEnd

TaggedPWe carried out an association analysis on genetic variants
and COPD susceptibility and the relevant data are presented
in Table 3. The results suggested that the TT genotype at
rs16907751 in MIR5708 was a risk factor for COPD in the co-
dominant (OR = 4.62, 95% CI = 1.84�11.62, P = 0.001), domi-
nant (OR = 1.49, 95% CI = 1.07�2.08, P = 0.017), recessive
TaggedEnd Table 1 Clinical characteristics of cases and controls.

Variables Case (n = 315)

Age (Mean § SD) 71.93 § 10.11
� 70 127 (40%)
> 70 188 (60%)

Gender
Male 239 (76%)
Female 76 (24%)

BMI (kg/m2)
� 24 251 (80%)
> 24 29 (9%)

Tobacco smoking status
Yes 147 (47%)
No 166 (53%)

Comorbidity
Yes 93 (30%)
No 174 (55%)

SD, standard deviation; BMI, body mass index.
a P was calculated by t test.
b P was calculated by Pearson's chi-squared test.

8

TaggedEndTaggedP(OR = 4.27, 95% CI = 1.71�10.66, P = 0.002), and additive
(OR = 1.57, 95% CI = 1.19�2.07, P = 0.002) models. TaggedEnd

TaggedPTo further explore the association between SNPs and
COPD risk, we conducted a stratified analysis according to
age, sex, BMI, and smoking status. According to the data
listed in Table 4, rs6473227 in MIR5708 was associated with
an increased risk of COPD in the population with a body mass
index (BMI, kg/m2) less than or equal to 24 in the allelic
(OR = 1.66, 95% CI = 1.13�2.44, P = 0.010), homozygous co-
dominant (OR = 2.97, 95% CI = 1.34�6.62, P = 0.008), reces-
sive (OR = 2.15, 95% CI = 1.06�4.35, P = 0.033), and additive
(OR = 1.72, 95% CI = 1.16�2.55, P = 0.007) models. Moreover,
rs16907751 in MIR5708 was found to be significantly associ-
ated with an increased risk of COPD in males, non-smokers,
patients older than 70 years, and individuals with a BMI �
24. In addition, females heterozygous at rs2608029
(OR = 2.24, 95% CI = 1.09�4.64, P = 0.029) were more sus-
ceptible to COPD risk in both dominant (OR = 2.19, 95%
CI = 1.07�4.47, P = 0.031) and additive (OR = 1.99, 95%
CI = 1.02�3.91, P = 0.045) models. TaggedEnd

TaggedPWe continued with a haplotype analysis and found a block
(rs2608029 and rs13280095) in MIR1208 (Table 5). The C-A
haplotype of rs2608029 and rs13280095 was found to be
related to an increased risk of COPD (OR = 2.59, 95%
CI = 1.10�6.06, P = 0.029) in the population over 70 years,
whereas Grs2608029Ars13280095 was found to be a risk factor for
COPD in women. TaggedEnd
TaggedH2Association analysis of clinical indexes of COPD and
gene polymorphisms TaggedEnd

TaggedPThen, the effects of genetic variants in MIR5708 and
MIR1208 on COPD were investigated in terms of clinical indi-
ces, including respiratory rate (RR), pulse rate (PR), FVC,
FEV1, and FEV1/FVC (Table 6). The results suggested that
rs16907751 in MIR5708 was significantly associated with PR
(P = 0.009) and FEV1 (P = 0.049) in the genotypic model.
Control (n = 314) P

71.23 § 6.83 0.306a

137 (44%)
177 (56%)

0.908b

237 (75%)
77 (25%)

67 (21%)
78 (25%)

52 (17%)
118 (38%)



TaggedEnd Table 2 Information regarding SNPs in MIR5708 and MIR1208.

Gene SNP Chromosome Position Allele A/B MAF HWE-P OR(95% CI) P

Case Control

MIR5708 rs6473227 8 81285892 A/C 0.448 0.462 0.651 0.94(0.76�1.18) 0.614
MIR5708 rs16907751 8 81375457 T/C 0.238 0.164 0.411 1.59(1.20�2.11) 0.001
MIR1208 rs2608029 8 129170126 C/G 0.167 0.145 0.648 1.18(0.87�1.60) 0.298
MIR1208 rs13280095 8 129179090 C/A 0.116 0.112 1 1.04(0.73�1.48) 0.821

SNP, single nucleotide polymorphism; MAF, minor allele frequency; HWE, Hardy-Weinberg equilibrium; OR, odds ratio; 95% CI, 95% confi-
dence interval.
Bold P < 0.05 indicates statistical significance.

TaggedEnd Table 3 Association of MIR5708 and MIR1208 polymorphisms with COPD risk.

SNP Model Allele/Genotype Case Control OR(95% CI) P

rs6473227 Co-dominant (HOM) AA vs CC 65(20.6%) 69(22.0%) 0.88(0.57�1.38) 0.584
Co-dominant (HET) AC vs CC 152(48.3%) 152(48.4%) 0.94(0.65�1.35) 0.724
Dominant AA-AC vs CC 217(68.9%) 221(70.4%) 0.92(0.65�1.29) 0.632
Recessive AA vs AC-CC 65(20.6%) 69(22.0%) 0.92(0.63�1.35) 0.669
Additive 0.94(0.75�1.17) 0.579

rs16907751 Co-dominant (HOM) TT vs CC 23(7.3%) 6(1.9%) 4.62(1.84�11.62) 0.001
Co-dominant (HET) TC vs CC 101(32.1%) 91(29.0%) 1.29(0.91�1.82) 0.149
Dominant TT-TC vs CC 124(39.4%) 97(30.9%) 1.49(1.07�2.08) 0.017
Recessive TT vs TC-CC 23(7.3%) 6(1.9%) 4.27(1.71�10.66) 0.002
Additive 1.57(1.19�2.07) 0.002

rs2608029 Co-dominant (HOM) CC vs GG 5(1.6%) 5(1.6%) 1.13(0.32�3.97) 0.852
Co-dominant (HET) CG vs GG 95(30.1%) 81(25.8%) 1.26(0.89�1.79) 0.199
Dominant CC-CG vs GG 100(31.7%) 86(27.4%) 1.25(0.89�1.77) 0.202
Recessive CC vs CG-GG 5(1.6%) 5(1.6%) 1.05(0.30�3.68) 0.940
Additive 1.21(0.88�1.67) 0.233

rs13280095 Co-dominant (HOM) CC vs AA 3(1.0%) 4(1.3%) 0.82(0.18�3.71) 0.792
Co-dominant (HET) CA vs AA 67(21.3%) 62(19.7%) 1.11(0.75�1.64) 0.608
Dominant CC-CA vs AA 70(22.2%) 66(21.0%) 1.09(0.74�1.60) 0.656
Recessive CC vs CA-AA 3(1.0%) 4(1.3%) 0.80(0.18�3.61) 0.768
Additive 1.06(0.75�1.52) 0.731

SNP, single nucleotide polymorphism; OR, odds ratio; 95% CI, 95% confidence interval; HOM, homozygous; HET, heterozygous
P value was calculated by logistic regression analysis with adjustment for age and sex.
Bold P < 0.05 indicates statistical significance.
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TaggedEndTaggedPFurthermore, no association was found between rs6473227,
rs2608029, and rs13280095 and the clinical indices of COPD. TaggedEnd
TaggedH1Discussion TaggedEnd

TaggedPAccording to the latest Global Health Observatory data,
COPD was ranked as the third leading cause of death world-
wide, accounting for approximately 5% of all deaths globally
in 2015 (3.17 million deaths). The prevalence and burden of
COPD are projected to increase over the coming decades.15

It has been clearly demonstrated that the interaction
between genotype and environment plays an important role
in COPD phenotypes.16,17 Genetic background plays a critical
role in the development of COPD, and related studies have
proposed significant differences in genetic susceptibility to
COPD among different races and ethnicities.18 Therefore,
the effect of genetic polymorphisms of candidate genes on
the risk of COPD among Chinese was examined. TaggedEnd
9

TaggedPAs a result, statistical analysis of the genotyping results
of 315 COPD patients and 314 healthy controls among Chi-
nese patients identified MIR5708 rs16907751 as a risk factor
of COPD, and significant associations between rs16907751
and clinical indexes including PR and FEV1 in COPD patients
were found. The examined mutation loci have been rarely
reported; only rs6473227 showed a close relationship with
atopic dermatitis in a related case-control analysis.19 Our
results suggest that rs6473227 may contribute to an
increased risk of COPD in individuals with a BMI less than 24.
A related study pointed out that neuroimmune interactions
are implicated in chronic inflammations such as atopic der-
matitis, COPD, and asthma20; therefore, we hypothesized
that MIR5708 rs6473227 may increase susceptibility to
inflammation-related disorders. In addition, we found that
MIR5708 rs16907751 may increase the risk of COPD in
patients with normal BMI. There have been studies support-
ing our findings and reported that low BMI is a risk factor for
accelerated decline in lung function compared to normal
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TaggedEnd Table 5 Haplotype analysis of the association between MIR5708 and MIR1208 polymorphisms and COPD risk.

Gene SNP Subgroup Haplotype Fre-case Fre-control OR(95% CI) P

MIR1208 rs2608029|rs13280095 Overall CC 0.116 0.111 1.08(0.76�1.54) 0.681
CA 0.051 0.034 1.55(0.88�2.73) 0.128
GA 0.167 0.146 1.21(0.88�1.66) 0.242

MIR1208 rs2608029|rs13280095 Age (>70) CC 0.080 0.105 0.67(0.38�1.16) 0.155
CA 0.053 0.023 2.59(1.10�6.06) 0.029
GA 0.133 0.128 1.04(0.65�1.67) 0.867

MIR1208 rs2608029|rs13280095 Female CC 0.145 0.086 1.82(0.87�3.80) 0.110
CA 0.053 0.026 2.13(0.61�7.41) 0.237
GA 0.197 0.118 1.96(1.00�3.86) 0.049

SNP, single nucleotide polymorphism; OR, odds ratio; 95% CI, 95% confidence interval; BMI, body mass index
P value was calculated by logistic regression analysis with adjustment for age and sex.
Bold P < 0.05 indicates statistical significance

TaggedEnd Table 6 Association analysis on the clinical indexes of COPD and gene polymorphisms.

SNP RR (breaths/min) PR (beats/min) FVC (L) FEV1 (L) FEV1/FVC (%)

rs6473227 AA 22.00 § 2.44 84.44 § 9.36 3.30 § 1.78 1.21 § 0.55 31.65 § 30.57
CA 22.42 § 2.43 87.28 § 12.34 1.95 § 0.74 1.24 § 0.55 40.08 § 29.36
CC 22.33 § 2.55 86.06 § 11.96 1.99 § 0.60 1.19 § 0.49 46.26 § 27.17
P 0.543 0.286 0.164 0.907 0.078

rs16907751 TT 23.35 § 3.05 93.90 § 12.96 1.95 § 0.80 0.99 § 0.35 36.96 § 27.96
TC 22.10 § 2.42 85.93 § 13.06 1.90 § 0.50 1.11 § 0.40 41.70 § 27.62
CC 22.28 § 2.41 85.54 § 10.44 2.49 § 4.70 1.31 § 0.68 39.79 § 30.68
P 0.123 0.009 0.639 0.049 0.866

rs2608029 CC 22.60 § 3.05 83.60 § 5.18 2.35 § 0.78 1.53 § 0.83 49.21 § 33.36
GC 22.43 § 2.45 88.06 § 10.13 1.86 § 0.71 1.19 § 0.58 44.47 § 30.47
GG 22.24 § 2.47 85.62 § 12.38 2.45 § 4.54 1.22 § 0.60 37.24 § 28.53
P 0.812 0.239 0.640 0.558 0.276

rs13280095 AA 22.26 § 2.53 85.98 § 12.18 2.39 § 4.28 1.22 § 0.60 38.27 § 28.97
CA 22.36 § 2.18 87.64 § 9.82 1.85 § 0.69 1.19 § 0.58 42.96 § 30.68
CC 24.67 § 1.53 86.67 § 4.16 2.45 § 0.92 1.70 § 0.92 65.46 § 9.31
P 0.239 0.629 0.740 0.367 0.215

RR, respiratory rate; PR, pulse rate; FVC, forced vital capacity; FEV1, forced expiratory volume in 1s.
Bold P < 0.05 indicates statistical significance.

TaggedEndPulmonology 29 (2023) 6�12
TaggedEndTaggedPBMI,21 thereby suggesting a protective role of high BMI in
COPD patients. TaggedEnd

TaggedPTobacco smoking is widely recognized as the most impor-
tant risk factor for COPD,22 but it is not the only risk factor
for COPD. Qian et al. concluded that both non-smokers and
smokers are likely to suffer from COPD, which may be the
result of differential miRNA expression between.23 At pres-
ent, there has been no report on the association between
miR5708 and miR1208 and the risk of disease COPD. How-
ever, our study further provided evidence that allele T of
MIR5708 rs16907751 may increase susceptibility of non-
smokers to COPD. There have been reports confirming that
up to 30% of patients with COPD do not have a smoking his-
tory.18 Therefore, multiple genes and exposure to environ-
mental and occupational factors are thought to jointly
affect COPD development. TaggedEnd

TaggedPFurthermore, we also found that the effects ofMIR5708 and
MIR1208 on the risk of COPD were age- and sex-dependent.
Related epidemiological studies have shown that the preva-
lence of COPD increases with age,24 and Mercado et al. also
11
TaggedEndTaggedPshowed that aging of the lung resulted in loss of lung elasticity
and reduced ability to respond to environmental stress and
damage.25 Our findings also indicated MIR5708 rs16907751 as a
risk factor for COPD in patients over 70 years of age. Based on
the stratified analysis, our results suggested that MIR5708
rs16907751 and MIR1208 rs2608029 are associated with
increased COPD risk in men and women, respectively, and fur-
ther confirmed gender differences in COPD susceptibility con-
ferred by these two SNPs. Aryal et al. stated that the
differences in sex were derived mainly by smoking status, hor-
mone levels, and behavioral differences.26 Current data indi-
cate that in China, the prevalence of COPD in men is higher
than that in women, but the difference varies with exposure to
risk factors and socioeconomic development in different geo-
graphic regions.27,28 However, in our current study, we did not
focus on the effect of environment, occupational differences,
and regional constraints. Moreover, the small sample size and
incomplete sample information in some cases are also limita-
tions of our study. Subsequent functional experiments are
needed to verify the effects of these SNPs on COPD.TaggedEnd
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TaggedH1Conclusion TaggedEnd

TaggedPIn summary, this study is the first to indicate that genetic
variants in MIR5708 and MIR1208 are associated with an
increased risk of COPD in the Chinese population, and the
effects of these SNPs are related to age, sex, smoking status,
and BMI.TaggedEnd
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Abstract
Aim: To investigate the perspective of physicians treating chronic airway diseases on the impor-
tance of device and substance characteristics influencing the compliance of patients with
chronic obstructive airways diseases.
Objective: We surveyed physicians’ perspective on the impact of device and substance charac-
teristics on patients’ compliance.
Methods: This study was carried out by running a structured questionnaire, to a total of 144
physicians, conducting personal interviews and evaluating answers on a scale from 1 for most
to 6 for least important influencing parameter.
Results: Overall, the most important parameters influencing patients’ compliance according
to physicians’ perspective were rapid onset of action, type of inhalation device and duration
of action. Adverse events were considered as the least important parameter. When COPD and
asthma were examined separately, the most important parameters influencing compliance were
rapid onset of action, ease of use and duration of action. Rapid onset of action was significantly
more important in asthma than COPD.
Conclusion: Onset and duration of action and ease of use were classified higher as important
parameters to increase patients’ compliance, according to physicians’ perspective.
© 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/).
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Introduction

Obstructive airway diseases, Chronic Obstructive Pulmonary
Disease (COPD) and Asthma, are increasing in frequency
throughout the world, having a significant impact on qual-
ity of life. More than 3 million people died of COPD in 2012
accounting for 6% of all deaths globally.1,2

Similarly, the global prevalence rates of asthma in adults
is increasing.3 Compliance plays a major role in disease
outcome, as it has been associated with increased morbid-
ity and mortality.4,5 A better understanding of the factors
associated with adherence, can lead to more appropri-
ate decisions regarding management. It has been shown
that treatment success is proportionally linked to patients’
compliance, both in COPD and asthma.6 On the other hand,
suboptimal adherence to inhaled medication is linked to
increased hospitalizations and economic health costs.7---10

The present study surveyed doctors’ perspective on the
role of active substance, type of inhalation device, onset
of action, drug formulation, duration of action and adverse
events as parameters influencing patients’ compliance.

Methods

Participants

A total of 144 prescribing doctors participated in the study
with the majority being pulmonologists. Specifically, there
were 104 pulmonologists (72%), 3 intensivists, 7 allergolo-
gists, 27 internists & 3 pediatricians) participated in the
study. Excluding the 3 pediatricians, all other participants
declared that were actively involved in the management of
COPD and asthma. Regarding the workplace of respondents,
74% worked in a public hospital, 19% in a private practice
and 7% in a private clinic.

Design of the study

During the National Respiratory Congress, physicians were
asked to answer a questionnaire regarding the importance of
device and substance characteristics influencing the compli-
ance of patients with chronic obstructive airways diseases.
The importance of parameters was evaluated on a scale of
1---6, with one representing the most and six representing
the least important. Evaluated parameters included rapid
onset of action, duration of action, ease of use, low flow
resistance, ability of the device to confirm the dose, type
of inhalation device, and the formulation of the drug. Par-
ticipants were asked to determine the importance of the
above-mentioned parameters in chronic obstructive lung
diseases in general and subsequently in COPD and asthma
separately. The average time to complete the questionnaire
was 12 min.

Statistical analysis

Descriptive statistics: The continuous (e.g. age) and ordi-
nal study parameters (e.g. the scaled answers to the Study
questions) were presented using mean, median, standard
deviation (SD), standard error of the mean (SE) and range,

while the nominal parameters (e.g. gender) were presented
using tables of frequencies.

Inference: The data analysed were subjective rankings
(scores) by the physicians, on various parameters (char-
acteristics) of inhalation devices. In the case of Question
1 (overall evaluation of parameters influencing patients’
compliance/ 6 parameters) the data were ranked on a
six-point scale. In the case of Question 2A (parameters
influencing the compliance of patients with Asthma / 7
parameters) and Question 2B (parameters influencing COPD
patients’ compliance / 7 parameters) the data were ranked
on a seven-point scale.

All above parameters were compared between male and
female physicians using Mann-Whitney U-test, while they
were compared between age groups using Kruskal Wallis
test.

For the parameters belonging to Question 1 (overall eval-
uation of parameters influencing patients’ compliance /6
parameters), Friedman’s test checked the overall differ-
ence between scores, i.e. if at least one of the parameters
had a different score from the rest. Afterwards these six
parameters were compared with each other using Wilcoxon
signed-rank test (15 comparisons). Bonferroni correction
was also applied, so the alpha level (two-tailed) for these
comparisons was set at 0.05/15 = 0.0033.

For the (scaled) parameters belonging to Question 2A
(parameters influencing the compliance of patients with
Asthma / 7 parameters), Friedman’s test checked the over-
all difference between scores, i.e. if at least one of the
parameters had a different score from the rest. Afterwards
the seven parameters were compared with each other using
Wilcoxon signed-rank test (21 comparisons). Again, Bonfer-
roni correction was applied, so the alpha level (two-tailed)
for these comparisons was set at 0.05/21 = 0.0024. The same
procedure as above was applied (the alpha level [two-
tailed] for these comparisons was set at 0.05/21 = 0.0024)
for the scaled parameters belonging to Question 2B (param-
eters influencing the compliance of patients with COPD / 7
parameters). Finally, the parameters influencing COPD and
Asthmatic patients’ compliance were compared between
patients with Asthma (Question 2A) and COPD patients
(Question 2B) using Wilcoxon signed-rank test (7 compar-
isons). No Bonferroni adjustment was applied since these
comparisons were independent. All analyses were per-
formed using R 4.0.3.

Results

Overall evaluation of parameters influencing
patients’ compliance

On average ‘‘Rapid onset of action’’ was ranked lower (more
important- influential) than all the other parameters. It
was statistically significantly lower than all other param-
eters except that of ‘‘Type of inhalation device’’. On the
contrary, ‘‘Adverse events’’ was ranked statistically signifi-
cantly higher (less important- influential) than all the other
parameters. (Fig. 1). Statistical significance among studied
parameters is shown in Table 1.
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Fig. 1 Overall evaluation of parameters influencing patients’ compliance. Mean and Median of the six evaluated parameters:
Scale: 1= most important, 6= least important.

Table 1 Descriptive statistics regarding the six Parameters of Question 1: Overall evaluation of parameters influencing patients’
compliance. Scale: 1 = 1st most important, 6 = 6th least important. P-values of the 15 applications of Wilcoxon signed-rank test.
Base: Observed cases.

Note: P-values that were marginally ≥0.0033 are marked with blue colour, while p-values <0.0033 (Statistically significant difference
between the two parameters) are marked with yellow colour.
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Fig. 2 Evaluation of parameters influencing the compliance of patients with Asthma. Mean and Median of the seven Parameters:
Scale: 1= most important, 7= least important.

Fig. 3 Evaluation of parameters influencing the compliance of patients with COPD. Mean and Median of the seven Parameters:
Scale: 1= most important, 7= least important.

Parameters influencing the compliance of patients
with Asthma

On average ‘‘Rapid onset of action’’ was ranked sta-
tistically significantly lower (more important-influential)
than all the other parameters. The next most influ-
ential parameters were ‘‘Ease of use’’ and ‘‘Duration
of action’’ that were ranked statistically significantly
lower (more important- influential) than the other 4
parameters. On the contrary, ‘‘The formulation of the
drug’’ was ranked statistically significantly higher (less
important) than all other parameters. (Fig. 2). Statisti-
cal significance among studied parameters is shown in
Table 2.

Parameters influencing the compliance of patients
with COPD

On average ‘‘Rapid onset of action’’, ‘‘Duration of action’’
and ‘‘Ease of use’’ were ranked statistically significan-
tly lower (more important-influential) than the other four
parameters (‘‘Rapid onset of action’’, ‘‘Duration of action’’
and ‘‘Ease of use’’ were not statistically significantly dif-
ferentiated between each other). The parameter ‘‘The
formulation of the drug’’ was ranked statistically significan-
tly higher (less important) than all other parameters, except
that of ‘‘Ability of the device to confirm the dose’’.

(Fig. 3). Statistical significance among studied parame-
ters is shown in Table 3.
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Table 2 Descriptive statistics regarding the seven Parameters influencing the compliance of patients with Asthma. Scale:
1 = 1st most important, 7 = 7th least important. P-values of the 21 applications of Wilcoxon signed-rank test. Base: Observed
cases (N = 140).

Note: P-values<0.0024 (Statistically significant difference between the two parameters) are marked with yellow colour.

Comparison of parameters influencing the
compliance between patients with COPD and
asthma

The following parameters were differentiated in the
comparison between patients with Asthma and COPD
patients,: Rapid onset of action was ranked statisti-
cally significantly lower (more important-influential) in
Asthmatic patients, Low flow resistance was ranked sta-
tistically significantly higher (less important-influential)
in Asthmatic patients, duration of action and ease of
use were marginally statistically significantly higher
(less important-influential) in Asthmatic patients
(Table 4).

Discussion

In this study surveying the opinion of physicians treating
patients with chronic obstructive airways diseases (asthma
and COPD), rapid onset of action, ease of use and dura-
tion of action were the most important parameters favoring
patients’ compliance for both diseases.

As expected, rapid onset of action was the most impor-
tant factor influencing compliance both in COPD and asthma.
Interestingly, it was statistically more important in asthma
than in COPD. This finding reflects the difference in patho-
physiology and clinical behavior between asthma in COPD
as perceived by physicians. In general, asthma is consid-
ered a disease which is more likely to be complicated with
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Table 3 Descriptive statistics regarding the seven parameters influencing the compliance of patients with COPD. Scale: 1 = 1st
most important, 7 = 7th least important. P-values of the 21 applications of Wilcoxon signed-rank test. Base: Observed cases
(N = 138).

Note: P-values<0.0024 (Statistically significant difference between the two parameters) are marked with yellow colour.

Table 4 Mean and Median values regarding the seven Parameters influencing the compliance of patients with ASTHMA/ COPD.
P-values of the 7 applications of Wilcoxon signed-rank test. Base: Observed cases (N = 138).

Note: P-values marginally <0.05 are marked with blue colour, while p-values <0.005 are marked with yellow colour.
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episodes of acute shortness of breath in need of immedi-
ate relief. Duration of action was also considered as an
important parameter influencing compliance, irrespective
of the underlying diagnosis. This parameter was numeri-
cally more important in COPD compared to asthma. Duration
of action is clinically relevant for bronchodilators as their
duration of action has a direct impact on patients’ symp-
toms and therefore compliance. The above physicians views
also correlate with patients’ perspectives.11 The fact that
adverse events were not considered at all as an important
compliance factor, confirms the strong belief of physicians
in the safety of inhaled medications. Ease of use was also
considered as a key factor for compliance. In asthma ease
of use is especially important during an acute event of
dyspnea needing immediate relief. In COPD patients, who
are usually older with several comorbidities ease of use is
also an understandable parameter that can affect compli-
ance.

The increased number of inhaler devices in recent
years has resulted in a confusing number of choices for
physicians and patients. The prescribing physician must bal-
ance the efficacy of inhaled medications with patients’
preferences, personality traits and their physical abil-
ity to handle devices appropriately. The selection of an
inhalation device for patients with asthma and COPD
has become a complicated issue as several parameters
should be taken into account, such as: device/drug avail-
ability, clinical setting, patient age, the ability to use
the selected device correctly, device use with multiple
medications, cost and reimbursement, drug administra-
tion time, convenience in both outpatient and inpatient
settings, and physician and patient preference, as stated
previously.12---16 Unfortunately, such studies are scarce in the
literature.

Strengths of this study are the detailed questionnaire,
and the relatively high number of respondents. However,
we acknowledge certain limitations of the study. First, we
recognize that we explored a complex issue which is difficult
to approach by öne- shot strong and direct answers’’ as the
answers do not take into account the individualization of the
patient path, the level of functional severity, the different
phenotypes, the age of the patient and the patient’s history.
Another limitation is that this study exclusively included spe-
cialists and lacks the views of general practitioners. Thus,
the results cannot be generalized for non-specialists. Fur-
thermore, the study reflects the beliefs of the physicians
of a single country and comparative studies among differ-
ent countries could provide significant insights. Given the
limited number of relevant studies, the present work adds
to our understanding of physicians’ perspectives on patient
compliance.

In conclusion, rapid onset of action, ease of use and dura-
tion of action, were classified higher among the parameters
examined. Further studies are needed among physicians of
different specialties and nationalities to identify more rigor-
ously factors increasing patient compliance. Evidence-based

guidelines for the selection of the appropriate inhalation
device in specific clinical settings are needed.
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TaggedEndTaggedPmajor limitation of snorkeling mask is that during NIV with this interface it is possible to reach
maximum 18 cmH2O of peak inspiratory pressure.
Conclusions: The modified snorkeling mask can be used as an acceptable alternative to other
interfaces for both nCPAP and NIV in emergencies.
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TaggedH1Introduction TaggedEnd

TaggedPIn March 2020, the World Health Organization (WHO)
declared the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) outbreak a pandemic, due to the increasing
number of cases reported worldwide,1 with high rates of
hospitalization and ICU admission.2 The high number of
SARS-CoV-2 cases initially in Lombardy, and subsequently
throughout the whole country, made Italy one of the most
affected countries in Europe.3 TaggedEnd

TaggedPAs happened in March 2020, wherein Lombardy in few
days a total of 1593 patients, affected by severe respiratory
failure due to COVID-19, were admitted to the ICU,4 out of a
total of 1202 ICU beds available,2 the National health care
system is now again under pressure from a growing second
wave of patients hospitalized or admitted to ICU for acute
respiratory failure. TaggedEnd

TaggedPCOVID-19 is characterized by a viral interstitial pneumo-
nia5 with fever, dry cough, dyspnoea, and bilateral ground-
glass opacities,6 with about 67% of patients evolving to
severe pneumonia.7,8 TaggedEnd

TaggedPPreliminary reports described that COVID-19 patients,
compared to conventional Acute Respiratory Distress Syn-
drome (ARDS), are characterized by moderate to severe
hypoxemia despite a relatively high pulmonary compli-
ance.9,10 Due to the enormous number of COVID-19 patients
with acute respiratory failure and to the shortage of ICU
beds and ventilators, in many Italian hospital, the manage-
ment of patients with respiratory failure was entrusted to
Non-Invasive Ventilation (NIV) or Non-invasive continuous
positive airway pressure (nCPAP).TaggedEnd

TaggedPSeveral respiratory managements were applied to treat
ARDS COVID 19 related. The High flow nasal cannula was
used, also as first-line therapy, in Chine, and in USA
(although with a high risk of air contamination). The NIV or
CPAP were applied in hospitalized patients in China, Italy,
and USA with the same proportion (20%, 11% and 19%).11TaggedEnd

TaggedPIn particular, in a scenario of a discrepancy between
facilities and a large number of casualties, as with COVID-
19 pandemic, the application of NIV or nCPAP has been use-
ful as a respiratory supportive strategy, especially in
patients with mild to moderate ARDS and a PaO2 to Inspired
oxygen fraction ratio (PaO2/FiO2) >150. In our country, the
Helmet4,10 has been the most widely used device for non-
invasive respiratory support during COVID-19 outbreaks
both in general wards and in ICU.10TaggedEnd

TaggedPUnfortunately, a major problem of ventilator and device
for NIV shortages rapidly emerged because of the further
spread of the virus in other regions of Italy. To relieve the
pressure on our National Health System, a device converting
a full-face snorkeling mask into a mask for CPAP or NIV has
21
TaggedEndTaggedPbeen designed and proposed for clinical use, with the help
of 3D printers. TaggedEnd

TaggedPGiven the large diffusion of this modified full face snor-
keling mask in COVID-19 patients, we designed this bench
study to evaluate and compare a helmet, a full-face mask,
and a modified full face snorkeling mask in delivering nCPAP
and NIV in Pressure Support Ventilation mode (PSV). TaggedEnd
TaggedH1Methods TaggedEnd

TaggedPThe study was performed at the Respiratory Mechanics Lab
(Ventilab) of the Fondazione Policlinico Universitario A.
Gemelli IRCCS, Universit�a Cattolica del Sacro Cuore in
Rome, Italy.TaggedEnd
TaggedH1Bench study TaggedEnd

TaggedPNon-invasive CPAP and non-invasive positive pressure venti-
lation delivered in PSV mode were applied to a mannequin
(LaerdalMedical AS, Stavanger, Norway) connected to an
active test lung system (ASL 5000; Ingmar Medical, Pitts-
burgh, PA) set using a single-compartment model, an active
inspiration simulated by a semi-sinusoidal pressure wave-
form (Rise Time 15%, Pause 0% and Release Hold 25%) and
the following mechanical properties of the respiratory sys-
tem: resistance 5 cmH2O/l/s and compliance 40 ml/cmH2O.
nCPAP was applied via Helmet (H) (CPAP-Castar Starmed,
Mirandola, Italy), PerforMax Full face mask (Philips Respir-
onics, Murrysville, PA, USA) (FFM), and a modified full face
snorkeling mask (SEA VU DRY, Mares Spa, Rapallo, Italy),
while non-invasive PSV was delivered through FFM and snor-
keling mask. The Helmet used for this bench study is a trans-
parent latex-free polyvinylchloride hood, joined by a rigid
plastic ring to a soft collar and secured by two padded arm-
pit braces at four hooks (two in the front and two in the
back of the plastic ring). The helmet used was the size Small
to attain a good seal and avoid air-leaks. TaggedEnd

TaggedPThe snorkeling mask total internal volume is 1350 ml, but
the mouth-and-nose pocket internal volume is only 80 ml,
while the FFM internal volume is 500 ml and the H internal
volume is 15,000 ml (a real pressurized gas reservoir during
inspiration). TaggedEnd

TaggedPThe snorkeling mask differs from Performax full face
mask for shape and design characteristic; it presents a com-
plete separation between inspiratory and expiratory circuits
with the following main features: hypoallergenic silicone
mouth-and-nose pocket connected to a polycarbonate trans-
parent main body; quick-release buckles for easy doffing
and a polycarbonate Charlotte valve with an inspiratory and



TaggedEnd TaggedFigure

Figure 1 Mares snorkeling mask features: presence of two separate limbs; the inspiratory one is highlighted by blue arrows, the
expiratory one by red arrows. The adapter created with 3 d printers features two channels: the central upward-pointing channel is
the inspiratory channel, the side channel is the expiratory channel. TaggedEnd

TaggedEndG. Ferrone, G. Spinazzola, R. Costa et al.
TaggedEndTaggedPan expiratory channel. See Fig. 1 for details. The snorkeling
mask presents two parallel connections with a complete sep-
aration between inspiratory and expiratory limbs, while Per-
formax Full face mask is characterized by a single limb
connected to the Y piece. The measure of masks used was
the medium size for FFM and large size for snorkeling mask
to attain a good seal and avoid air-leaks. nCPAP (10 cmH2O)
was applied at a simulated respiratory rate (RRsim) of 20
breaths per min (b/min) and a simulated level of inspiratory
effort (Pmus) of 12 cmH2O, using a standard CPAP device
delivering a flow rate of 60 l/min with reservoir (Drager CF
800 Continous Flow CPAP System; Dragerwerk AG & Co,
Lubeck, Germany). During nCPAP test we applied a PEEP
valve in the expiratory limb. TaggedEnd

TaggedPNIV in PSV mode was delivered at 2 RRsim (20 and 30 b/
min) and a Pmus of 12 cmH2O with the mechanical ventilator
(Puritan Bennet 840; Covidien Health-Care, Mansfield, MA)
set in inspiratory pressure support (iPS) of 10 cmH2O, Posi-
tive End-Expiratory Pressure (PEEP) of 8 cmH2O, the fastest
rate of pressurization, and a cycling-off flow threshold of 25
and 50% of the peak inspiratory flow. We set the inspiratory
flow trigger at the lowest value not determining auto-
cycling: this threshold was 5 L/min during all conditions
tested. This setting was chosen for comparing the perfor-
mance of these interfaces under the condition of highest
pressurization rate and fast or slow cycling-off criteria.12TaggedEnd
TaggedH1Measurements TaggedEnd

TaggedPAir flow (V0) was measured with a pneumotachograph (Fleish
No.1, Metabo, Epalinges, Switzerland), while airway pres-
sure (Paw) was measured by a pressure transducer with a
differential pressure of §100 cmH2O (Digima Clic-1, ICULab
system; KleisTek Engineering, Bari, Italy), placed distally
from the pneumotachograph. Airflow (V’) and airway pres-
sure (Paw) at the helmet inlet during the inspiratory phase
were measured using a pneumotachograph (Fleisch n.2;
22
TaggedEndTaggedPMetabo, Epalinges, Switzerland) and a pressure transducer
with a differential pressure of §100 cmH2O (Digima Clic-1;
KleisTEK, ICU-Lab System, Italy) sited at the distal end of
the inspiratory limb of the circuit. When the mannequin was
ventilated through the FFM, the pneumotachograph and the
pressure transducer were positioned at the Y-connection of
the ventilator circuit, instead, when we tested the snorkel-
ing mask the pneumotachograph and the pressure trans-
ducer were positioned on the inspiratory channel. All these
signals were acquired, amplified, filtered, digitized at
100 Hz, recorded on a dedicated personal computer, and
analyzed with specific software (ICU lab 2.3; KleisTEK
Advanced Electronic System, Italy and Analysis Plus). TaggedEnd

TaggedPEach trial lasted 5 min; the breaths of the last minute (20
or 30 depending on the trial) were recorded and averaged
for analysis. TaggedEnd

TaggedPThe measured variables assessed during nCPAP were the
maximum inspiratory deflection (ΔPawi, inspiratory drop)
and the expiratory peak (ΔPawe), calculated as differences
from the preset CPAP level. TaggedEnd

TaggedPDuring the NIV test, we evaluated the following variables:
Ventilator inspiratory and expiratory time (mechanical TI
and mechanical TE, respectively), and ventilator rate of
cycling were all determined on the flow tracing. The inspira-
tory duty cycle (mechanical TI/Ttot) was calculated as the
ratio between mechanical TI and the total mechanical
breath duration (Ttot). Airflow (V0) and tidal volume (VT)
delivered to the simulator, airway opening pressure (Paw),
and inspiratory muscles effort were displayed online on the
computer screen. The signals obtained with the ASL were
transmitted to a PC host via 10/100MBit Ethernet, sampled,
and processed in real-time by means of specific software
(Lab View, Ingmar Medical). The signals obtained with the
ASL were integrated with the signals from the ICULab system
by using a specific application of the ICULab (ICULab 2.7,
KleisTek). The numerical integration of flow over time deter-
mined the mechanical tidal volume (mechanical VT). The
amount of tidal volume delivered to the simulator during its



TaggedEnd TaggedFigure

Figure 2 Inspiratory pressure-time product (PTP), PTP at
300 ms, and PTP at 500 ms on the pressure/time trace. TaggedEnd

TaggedEndPulmonology 29 (2023) 20�28
TaggedEndTaggedPactive inspiration (i.e., the neural tidal volume, VTneu) was
calculated as the volume generated from the onset of inspi-
ratory muscle effort negative deflection to its nadir.TaggedEnd

TaggedPInterfaces performance was evaluated using the follow-
ing parameters12�14:

TaggedEndTaggedP1) Trigger pressure drop (DPtrigger), defined as the pressure
swing generated by the simulator inspiratory effort in the
airway during the triggering phase; 2) Inspiratory pressur-
e�time product (PTPtrigger), defined as the area under
the Paw curve relative to the time between the onset of
inspiratory effort and the start of mechanical assistance;
3) pressure-time product at 200 ms from the onset of the
ventilator pressurization (PTP200), as the index of pure
pressurization performance15; 4)Pressure-time product
at 300 ms (PTP300) defined as the integration of Paw over
time during the first 300 msec and representing the
speediness of the ventilator in reaching the preset level
of pressure support; 5) Pressure-time product at 500 ms
(PTP500), defined as the integral Paw area over insuffla-
tion time from the simulated effort onset, representing
the ventilator capability of maintaining the pressuriza-
tion; 6) PTP500 ideal index, expressed as a percentage of
the ideal PTP, which is unattainable because it would
imply a trigger pressure drop and an instantaneous pres-
surization of the ventilator (Fig. 2). TaggedEnd

TaggedPPatient-ventilator interaction was evaluated by
determining:

TaggedEndTaggedP1) Pressurization time (Timepress), defined as the time neces-
sary to achieve the pre-set level of pressure support from
the baseline value; 2) Inspiratory trigger delay (Delaytrinsp),
calculated as the time lag between the onset of inspiratory
muscle effort negative swing and the start of the ventilator
support (i.e., Paw positive deflection); 3) Expiratory trigger
delay (Delaytrexp), assessed as the delay between the end
of the inspiratory effort and the end of the mechanical
insufflations (i.e., flow deflection); 4) Time of synchrony
(Timesync), defined as the time during which inspiratory
muscle effort and Paw are in phase (ideally 100%); 5) Simu-
latorVT/mechanicalVT, intended as the percentage of VT
delivered during inspiratory muscle effort negative deflec-
tion; 6) The time during which simulator respiratory effort
and ventilator assistance were synchronous, indexed to
simulated inspiratory time (Timesync/Tineu) was also
computed16�18. 7) Wasted efforts, defined as ineffective
inspiratory efforts, not assisted by the ventilator; 8) Auto-
triggering, namely a mechanical insufflation in absence of
inspiratory effort.TaggedEnd
TaggedH1Statistical analysisTaggedEnd

TaggedPContinuous data were expressed as mean § standard devia-
tion (SD). Categorical data were presented as numbers and
percentages in brackets. All variables were compared with
each interface used. Comparisons were made by Student's t-
test and Chi test, as appropriate. The analysis of variance
(ANOVA) for repeated measures was used to detect signifi-
cant differences between the different experimental condi-
tions. When significant differences were detected, a post-
23
TaggedEndTaggedPhoc analysis was performed using the Bonferroni test; p
values < 0.05 were considered statistically significant. Sta-
tistical analysis was performed using MEDcalc version 18.6. TaggedEnd
TaggedH1Results TaggedEnd

TaggedPAs shown in Fig. 3, during nCPAP, no significant difference in
ΔPawi and ΔPawe was observed between the three tested
interfaces (ΔPawi p = 0.67; ΔPawe p = 0.10). TaggedEnd

TaggedPPatient-ventilator interaction described by the measure-
ment of Delaytrinsp, Timepress, and Delaytrexp during NIV
delivered through the snorkeling mask and FFM are shown in
Figs. 4 and 5. At both RRsim tested and both ventilator set-
tings, the snorkeling mask showed a significantly shorter
Timepress and Delaytrexp compared to FFM (p < 0.01). Under
all conditions, no significant differences were found in terms
of Delaytrinsp, Timesync (Fig. 6), and Timesynch/Tineu between
all the interfaces tested. Under all study conditions, the vol-
ume delivered with the snorkeling mask was higher than
that delivered with the FFM (p < 0.01) (Table 1).TaggedEnd

TaggedPThe trigger and pressurization performances of the two
masks during NIV are shown in Tables 2 and 3. At RRsim 20,



TaggedEnd TaggedFigure

Figure 3 Maximum inspiratory deflection (ΔPawi, inspiratory drop) and the expiratory peak (ΔPawe), during CPAP with Helmet
(light gray column), PerforMax Full face mask (FFM, dark gray column) and snorkeling mask (black column) at 20 breaths/min. TaggedEnd

TaggedEndG. Ferrone, G. Spinazzola, R. Costa et al.
TaggedEndTaggedPthe snorkeling mask showed a significantly lower DPtrigger
than FFM (p < 0.01), while no difference was found at RRsim
30. No significant differences were found in terms of PTPtrig-
ger between the interfaces during all tested conditions.TaggedEnd

TaggedPSignificant differences in PTP 200, PTP 300, and PTP 500
were found between the snorkeling mask and FFM (p < 0.01)
in all conditions tested. The snorkeling mask demonstrated
a significantly higher capacity to maintain the pressurization
at 200, 300, and 500 ms after opening the inspiratory valve.TaggedEnd

TaggedEnd TaggedFigure

Figure 4 Inspiratory trigger delay (Delaytrinsp), Expiratory Trigger
snorkeling mask (black column) and the PerforMax Full face mask (FF

24
TaggedPIn all settings, no asynchrony phenomena were detected
with both interfaces. TaggedEnd

TaggedPDuring the NIV test, with the snorkeling mask it was
possible to reach a maximum of 18 cmH2O of peak inspi-
ratory applied pressure. Over this pressure, the presence
of air leaks determined important continuous asynchrony
phenomena (as continuous auto cycling and double trig-
gering), not modifiable with a change in flow or pressure
trigger. TaggedEnd
delay (Dealytrexp), and Pressurization Time (Timepress) with the
M) (gray column) at 20 breaths/min, with 2 ventilator settings. TaggedEnd



TaggedEnd TaggedFigure

Figure 5 Inspiratory trigger delay (Delaytrinsp), Expiratory Trigger delay (Dealytrexp), and Pressurization Time (Timepress) with the
snorkeling mask (black column) and the PerforMax Full face mask (FFM) (gray column) at 30 breaths/min, with 2 ventilator settings. TaggedEnd

TaggedEndPulmonology 29 (2023) 20�28
TaggedH1Discussion TaggedEnd

TaggedPIn this bench study, during nCPAP, the interfaces tested
showed a similar performance. Instead, during NIV, the snor-
keling mask outperformed the FFM for most of the variables
considered and in most of the simulated settings. TaggedEnd
TaggedEnd TaggedFigure
Figure 6 Time of synchrony with the snorkeling mask (black colum
respiratory rates (RR 20 and 30 breaths/min), with 2 ventilator settin
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TaggedPDuring the recent SARS-CoV-2 pandemic, early non-inva-
sive respiratory support allowed for the treatment of a large
number of patients with respiratory distress to prevent ICU
admission. For several reasons, the CPAP application by Hel-
met represented the first choice of treatment in patients
with mild to moderate COVID-19 related ARDS. The Helmet
n) and the PerforMax Full face mask (FFM) (gray column) at two
gs. TaggedEnd



TaggedEnd Table 1 Tidal volume delivered with the different interfaces tested.

Snorkeling mask FFM Snorkeling mask FFM

RR 20
Timepress100%/
Trexp50%

RR20
Timepress100%/
Trexp50%

P RR 20
Timepress100%/
Trexp25%

RR20
Timepress100%/
Trexp25%

P

VTmech (ml) 754.33§5.77 676§0.00 0.001 814.33§5.77 694§0.00 0.001
VTneu (ml) 606.33§ 5.77 459§5.20 0.001 603§0.00 459§5.2 0.001
VTneu/VTmech (%) 80% 68% 0.001 74% 66% 0.001

Snorkeling mask FFM Snorkeling mask FFM

RR 30
Timepress100%/
Trexp50%

RR30
Timepress100%/
Trexp50%

P RR 30
Timepress100%/
Trexp25%

RR30Timepress
100%/Trexp25%

P

VTmech (ml) 724.33§5.77 586§5.2 0.001 739.67§6.35 566.33§5.77 0.001
VTneu (ml) 417.33§5.77 304§9.00 0.001 378§0.00 276§0.00 0.001
VTneu/VTmech (%) 58% 52% 0.001 51% 49% 0.02

VTmech, mechanical tidal volume; VTneu, neural tidal volume; VTneu/VTmech, the percentage of tidal volume delivered during inspiratory
simulated muscle effort negative deflection; FFM, respironics PerforMax full face mask; RR, respiratory rates.

TaggedEnd Table 2 Performance of the interfaces during NIV at 20 RRsim.

Snorkeling mask FFM Snorkeling mask FFM

RR 20
Timepress100%/
Trexp50%

RR20
Timepress100%/
Trexp50%

P RR 20
Timepress100%/
Trexp25%

RR20
Timepress100%/
Trexp25%

P

DPtrigger (cmH2O) 1.05§0.01 0.72§0.05 0.004 1.03§0.05 0.78§0.04 0.014
PTPt (cmH2O/s) 0.04§0.01 0.03§0.01 1 0.05§0.00 0.03§0.00 0.001
PTP200 (cmH2O/s) 0.88§0.05 0.57§0.09 0.013 0.87§0.12 0.57§0.05 0.04
PTP300 (cmH2O/s) 2.04§0.08 1.22§0.09 0.004 1.97§0.03 1.21§0.05 0.001
PTP500 (cmH2O/s) 4.49§0.09 2.66§0.11 0.001 4.35§0.03 2.67§0.03 0.001
PTP500 ideal index (%) 72 56 0.45 71 51 0.5

DPtrigger, trigger pressure drop; PTPt, pressure time product during the triggering phase; Paw, airway pressure; PTP200, PTP300 and
PTP500, pressure time product during the initial 200, 300 and 500 ms from the onset of the ventilator pressurization expressed as the abso-
lute value; PTP500 ideal index, pressure time product during the initial 500 ms from the onset of the simulated effort, expressed as the
percentage of the area of ideal pressurization, with different ventilator settings (see text); FFM, respironics PerforMax full face mask; RR,
respiratory rates.

TaggedEnd Table 3 Performance of the interfaces during NIV at 30 RRsim.

Snorkeling mask FFM Snorkeling mask FFM

RR 30
Timepress100%/
Trexp50%

RR30
Timepress100%/
Trexp50%

P RR 30
Timepress100%/
Trexp25%

RR30
Timepress100%/
Trexp25%

P

DPtrigger (cmH2O) 1.28§0.04 1.75§0.47 0.11 1.94§0.23 2.05§0.11 0.31
PTPt (cmH2O/s) 0.06§0.01 0.10§0.04 0.12 0.11§0.02 0.13§0.01 0.16
PTP200 (cmH2O/s) 0.98§0.07 0.56§0.10 0.02 0.63§0.15 0.32§0.03 0.04
PTP300 (cmH2O/s) 2.26§0.07 1.29§0.10 0.002 1.91§0.08 1.07§0.10 0.006
PTP500 (cmH2O/s) 5.09§0.03 3.05§0.12 0.007 4.69§0.16 2.77§0.11 0.003
PTP500 ideal index (%) 71 56 0.22 68 48 0.3

DPtrigger, trigger pressure drop; PTPt, pressure time product during the triggering phase; Paw, airway pressure, PTP200, PTP300 and
PTP500, pressure time product during the initial 200, 300 and 500 ms from the onset of the ventilator pressurization expressed as the abso-
lute value; PTP500 ideal index, pressure time product during the initial 500 ms from the onset of the simulated effort, expressed as the
percentage of the area of ideal pressurization, with different ventilator settings (see text); FFM, respironics PerforMax full face mask; RR,
respiratory rates.
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TaggedEndPulmonology 29 (2023) 20�28
TaggedEndTaggedPwas demonstrated to be an effective alternative to a face
mask in recruiting alveolar units and improve hypoxemia. It
can also limit air-leaks and room contamination, increasing
the patient’s comfort and is better tolerated than the face
mask, requiring fewer discontinuations.10,19,20 The choice of
Helmet as privileged interface applied during treatment of
ARDS COVID-19 related is affected by the high diffusibility of
SARS-CoV-2 infection. This characteristic of the recent pan-
demic SARS-CoV-2 infection can increase the level of biologi-
cal hazard to which healthcare workers are exposed thus
requiring the use of personal protective equipment (PPE).21TaggedEnd

TaggedPUnfortunately, the enormous demand for helmet CPAP
resulted in a rapid lack of supply, so many laboratories, to
try to fill this gap, started to readjust snorkeling masks into
devices for respiratory support. TaggedEnd

TaggedPWe, therefore, decided to compare the modified snorkel-
ing mask with the Helmet and one of the most popular full
face masks (PerforMax full face mask), during CPAP. We
applied CPAP at 10 cmH2O because this is a value most com-
monly applied in this clinical setting.22,23 TaggedEnd

TaggedPIn our nCPAP bench study evaluation, the snorkeling mask
presented a similar performance in terms of DPawi and
DPawe compared to the other interfaces tested. TaggedEnd

TaggedPThe snorkeling mask showed stability in maintaining the
PEEP level applied during nCPAP. TaggedEnd

TaggedPThe snorkeling mask was initially proposed as an alterna-
tive to the helmet for CPAP, but during the emergency, it
was often used also for NIV. Therefore, we decided to com-
pare this interface with one of the most popular interfaces
used in ICU for NIV (FFM). We limited the comparison only to
the FFM because, as previously demonstrated by Chiumello
et al.,24 in pressure support mode, the mask was more effi-
cient than the helmet. In fact, with the helmet, the initial
part of the inspiratory pressure applied is dissipated to pres-
surize its soft wall. Accordingly, Navalesi et al.25 demon-
strated that the helmet significantly worsens patient-
ventilator synchrony, when compared to the facemask, as
indicated by longer delays between inspiratory muscle effort
and support delivery, both at the onset and at the end of
inspiration, and by the occurrence of wasted efforts. TaggedEnd

TaggedPSeveral NIV interfaces, such as Full face mask and Hel-
met, are characterized by high compliance due to material
features that can influence patient-ventilator interaction,
and interface performance. TaggedEnd

TaggedPOne of the reasons for choosing Respironics mask for this
bench study was that this model has relatively low compli-
ance. TaggedEnd

TaggedPFor NIV settings, the values of the simulated effort,
RRsim, resistance, and compliance, were those already uti-
lized in previous investigations.26,27 The snorkeling mask
demonstrated the better simulated patient-ventilator inter-
action compared to FFM, as shown by shorter Timepress and
Delaytrexp. These results are further validated by interface
performance data. Probably the better performance under-
lined by lower DPtrigger, and higher PTP 200, 300, and 500
can be explained by the reduced snorkeling mask inner vol-
umes and its materials (Fig. 1). A prerogative of this mask is
the presence of two separate limbs. The fresh air enters
through the snorkel’s central channel, passing the lens, and
keeping it fog-free. It then enters the oral-nasal pocket
through non-return valves and flows towards the nose and
27
TaggedEndTaggedPmouth. The oral-nasal pocket’s structure guides exhaled
CO2 through 4 no-return valves:

TaggedEndTaggedP

TaggedEndTaggedP� 2 no-return valves, one each side of the nose, to pre-

vent backward flow,TaggedEnd

TaggedP� 2 no-return valves at the entrance of the exhalation
tubes. TaggedEnd

TaggedPExhaled CO2 is channeled into the soft silicone side tubes
through the second pair of no-return valves. This configuration
could explain our results in terms of simulated patient-ventila-
tor interaction and performance devices during NIV settings.TaggedEnd

TaggedPA major limitation of the snorkeling mask must be under-
lined: during NIV with this interface, it is possible to reach a
maximum of 18 cmH2O of peak inspiratory applied pressure.
Over this pressure, the presence of air leaks determines con-
tinuous asynchronies (as auto cycling and double triggering),
not modifiable with a change in flow or pressure trigger. For
this reason, our test was limited to single pressure support
and PEEP level (PS 10 cmH2O and PEEP 8 cmH2O). TaggedEnd
TaggedH1Conclusion TaggedEnd

TaggedPThe results of this comparative bench study suggest that this
modified snorkeling mask can be used as an alternative to
other interfaces for both CPAP and NIV in emergencies. The
snorkeling mask can be proposed in the event of a new pan-
demic surge or for countries where the number of COVID-19
patients is such that all user interfaces for non-invasive respi-
ratory support must be used. Particular attention should be
paid to the use of this modified snorkeling mask during NIV,
related to the maximum pressure limit of 18 cmH20.TaggedEnd
TaggedH1Funding TaggedEnd
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resources. TaggedEnd
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Abstract
Introduction and objectives: Asthma is a chronic and heterogeneous disease that affects peo-
ple of all ages and has a high estimated increase in prevalence worldwide. Asthma control
represents a main goal in the disease management. International studies revealed low levels
of disease control resulting in a significant burden for healthcare systems, not only in terms of
quality of life, but also in terms of health costs. Modifiable and non-modifiable factors have
been identified as relating to poor asthma control level. In this study we evaluated the distri-
bution of asthma control levels in Portuguese adult population and examine the determinants
associated with uncontrolled asthma.
Materials and methods: Using a similar methodology to the one employed in the Asthma Insights
and Reality in Europe (AIRE) survey, 327 active asthmatic patients were identified by random
phone number and completed a questionnaire during 2011 to 2012. Asthma control was assessed
by the evaluation of GINA based symptom control, by Asthma Control TestTM (ACT) and by
self-perception of control. To examine the relationship between uncontrolled asthma and its

∗ Corresponding author.
E-mail address: pnicola@medicina.ulisboa.pt (P.J. Nicola).
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2531-0437/© 2020 Published by Elsevier España, S.L.U. on behalf of Sociedade Portuguesa de Pneumologia. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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determinants, univariate logistic regression analysis, sequential multivariable regression and
population attributable risk percentage were determinate.
Results: 35.2% active asthmatic patients had uncontrolled asthma, 64.8% partially controlled
and none of the individuals had total control of asthma assessed by ACT test. Factors signi-
ficantly associated with poor asthma control scores were: age (OR 1.02 per year of age; 95%
CI: 1.01---1.03), female sex (OR 1.87; 95% CI: 1.15---3.04), educational level (OR 0.5; 95% CI:
0.28---0.89 at high school level or over), occupation (OR 4.92; 95% CI: 2.12---11.42 if looking for a
first job or unemployed) (OR 2.51; 95% CI: 1.35---4.65 if being retired), income (OR 0.23; 95% CI:
0.07---0.72 if >619 euros), BMI (OR 1.09 per BMI unit; 95% CI: 1.03---1.14), having rhinitis symp-
toms (OR 4.40; 95% CI: 2.56---7.58) and using inhaled corticosteroids (OR 0.44; 95%CI: 0.24---0.82
if used in the past or never used).

Looking for a first job or being unemployed, BMI and having rhinitis symptoms remained
significant after multivariate adjustments.
Conclusions: Uncontrolled asthma was associated with several determinants. Their identifi-
cation can contribute to improve asthma care both from clinical and from public health
perspectives.
© 2020 Published by Elsevier España, S.L.U. on behalf of Sociedade Portuguesa de Pneumologia.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Introduction

Asthma is a chronic and heterogeneous disease1 that affects
people from all ages and ethnicities worldwide.2 There is
an estimated a global prevalence of 315 million people
with asthma,3 contributing with more than 23 million of
Disability-Adjusted Life Years (DALYs).4 Asthma prevalence
has been increasing in many countries, in parallel with the
development of urbanization and the adoption of modern
lifestyles.5 It is estimated that by 2025 100 million of people
more will have asthma worldwide.5

Despite the existence of treatment guidelines, many indi-
viduals with asthma remain undertreated and uncontrolled,
resulting in a significant burden, not only in terms of qual-
ity of life, but also in terms of health costs.2 Health cost
associated with asthma could be direct costs, like treat-
ments and hospitalizations, as well as indirect costs, due to
work absences and premature death.2 In 2010, the yearly
cost per asthmatic adult patient in Europe, according to
estimates from Accordini et al.,6 ranged from 509D for
a controlled asthma patient to 2281D for an uncontrolled
asthma patient.

The Global Initiative for Asthma (GINA) was created
in 1993 with the objective of disseminating accurate
information about asthma and improving the quality of
asthma patient care worldwide.1 At present, according
to GINA guidelines, achieving and maintaining asthma
control represents one of the main goals for the mana-
gement of the disease and consists of the evaluation of
the control of symptoms and future risk of unfavourable
outcomes.1

Numerous factors such as age, gender,7 comorbidities7,8

psychological aspects9 and socioeconomic determinants10

have been studied and reported as associated with asthma
control. Behavioural reasons such as smoking habits7 or ther-
apeutic compliance have also been related to poor asthma
control levels.11

A multiway and a complex causal relationship between
health, education level, work and income has been
reported. Having a chronic disease can be considered a
risk factor for employment. In Portugal, 66,294 of potential
productive life years were lost due to non-communicable
diseases (cardiovascular disease, diabetes, cancer and res-
piratory diseases) in 2013, according Organization for
Economic Co-operation and Development (OECD).12

The Portuguese National Asthma Survey reported a
proportion of 43.1% uncontrolled disease in asthmatic
Portuguese population.13 In a national population study non-
modifiable factors such as age and gender were associated
with uncontrolled asthma.14 Self-evaluation of uncontrolled
asthma, participation in decisions related to treatment and
the presence of comorbidities have also been considered as
important contributions to asthma control.14

The purpose of this study was to investigate the distribu-
tion of asthma control level in Portuguese adult population,
using different approaches of control level evaluation, and
to examine the determinants associated with uncontrolled
asthma.

Methods

Study design

A cross-sectional study at national level (Portugal) was car-
ried out from March 2011 to March 2012, based on the
methodology applied in the Asthma Insights and Reality in
Europe (AIRE).15

A probabilistic sample of individuals diagnosed with
‘‘active asthma’’ was identified through telephone numbers
and a structured telephone interview was used. In order to
select exclusively individuals with active asthma, an adult
in each household was asked the following question: ‘‘Has a
physician ever diagnosed any family member in your home
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as having asthma?’’. Participants were included as having
active asthma if they answered positively at least one of the
following questions: ‘‘Do any of those individuals diagnosed
with asthma take any medication for their asthma?’’ and
‘‘Has any of those individuals diagnosed with asthma had
any asthma crises or asthma symptoms in the last year?’’.
If more than one household member with asthma was qual-
ified, a respondent was randomly selected for interview.

A total of 557 individuals were identified with active
asthma and 327 complete interviews were acquired in adults
(≥16 years old).

Control assessment

Asthma control was evaluated in three ways: GINA based
symptom control, by Asthma Control TestTM (ACT) and indi-
vidual self-perception of control assessment.

The asthma symptom control, based on GINA, included
four questions, relating to the previous four weeks,
about the frequency of daytime symptoms, night waking,
relief medication needs and activity limitations due to
asthma.

ACT is a quantitative self-assessment tool for asthma con-
trol, which consists of 5 simple questions for the interviewee
to consider on the impact of asthma on a daily basis over
the previous four weeks; relating to shortness of breath,
use of rescue medication, nocturnal asthma symptoms and
self-evaluation of asthma control.16 According to Thomas
et al.17 ACT scores equal to or below 19 are considered
as identifying patients with poorly controlled asthma, as
defined by GINA. ACT is also used for the evaluation of deter-
minants associated with poor asthma control. ACT scores
equal to or below 19 points correspond to ‘‘uncontrolled’’
asthma and scores of at least 20 points are classified as
‘‘controlled’’ (20---24 = ‘‘partially controlled’’; 25 = ‘‘totally
controlled’’).

From the main questionnaire of the study, several
determinants for the analysis were selected according
to their relevance and the consulted bibliography: age,
sex, civil status, region of residence, educational level,
occupation, household income, body mass index (BMI),
smoking habits, rhinitis symptoms, allergies as a trigger
for crises, having family doctor, assistant physician to solve
asthma problems, seasonal flu vaccination, Peak Flow Metre
use, conducting lung function tests, training to use the
inhaler properly, written asthma action plan, forgetting
to take medication, inhaled corticosteroid use and num-
ber of medications used for asthma. BMI was classified
according to the World Health Organization (WHO) criteria
for adults,18 being underweight if BMI <18.5 kg/m2, pre-
obesity if 25.0 kg/m2 ≥ BMI < 30.0 kg/m2, and obesity if BMI
≥30.0 kg/m2.

Statistical analysis

Descriptive statistics were described as absolute frequency
and proportion for categorical variables and continuous
variables were represented as mean (standard deviation) for
normally distributed variables and as median (interquartile
range) for non-normally distributed variables.

The age differences between sexes was evaluated by the
Mann Whitney U Test.

For additional analyses two groups of active asthma
respondents were considered: controlled (ACT score ≥20)
and uncontrolled (ACT score ≤19).

To examine the relationship between uncontrolled
asthma and its determinants, an indicator of uncontrolled
asthma was used as a dependent variable. The determinants
were classified into the following domains, grouping concep-
tually related variables: demographic, socioeconomic, risk
and clinical factors, clinical care and treatment. Univariate
logistic regression analysis was done for all determinants.
From a public health perspective and in order to measure
the contribution of each determinant to the level of asthma
control, the population attributable risk percentage (PAR%)
was assessed, using the following formula:

PAR% = [Pe × (OR − 1)/[(1 + Pe × (OR − 1)]] ∗ 100

(Pe = estimate of population exposure)
with OR as the inverse risk (1/OR) in the case of a pro-

tective factor (odds ratio lower than 1).
Sequential multivariable regression was performed.

Variables with p < 0.30 in the univariate analysis were used
to build the adjusted models (Forward Likelihood Ratio
method). Multivariable adjustments were performed in
sequence considering additions to variables for the differ-
ent domains, where variables from a given domain were
adjusted to the multivariable model, as noted in the Table 4.
Pseudo r-squared (Cox and Nagelkerke) were calculated
from the models originated.

For all tests performed, the level of statistical signifi-
cance was set at 0.05. All analyses were conducted using
SPSS version 23 (IBM Corp., Armonk, N.Y., USA).

Results

General characteristics

A total of 327 full interviews were completed with adults
who had active asthma. A detailed description of the demo-

Table 1 Respondent characteristics.

Age, median (IQR) 44 (27---58)
Female, n (%) 203 (62.1)
Age at diagnosis of asthma, median (IQR) 15 (5---36)
Duration of asthma in years, median (IQR) 20 (10---30)

Smoking habits (n = 315)
Non-smoker, n (%) 199 (63.2)
Current smoker, n (%) 49 (15.6)
Former smokers, n (%) 67 (21.3)

Body mass index (n = 310)
Underweight, n (%) 10 (3.2)
Normal weight, n (%) 138 (44.5)
Pre-obesity, n (%) 115 (37.1)
Obesity, n (%) 47 (15.2)

IQR: interquartile range.
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Table 2 Asthma control assessment.

GINA based symptom control
Controlled, n (%) 112 (34.3)
Partly controlled, n (%) 156 (47.7)
Uncontrolled, n (%) 59 (18.0)

ACT score
Controlled asthma (ACT = 25), n (%) 0
Partially controlled (ACT 20---24), n (%) 212 (64.8)
Non-controlled asthma (ACT ≤19), n (%) 115 (35.2)

Patient perceived control
Completely controlled, n (%) 84 (25.7)
Well controlled, n (%) 145 (44.3)
Somewhat controlled, n (%) 78 (23.9)
Poorly controlled, n (%) 18 (5.5)
Not controlled at all, n (%) 2 (0.6)

graphic and asthma related variables is summarized in
Table 1. Further socioeconomic, risk and clinical factors,
as well as clinical care and treatment characteristics are
described below.

In the sampled population, 62.1% were female and 37.9%
male. In female the median age was 46 (29---58) and in male
37.5 (26---56), without statistic significant differences. A high
percentage of the individuals questioned was pre-obese or
obese (52.3%) and 36.9% were ever smokers.

Asthma control

Frequency of self-reported symptoms (in the last four
weeks) is discriminated in Fig. 1.

In relation to GINA based symptoms control assessment,
of the 327 adult individuals interviewed, 18% had uncon-
trolled asthma, 47.7% partially controlled and 34.3% had
totally controlled. Based on ACT test, 35.2% of the sub-
jects had uncontrolled asthma, 64.8% partially controlled
and none of the individuals had total control. 93.9% of the
individuals perceived their asthma as completely, well or
somewhat controlled and only 6.1% perceived their asthma
poorly or not controlled at all (Table 2).

Concerning the agreement between ACT asthma control
score and the participants’ self-perception, about 39.2% of
individuals with uncontrolled asthma evaluated by ACT self-
reported their asthma as completely or well controlled and
only 16.5% had the self-perception that agreed with the
objective assessment of asthma control.

Determinants for uncontrolled asthma

We then sought to understand which factors were associated
with poor asthma control. In a univariate analysis, the fac-
tors significantly associated with poor asthma control scores
(ACT score ≤19) were: age, female sex, educational level
(<high school level), occupation (looking for a first job, being
unemployed or being retired), income (<619 euros), higher
BMI (obesity), having rhinitis symptoms and using inhaled
corticosteroids. In contrast, civil status, region of residence,
smoking habits, allergies as a trigger for the crisis, having
a family doctor, the assistance of physician used to solve

asthma problems, seasonal flu vaccine, peak flow metre
use, lung function tests performance, training to use the
inhaler properly, written asthma action plan, forgetting to
take medication and number of medications used for asthma
were not statistically significant determinants in the univari-
ate analysis (Table 3). The PAR% for the significant variables
are also in Table 3. In order to understand the relationship of
significant variables in the univariate analysis a sequential
multivariable adjustment analysis was performed by adding
the dimensions of factors sequentially (Table 4). Occupa-
tion, BMI and having rhinitis symptoms were the factors that
remained statistically significant results besides the sequen-
tial adjustments.

Individuals over age of 65 had 2.70 (95% CI: 1.21---5.99)
times higher odds for having uncontrolled asthma compared
to the youngest group analyzed (16---25 years) and PAR% value
of 19.3%. It appears that there is a progressive increase;
with each year of age the chance of uncontrolled asthma
increases by 2% and female gender increases the odds of
uncontrolled asthma by 1.87 (95% CI: 1.15---3.04). However
socioeconomic determinants (occupation) seems to attenu-
ate these associations.

Regarding socioeconomic determinants: the increase in
education level decreases the odds of having uncontrolled
asthma (OR 0.5 high school level or more); higher income
decreases the odds of uncontrolled asthma; in relation to
occupation, subjects looking for a first job or unemployed
had 4.92 higher odds for uncontrolled asthma scores (95%
CI: 2.12---11.42) and being retired is associated with 2.51
odds (95% CI: 1.35---4.65) for uncontrolled asthma, when
compared with employed asthmatics. The protective role
of educational level and income seems to be mediated by
risk and clinical factors (BMI and having rhinitis symptoms).
Participants looking for a first job or who were unemployed
had PAR% value of 26.8% and were much more likely to
have uncontrolled asthma regardless of the various adjusted
dimensions.

For each kg/m2 increment of BMI the chance of uncon-
trolled asthma increased 9%, this association remained
significant even when dimensions adjustments were consid-
ered. PAR% of uncontrolled asthma associated with obesity
was 23.5%.

Nasal symptoms were the symptoms identified as occur-
ring almost every day in the previous four weeks (Fig. 1).
Having rhinitis symptoms increases the odds of uncontrolled
asthma by 4.4 (95% CI: 2.56---7.58). These associations
remained significant regardless of the adjustments consid-
ered. The PAR% of uncontrolled asthma associated with
rhinitis symptoms was 65.9%.

Clinical factors, such as smoking habits and having
allergies as a trigger for asthma crisis, were not signifi-
cantly associated with uncontrolled asthma. Also, in this
analysis, the determinants related to clinical care did
not demonstrate significant associations. Of the treatment
determinants evaluated (forgetting to take medication,
the number of medications used for asthma and the use
of inhaled corticosteroids) individuals not using inhaled
corticosteroids had significantly lower odds for uncon-
trolled asthma (OR 0.44 95% CI: 0.24---0.82), but it seems
that the effect is mediated by the risk factors and the
clinical aspects considered (BMI and having rhinitis symp-
toms).
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Figure 1 Frequency of self-reported symptoms (in the last four weeks), as cumulative percentages.

Discussion

This study showed that 64.8% subjects had their asthma
controlled, and 35.2% of them had uncontrolled asthma,
according to the evaluation of a questionnaire for asthma
control purpose, the ACT.

Evaluation of asthma control has been assessed in diverse
countries worldwide and despite the different measurement
tools used, a sub-optimal level of control has been revealed.

Results from a multinational study involving twelve
countries of Europe (n = 3.123), indicate a similar overall
percentage (38.5) for uncontrolled asthma, with the lowest
levels of asthma control found in Hungary, The Netherlands
and France.7 Higher levels of uncontrolled asthma (71.3%)
were found in surveyed African countries (Algeria, Morocco,
and Tunisia),19 USA (71%),20 Asia-Pacific countries (92.4%)21

and Latin America (93%).22

From a national perspective, the Portuguese National
Asthma Survey using Control of Allergic Rhinitis and Asthma
Test (CARAT), reported 43.1% of uncontrolled asthma in Por-
tuguese population.13 In 2007, a study in a central hospital
in Lisbon using the ACT questionnaire in the context of
allergology consultation found that 23.3% of the respon-
dents presented ACT values ≤1911 and a study carried out
in Portuguese pharmacies, with the application of the same
questionnaire to evaluate the control, revealed even higher
scores for poor asthma control (61.2%).23

In this study it was possible to observe that the level
of control assessed can differ with the asthma control tool
utilized. The different methodologies that can be used in
epidemiological studies such as in clinical practice for con-
trol assessment [e.g., GINA based symptom control tool1;
CARAT24; Asthma Control Questionnaire (ACQ)25; ACT16] can
make it more difficult to compare results between stud-
ies. Additionally, there are different approaches used to
gather information (e.g. telephone interview, online ques-
tionnaire, face-to-face interview), several methods used to
assess asthma control level and different situations in differ-
ent health systems, literacy and social barriers among the
different countries; all of which should be taken into con-
sideration when comparing results from different studies.

Most of the adult patients interviewed overestimated
their disease control revealing a discrepancy between
patient perception of asthma control and the objective
measurement, since 93.9% of the individuals perceived

their asthma with some level of control. It has been
shown that most of these patients can tolerate their symp-
toms and lifestyle limitations as inevitable consequences of
the disease.26 The self-perception and expectations about
asthma disease may result in misinterpretations of control
level.26

In terms of demographic factors, our results indicate that
uncontrolled asthma was more frequently associated with
older age and with female sex.

Asthma disease in the elderly population is of special
concern since most of patients are polypathological and
polymedicated, which can have a negative impact on disease
management.27 Besides, there are often more difficulties
in the execution of proper inhaler techniques.27,28 Kämpe
et al.29 stated that uncontrolled asthma was more common
in older groups (≥65years); Mendes et al.,23 using a Por-
tuguese population, found that 69% of elderly (>70 years)
had uncontrolled asthma.

Our results observing the association between sex
and poor asthma control, are in agreement with other
studies,23,29,30 with females associated with poor scores in
asthma control. Usually women perceive asthma differently
from men, reporting higher levels of symptoms and more
limitations in day-to-day life.31,32 In addition, women have
been associated with a higher incidence of later asthma
onset and a higher prevalence of non-allergic asthma phe-
notype, favouring a less effective response to corticosteroid
treatments.1,33,34

In this study, socioeconomic determinants, especially
occupation have a considerable association with poor con-
trol score of asthma as well as greater influence on other
important determinants. The PAR% for being looking for
a first job or being unemployed was 26.8%, suggesting
a very significant contribution for poor asthma control.
Moreover studies identified that the severity of asthma,35

the frequency of asthma symptoms and night awakenings
because of asthma can contribute to work disability and
unemployment.36

The inverse association between income37 and
education29 with poor controlled asthma outcomes has
been documented. The PAR% register for having at least
post-secondary education was 38.7% suggesting a contribu-
tion for preventing worse levels of control in asthma. The
same positive contribution was verified for higher levels of
income.
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Individuals with higher levels of education can have a bet-
ter understanding of the prescribed therapeutics and may
have a greater tendency to adhere to treatment regime.29

Furthermore, there are work environments associated with
trigger agents exposure (e.g., diisocyanates, acrylates or
cleaning agents)38 to which individuals with higher educa-
tional levels are less likely to be exposed.29

Although only 8.8% of the individuals considered that the
price of asthma treatments influenced taking medication
according medical indications, asthma expenses related to
medical treatments are usually high which can be a signif-
icant burden for low-income families,39,40 and in turn can
compromise treatment adherence.

Higher BMI was shown to be associated with uncontrolled
levels in asthma, as stated above: Lessard et al.41 found
that regardless of a similar perception of symptoms, obese
individuals had poorer asthma control than non-obese asth-
matics; Lavoie et al.42 in a 382 adults study found that
patients with higher BMI had poor asthma control (scored
higher in ACQuestionnaire) independent of their age, sex
and asthma severity; with an odds ratio of 2.99 (95% CI
1.14---7.08) Ferreira et al.11 reported that obesity is a factor
associated with non-control of asthma.

Obesity has a negative impact on overall breathing
mechanisms,43 has been reported as a risk factor for the
development of asthma and for increasing exacerbations and
hospitalizations.44 The pro-inflammatory characteristics of
obesity can induce more difficulties in asthma control, sec-
ondary to a reduction in the response to corticosteroids.45

Weight loss has been shown to improve lung function
parameters in individuals with obesity and better scores of
disease control in asthma patients.44,46 In this way, nutri-
tional education promoting diet modification and weight
loss in obese asthmatic patients must be encouraged.47

According to our results a considerable number of individu-
als (PAR% = 23.5%) with uncontrolled asthma could be spared
if obesity was not present.

Findings from studies11,48---50 conclude that rhinitis is an
important contributor to a non-optimal asthma control
level, as also was supported by our results. Bousquet et al.51

in a multivariate analysis found that patients with simulta-
neous asthma and allergic rhinitis are associated with higher
levels of acute exacerbations (OR 1.35, 95% CI: 1.03---1.77)
with more emergency visits (OR 2.35, 95% CI: 1.12---4.80).

The PAR% register for having rhinitis symptoms in our
study (65.9%) suggests that controlling nasal symptoms could
contribute positively to preventing worse levels of control
in asthma disease. Consequently, it is important to optimize
the treatment of both diseases in patients with a concomi-
tant diagnosis.52

The presence of smoking habits was not observed to be
a determinant associated with poor asthma control in our
study, as already stated.30,53 In this regard, other studies
also did not identify smoking as an independent risk factor
for uncontrolled asthma11 or for decline in lung function in
asthmatic patients54 which could be related to a healthy
smoker effect,55 underestimating the effect of tobacco at
pulmonary level.

Nor was an association found with determinants of poor
asthma control that have been reported in other studies,
such as patients having a written asthma action plan56 and
therapeutic compliance. Although a higher number of indi-

viduals have reported allergies as a trigger for asthma crises
(78%), a significant association with uncontrolled asthma
was not detected, which is similar to that reported by other
research.11,53

Lung function assessment with peak flow metre or lung
function tests were not significant determinants for asthma
control in our study. However minimizing airflow limitation is
one of the main goals for these patients and the importance
of these exams in diagnosis and follow-up of asthma has been
stressed.1

The use of inhaled corticosteroid plays an important role
in an asthma treatment plan.1 Rabe et al.15 reported that the
use of inhaled corticosteroids was low even among patients
with severe persistent symptoms. In our study, the use of
these medications was associated with lower ACT scores,
which represents worse control outcomes. This association
with the level of control could be explained by the rela-
tion of treatment plan with disease severity. For example,
patients with mild asthma degree and well controlled symp-
toms might only be at step 1 of treatment plan and only using
a reliever inhaler as needed, as was defined before 2019
GINA guidelines.1 However, severe asthma patients may
present corticosteroid resistance,57 of which the molecular
pathophysiology is beginning to be understood,58 leading to
the possibility of development of new treatments for these
patients.

Strength and limitations

There are some limitations to this study that should be
considered: (1) it is a cross-sectional study and cause-
effect relationships cannot be established; (2) all the
data was reported by respondents and could not be clini-
cally confirmed; (3) only patients with active asthma were
questioned, excluding undiagnosed individuals and patients
without the presence of symptoms and without medica-
tion in the last year; (4) this study did not inquire about
comorbidities, such as: other respiratory disease which have
been associated to asthma control [e.g. Chronic Obstruc-
tive Pulmonary Disease (COPD), obstructive sleep apnoea,
gastroesophageal reflux disease (GERD), or psychological
aspects]59; (5) the degree of asthma severity, according to
GINA guidelines, was not assessed.

A strength of this study was the identification of active
asthmatic patients from the general population without
referral bias. It was also important to evaluate different
methods of accessing data from the level of asthma con-
trol and the analysis of multiple factors and dimensions that
could have influenced the level of control of this important
chronic disease.

Conclusions

In this study uncontrolled asthma was associated with
several factors: age, sex, educational level, occupation,
income, BMI, having rhinitis symptoms and use of inhaled
corticosteroids as part of a treatment plan. Some of these
factors remain associated after full adjustment, notably
occupation, BMI and having rhinitis symptoms, which are
important modifiable factors.
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The values of PAR% for unemployment, obesity and rhini-
tis symptoms were relatively high (respectively 26.8%, 23.5%
and 65.9%). Since these are modifiable factors from the point
of view of public health and health planning, intervention
strategies more directed to these concerns can promote
benefits for asthmatic patients and consequently for other
health problems. Similarly, their identification by physicians
could contribute to a better clinical approach to asthma
disease.

In future research there should longitudinal studies to
confirm these associations and other comorbidities, such
as COPD or GERD and enquiries made about physiologi-
cal factors. It is also important to standardize a tool for
asthma control evaluation that can be used in epidemi-
ological studies and that can provide reliable comparison
between studies.
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Abstract
Introduction and objective: The Bronchiectasis Health Questionnaire (BHQ) is a simple, repeat-
able, and self-reporting health status questionnaire for bronchiectasis. This study aims to
cross-culturally adapt the BHQ into Brazilian Portuguese and evaluate its measurement proper-
ties.
Methods: The participants answered the Saint George’s Respiratory Questionnaire (SGRQ) and
the modified Medical Research Council (mMRC) scale for dyspnea. The Brazilian-Portuguese
version of the Bronchiectasis Health Questionnaire (BHQ-Brazil) was used at baseline (test) and
after 14 days (retest). The psychometric analyses included internal consistency, test-retest reli-
ability, and construct validity: factorial validity, convergent validity, and discriminative validity,
agreement, and ceiling and floor effects.

Abbreviations: QoL-B, Quality of Life Questionnaire-Bronchiectasis; SGRQ, Saint George’s Respiratory Questionnaire; CAT, Chronic
Obstructive Pulmonary Disease Assessment Test; BHQ, Bronchiectasis Health Questionnaire; SDC, smallest detectable change; COSMIN,
consensus-based standards for the selection of health measurement instruments; mMRC, modified Medical Research Council; E-FACED index,
exacerbations, forced expiratory volume in the first second, age, chronic colonization byPseudomonas aeruginosa, radiological extension, and
dyspnea; EFA, exploratory factorial analysis; PCA, principal component analysis; 95%CI, 95% confidence interval; KMO, Kaiser-Meyer-Olkin;
SEM, standard error of the measurement.
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Results: The BHQ-Brazil demonstrated adequate internal consistency (Cronbach’s alpha = 0.92)
and substantial reliability (intraclass correlation coefficient = 0.86; 95%CI: 0.79---0.90). The
exploratory factorial analysis was considered suitable. All items presented a factorial load
>0.40. The convergent validity of the BHQ-Brazil with mMRC was moderate (r = −0.53, p < 0.001),
while concurrent validity with the SGRQ was strong (symptoms: r = −0.72, activities: r = −0.60,
impact: r = −0.60, total score: r = −0.75, all p < 0.001). The standard error of measurement was
4.81 points. The discriminative validity demonstrated that individuals with more pulmonary
exacerbations, colonization by Pseudomonas aeruginosa, worst dyspnea, and a higher number
of affected lung lobes presented the lowest quality of life. No floor or ceiling effects were
observed.
Conclusion: The BHQ-Brazil presents adequate measurement properties to evaluate the impact
of bronchiectasis on health-related quality of life, and can be used in clinical and research
settings.
© 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

Individuals with bronchiectasis present cough, abundant
pulmonary secretion, dyspnea, reduced exercise capacity,
and frequent pulmonary exacerbations,1---3 culminating in
a worse health-related quality of life.4---6 Quality of life
questionnaires provide valuable information regarding the
impact of the disease on health perception.7

The Quality of Life Questionnaire-Bronchiectasis (QoL-
B) was the first specific questionnaire developed for
bronchiectasis.8---10 This questionnaire has the advantage of
quantifying the different quality of life domains. However,
it is relatively long and does not present a total score,
which makes its use disadvantageous in clinical practice.
The Saint George’s Respiratory Questionnaire (SGRQ)11---14

and the Chronic Respiratory Disease questionnaire14 were
developed for individuals with chronic obstructive pul-
monary disease and validated for bronchiectasis since both
diseases present common clinical symptoms.11,13---15 These
instruments are useful; however, they are extensive and
time-consuming. The Chronic Obstructive Pulmonary Dis-
ease Assessment Test (CAT) is also a validated questionnaire
for bronchiectasis16---18 but it is not specific for this disease,
an important requirement that must be considered during
the quality of life assessment.19

In this context, the Bronchiectasis Health Questionnaire
(BHQ)20 was developed specifically for bronchiectasis and
has the advantage of being short, simple to apply and inter-
pret, and generates a total score. Thus, it can be easily
implemented during routine clinical evaluations. It is also
the first assessment tool addressing items related to pul-
monary exacerbation in bronchiectasis, an important marker
of quality of life decline.6 In the original, Korean, and Dan-
ish BHQ versions,20---22 the exploratory factor analysis (EFA),
the standard error of the measurement (SEM), the smallest
detectable change (SDC), and the presence of ceiling and
floor effects were not investigated. These properties are
extremely important when evaluating psychometric proper-
ties in quality of life questionnaires. Additionally, the BHQ
has been translated into 11 languages but not into Brazilian

Portuguese. Therefore, this study aimed to adapt the BHQ to
Brazilian Portuguese (BHQ-Brazil) cross-culturally and test
its psychometric properties in individuals with bronchiecta-
sis.

Methods

This is a cross-sectional study approved by the Human
Research Ethics Committees of the University of Nove de
Julho (number: 2.532.903) and the University of São Paulo
(number: 2.574.759). All volunteers agreed to participate
and signed an informed consent form.

The study was conducted in two phases. In phase I, the
original BHQ was cross-culturally adapted to Brazilian Por-
tuguese following previously established guidelines.23,24 In
phase II, the measurement properties of the BHQ-Brazil were
tested. In this phase, the consensus-based standards for
the selection of health measurement instruments (COSMIN)
checklist were used.25 Also based on recommendations,25,26

a minimum sample size of 100 individuals was considered
for this study. Additionally, based on the recommendation
of 10 participants per item,26 a minimum sample size of 100
individuals was considered sufficient for this study.

The subjects were recruited (convenience sample) by
physiotherapists between October 2017 and December
2018 at the Obstructive Diseases Outpatient Clinic of the
University of São Paulo Hospital and were sent to the Car-
diopulmonary Rehabilitation Center of University of Nove
de Julho. Those with a clinical and tomographic diagno-
sis of bronchiectasis, age ≥18 years, and clinically stable
(i.e., without coughing, greater volume and/or thicker
pulmonary secretion consistency, purulent pulmonary secre-
tions, increased dyspnea, reduced exercise tolerance,
greater fatigue, or malaise in the four weeks before the
study) were included in the study.27 The exclusion criteria
were smoking or tobacco load >10 pack/years, pulmonary
(asthma, chronic obstructive pulmonary disease, interstitial
lung disease, or cystic fibrosis) or cardiovascular diseases
associated, or the inability to answer the questionnaires.
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Phase I ---- cross-cultural adaptation

The initial translation was done by two independent bilin-
gual translators residing in Brazil, whose native language
was Brazilian Portuguese and English as their second lan-
guage. The two translated versions were compared and
combined to produce the first Brazilian version of the BHQ.
This version was then back-translated into English by two
independent bilingual translators with no prior knowledge
and no access to the original version. After this phase, an
expert panel composed of two pulmonologists and three
physiotherapists compared the original version, transla-
tions, and back-translations, and formulated a pre-final
version.

The pre-final version was given to a sample of 10 partici-
pants to determine whether they understood each item, and
the following issue was observed: participants taking long-
acting antibiotics demonstrated difficulty in understanding
‘‘Item 10’’, which addresses the need for antibiotics due
to pulmonary exacerbations in the previous 12 months. The
panel then decided to cross-culturally adapt this question as
follows: ‘‘In the last 12 months, I made use of antibiotics to
treat an episode of lung infection.’’ This new version was
then given to 30 different individuals, who demonstrated no
difficulty in understanding the BHQ-Brazil. The translated
version was sent to the instrument developer and approved
(Supplementary material).

Phase II ---- evaluation of measurement
properties

After meeting the eligibility criteria, the participants
answered the SGRQ10 and the modified Medical Research
Council (mMRC) scale for dyspnea,28 followed by the BHQ-
Brazil (test). All questionnaires were administered as an
interview form. After 14 days, an evaluation was performed
with the same individuals for data collection regard-
ing demographic, anthropometric characteristics, and lung
function. During this second visit, the individuals answered
again the BHQ-Brazil (retest), which was also adminis-
tered as an interview form by the same interviewer. The
following psychometric analyses were included: reliability
(internal consistency and test-retest reproducibility), con-
struct validity (factorial validity and hypothesis-testing),
criterion validity (concurrent validity), and agreement.

Testing procedures

Bronchiectasis Health Questionnaire
The BHQ is a specific questionnaire for bronchiectasis and
comprises 10 items addressing aspects inherent to the dis-
ease. The score ranges from 0 to 100 points, with a higher
score indicating a better health status.20

Saint George’s Respiratory Questionnaire
The SGRQ comprises 50 items and 76 answers, divided into
four domains: symptoms, activity, impact, and total. Each
item is scored from 0 to 100 points, with higher scores denot-
ing a greater negative impact on the quality of life due to
the disease.11

Bronchiectasis Severity Scores
The severity of the bronchiectasis was evaluated using the
E-FACED index (categorized into mild [0---3 points], moderate
[4---6 points] or severe [7---9 points])27,28 and the Bronchiec-
tasis Severity Index (BSI) (categorized into mild [0 and 4],
intermediate [5 and 8], and severe [>9]).29---31

Data analysis

Data normality was investigated using the Shapiro-Wilk test,
and values were expressed as mean ± standard deviation and
95% confidence interval (95%CI). The paired t-test was used
to compare BHQ-1 and BHQ-2 scores Effect-sizes were cal-
culated using Cohen’s d.32 The level of significance was set
at 5% (2-tailed) for all analyses.

Measurement properties

Reliability
Internal consistency. The Cronbach’s alpha was used to
calculate the internal consistency for the total BHQ
score. Values between 0.75 and 0.95 were considered
appropriate.33,34

Test-retest reproducibility. The type 1 intraclass correla-
tion coefficients (ICC2−1) and 95%CIs were calculated. The
following classification was considered: poor (<0.4), mod-
erate (0.4--- 0.75), substantial (0.75---0.90), and excellent
(>0.90).33,34 Concordance was also analyzed using the Bland-
Altman plot.

Construct validity
Construct validity was evaluated using the Factorial Validity
and Hypothesis-testing.

Factorial validity
The factorial validity was tested using the EFA, and two
methods (Kaiser-Meyer-Olkin [KMO] criterion and Bartlett’s
sphericity test) were applied to analyze whether the data
matrix could be submitted to factorization. The KMO
indices were interpreted as unacceptable (<0.5), mediocre
(between 0.5 and 0.7), good (0.7 and 0.8), very good (>0.8),
and excellent (0.9).33 The principal component analysis
(PCA) with varimax orthogonal rotation was used for data
extraction. As the factor analysis aims to reduce the number
of variables into fewer numbers of factors, only those factors
with an eigenvalue >1 were retained for analysis.35 The fac-
torability of the correlation matrix values were interpreted
as minimal (≥0.30), important (≥0.40), and practically sig-
nificant (≥0.50).36

Hypothesis-testing
The convergent validity was tested using Pearson’s cor-
relation between the BHQ-Brazil and mMRC scores. The
correlation coefficient values were interpreted as weak
validity (<0.30), moderate validity (≥0.30 to <0.60), and
strong validity (≥0.60).37

The discriminant validity (known groups) analyses
whether a measure can discriminate groups in which dif-
ferences are theoretically expected to be found.37 Then,
BHQ-Brazil scores were compared according to the number
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of exacerbations (0−2 versus 3---6), colonization by Pseu-
domonas aeruginosa (yes or no), mMRC (0−2 versus 3−4),
and the number of affected lung lobes (1---2 versus >2).
These dichotomizations were based on E-FACED variables.30

The discriminant validity was performed using the unpaired
t-test, as variables exhibited parametric distributions.

Criterion validity
Pearson’s correlation coefficients were used to confirm the
concurrent validity between the total BHQ-Brazil and SGRQ
scores.37

Agreement
Agreement was analyzed using the SEM (SEM = SD

√
1-ICC),

and interpreted as very good (≤5%), good (5%---10%),
questionable (11%---20%), and bad (>20%). The SDC was cal-
culated based on the SEM using the following formula:
SDC = 1.96 × √

2 × SEM.

Ceiling and floor effects
Ceiling and floor effects were tested by examining the
score distribution across participants and considered if 15%
achieved the minimum or maximum score on each scale.34

Results

Cross-cultural adaptation

The expert panel performed the cross-cultural adaptation of
‘‘Item 10’’ of the original questionnaire from ‘‘In the last 12
months, I needed to take antibiotics for a chest infection’’
to ‘‘In the last 12 months, I made use of antibiotics to treat
an episode of lung infection.’’

Assessment of measurement properties

A total of 103 individuals with bronchiectasis were included;
two were excluded due to heart disease. Thus, the final sam-
ple consisted of 101 individuals (60 female). None of the
patients exacerbated during the study period. Regarding the
bronchiectasis etiology, 40% was idiopathic, 24% was due to
infection, and other causes 36%. A total of 43% had colo-
nization by Pseudomonas aeruginosa, 13% by Haemophilus
influenzae, and 23% by other bacteria, whereas 21% had no
colonization (Table 1).

Reliability: internal consistency and test-retest
reproducibility

The BHQ-Brazil exhibited adequate internal consistency.
The ICC2,1 was considered substantial and demonstrated
good test-retest reliability (Table 2). The Bland-Altman plot
showed a mean bias of −0.94, with limits of agreement from
9.78 to 7.90 (Fig. 1).

Validity: construct (factorial, convergent, and
discriminative validity) and criterion validity

For the EFA adequacy, the correlation matrices showed
values between 0.40 and 0.90 in most cases. Bartlett’s

Table 1 Characteristics of the participants, n = 101 (60
women).

Characteristics Value

Age, years old, mean (SD) 49.0 (14.0)
BMI, kg/m2, mean (SD) 25.0 (4.0)
FVC, L, / % pred, mean (SD) 2.4 (0.8) / 67.0 (17.0)
FEV1, L, / % pred, mean (SD) 1.5 (0.6) /51.0 (18.0)
FEV1/FVC, mean (SD) 62.0 (15.0)
O2 dependent, n (%) 11 (10.9)
Number of exacerbations/year, mean

(SD)
1 (0.47)

mMRC, mean (SD) 2 (0.93)
n per score 0/1/2/3/4 3/39/35/18/6

Pneumectomy, n (%) 4
E-FACED, mean (SD) 3 (2.0)

n per score mild/moderate/severe 65/29/7
BSI, mean (SD) 7 (4.0)

n per score
low/intermediate/severe

27/46/28

BHQ -1 time to answer, min, mean
(SD)

3.8 (1.0)

BHQ -2 time to answer, min, mean
(SD)

3.6 (0.9)

BHQ -1, mean (SD) 58.8 (8.0)
BHQ -2, mean (SD) 59.0 (9.0)
SGRQ symptom, mean (SD) 55.2 (19.0)
SGRQ activity, mean (SD) 61.0 (20.0)
SGRQ impact, mean (SD) 38.0 (17.0)
SGRQ total, mean (SD) 48.0 (15.0)

SD: standard deviation, BMI: body mass index; kg/m2: kilograms
per square meter; FVC: forced vital capacity; FEV1: forced expi-
ratory volume in first second; L: liters; %: percentage; pred:
predicted value; n: number of patients; mMRC: modified Medi-
cal Research Council dyspnea scale; E-FACED: exacerbations,
forced expiratory volume in first second, age, chronic coloniza-
tion by Pseudomonas aeruginosa; BSI: Bronchiectasis Severity
Index; min: minutes; BHQ: Bronchiectasis Health Questionnaire;
SGRQ: Saint George’s Questionnaire.

Figure 1 Bland Altman plot (n = 101) for test-retest repeata-
bility. The solid line indicates mean bias, and the dashed lines
indicate the upper and lower limits of agreement between the
tests.
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Table 2 Classification of measurement properties of
Bronchiectasis Health Questionnaire in Brazilian Portuguese
in participants with bronchiectasis (n = 101).

Properties Values

Reliability
Cronbach’s alpha 0.92
ICC2.1 (95% CI) 0.86 (0.79---0.90) *
Convergent validity
mMRC r = −0.53*
Concurrent validity with SGRQ
Symptoms r = −0.72*
Activity r = −0.60*
Impacts r = −0.60*
Total score r = −0.75*
Agreement
Standard error of measurement 4.81 points
Smallest detectable change 6.07 points
Ceiling and floor effects Absents

ICC: intraclass correlation coefficient; CI: confidence interval;
SGRQ: Saint George’s Questionnaire; r: Pearson’s correlation,
mMRC: modified Medical Research Council dyspnea scale, CI:
confidence interval.

* p < 0.001.

sphericity test rejected the null hypothesis (p < 0.001), and
the KMO test (0.742) was suitable to proceed to EFA.

Considering the scatter plot graph and using the princi-
pal component extraction method with orthogonal varimax
rotation, the following three items were identified among
the 10 BHQ-Brazil items: (1) tiredness, (2) functionality, and
(3) anxiety. Cronbach’s alpha coefficients for these items
were 0.82, 0.75, and 0.60, respectively. All the items’ scores
displayed adequate communalities (from 0.60 to 0.79). The
initial analysis of the eigenvalues of these three items,
after rotation, explained 67.16% of the variance. Thus, as
most items presented high factorial loads, the three items
extracted could explain the common variance between them
(Table 3).

Convergent and discriminative validity

For convergent validity, moderate correlations were found
between the BHQ-Brazil score and mMRC scale (p < 0.001)
(Table 2). The instrument demonstrated good discrimination
regarding the number of pulmonary exacerbations, coloniza-
tion by Pseudomonas aeruginosa, the number of affected
lung lobes, and the severity of dyspnea (mMRC) (Table 4).

Concurrent validity

Concurrent validity was demonstrated by strong correlations
between the SGRQ domains and the total BHQ-Brazil score
(p < 0.001).

Agreement

The SEM and the SDC of the BHQ-Brazil score were con-
sidered very good. No ceiling or floor effects were found
(Table 2).

Discussion

The present study addressed the cross-cultural adaptation of
the BHQ-Brazil and the evaluation of its psychometric prop-
erties, which were not investigated in the original, Korean,
and Danish versions.20---22 The BHQ-Brazil version exhibited
adequate internal consistency and substantial reliability
when retested after two weeks, presenting values above
those recommended for health status questionnaires34 and
similar to those reported by the developers of the original,
Korean, and Danish versions.20---22 It also exhibited greater
internal consistency and reliability compared with CAT.16

The BHQ and CAT are short questionnaires that generate a
single final score, which is advantageous for clinical use in
bronchiectasis patients.16---18 However, CAT is not specific for
bronchiectasis and does not address any pulmonary exacer-
bation treatment item.

This study also tested the EFA of the BHQ-Brazil, a psy-
chometric property that was not evaluated in the original,
Korean, and Danish studies. Suitability was assessed using
the KMO and Bartlett tests. The PCA extracted three fac-
tors. The first was related to the presence of pulmonary
secretion and blood in the secretion, quality of sleep, and
pulmonary exacerbation; the second addressed tiredness,
functionality, anxiety, and shortness of breath; while the
third factor concerned the presence of pulmonary secretion,
embarrassment because of phlegm, and cough. The items of
each factor presented high factorial load and good internal
consistency between them. The communalities of the items
were considered adequate, indicating that the scores of the
BHQ-Brazil items share a good level of variance. The total
variance explained by the BHQ-Brazil was 67.16%, which led
to more than one item for each of the identified factors.

The BHQ-Brazil presented a moderate convergent validity
with the mMRC scale, demonstrating that the higher the dys-
pnea, the lower the BHQ score, determining a worse quality
of life. This was probably because the mMRC scale assesses
dyspnea during activities of daily living, whereas the BHQ
addresses other symptoms related to bronchiectasis. Spinou
et al.20 observed a strong correlation between the BHQ and
dyspnea assessed using the visual analog scale; however,
this scale evaluates shortness of breath only and does not
consider dyspnea during activities of daily living.

The BHQ-Brazil was able to discriminate the impact of
the quality of life on those with the highest number of exac-
erbations, colonization by Pseudomonas aeruginosa, worse
dyspnea scale scores, and greater number of affected lung
lobes. These clinical markers are related to the phenotypes
of individuals with an exacerbating profile.6 The exacerba-
tion and pulmonary colonization by Pseudomonas aeruginosa
in individuals with bronchiectasis are considered important
markers of reduced quality of life.3,5,6,38 The BHQ-Brazil
exhibited strong concurrent validity with the SGRQ with an
advantage of a fast application and easy interpretation. The
rapid application was confirmed by the shorter time required
to complete the questionnaire (3.8 min) compared with both
the SGRQ (12 min)11---14 and QoL-B (10 min).8---10

The BHQ-Brazil showed a small SEM and a narrow SDC,
indicating a very good agreement with little response vari-
ability between test-retest. These psychometric properties
had not been evaluated since the publication of the origi-
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Table 3 Analysis of the factorial components of each item on the BHQ-Brazil obtained by the varimax rotation method (n = 101).

BHQ items Factors h2

1 2 3

4. In the last 2 weeks, my chest has felt clear. 0.76a 0.40 0.761
7. In the last 2 weeks, my sleep has been

disrupted because of my bronchiectasis.
0.73 0.670

9. In the last 2 weeks, my phlegm (sputum)
contained blood.

0.91 0.838

10. In the last one year, I have taken courses of
antibiotics for a chest infection.

0.83 0.737

1. In the last 2 weeks, I have been tired. 0.84 0.757
2. In the last 2 weeks, I have been much slower at

doing things than other people of my age.
0.82 0.698

3. In the last 2 weeks, I have felt anxious. 0.43 0.604
6. In the last 2 weeks, I have felt short of breath. 0.87 0.792
5. In the last 2 weeks, I have been embarrassed

because of my phlegm (sputum).
0.85 0.727

8. In the last 2 weeks, I have had coughing bouts. 0.75 0.623

Numbers of items 4 4 3
% of explained variance 33.68 19.96 13.52
% total of explained variance 67.16
Cronbach’s alpha 0.82 0.75 0.60

Extraction method: Principal component analysis; Rotation method: Varimax with normalization Kaiser; factor 1, 2, 3.
a Item 4 contributed more to factor 1. BHQ: Bronchiectasis Health Questionnaire, h2: commonality.

Table 4 Discriminative validity of Bronchiectasis Health Questionnaire scores according to exacerbation, colonization, number
of lobes affected and dyspnea.

Variable Mean (SD)/CI 95% Mean (SD)/CI 95% Difference in
mean/CI 95%

ES p Value

Number of
exacerbations in
the previous year

0 --- 2 ( n = 77) 3−6 (n = 24)

60.0 (8.25)/58.0---62.0 53.0 (6.0)/50.0---55.0 7.0/3.7---10.0 0.87 <0,001
Colonization by
Pseudomonas

Not (n = 57) Yes (n = 44)
60.0 (8.0)/57.0---62.0 56.0 (7.0)/54.0---58.0 4.0/0.75---7.24 0.50 <0.001

Number of lung
lobes affected

1 --- 2 (n = 35) > 2( n = 62)
61.0 (8.3)/58.0---64.0 57.0 (8.0)/54.0---59.0 4.0/0.93---7.8 0.50 =0.01

mMRC 0−2 (n = 77) 3−4 (n = 24)
60.0 (7.8)/59.0---62.0 52.0 (6.2)/49.0---54.0 8.0/5.0---12.0 1.14 <0.001

SD: standard deviation, CI: confidence interval, mMRC: modified Medical Research Council dyspnea scale, ES: effect size.

nal, Korean, and Danish BHQ versions.20---22 Also, no ceiling
and floor effects were observed, as none of the participants
obtained the lowest or highest scores in the BHQ-Brazil.
Thus, the BHQ-Brazil can be used to assess the response to
interventions such as pulmonary rehabilitation or pharma-
cological treatments. Besides, BHQ scores may also differ
during and after exacerbations. Nevertheless, prospective
studies must be conducted to confirm these assumptions.

This study had some limitations. Individuals were
recruited from a single referral center for bronchiectasis in
São Paulo, which receives patients from all over Brazil. Thus,
it is essential to administer the BHQ-Brazil in other states of
the country to test its external validity. Moreover, the study
included young individuals with less severe bronchiectasis.
Thus, future studies focusing on assessing the usefulness of

BHQ in an older population and people with different disease
severities are suggested.

In conclusion, the Brazilian-Portuguese version of the
BHQ presents adequate measurement properties to evalu-
ate the quality of life of individuals with bronchiectasis and
can be implemented in clinical practice.
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Abstract
Background: Transbronchial lung cryobiopsy (TBLC) is frequently described for the diagnosis
of diffuse parenchymal lung diseases (DPLD). A few studies have reported transbronchial cry-
obiopsy for the diagnosis of peripheral pulmonary lesions (PPL’s). We aimed to study the utility
and safety of transbronchial cryobiopsy for the diagnosis of PPL’s.
Methods: We performed a systematic search of the PubMed and Embase databases to extract
the relevant studies. We then performed a meta-analysis to calculate the diagnostic yields of
transbronchial cryobiopsy and bronchoscopic forceps biopsy.
Results: Following a systematic search, we identified nine relevant studies (300 patients under-
going cryobiopsy). All used Radial Endobronchial Ultrasound (R-EBUS) for PPL localization. The
pooled diagnostic yield of transbronchial cryobiopsy was 77% (95% CI, 71%---84%) (I2̂ = 38.72%,
p = 0.11). The diagnostic yield of forceps biopsy was 72% (95% CI, 60%---83%) (I2̂ = 78.56%,
p < 0.01). The diagnostic yield of cryobiopsy and forceps biopsy was similar (RR 1.05, 95%
CI 0.96---1.15), with a 5% risk difference for diagnostic yield (95% CI, −6% to 15%). There
was significant heterogeneity (I2̂ = 57.2%, p = 0.017), and no significant publication bias. One
severe bleeding and three pneumothoraxes requiring intercostal drain (ICD) placement (major
complication rate 4/122, 1.8%) were reported with transbronchial cryobiopsy.
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Conclusions: R-EBUS guided transbronchial cryobiopsy is a safe and efficacious modality. The
diagnostic yields of TBLC and forceps biopsy are similar. More extensive multicentre randomized
trials are required for the further evaluation and standardization of transbronchial cryobiopsy
for PPL’s.
© 2021 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Peripheral pulmonary lesions (PPL’s) are a frequent indica-
tion for pulmonologist referral in clinical practice. Clinicians
can incidentally find PPL’s on thoracic imaging, and many are
detected on CT scans performed for lung cancer screening.
The diagnosis is challenging especially for small lesions and
those located in proximity to major vascular structures.1 An
accurate diagnosis is essential so that treatment decisions
can be optimized. Transthoracic percutaneous biopsy and
bronchoscopy are the primary modalities for tissue biopsy
of PPL’s. The decision regarding the choice of approach
for biopsy depends on the proximity of the lesion to the
chest wall, availability of resources, risk of complications
depending on the patient’s clinical status and physician
preference. Percutaneous transthoracic approaches (CT or
ultrasound-guided biopsy) provide a superior diagnostic
yield.2 However, the risk of pneumothorax is higher, espe-
cially in patients with emphysema.

Bronchoscopic modalities are safer with a lower risk
of pneumothorax. Endobronchial anatomy can also be
evaluated. Conventional bronchoscopy for PPL’s provides
a low diagnostic yield.3 Radial Endobronchial Ultrasound
(R-EBUS) is a useful modality for guided bronchoscopic
biopsy of PPL’s. However, the material obtained with
conventional forceps biopsy under R-EBUS guidance is
often insufficient.4 The overall diagnostic yield of R-
EBUS for PPL’s (70.6%) is not excellent and requires
further improvement.5 Various innovations have attempted
to optimize the yield of bronchoscopic biopsy of PPL’s.
These technologies include guide sheath method, broncho-
scopic navigation, fluoroscopy, cone-beam CT guidance, and
robotic bronchoscopy.6 Although the newer technologies
allow a more accurate guide to the target lesion, a subopti-
mal diagnostic yield compared with CT guided percutaneous
biopsy remains a significant limitation.

Transbronchial lung cryobiopsy (TBLC) is commonly used
in the evaluation of diffuse parenchymal lung disease
(DPLD)’s.7,8 The samples obtained with TBLC are signifi-
cantly larger than the conventional bronchoscopic forceps
biopsy. A few studies have described the utility of R-EBUS
guided transbronchial cryobiopsy for the evaluation of PPL’s.
Some have also compared the yield of cryobiopsy with con-
ventional forceps biopsy. There is increasing interest in
the use of bronchoscopic cryobiopsy for sampling PPL’s.
The advantage of the cryoprobe is the ability to obtain a
more extensive tissue, and a 360◦/lateral biopsy.9 For adja-
cent or eccentric lesions, this ability may be particularly
advantageous. Theoretically, the freezing of a larger area
surrounding the tip of the cryoprobe may also be beneficial

in smaller nodules. The risks with TBLC for DPLD’s include
pneumothorax and bleeding. In contrast to TBLC for diffuse
interstitial lung diseases, the technique of cryobiopsy for
PPL’s has not been standardized.10

We carried out a systematic review of the literature
to identify the studies describing the yield and safety of
transbronchial cryobiopsy for PPL’s. We included studies
which included human subjects undergoing transbronchial
cryobiopsy for PPL. Both prospective and retrospective
studies were eligible for inclusion. We also performed a
meta-analysis to calculate the pooled diagnostic yield of
cryobiopsy and its comparison with forceps biopsy. We also
summarise the complications and safety of bronchoscopic
cryobiopsy for PPL’s.

Methods

Search strategy and initial review

Two authors (K.M and S.PB) performed a systematic search
of the two databases: PubMed and EMBASE (01.01.2004
up to 12.08.2020) to identify the original, peer-reviewed,
full-length, human subject articles describing the use of
transbronchial cryobiopsy for PPL’s. We used the following
database-specific search strategy. Free text search terms
were: (cryoprobe OR cryobiopsy OR cryotherapy OR cryo
OR tblc OR transbronchial lung cryobiopsy) AND (periph-
eral pulmonary lesion OR ppl OR solitary pulmonary nodule
OR lung nodule OR pulmonary nodule OR radial ebus OR
ebus OR radial endobronchial ultrasound OR endobronchial
ultrasound OR guide sheath OR radial probe OR virtual bron-
choscopic navigation OR vbn OR emn OR electromagnetic
navigation). All the retrieved studies were imported into
reference management software (EndNote). Duplicate cita-
tions were discarded. The studies were screened by title and
abstract. Full texts were downloaded for review, wherever
required. The reference lists of the extracted studies were
also reviewed. The finally selected studies were screened
independently by three authors (K.M, S.M and S.PB). Stud-
ies describing the utilization of cryobiopsy for peripheral
pulmonary lesions were included. For inclusion, sufficient
data for calculating the diagnostic yield of cryobiopsy for
PPL were required. The following studies were excluded: (a)
studies that did not report the utilization of cryobiopsy for
PPL (b) studies not in English language (c) review articles,
editorials, abstracts, and letters without any case descrip-
tion (d) case reports or series with fewer than five patients.
Any disagreement between the authors was resolved after
mutual discussion.
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Figure 1 Figure showing the process of systematic review and selection of studies for meta-analysis.

Data abstraction

Data from the finally selected studies were abstracted on
a data extraction form. The following information was
retrieved after a thorough review of the full text ---- (a)
author, (b) year, (c) number of patients, (d) gender, (e)
number of centres, (f) study design, (g) age, (h) type of
cryoprobe, bronchoscope and forceps used (i) anaesthesia,
(j) size of target lesion (k) use of navigation, (l) use of
fluoroscopy, (m) number of biopsies (n) location of the tar-
get lesion, (o) diagnostic yield of cryobiopsy, (p) diagnostic
yield of forceps biopsy, (q) complications. The systematic

review methodology is summarized in Fig. 1. Complications
were considered minor if they included mild to moder-
ate bleeding responding to local measures as reported by
the author. Major complications included pneumothorax and
severe bleeding, as described in the original study.

Assessment of study quality

Study quality was evaluated with the Methodological Index
for Non-Randomized Studies (MINORS) and the Cochrane tool
for Randomized studies. The MINORS tool consists of a check-
list of eight items developed for non-comparative studies
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and four additional items for comparative studies. Items on
the MINORS tool are scored as 0 (not reported), 1 (reported
but inadequate) and 2 (reported and adequate), resulting in
a total score of 16 for non-comparative studies and 24 for
comparative studies.11 The Cochrane tool for RCT consists
of seven questions and bias for each item is rated as ‘‘Low
risk’’, ‘‘High risk’’, or ‘‘Unclear risk’’ to judge.12 Each study
was independently reviewed by two authors (KM and SPB),
after which the scores were compared and decided on final
scores during a consensus meeting.

Statistical analysis

Statistical analyses were performed using the STATA sta-
tistical analysis software (StataCorp 2017. Stata Statistical
Software: Release 15. College Station, TX: StataCorp LLC)
and RevMan (Review Manager [Computer program]. Ver-
sion 5.3. Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014). A proportional meta-analysis
was performed to calculate the pooled diagnostic yield of
forceps biopsy and transbronchial cryobiopsy. Pooled pro-
portions, along with 95% confidence intervals were derived.
A meta-analysis was also performed to compare the diagnos-
tic yield of forceps biopsy and cryobiopsy using the pooled
RR (relative risk) method. The pooled risk difference (RD)
of the yield of cryobiopsy and forceps biopsy was also calcu-
lated. Complications were classified into a minor, or a major
complication and summary statistics were reported.

Heterogeneity assessment

The impact of heterogeneity on the pooled estimates of the
diagnostic yields and the comparative diagnostic yield was
assessed using the I2 (I-Square) test Cochran Q statistic.13

I2 is a statistical tool to evaluate the impact of unobserved
heterogeneity. It describes the percentage of total variation
seen across studies that are attributable to heterogeneity
rather than chance. An I2 value of ≥50% indicates significant
heterogeneity. For the Cochran Q statistic, a p-value <0.1 is
significant for the presence of statistical heterogeneity.

Assessment of publication bias

The funnel plot (Egger test) was used to assess for publi-
cation bias (statistically significant publication bias when
p < 0.1).14

Results

The initial literature search yielded 124 articles from which
nine studies (457 patients, 300 underwent cryobiopsy) were
selected for data abstraction and included in the meta-
analysis. The baseline study characteristics are summarized
in Tables 1 and 2. The methodological quality of the stud-
ies is summarized in Table 3. Of the nine studies, four
were retrospective,9,15---17 and five were prospective studies
(including one randomized controlled trial, RCT).4,18---21 All
were single-centre studies. Most studies reported a forceps
biopsy group as a comparator in the same group of patients.

One study reported the yield of forceps biopsy performed by
the same operator in a different set of patients.9

Technical considerations

Artificial airways, if used, included endotracheal intubation
with an endotracheal tube or rigid bronchoscopy. An artifi-
cial airway conduit (rigid bronchoscope or an endotracheal
tube) was routinely used in five studies.4,9,17,18,20 Balloon
blockers were variably used. The flexible bronchoscopes
used for performing cryobiopsy had an internal channel
diameter from 2.0 mm to 3.2 mm. Deep sedation, general
anaesthesia or total intravenous anaesthesia (TIVA) were
used to optimize patient comfort in different studies. In two
studies, general anaesthesia was used routinely.4,20 Radial
endobronchial ultrasound (R-EBUS) guidance with or without
a guide sheath (size 1.4---1.7 mm) was used in all studies for
localization of PPL before the biopsy. Fluoroscopy was used
in four studies.4,9,15,21 Guide sheaths, if used, for R-EBUS
were1.95 mm SG-200C or 2.55 mm SG-201C (Olympus, Olym-
pus Corporation, Japan). As the guide sheath was 2 cm longer
than the 1050 mm long, 1.9 mm flexible cryoprobe, Herath
et al. trimmed the guide sheath by three cms from the distal
end for to improve performance of biopsy.19 Electromagnetic
navigation (EMN) was used in 1 study 20 and virtual bron-
choscopic navigation (VBN) in 2 studies for pre-procedural
planning.16,17 Most studies used a 1.9 mm cryoprobe (ERBE,
Germany) except one (used 1.2 mm cryoprobe).4 Most of
the studies used a freezing time between three to five sec-
onds during cryobiopsy. Rapid onsite evaluation (ROSE) was
used in two studies.16,18 Schuhmann et al. reported longer
procedure time with cryobiopsy as compared to forceps
biopsy (5.1 ± 2.75 min, forceps biopsy and 11.6 ± 4.4 min,
cryobiopsy; p < 0.0001). Kho et al. reported significantly
increased diagnostic yield with cryobiopsy in eccentrically
and adjacently orientated lesions 75.0%, compared to 48.8%
with forceps biopsy (p < 0.05). No difference was found in
the yields in concentric lesions.9 Nasu et al. reported an
increased diagnostic yield with cryobiopsy in the presence
of the bronchus sign.17

Specimen quality

Specimen area was reported in some studies, and where
comparative data was available, specimen size was larger
in cryobiopsy samples as compared to forceps biopsy. The
specific metric used to denote size differed across studies
from an area on slide or tissue volume. On artefact compar-
ison on both cryobiopsy and forceps biopsy, no difference
was observed in the semi-quantitative scoring for tissue
morphology.4 In the context of lung cancer, a greater amount
of DNA and RNA were extracted from the cryobiopsy sam-
ples, and there were higher success rates for RNA sequencing
and whole-exome sequencing with the cryobiopsy samples.21

There was good concordance for TTF-1 and p40 immunos-
taining between the cryobiopsy and forceps biopsy samples.
Cryoprobe biopsy samples also yielded greater rates of PD-L1
expression >1% on Immunohistochemical analysis.21

53



P.B. Sryma, S. Mittal, N.K. Madan et al.

Ta
bl

e
1

Ba
se

lin
e

ch
ar

ac
te

ri
st

ic
s

of
st

ud
ie

s
de

sc
ri

bi
ng

th
e

ut
ili

ty
of

tr
an

sb
ro

nc
hi

al
cr

yo
bi

op
sy

fo
r

PP
Ls

.

N
o.

Au
th

or
/y

ea
r

Co
un

tr
y

St
ud

y
de

si
gn

To
ta

l
nu

m
be

r
(n

um
be

r
un

de
rg

oi
ng

cr
yo

bi
op

sy
)

In
cl

us
io

n
cr

it
er

ia
Co

m
pa

ri
so

n
w

it
h

fo
rc

ep
s

bi
op

sy
w

it
h

cr
yo

bi
op

sy
in

sa
m

e
pa

ti
en

ts

Ag
e

(y
ea

rs
)

Si
ze

of
PP

L
(m

m
)

%
O

f
le

si
on

s
in

up
pe

r
lo

be
s

1
Sc

hu
hm

an
n

et
al

./
20

14
4

G
er

m
an

y
RC

T
38

(3
1)

So
lid

pu
lm

on
ar

y
le

si
on

of
<4

0
m

m
Ye

s
M

ed
ia

n
IQ

R,
68

(3
7-

--8
4)

29
.7

(7
.3

)
N

A

2
H

ib
ar

e
et

al
./

20
17

15
In

di
a

Re
tr

os
pe

ct
iv

e
55

(2
8)

PP
L

re
qu

ir
in

g
R-

EB
U

S,
br

on
ch

os
co

pi
ca

lly
in

vi
si

bl
e

Ye
s

M
ea

n
(S

D
),

61
.8

(7
.2

)
(M

),
59

.3
(1

1.
2)

(F
)

Si
ze

da
ta

fo
r

41
(2

8
>

3
cm

,
13

<
3

cm
)

N
A

3
H

er
at

h
et

al
./

20
18

19
N

ew
Ze

al
an

d
Pr

os
pe

ct
iv

e
6

(6
)

PP
L

1
cm

or
ab

ov
e

on
CT

Ye
s

M
ea

n
(S

D
),

56
.6

6
(1

3.
14

)

41 (1
9-

--6
6)

66
.7

4
Ta

to
n

et
al

./
20

18
20

Be
lg

iu
m

Pr
os

pe
ct

iv
e

32
(2

9)
Ag

e
ov

er
18

ye
ar

s;
a

CT
-d

et
ec

te
d

so
lid

or
no

ns
ol

id
no

du
le

w
it

h
a

di
am

et
er

fr
om

8
to

20
m

m

Ye
s

M
ea

n
(S

D
),

68
(9

)

16
(3

)
51

.7

5
Ar

im
ur

a
et

al
./

20
19

18
Ja

pa
n

Pr
os

pe
ct

iv
e

23
(2

3)
So

lid
le

si
on

s
>2

cm
aw

ay
fr

om
pl

eu
ra

,
br

on
ch

os
co

pi
ca

lly
in

vi
si

bl
e

Ye
s

M
ed

ia
n

IQ
R

69
.5

(4
6-

--8
2)

36 (1
0-

--8
1)

60
.9

6
Kh

o
et

al
./

20
19

9
M

al
ay

si
a

Re
tr

os
pe

ct
iv

e
11

4
(3

8)
Al

la
du

lt
pa

ti
en

ts
un

de
rg

oi
ng

R-
EB

U
S-

gu
id

ed
tr

an
sb

ro
nc

hi
al

bi
op

sy

N
o

M
ed

ia
n

IQ
R

56
(4

7.
8-

--6
4.

5)

34
.8

(2
6.

3-
--4

5.
1)

23
(6

0.
5)

in
cr

y-
ob

io
ps

y
gr

ou
p4

6
(6

0.
5)

in
th

e
fo

rc
ep

s
gr

ou
p

54



Pulmonology 29 (2023) 50---64

Ta
bl

e
1

(C
on

ti
nu

ed
)

N
o.

Au
th

or
/y

ea
r

Co
un

tr
y

St
ud

y
de

si
gn

To
ta

l
nu

m
be

r
(n

um
be

r
un

de
rg

oi
ng

cr
yo

bi
op

sy
)

In
cl

us
io

n
cr

it
er

ia
Co

m
pa

ri
so

n
w

it
h

fo
rc

ep
s

bi
op

sy
w

it
h

cr
yo

bi
op

sy
in

sa
m

e
pa

ti
en

ts

Ag
e

(y
ea

rs
)

Si
ze

of
PP

L
(m

m
)

%
O

f
le

si
on

s
in

up
pe

r
lo

be
s

7
Im

ab
ay

as
hi

et
al

./
20

19
16

Ja
pa

n
Re

tr
os

pe
ct

iv
e

38
(3

6)
Su

sp
ec

te
d

pe
ri

ph
er

al
lu

ng
ca

nc
er

un
de

rg
oi

ng
cr

yo
bi

op
sy

Ye
s

M
ed

ia
n

IQ
R

66
.9

(4
4−

81
)

37
.2

±
19

.4
52

.8

8
N

as
u

et
al

./
20

19
17

Ja
pa

n
Re

tr
os

pe
ct

iv
e

53
(5

3)
A

fin
al

di
ag

no
si

s
of

lu
ng

ca
nc

er
in

PP
L

w
ho

un
de

rw
en

t
cr

yo
bi

op
sy

Ye
s

M
ed

ia
n

IQ
R

75
(4

1-
--9

0)

32 (8
−8

5)
50

.9

9
U

da
ga

w
a

et
al

./
20

20
21

Ja
pa

n
Pr

os
pe

ct
iv

e
12

1
(5

7)
Ag

ed
20

---
80

ye
ar

s
w

it
h

su
sp

ec
te

d
or

di
ag

no
se

d
pr

im
ar

y
lu

ng
ca

nc
er

by
ch

es
t

co
m

pu
te

d
to

m
og

ra
ph

y
sc

he
du

le
d

to
un

de
rg

o
TB

B
by

br
on

ch
os

co
py

Ye
s

M
ed

ia
n

IQ
R

68
(3

1−
79

)

38 (M
ed

ia
n)

40
.3

PP
L:

pe
ri

ph
er

al
pu

lm
on

ar
y

le
si

on
;

R-
EB

U
S:

Ra
di

al
En

do
br

on
ch

ia
lU

lt
ra

so
un

d;
TB

B:
tr

an
sb

ro
nc

hi
al

bi
op

sy
.

55



P.B. Sryma, S. Mittal, N.K. Madan et al.
Ta

bl
e

2
Pr

oc
ed

ur
al

ch
ar

ac
te

ri
st

ic
s

of
st

ud
ie

s
in

cl
ud

ed
fo

r
sy

st
em

at
ic

re
vi

ew
an

d
m

et
a-

an
al

ys
is

.

N
o.

Au
th

or
/y

ea
r

M
od

al
it

y
fo

r
sa

m
pl

in
g

R-
EB

U
S

pr
ob

e
us

ed

R-
EB

U
S

pr
ob

e
si

ze
(m

m
)

An
ae

st
he

si
a

Ar
ti

fic
ia

l
ai

rw
ay

Cr
yo

pr
ob

e
di

am
e-

te
r

(m
m

)

Fr
ee

zi
ng

N
o.

of
cr

y-
ob

io
p-

si
es

N
o.

of
fl

ex
ib

le
bi

op
si

es

Si
ze

of
cr

yo
bi

op
sy

Si
ze

of
fo

rc
ep

s
bi

op
sy

Co
m

m
en

ts

Ti
m

e
(s

)
M

ed
ia

n
(R

an
ge

)
M

ea
n

(S
D

)/
ra

ng
e

1
Sc

hu
hm

an
n

et
al

./
20

14
4

Ra
di

al
EB

U
S

+
G

S
U

M
-S

20
-

20
R;

O
ly

m
pu

s

1.
7

G
A

Ye
s,

ri
gi

d
br

on
-

ch
os

co
py

1.
2

4
3

3
11

.1
7

m
m

2

(1
.2

5−
38

.5
9)

4.
69

m
m

2

(0
.5

3−
22

)
7

ou
t

of
38

,
PP

L
no

t
lo

ca
liz

ed
in

20
m

in
w

it
h

R-
EB

U
S

an
d

w
er

e
ex

cl
ud

ed
.

D
ur

at
io

n
of

th
e

cr
yo

bi
op

sy
w

as
si

gn
ifi

ca
nt

ly
lo

ng
er

co
m

pa
re

d
w

it
h

fo
rc

ep
s

bi
op

sy
.

2
H

ib
ar

e
et

al
./

20
17

15
Ra

di
al

EB
U

S
±

G
S
±

Fl
uo

ro
sc

op
y

U
M

-S
20

-
17

S;
O

ly
m

pu
s

1.
4

N
A

N
o

1.
9

4
3

3
N

A
N

A
9

(1
4%

)
ca

se
s

th
e

le
si

on
co

ul
d

no
t

be
lo

ca
te

d
by

R-
EB

U
S

3
H

er
at

h
et

al
./

20
17

19
Ra

di
al

EB
U

S
+

G
S

U
M

-S
20

-
20

R;
O

ly
m

pu
s

1.
7

Co
ns

ci
ou

s
se

da
ti

on
(5

),
G

A
(1

)

Ye
s,

G
A

in
on

e
pa

ti
en

t,
Fi

ve
no

t
in

tu
-

ba
te

d

1.
9

4
1−

3
N

A
6.

4
m

m
3.

4
m

m
Al

lt
he

PP
Ls

w
er

e
vi

su
al

iz
ed

as
co

nc
en

tr
ic

le
si

on
s

on
R-

EB
U

S.
To

en
ab

le
co

nt
ac

t
w

it
h

th
e

le
si

on
,

th
e

G
S

w
as

tr
im

m
ed

by
3

cm
fr

om
th

e
di

st
al

en
d

4
Ta

to
n

et
al

./
20

18
20

Ra
di

al
EB

U
S

+
G

S
U

M
-S

20
-

17
S;

O
ly

m
pu

s

1.
4

G
A

an
d

pa
ra

ly
si

s
(R

em
if

en
-

ta
ni

l,
pr

op
of

ol
,

ro
cu

ro
-

ni
um

)

Ye
s,

ri
gi

d
br

on
-

ch
o-

sc
op

e

1.
9

7−
8

2
6

5.
3

±
0.

7
(m

m
)

1.
1

±
0.

6
(m

m
)

Th
e

lo
ba

r
lo

ca
ti

on
of

th
e

no
du

le
,

th
e

br
on

ch
us

si
gn

,
th

e
no

du
le

si
ze

,
th

e
m

al
ig

na
nt

vs
be

ni
gn

di
se

as
e,

or
th

e
te

ch
ni

qu
e

us
ed

(n
od

ul
e

vi
su

al
iz

at
io

n
or

no
t

w
it

h
EB

U
S

m
in

i
pr

ob
e)

fo
r

vi
su

al
iz

in
g

th
e

no
du

le
in

ad
di

ti
on

to
EN

B
ha

d
no

st
at

ic
al

ly
si

gn
ifi

ca
nt

im
pa

ct
on

th
e

di
ag

no
st

ic
pe

rf
or

m
an

ce
5

Ar
im

ur
a

et
al

./
20

19
18

Ra
di

al
EB

U
S

+
G

S
+

Fl
uo

ro
sc

op
y

U
M

-S
20

-
20

R;
O

ly
m

pu
s

1.
7

D
ee

p
se

da
ti

on
Ye

s,
in

tu
-

ba
te

d
7.

5
m

m
ET

1.
9

3-
--5

1-
--2

5
0.

07
8

±
0.

00
8

(m
ea

n
±

SE
M

)
cm

3

0.
00

3
±

0.
00

03
(m

ea
n

±
SE

M
)

cm
3

Br
on

ch
os

co
pi

st
s

pe
rf

or
m

ed
th

e
pr

oc
ed

ur
es

w
it

h
at

le
as

t
th

re
e

ye
ar

s
of

ex
pe

ri
en

ce

56



Pulmonology 29 (2023) 50---64

Ta
bl

e
2

(C
on

ti
nu

ed
)

N
o.

Au
th

or
/y

ea
r

M
od

al
it

y
fo

r
sa

m
pl

in
g

R-
EB

U
S

pr
ob

e
us

ed

R-
EB

U
S

pr
ob

e
si

ze
(m

m
)

An
ae

st
he

si
a

Ar
ti

fic
ia

l
ai

rw
ay

Cr
yo

pr
ob

e
di

am
e-

te
r

(m
m

)

Fr
ee

zi
ng

N
o.

of
cr

y-
ob

io
p-

si
es

N
o.

of
fl

ex
ib

le
bi

op
si

es

Si
ze

of
cr

yo
bi

op
sy

Si
ze

of
fo

rc
ep

s
bi

op
sy

Co
m

m
en

ts

Ti
m

e
(s

)
M

ed
ia

n
(R

an
ge

)
M

ea
n

(S
D

)/
ra

ng
e

6
Kh

o
et

al
./

20
19

9
Ra

di
al

EB
U

S
±

G
S
±

Fl
uo

ro
sc

op
y

U
M

-
S2

0-
17

S,
U

M
-S

20
-

20
R,

O
ly

m
pu

s

1.
4,

1.
7

Co
ns

ci
ou

s
se

da
ti

on
or

TI
VA

Ye
s

(r
ig

id
or

ET
T)

,
at

op
er

a-
to

r’
s

di
sc

re
-

ti
on

,
16

/3
8

in
cr

y-
ob

io
ps

y
gr

ou
p

an
d

7/
76

in
fo

rc
ep

s
gr

ou
p

1.
9

3−
4

5
N

A
N

A
RO

SE
du

ri
ng

Cr
yo

w
it

h
EB

U
S-

G
S

ha
d

a
hi

gh
se

ns
it

iv
it

y,
sp

ec
ifi

ci
ty

,
PP

V,
an

d
di

ag
no

st
ic

ac
cu

ra
cy

fo
r

PP
Ls

.

7
Im

ab
ay

as
hi

et
al

./
20

19
16

Ra
di

al
EB

U
S

w
it

ho
ut

sh
ea

th

U
M

-S
20

-
17

S;
O

ly
m

pu
s

1.
4

Co
ns

ci
ou

s
se

da
ti

on
(M

id
az

ol
am

an
d

Fe
nt

an
yl

)

N
o

1.
9

3.
3

(0
.7

)
1.

5
±

0.
6

(1
---

3)
N

A
12

.2
m

m
2

(5
.6

)
N

A
St

am
p

cy
to

lo
gy

w
it

h
CB

fa
ci

lit
at

es
th

e
on

-s
it

e
co

nfi
rm

at
io

n
of

tu
m

or
in

cl
us

io
n

an
d

im
pr

ov
ed

di
ag

no
st

ic
yi

el
d.

Th
e

EB
U

S
pr

ob
e

w
as

lo
ca

te
d

w
it

hi
n

th
e

le
si

on
in

91
.6

%
(3

3/
36

)
ca

se
s

an
d

ad
ja

ce
nt

to
th

e
le

si
on

in
8.

3%
(3

/3
6)

ca
se

s

57



P.B. Sryma, S. Mittal, N.K. Madan et al.

Ta
bl

e
2

(C
on

ti
nu

ed
)

N
o.

Au
th

or
/y

ea
r

M
od

al
it

y
fo

r
sa

m
pl

in
g

R-
EB

U
S

pr
ob

e
us

ed

R-
EB

U
S

pr
ob

e
si

ze
(m

m
)

An
ae

st
he

si
a

Ar
ti

fic
ia

l
ai

rw
ay

Cr
yo

pr
ob

e
di

am
e-

te
r

(m
m

)

Fr
ee

zi
ng

N
o.

of
cr

y-
ob

io
p-

si
es

N
o.

of
fl

ex
ib

le
bi

op
si

es

Si
ze

of
cr

yo
bi

op
sy

Si
ze

of
fo

rc
ep

s
bi

op
sy

Co
m

m
en

ts

Ti
m

e
(s

)
M

ed
ia

n
(R

an
ge

)
M

ea
n

(S
D

)/
ra

ng
e

8
N

as
u

et
al

./
20

19
17

Ra
di

al
EB

U
S

+
G

S
U

M
-

S2
0-

17
S,

U
M

-S
20

-
20

R,
O

ly
m

pu
s

1.
4,

1.
7

Co
ns

ci
ou

s/
de

ep
se

da
ti

on
an

d
to

pi
ca

l
an

ae
st

he
si

a

Ye
s,

in
tu

-
ba

te
d

8.
5

m
m

ET

1.
9

3
N

A
5−

6
14

.1
m

m
2

(r
an

ge
=

3.
67

---
40

.7
)

2.
62

m
m

2

(r
an

ge
=

0.
73

7
---

10
.0

)

Cr
yo

bi
op

sy
w

it
h

G
S

an
d

po
si

ti
ve

br
on

ch
us

si
gn

w
er

e
si

gn
ifi

ca
nt

ly
as

so
ci

at
ed

w
it

h
in

cr
ea

se
d

di
ag

no
st

ic
yi

el
d

of
cr

yo
bi

op
sy

(o
dd

s
ra

ti
o

(O
R)

,
11

.6
;

p
=

0.
04

4
an

d
O

R,
21

.5
;

p
=

0.
03

4,
re

sp
ec

ti
ve

ly
)

9
U

da
ga

w
a

et
al

./
20

20
21

Ra
di

al
EB

U
S

±
G

S
+

Fl
uo

ro
sc

op
y

N
A

N
A

M
od

er
at

e
se

da
ti

on
(P

et
hi

di
ne

an
d

M
id

az
ol

am
)

an
d

to
pi

ca
l

an
ae

st
he

si
a

or
G

A

Ye
s,

at
an

ae
s-

th
es

io
l-

og
is

ts
di

sc
re

-
ti

on

1.
9

3-
--5

2
(1

---
5)

5
(2

---
12

)
15

m
m

2
(1

---
42

)
2

m
m

2
(0

.3
---

28
)

Cr
yo

bi
op

sy
yi

el
de

d
la

rg
er

am
ou

nt
s

of
D

N
A

(m
ed

ia
n:

cr
yo

pr
ob

e,
1.

60
�

g
vs

fo
rc

ep
s,

0.
58

�
g,

p
=

0.
02

)
an

d
RN

A
(m

ed
ia

n:
cr

yo
pr

ob
e,

0.
62

�
g

vs
fo

rc
ep

s,
0.

17
�

g,
p

<
0.

01
)

ex
tr

ac
te

d
fr

om
sa

m
pl

es
,

an
d

te
nd

ed
to

yi
el

d
gr

ea
te

r
ra

te
s

of
PD

-L
1

ex
pr

es
si

on
>1

%
(5

1%
vs

42
%)

ET
T:

en
do

tr
ac

he
al

tu
be

;
G

A:
ge

ne
ra

la
na

es
th

es
ia

;
G

S:
gu

id
e

sh
ea

th
;

R
EB

U
S:

Ra
di

al
En

do
br

on
ch

ia
lU

lt
ra

so
un

d.

58



Pulmonology 29 (2023) 50---64

Ta
bl

e
3

Q
ua

lit
y

as
se

ss
m

en
t

of
th

e
st

ud
ie

s
in

cl
ud

ed
in

th
e

sy
st

em
at

ic
re

vi
ew

an
d

m
et

a-
an

al
ys

is
of

cr
yo

bi
op

sy
fo

r
PP

L.

M
IN

O
RS

to
ol

fo
r

ob
se

rv
at

io
na

l
st

ud
ie

s

Se
ri

al
no

.
Q

ue
st

io
n

H
ib

ar
e

et
al

.
H

er
at

h
et

al
.

Ta
to

n
et

al
.

Ar
im

ur
a

et
al

.
Kh

o
et

al
.

Im
ab

ay
as

hi
et

al
.

N
as

u
et

al
.

U
da

ga
w

a
H

et
al

.

1
A

cl
ea

rl
y

st
at

ed
ai

m
----

th
e

qu
es

ti
on

ad
dr

es
se

d
sh

ou
ld

be
pr

ec
is

e
an

d
re

le
va

nt
in

th
e

lig
ht

of
av

ai
la

bl
e

lit
er

at
ur

e
2

1
2

2
2

2
2

2

2
In

cl
us

io
n

of
co

ns
ec

ut
iv

e
pa

ti
en

ts
----

al
lp

at
ie

nt
s

po
te

nt
ia

lly
fit

fo
r

in
cl

us
io

n
(s

at
is

fy
in

g
th

e
cr

it
er

ia
fo

r
in

cl
us

io
n)

ha
ve

be
en

in
cl

ud
ed

in
th

e
st

ud
y

du
ri

ng
th

e
st

ud
y

pe
ri

od
(n

o
ex

cl
us

io
n

or
de

ta
ils

ab
ou

t
th

e
re

as
on

s
fo

r
ex

cl
us

io
n)

2
1

2
1

0
0

0
1

3
Pr

os
pe

ct
iv

e
co

lle
ct

io
n

of
da

ta
----

da
ta

w
er

e
co

lle
ct

ed
ac

co
rd

in
g

to
a

pr
ot

oc
ol

es
ta

bl
is

he
d

be
fo

re
th

e
be

gi
nn

in
g

of
th

e
st

ud
y

0
2

2
2

0
0

0
2

4
En

dp
oi

nt
s

ap
pr

op
ri

at
e

to
th

e
ai

m
of

th
e

st
ud

y
----

un
am

bi
gu

ou
s

ex
pl

an
at

io
n

of
th

e
cr

it
er

ia
us

ed
to

ev
al

ua
te

th
e

m
ai

n
ou

tc
om

e
w

hi
ch

sh
ou

ld
be

in
ac

co
rd

an
ce

w
it

h
th

e
qu

es
ti

on
ad

dr
es

se
d

by
th

e
st

ud
y.

Al
so

,
th

e
en

dp
oi

nt
s

sh
ou

ld
be

as
se

ss
ed

on
an

in
te

nt
io

n-
to

-t
re

at
ba

si
s.

2
1

2
2

2
2

2
2

5
U

nb
ia

se
d

as
se

ss
m

en
t

of
th

e
st

ud
y

en
dp

oi
nt

-
bl

in
d

ev
al

ua
ti

on
of

ob
je

ct
iv

e
en

dp
oi

nt
s

an
d

do
ub

le
-b

lin
d

ev
al

ua
ti

on
of

su
bj

ec
ti

ve
en

dp
oi

nt
s.

O
th

er
w

is
e,

th
e

re
as

on
s

fo
r

no
t

bl
in

di
ng

sh
ou

ld
be

st
at

ed

1
1

1
1

1
1

1
1

6
Fo

llo
w

-u
p

pe
ri

od
ap

pr
op

ri
at

e
to

th
e

ai
m

of
th

e
st

ud
y-

th
e

fo
llo

w
-u

p
sh

ou
ld

be
su

ffi
ci

en
tl

y
lo

ng
to

al
lo

w
th

e
as

se
ss

m
en

t
of

th
e

m
ai

n
en

dp
oi

nt
an

d
po

ss
ib

le
ad

ve
rs

e
ev

en
ts

2
2

2
2

1
1

1
2

7
A

lo
ss

to
fo

llo
w

up
le

ss
th

an
5%

-
al

lp
at

ie
nt

s
sh

ou
ld

be
in

cl
ud

ed
in

th
e

fo
llo

w
-u

p.
O

th
er

w
is

e,
th

e
pr

op
or

ti
on

lo
st

to
fo

llo
w

up
sh

ou
ld

no
t

ex
ce

ed
th

e
pr

op
or

ti
on

ex
pe

ri
en

ci
ng

th
e

m
aj

or
en

dp
oi

nt

2
2

2
2

1
1

1
2

8
Pr

os
pe

ct
iv

e
ca

lc
ul

at
io

n
of

th
e

st
ud

y
si

ze
-

in
fo

rm
at

io
n

of
th

e
si

ze
of

th
e

de
te

ct
ab

le
di

ff
er

en
ce

of
in

te
re

st
w

it
h

a
ca

lc
ul

at
io

n
of

95
%

co
nfi

de
nc

e
in

te
rv

al
,

ac
co

rd
in

g
to

th
e

ex
pe

ct
ed

in
ci

de
nc

e
of

th
e

ou
tc

om
e

ev
en

t,
an

d
in

fo
rm

at
io

n
ab

ou
t

th
e

le
ve

lf
or

st
at

is
ti

ca
ls

ig
ni

fic
an

ce
an

d
es

ti
m

at
es

of
po

w
er

w
he

n
co

m
pa

ri
ng

th
e

ou
tc

om
es

0
0

0
0

0
0

0
0

59



P.B. Sryma, S. Mittal, N.K. Madan et al.

Ta
bl

e
3

(C
on

ti
nu

ed
)

M
IN

O
RS

to
ol

fo
r

ob
se

rv
at

io
na

l
st

ud
ie

s

Se
ri

al
no

.
Q

ue
st

io
n

H
ib

ar
e

et
al

.
H

er
at

h
et

al
.

Ta
to

n
et

al
.

Ar
im

ur
a

et
al

.
Kh

o
et

al
.

Im
ab

ay
as

hi
et

al
.

N
as

u
et

al
.

U
da

ga
w

a
H

et
al

.

9
An

ad
eq

ua
te

co
nt

ro
lg

ro
up

-
ha

vi
ng

a
go

ld
st

an
da

rd
di

ag
no

st
ic

te
st

or
th

er
ap

eu
ti

c
in

te
rv

en
ti

on
re

co
gn

iz
ed

as
th

e
op

ti
m

al
in

te
rv

en
ti

on
ac

co
rd

in
g

to
th

e
av

ai
la

bl
e

pu
bl

is
he

d
da

ta

2
2

2
2

2
2

2
2

10
Co

nt
em

po
ra

ry
gr

ou
ps

-
co

nt
ro

la
nd

st
ud

ie
d

gr
ou

p
sh

ou
ld

be
m

an
ag

ed
du

ri
ng

th
e

sa
m

e
ti

m
e

pe
ri

od
(n

o
hi

st
or

ic
al

co
m

pa
ri

so
n)

2
2

2
2

2
2

2
2

11
Ba

se
lin

e
eq

ui
va

le
nc

e
of

gr
ou

ps
-

th
e

gr
ou

ps
sh

ou
ld

be
si

m
ila

r
re

ga
rd

in
g

th
e

cr
it

er
ia

ot
he

r
th

an
th

e
st

ud
ie

d
en

dp
oi

nt
s.

Ab
se

nc
e

of
co

nf
ou

nd
in

g
fa

ct
or

s
th

at
co

ul
d

bi
as

th
e

in
te

rp
re

ta
ti

on
of

th
e

re
su

lt
s

2
2

2
2

2
2

2
2

12
Ad

eq
ua

te
st

at
is

ti
ca

la
na

ly
se

s-
w

he
th

er
th

e
st

at
is

ti
cs

w
er

e
in

ac
co

rd
an

ce
w

it
h

th
e

ty
pe

of
st

ud
y

w
it

h
ca

lc
ul

at
io

n
of

co
nfi

de
nc

e
in

te
rv

al
s

or
re

la
ti

ve
ri

sk

1
0

2
2

2
2

2
2

Fo
r

ev
er

y
it

em
‘‘

N
ot

re
po

rt
ed

(0
po

in
ts

)’
’,

‘‘
Re

po
rt

ed
bu

t
in

ad
eq

ua
te

(1
po

in
t)

,
or

‘‘
Re

po
rt

ed
an

d
ad

eq
ua

te
(2

po
in

ts
)’

’
to

ju
dg

e
M

IN
O

RS
(S

co
re

/T
ot

al
)

18
16

21
20

15
15

15
20

Th
e

M
IN

O
RS

to
ol

co
ns

is
ts

of
a

ch
ec

kl
is

t
of

ei
gh

t
it

em
s

de
ve

lo
pe

d
fo

r
no

n-
co

m
pa

ra
ti

ve
st

ud
ie

s
an

d
fo

ur
ad

di
ti

on
al

it
em

s
fo

r
co

m
pa

ra
ti

ve
st

ud
ie

s.
It

em
s

on
th

e
M

IN
O

RS
to

ol
ar

e
sc

or
ed

as
0

(n
ot

re
po

rt
ed

),
1

(r
ep

or
te

d
bu

t
in

ad
eq

ua
te

)
an

d
2

(r
ep

or
te

d
an

d
ad

eq
ua

te
),

re
su

lt
in

g
in

a
to

ta
ls

co
re

of
16

fo
r

no
n-

co
m

pa
ra

ti
ve

st
ud

ie
s

an
d

24
fo

r
co

m
pa

ra
ti

ve
st

ud
ie

s.

Co
ch

ra
ne

to
ol

fo
r

RC
T

Co
m

po
ne

nt
Sc

hu
hm

an
n

et
al

.

1.
Ra

nd
om

se
qu

en
ce

ge
ne

ra
ti

on
U

nc
le

ar
ri

sk
2.

Al
lo

ca
ti

on
co

nc
ea

lm
en

t
U

nc
le

ar
ri

sk
3.

Bl
in

di
ng

of
pa

rt
ic

ip
an

ts
an

d
pe

rs
on

ne
l

H
ig

h
ri

sk
4.

Bl
in

di
ng

of
ou

tc
om

e
as

se
ss

m
en

t
Lo

w
ri

sk
5.

In
co

m
pl

et
e

ou
tc

om
e

da
ta

Lo
w

ri
sk

6.
Se

le
ct

iv
e

re
po

rt
in

g
Lo

w
ri

sk
7.

O
th

er
so

ur
ce

s
of

bi
as

Lo
w

ri
sk

Fo
r

ev
er

y
it

em
:

‘‘
Lo

w
ri

sk
’’

,
‘‘

H
ig

h
ri

sk
’’

,
or

‘‘
U

nc
le

ar
ri

sk
’’

to
ju

dg
e.

60



Pulmonology 29 (2023) 50---64

Figure 2 Figure showing the yield of individual studies and the pooled diagnostic yield of transbronchial cryobiopsy for peripheral
pulmonary lesions (PPL).

Complications

Procedure-related complications reported were mainly mild
bleeding. Out of the 222 patients undergoing cryobiopsy
(with reported complications data), there were three pneu-
mothorax and one episode of severe bleeding. Sixty-five
patients (65/222, 29.3%) experienced minor complications
in the form of mild to moderate bleeding. Most of the bleed-
ing events were mild that settled with either a prolonged
bronchoscopic suction or local adrenaline instillation.4,9 One
event of desaturation was also reported, which recovered
when the procedure was stopped temporarily.15 Post proce-
dure pneumonia was also reported (1 case).

Meta-analysis

The pooled diagnostic yields of of transbronchial cryobiopsy
and forceps biopsy were 77% (95% CI, 71%---84%)(I2̂ = 38.72%,
p = 0.11) (Fig. 2), and 72% (95% CI, 60%---83%)(I2̂ = 78.56%,
p < 0.01) (Fig. 3), respectively. The comparative diagnostic
yields were similar (RR1.05, 95% CI 0.96---1.15) (I2̂ = 57.2%,
p = 0.017). (Fig. 4) The difference in diagnostic yield
between cryobiopsy and forceps biopsy was 5% (95% CI,
-6%---15%), and was not significant (Supplementary Fig.
1). There was the presence of significant heterogeneity
[I2 = 57.2%, p = 0.017]. There was no evidence of publication
bias on the visual examination of the funnel plot, Eggers test
(p = 0.11) (Fig. 5).

Discussion

The findings of this systematic review and meta-analysis
indicate that R-EBUS guided transbronchial cryobiopsy is a
safe and efficacious modality for bronchoscopic evaluation
of PPL’s. The overall diagnostic yield of cryobiopsy for PPL

was 77% and was not inferior to standard bronchoscopic for-
ceps biopsy performed under R-EBUS guidance.

The development of Radial EBUS technology has revolu-
tionized the bronchoscopic approach to sample peripheral
pulmonary lesions.22 However, the yield of R-EBUS guided
samples using conventional forceps is often suboptimal. This
lower yield may be due to superficial sampling or crushing
artefacts, and these samples may not be appropriate for
immunohistochemistry or molecular analyses.9 The use of
a cryoprobe for bronchoscopic biopsy allows one to obtain
significantly larger samples. Schuhmann et al.4 reported an
average tissue area of 11.17 mm2 with cryobiopsy (4.69 mm2

in the forceps biopsy group). In comparison, Udagawa et al.21

found an average tissue area of 15 mm2 (2 mm2 in the for-
ceps biopsy group). Cryoprobe assisted biopsy from visible
endobronchial growths provides a diagnostic yield superior
to conventional forceps biopsy.23 Transbronchial lung cry-
obiopsy (TBLC) is commonly performed for the histological
diagnosis of diffuse parenchymal lung diseases (DPLD).8 The
diagnostic yield of TBLC for DPLD’s maybe comparable with
video-assisted thoracoscopic surgery (VATS) lung biopsy with
significant cost savings and reduced risk of mortality.24

The first study on the feasibility and utility of trans-
bronchial Cryobiopsy for PPL was published by Schuhmann
et al. in 2013.4 This study is the only published RCT compar-
ing the diagnostic yield with forceps biopsy, and multicentre
studies are lacking. Since then, few studies have highlighted
the safety and feasibility of performing transbronchial cry-
obiopsy for PPL’s.

This meta-analysis has certain limitations. It included
only one RCT and a relatively small number of prospec-
tive studies with uncontrolled variables. The strength of
the meta-analysis is the fact that it is the only systematic
review and meta-analysis on this subject. The major compli-
cation rate of cryobiopsy for PPL was low (1.8%), and this is
less than that observed for TBLC for DPLD. The incidence
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Figure 3 Figure showing the yield of individual studies and the pooled diagnostic yield of conventional transbronchial forceps
biopsy for peripheral pulmonary lesions (PPL).

Figure 4 Forest plot showing the relative risk for the diagnostic yield of transbronchial cryobiopsy and conventional forceps biopsy
for PPL.

Figure 5 Funnel plot for publication bias.

of pneumothorax in TBLC for DPLD varies from 10% to 20%
or even greater.24 The risk of clinically significant bleeding
may also be greater.25 The severe bleeding rate in our meta-

analysis (1/222, 0.4%) was low. Still, it is preferable that
cryobiopsy for PPL’s be performed after securing the airway
using either endotracheal intubation or rigid bronchoscopy
to handle inadvertent complications, similar to the approach
in DPLD’s.10 The use of a bronchial blocker to improve
the safety of the procedure is also suggested.7 Procedu-
ral heterogeneity with varying freezing times, retrospective
nature of many studies which may not have captured all
complications limit the conclusions that can be drawn con-
cerning complications. Still, the findings indicate that that
cryobiopsy for PPL’s maybe a safer procedure than for DPLD.

In this analysis, transbronchial cryobiopsy for PPL was
not inferior to forceps biopsy. This observation is contrary to
observation regarding cryobiopsy for DPLD wherein the yield
of cryobiopsy is superior to forceps biopsy.25 The possible
reasons may be the operator expertise and more consistent
localization of the lesion. Multicenter studies are the need
of the hour to establish the utility of cryobiopsy for PPL in
a real-life setting. The available studies did not employ a
standardized protocol, and there were observed variations
in the technique, anaesthesia methods and ancillary modal-
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ities. Future studies should also focus on standardization
of the various technical aspects of the procedure like the
use of artificial airways and occlusion balloons. The use of a
guide sheath also needs further exploration as the use of a
guide sheath was not routinely possible in most cases with
the larger 1.9 mm cryoprobe, as it could hinder this proce-
dure. The 1.1 mm cryoprobe appears an exciting addition
and requires further exploration.26,27 This may allow the use
of a radial EBUS in its full capacity with the maintenance of
the over sheath. The more delicate probe can allow access
to more distal locations and may allow sampling through a
guide sheath contrary to the larger diameter cryoprobe. The
use of a thinner cryoprobe may translate into possibly lower
bleeding risk. These thinner cryoprobes may also be more
manoeuvrable to perform upper lobe biopsies.28 However,
it is unclear whether these biopsies with smaller cryoprobes
will result in diagnostic yields similar to those described with
larger probes.

High SUVmax values in PET-CT were associated with an
increased diagnostic yield of transthoracic biopsy of lesions
in the setting of lung cancer. Further studies should also
examine these factors on the yield of cryobiopsy and con-
ventional forceps bronchoscopic biopsy of PPL.29

Conclusion

The results of this meta-analysis demonstrate that trans-
bronchial cryobiopsy is a safe and efficacious option for
sampling peripheral pulmonary lesions. Although we did not
observe a superior yield of cryobiopsy as compared with for-
ceps biopsy for PPL, there is a need for multicentre studies
to study the utility of this modality in real-life settings. The
technique of transbronchial cryobiopsy for PPL also requires
standardization.
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need to reduce attendance and overcrowding in outpatient clinics. However, the benefit of their
use extends beyond the pandemic crisis, as an important tool to improve both the efficiency and
capacity of future healthcare systems. This article reviews the literature regarding telemedicine
and teleconsultation standards and recommendations, collects opinions of Portuguese experts in
respiratory medicine and provides guidance in teleconsultation practices for Pulmonologists.
© 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
TaggedEndTAGGEDPKEYWORDS
Teleconsultation;
Respiratory medicine;
Telemedicine;
Video consultations TaggedEnd
A Portuguese Pulmonology

logy Department, Centro Hos-
o 4200-319, Portugal.
@gmail.com (A. Morais).

22.04.007
sa de Pneumologia. Published by E
ns.org/licenses/by-nc-nd/4.0/).
TaggedH1Introduction TaggedEnd

TaggedPSince its definition and first implementation initiatives at
the end of the last century, the practice of telemedicine has
lsevier España, S.L.U. This is an open access article under the CC BY-
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TaggedEndTaggedPhad the potential to have a positive impact on healthcare
services and health outcomes in many ways. COVID-19 and
the need to reduce attendance and overcrowding in outpa-
tient clinics led to several changes in the care and organisa-
tion of Pulmonology services. Portugal has seen a rapid
increase in the use of remote consultations. TaggedEnd

TaggedPRemote consultations have proved important in reducing
pressure on health services and improving access to non-
COVID patients � and this is an important lesson. Although
teleconsultations cannot fully replace face-to-face consulta-
tions, evidence shows that they can achieve equivalent
patient outcomes while improving patient satisfaction.1,2

Looking to the future, in a pandemic-free scenario, telecon-
sultations appear as a cost-effective and efficient way to
enable access to routine care for chronic respiratory
patients and should be incorporated, as an additional tool,
in the medical care of these patients. TaggedEnd

TaggedPNevertheless, as telemedicine and teleconsultation pro-
grammes pose unquestionable advantages in improving
healthcare’s efficiency, their implementation is far from opti-
mization. Significant limitations in terms of overall guidance,
both scientific and organizational, threaten their appropriate
delivery. This is especially relevant in chronic respiratory dis-
eases, as the heterogeneity of clinical conditions and patient
journeys’ steps demand specific guidelines.TaggedEnd

TaggedPThis article reviews the literature regarding telemedicine
and teleconsultation standards and recommendations, col-
lects opinions of Portuguese experts in respiratory medicine
and provides guidance in teleconsultation practices for Pul-
monologists. TaggedEnd
TaggedH1Methodology TaggedEnd

TaggedPA narrative non-systematic literature search of MEDLINE/
Pubmed database was conducted in December 2020 using
the keywords “telemedicine”, “telehealth”, “telemonitor-
ing”, “teleconsultation” and “video consultation”. Also,
other international and national societies were searched on
this topic as well as documents from Portuguese authorities
regarding legal issues and implementation. Other references
were proposed by the authors throughout the preparation of
the document and added to the final references. TaggedEnd

TaggedPThree meetings with all authors took place between Jan-
uary and June 2021. TaggedEnd

TaggedPThe methodology applied for the elaboration of this docu-
ment is shown in Fig. 1. TaggedEnd

TaggedH2Telemedicine’s definition and frameworkTaggedEnd

TaggedPDefinition TaggedEnd
TaggedPTelemedicine, according to its first nomenclature reconcilia-
tion by the World Health Organization, was defined as “the
delivery of health care services, where distance is a critical
factor, by all health care professionals using information and
communication technologies for the exchange of valid infor-
mation for diagnosis, treatment and prevention of disease
and injuries, research and evaluation, and for the continuing
education of health care providers, all in the interests of
advancing the health of individuals and their communities”.3 TaggedEnd

TaggedPMore recently, from a more operational perspective,
telemedicine has been seen as the “distribution of health
66
TaggedEndTaggedPservices in conditions where distance is a critical factor, by
health care providers that use information and communica-
tion technologies to exchange information useful for diagno-
sis where a doctor is able to perform diagnosis at distance”4,
having the potential of mediating patients’ contact with
specialised care consultants.5 Although a broader concept of
telehealth has been argued,4,6,7 for the purposes of this
paper, ‘telemedicine’ and ‘telehealth’ are used inter-
changeably. There are core elements in telemedicine that
must always be respected7:

TaggedEndTaggedP- its purpose of providing clinical support; TaggedEnd
TaggedP- its intention to overcome geography issues, connecting
patients to healthcare professionals in different loca-
tions; TaggedEnd

TaggedP- its practice including the use of information and commu-
nication technologies; TaggedEnd

TaggedP- its goal of improving health outcomes. TaggedEnd

TaggedPFrameworkTaggedEnd
TaggedPIn Portugal, telehealth has been perceived as a core part of
digital transformation strategies in health by addressing
geographic inequalities and improving access to healthcare,
thus improving the health system’s effectiveness and effi-
ciency.6 Indeed, good outcomes and promising local and
regional strategies have been reported in our country.8,9 TaggedEnd

TaggedPFurthermore, general standards for the legal practice of
teleconsultations in Portugal have been established,10

including: respecting the doctor-patient relationship, ulti-
mately not to be replaced by teleconsultations; ensuring the
independence of physicians, who shall follow this practice
when a good clinical overview of the patients’ condition is
deemed possible; and ensuring that the physician has qual-
ity, complete, and sufficient information through teleconsul-
tation to make a medical decision. In addition, a
governmental guidance was released in 2015, focusing on
teleconsultations between different healthcare institutions,
with the objective of improving access to a specialised
healthcare team even across long distances. That guidance
falls outside the scope of this document as it applies to forms
of doctor-doctor interaction where clinical cases of patients
are discussed. TaggedEnd

TaggedH2Telemedicine in clinical practice: teleconsultations TaggedEnd

TaggedPTelemedicine enables doctors and other healthcare pro-
viders to assist their patients beyond physical limitations as
it encompasses a spectrum of diverse technologies and
applications.11TaggedEnd

TaggedPRecently, Artificial Intelligence (AI) has been applied to
medical care, not only in improving remote healthcare, in
developing algorithms to match the availability of health-
care providers to patients, but even going beyond the doc-
tor-patient relationship.12,13 Examples of this are AI-based
machine learning methods, which may even eventually
replace clinical judgment.14 Several questions and concerns
have been raised, namely ethical, legal, and privacy
issues.13 These new forms of digital healthcare are beyond
the scope of this paper and will not be addressed here. TaggedEnd

TaggedPThe different modalities of telemedicine can be grouped
in three categories (Fig. 2).15 TaggedEnd



TaggedEnd TaggedFigure

Fig. 1 Timeline and methodology used for the preparation of this document. TaggedEnd

TaggedEndPulmonology 29 (2023) 65�76
TaggedPWe will focus on teleconsultation,16 defined as consulta-
tion in which information and communication technologies
are implemented in order to overcome geographical and
functional distances,17 carried out through video and/or
audio. TaggedEnd

TaggedPTeleconsultation is only a small part of telemedicine. How-
ever, teleconsultations imply that some of the other strate-
gies are already in place. For example, in a patient with
chronic respiratory failure under home non-invasive mechani-
cal ventilation, a teleconsultation is only appropriate where
telemonitoring is already happening - not only reporting
adherence and ventilatory efficacy parameters, but also real-
time monitoring, such as night-time oximetry and/or oxy-cap-
nography. Home care providers have been playing a key role
in this type of support, but wireless monitoring systems linked
to hospital systems are now also available.TaggedEnd

TaggedPThere is still a long way to go in the context of telemedi-
cine. And this great boost that teleconsultation has had in
the last year can definitely enhance the development of
other potentialities of telemedicine. TaggedEnd

TaggedPIt is of utmost importance to stress that the use of infor-
mation and communication technologies in health should
67
TaggedEndTaggedPalways safeguard the security of information, ensuring data
privacy and confidentiality. Thus, only platforms that
respect these conditions should be used. TaggedEnd

TaggedPAdvantages of teleconsultation TaggedEnd
TaggedPTeleconsultations make it possible to assess, diagnose, and
treat patients remotely. These take place using one of two
main approaches: remote patient�doctor contact while the
patient remains at home; or the patient going to a local
clinic or hospital, where other healthcare providers mediate
the contact with a consultant physician. The latter is indi-
cated in clinical conditions in which a clinical and/or bio-
metric physical evaluation is required. Both approaches
encompass several advantages,6,18�21 such as:

TaggedEndTaggedP� increasing access to specialists regardless of their
national distribution; TaggedEnd

TaggedP� improving articulation between different physicians and
levels of care of the health system, namely by facilitating
the communication between hospital physicians and gen-
eral practitioners; TaggedEnd



TaggedEnd TaggedFigure

Fig. 2 Three categories of telemedicine.15 This figure is an original image created by the authors for this publication. TaggedEnd
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TaggedP� gains in care effectiveness, coupled with gains in com-
fort, time, and travel costs for patients; TaggedEnd

TaggedP� supporting long-term home management of specific
chronic health conditions; TaggedEnd

TaggedP� reducing infections associated with healthcare services
due to less crowded waiting rooms. TaggedEnd

TaggedPWith regard to minimising infectious risks, critical during
the pandemic of COVID-19, telehealth was established in a
systematic review as very appropriate for reducing disease
transmission and overall morbidity and mortality.22 It has
been argued that the pandemic led to the development of
more “sophisticated” telemedicine, by simplifying processes
and reducing unnecessary complexity,23 although consensus
practices remain to be established.24 TaggedEnd

TaggedPTeleconsultation’s limitations TaggedEnd
TaggedPExamples of good outcomes of telemedicine have been pub-
lished, namely in Chronic Obstructive Pulmonary Disease �
COPD.25 However, teleconsultations are not suitable for all
patients and for all clinical situations.26 From a technologi-
cal perspective, it is important to ensure adequate technical
infrastructures (phone, computer, internet connection, as
appropriate)27 and carefully keep in mind that “technology
should always be adapted to the patient and not the
reverse”.25 The transition to teleconsultation, with its
related bureaucratic processes, at least at the beginning,
does not seem to minimize consultation time. From a clinical
perspective, some conditions are not adequately managed
by teleconsultation,26�28 and some objectives of consulta-
tion may not be achieved with this modality.27 Finally, only
clinicians duly trained in teleconsultation should perform
it,29 and practices shall be standardised, compliant, and
regulated.28 TaggedEnd
68
TaggedPVideo and audio-teleconsultations TaggedEnd
TaggedPVideo consultations have shown some advantages over audio
(telephone) consultations,26 such as more personal contact
between health professionals and patients,26,30,31 although
strong evidence of their effectiveness is still lacking.24 These
consultations are generally suitable for:

TaggedEndTaggedP� younger patients (< 65 years), with good digital literacy
in the technological solution used; TaggedEnd

TaggedP� follow-up consultations for clinically stable patients
where a full physical exam is not expected to be neces-
sary (as video consultations allow some parts of a physical
examination to be performed). First consultations and
consultations due to new symptoms should only be con-
sidered in very specific and well-defined clinical circum-
stances; TaggedEnd

TaggedP� situations where the video is the preferred method for
both clinician and patient. TaggedEnd

TaggedPOn the other hand, telephone (audio) consultations tend
to be shorter and have a more restricted patient disclosure
of health problems than face-to-face consultations.30 These
consultations may generally be appropriate for:

TaggedEndTaggedP� older patients (� 65 years) and/or those with poor digital
skills in complex technological solutions; TaggedEnd

TaggedP� settings where complex video call setup and/or technical
infrastructures for video consultation are unattainable; TaggedEnd

TaggedP� consultations aimed at addressing simple health concerns
by the patient or the physician; TaggedEnd

TaggedP� follow-up of clinically stable patients in which a physical
examination is not necessary; TaggedEnd
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TaggedP� situations in which a teleconsultation is deemed appro-
priate by both clinician and patient, and telephone is
their preferred method. TaggedEnd

TaggedPFinally, there are specific situations that should exclude
the possibility of a teleconsultation,27,28 such as:

TaggedEndTaggedP� presence of acute respiratory symptoms; TaggedEnd
TaggedP� new complications of underlying diseases; TaggedEnd
TaggedP� consultations where severe prognostic circumstances are
expected to be addressed; TaggedEnd

TaggedP� or consultations where decompensation of underlying dis-
eases cannot be correctly established. TaggedEnd

TaggedH2Teleconsultations in Pulmonology’s clinical practice TaggedEnd

TaggedPIn the field of Pulmonology, the use of telemedicine has been
proposed and reported in the management of chronic
obstructive pulmonary disease (COPD), asthma, interstitial
lung diseases (ILD), chronic respiratory failure (CRF), and
home mechanical ventilation (HMV), among other clinical
situations.32 Even before the COVID-19 pandemic, there
were some validated tools and scales for remote assess-
ments in respiratory medicine.33 More than 50% of pulmonol-
ogists rated the importance of telemedicine as “high” or
“very high”,34,35 with potential for better care in chronic
respiratory diseases such as asthma and COPD.28 TaggedEnd

TaggedPAfter the COVID-19 pandemic, teleconsultation will
still have a place in the future of respiratory medicine.
Our view is mirrored by other publications, whose
authors have recognised the incorporation of new tech-
nologies into new models of care as the key to the future
success of Pulmonology.23 Moreover, teleconsultation is
seen as an important tool to improve both the efficiency
and capacity of future healthcare systems,35 and the
potential for greater control and care in chronic respira-
tory diseases has been acknowledged.28 TaggedEnd

TaggedPConsidering teleconsultation in respiratory diseases, this
document will address:

TaggedEndTaggedP� general issues, including patient suitability and selection. TaggedEnd
TaggedP� specific issues, related to each respiratory disease. TaggedEnd

TaggedPGeneral guidance TaggedEnd
TaggedPFrom a general perspective, we find that it is important to
highlight some essential principles for the correct
TaggedEnd Table 1 General guidance steps in teleconsultations21,35,36.

General Guidance Steps in Teleconsultations.
1. Use of a secure platform which complies with legal data protect
2. Ensure privacy and an adequate physical, acoustic, and visual e
3. Introduction of healthcare staff present and verification of pati
4. Obtain verbal or written consent for the virtual consultation. TaggedEnd
5. Check technical problems and ensure suitable two-way commun
6. Provide a short explanation of teleconsultation (definition and r
7. Proceed with teleconsultation, keeping written records of all re
8. Agree upon the ending of the consultation and schedule a follow
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TaggedEndTaggedPimplementation of teleconsultation in respiratory diseases
� Table 1. TaggedEnd

TaggedPPatient selection TaggedEnd
TaggedPMain eligibility criteria are common to the different respira-
tory diseases.36 The particularities regarding specific dis-
eases will be described below. TaggedEnd

TaggedPInclusion Criteria

TaggedEndTaggedP� Adults (� 18 years) with a diagnosis of respiratory dis-
ease, with a suspected or diagnosed sleep-disordered
breathing, or referred for smoking cessation; TaggedEnd

TaggedP� Verbal or written consent to perform the teleconsultation;TaggedEnd
TaggedP� Availability and familiarity with a suitable device -
phone, mobile phone, tablet or computer; TaggedEnd

TaggedP� Patients already followed by the department. TaggedEnd

TaggedPExclusion Criteria

TaggedEndTaggedP� Current exacerbation or clinical instability requiring
urgent physical examination; TaggedEnd

TaggedP� Physical or cognitive impairment that makes the telecon-
sultation unfeasible. TaggedEnd

TaggedPSuitability36TaggedEnd
TaggedP

TaggedEndTaggedP� First consultations for smoking cessation and sleep-disor-
dered breathing may be suitable, as described below. TaggedEnd

TaggedP� Follow-up consultations and hospital discharge follow-up
consultations should be considered, respecting individual
plans of care for each patient according to the disease
and clinical condition. Renewal of therapy plans for medi-
cation and oxygen or ventilation therapies is a clear indi-
cation for teleconsultation. TaggedEnd

TaggedP� An unscheduled consultation shall be considered if there
is a need by the patient to have an additional consulta-
tion related to his/her condition. In this case, there
should be an assessment of the situation through telecon-
sultation, and, if it is not possible to adequately resolve
the problems, a face-to-face consultation should be pro-
posed and scheduled. TaggedEnd

TaggedP� Another potential use of teleconsultation is as initial
screening of acute situations for chronic respiratory
patients in home care, to better decide between a home
visit or a face-to-face consultation in the hospital. TaggedEnd
ion requirements. TaggedEnd
nvironment. TaggedEnd
ent’s identity. TaggedEnd

ication. TaggedEnd
ationale). TaggedEnd
levant information. TaggedEnd
-up consultation, if applicable. TaggedEnd
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TaggedPGuidance regarding respiratory tele-rehabilitation, given
its own specificities, falls outside the scope of this document
and will be described elsewhere. TaggedEnd

TaggedPIn this document, we discriminate the disease-specific
criteria for each of the follow-up consultations in the differ-
ent respiratory diseases.TaggedEnd

TaggedPHowever, the preparatory steps apply to all of them, and
are described below.

TaggedEnd Pre-consultation
1. Register collection of verbal or written consent in

patient’s medical records.
2. Schedule the appointment for a time when the patient is

rested and comfortable, set a duration per call and pro-
vide any applicable questionnaires/scales, if possible

3. Define a backup plan in case the teleconsultation needs to
be canceled on a short notice.

TaggedH2Telemedicine in Pulmonology’s specific indications TaggedEnd

TaggedPAsthma36�42
TaggedEnd

TaggedPThese recommendations only apply to follow-up consulta-
tions. TaggedEnd

TaggedP1. Guidance steps

TaggedEnd 1. Introduction and confirmation of consent to perform the
teleconsultation.

2. Assess asthma control by clinical assessment and through
validated questionnaires (ACT - Asthma Control Test /
CARAT � Control of Allergic Rhinitis and Asthma Test).

3. Assess exacerbation events since the previous consulta-
tion, including admissions and emergency visits. Detail
date of occurrence, type and duration of drugs adminis-
tered (specifically systemic corticosteroids).

4. Assess frequency of reliever medication use.
5. Assess environmental exposures (smoking, indoor and out-

door pollution, allergens), work-related exposures and
other potential triggers.

6. Check medication withdrawal.
7. Check adherence to treatment.
8. Review inhaler technique (ideally by video call). If incor-

rect, reinforce education on correct inhaler technique �
through detailed explanation, demonstration (if video-
consultation) or through pre-recorded videos available
(e.g. by sharing screen). If necessary, schedule a face-to-
face visit to reinforce education on inhaler technique.

9. Assess the occurrence of adverse events to medication.
10. Measure oxygen saturation by pulse oximeter, if

available.
11. Review peak expiratory flow measurements, if

applicable.
12. Review the results of tests performed (laboratory stud-

ies, imaging, spirometry and others, as appropriate).
13. Assess coexistence of comorbidities that may interfere

with disease control and request tests or refer to other
specialities if necessary.

14. Request the appropriate tests (laboratory studies, lung
function tests, imaging, as adequate).

15. Review the action plan: recognition and appropriate
reaction to acute exacerbations (how and when to take
medication, when to call the physician, and when to get
emergency care).
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16. Review the prescribed treatment and reinforce the
importance of adherence to treatment.

17. Treatment adjustment, if necessary.
18. Provide instructions on the new treatment prescribed, if

applicable. In case a new inhaler is prescribed, provide
explanation of inhaler technique � ideally through dem-
onstration (if video-consultation) or through pre-
recorded videos available (e.g. by sharing screen). If nec-
essary, schedule a face-to-face visit to reinforce educa-
tion on inhaler technique.

19. Review non-pharmacological strategies: patient avoid-
ance behaviours (identify triggers and remind how to
avoid them) and modifiable risk factors.

20. Schedule the following consultation (teleconsultation or
face-to-face appointment).

TaggedPSpecific tools and recommendations TaggedEnd
TaggedP

TaggedEndTaggedP� Asthma Control Test (ACT) / Control of Allergic Rhinitis
and Asthma Test (CARAT) TaggedEnd

TaggedP� Peak expiratory flow meter, if applicable TaggedEnd
TaggedP� Pulse oximeter, if available TaggedEnd
TaggedP� Inhalers to explain inhaler technique (if video consulta-
tions) or pre-recorded videos on specific inhalers TaggedEnd

TaggedP� Electronic prescription system TaggedEnd

TaggedH2COPD/ non-cystic fibrosis bronchiectasis35�37,43�46
TaggedEnd

TaggedPThese recommendations only apply to follow-up consulta-
tions. TaggedEnd

TaggedP1. Guidance steps

TaggedEnd

1. Introduction and confirmation of consent to perform the
teleconsultation.

2. Assess symptom control by clinical assessment or through
validated questionnaires as applicable:
- Dyspnea and other symptoms through validated ques-
tionnaires (modified Medical Research Council - mMRC
and/or COPD Assessment Test � CAT).
- Cough and its characteristics
- Sputum production, its volume and consistency / colour
changes.
- Nocturnal symptoms.

3. Assess occurrence of acute exacerbations and their sever-
ity since the previous consultation, including admissions
and emergency visits. Detail date of occurrence, type and
duration of drugs administered (specifically antibiotics
and systemic corticosteroids).

4. Check medication withdrawal.
5. Check adherence to treatment.
6. Review inhaler technique (ideally by video call). If incor-

rect, reinforce education on correct inhaler technique �
through detailed explanation, demonstration (if video-
consultation) or through pre-recorded videos available
(e.g. by sharing screen). If necessary, schedule a face-to-
face visit to reinforce education on inhaler technique.

7. Assess the occurrence of adverse events to medication.
8. Measure oxygen saturation by pulse oximeter, if available.
9. Review the results of the tests performed (laboratory

studies, sputum microbiological tests, imaging, spirome-
try and others, as appropriate).
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10. Assess coexistence of comorbidities that may interfere
with disease control and request tests or refer to other
specialties if necessary.

11. Request the appropriate tests (laboratory studies, lung
function tests, imaging, as adequate).

12. Review the action plan: recognition and appropriate
reaction to acute exacerbations (how and when to take
medication, when to call the physician, and when to get
emergency care).

13. Check compliance (% days; hours per day) with long term
oxygen therapy or non-invasive ventilation, as appropri-
ate. In patients with non-invasive ventilation, check ven-
tilation parameters and adjust as necessary.

14. Review the prescribed treatment and reinforce the
importance of adherence to treatment.

15. Treatment adjustment, if necessary.
16. Provide instructions on the new treatment prescribed, if

applicable. In case a new inhaler is prescribed, provide
explanation of inhaler technique � ideally through dem-
onstration (if video-consultation) or through pre-
recorded videos available (e.g. by sharing screen). If nec-
essary, schedule a face-to-face visit to reinforce educa-
tion on inhaler technique.

17. Review modifiable risk factors and behaviours, with a
special focus on smoking habits. In case of active smok-
ing, review motivation to quit smoking.

18. Review non-pharmacological strategies and reinforce
their importance. Assess present or previous enrolment in
respiratory rehabilitation programs.

19. Assess family / social support.
20. Schedule the following consultation (teleconsultation or

face-to-face appointment).
TaggedH2Specific tools and recommendations TaggedEnd
TaggedP

TaggedEndTaggedP▪ mMRC Questionnaire TaggedEnd
TaggedP▪ COPD Assessment Test (CAT) Questionnaire TaggedEnd
TaggedP▪ Pulse oximeter, if available TaggedEnd
TaggedP▪ Inhalers to explain inhaler technique (if video consulta-
tions) or pre-recorded videos on specific inhalers TaggedEnd
TaggedP▪ In patients with non-invasive ventilation, access to venti-
lator reports (adherence and ventilation parameters); to
nocturnal oximetry and/or nocturnal oxi-capnography
and diurnal recording of end-tidal or transcutaneous CO2 TaggedEnd
TaggedP▪ Electronic prescription system TaggedEnd
TaggedPLung cancer36,47,48 TaggedEnd
TaggedPThese recommendations apply to follow-up teleconsulta-
tions in patients diagnosed with lung cancer who have
undergone previous curative surgery and do not require
additional treatment beyond adjuvant therapy.TaggedEnd

TaggedPThere are, however, some anecdotal lung cancer cases
that can be considered after a long course of stability with-
out treatment requirement, although that orientation
should be validated by an accurate evaluation and decision
from the multidisciplinary team meeting. TaggedEnd

TaggedPApart from lung cancer, incidental pulmonary nodules fol-
low-up requires serial chest CTevaluation and is guided by algo-
rithms, posing a particular indication for teleconsultations.
TaggedEnd
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TaggedP1. Guidance steps

TaggedEnd

1. Introduction and confirmation of consent to perform the
teleconsultation.

2. Assess symptom control by clinical assessment.
3. Assess acute events since the previous consultation,

including admissions and emergency visits.
4. Characterise patient performance status through vali-

dated scales (ECOG Performance Status Scale/ Karnofsky
Performance Status Scale).

5. Check medication adherence and withdrawal, if
applicable.

6. Assess the occurrence of adverse events to treatment
prescribed.

7. Assess compliance with the respiratory rehabilitation pro-
gram defined for the patient, if applicable.

8. Measure of oxygen saturation by pulse oximetry, if
available.

9. Review the results of tests performed (laboratory fea-
tures, tumour markers, imaging, lung function tests, and
others, as appropriate).

10. Assess coexistence of comorbidities and request tests or
refer to other specialties, if necessary.

11. Request the appropriate tests (laboratory studies,
tumour markers, lung function tests, imaging, as
adequate).

12. Review the prescribed treatment and reinforce the
importance of adherence to treatment.

13. Treatment adjustment, if necessary.
14. Review non-pharmacological strategies and modifiable

risk factors, such as smoking. Promote or reinforce smok-
ing cessation.

15. Schedule the following consultation (teleconsultation or
face-to-face appointment).
TaggedH1Specific tools and recommendations TaggedEnd
TaggedP

TaggedEndTaggedP▪ ECOG Performance Status Scale/ Karnofsky Performance
Status Scale TaggedEnd
TaggedP▪ Pulse oximeter, if available TaggedEnd
TaggedP▪ Electronic prescription system TaggedEnd

TaggedH2Smoking cessation36,49�53
TaggedEnd

TaggedPThese recommendations apply to smokers who want to make
a serious attempt to quit smoking and who have been
referred to a Pulmonology clinic for assessment. First-time
and follow-up consultations, unscheduled consultations, and
end of follow-up consultations should be considered. We
reinforce that first-time teleconsultations should be video
consultations.
TaggedEnd

TaggedP1. Guidance steps
TaggedEnd

TaggedPFirst consultation

TaggedEnd

1. Introduction and confirmation of consent to perform the
teleconsultation.

2. Self-declaration of tobacco consumption.
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3. Assess and characterise smoking history and smoker’s pro-
file, including triggers for smoking and barriers for
cessation.

4. Determine weight and height.
5. Assess motivation to quit smoking through the Visual Ana-

logue Scale and through a validated questionnaire: Rich-
mond test.

6.Review patient medical history (comorbidities and con-
comitant medication).

7. Assess nicotine dependence through a validated question-
naire: Fagerstr€om test.

8. Assess anxiety and depression symptoms through HADS
(Hospital Anxiety and Depression Scale).

9. Characterise the smoker behaviour profile.
10. Set a personalised program, discuss possible therapeutic

interventions, and define the D-day to quit smoking.
11. Request appropriate tests, if necessary.
12. Provide pharmacological treatment, if necessary, and a

written behavioural plan.
13. Schedule a follow-up consultation (preferably 8-15 days

after D-day) and request complementary exams, if
necessary.
TaggedPFollow-up consultation

TaggedEnd

1. Introduction and confirmation of consent to perform the
teleconsultation.

2. Self-declaration of tobacco consumption.
3. When applicable, determine if D-day was accomplished

and congratulate the patient. If there is still tobacco con-
sumption, reassess, discuss relapsing issues, encourage to
set a new D-day and reinforce commitment to smoking
cessation.

4. Determine weight variation.
5. Assess compliance with treatment plan. Reinforce infor-

mation on how drugs work and the need to comply with
the full treatment.

6. Rule out the occurrence of adverse events to medication.
7. Give advice on how to manage withdrawal symptoms: irri-

tability, difficulty in concentrating, pain, fatigue, head-
ache, increased appetite, insomnia, and constipation.
Reinforce behavioural strategies.

8. In case of persistent high levels of anxiety or depression,
consider referring for psychologic or psychiatric evalua-
tion. If increasing appetite and weight, consider referring
for nutritional support.

9. Work on relapse prevention strategies.
10. Schedule the following consultation according to the pro-

gression on the cessation process.
TaggedP

TaggedEndTaggedP� Unscheduled consultation TaggedEnd
TaggedPIf there is a need to review treatments, their duration
and adverse events, if there is a relapse, or in case of
vital situations that require close monitoring. TaggedEnd

TaggedP� End of follow-up consultation TaggedEnd
TaggedPAt 12 months after starting treatment, if there has been
abstinence for more than 6 months, no craving, and
absence of significant weight gain (< 3-4 Kg) or psycho-
logical diseases or distress. TaggedEnd
72
TaggedH1Specific tools and recommendations TaggedEnd
TaggedP

TaggedEndTaggedP� Visual Analogue Scale on motivation to quit smoking TaggedEnd
TaggedP� Richmond test TaggedEnd
TaggedP� Fagerstr€om test TaggedEnd
TaggedP� Hospital Anxiety and Depression Scale TaggedEnd
TaggedP� Smoker behavioural profile evaluation TaggedEnd
TaggedP� Electronic prescription system TaggedEnd

TaggedH2Sleep-disordered breathing36,54�58
TaggedEnd

TaggedPFirst consultations and follow-up consultations should be
considered for patients with sleep disorders. TaggedEnd

TaggedPFollow-up teleconsultations in sleep medicine are highly
dependent on telemonitoring, not only in terms of adher-
ence, but mainly for checking efficacy parameters. No fol-
low-up teleconsultation should occur without the PAP device
report. Other telemonitoring options may be suitable, such
as nocturnal oximetry under PAP treatment. TaggedEnd

TaggedP1.Guidance steps
TaggedEnd

TaggedPFirst consultation

TaggedEnd

1. Introduction and confirmation of consent to perform the
teleconsultation.

2. Assess occupation. Seek professions with high-risk conse-
quences in the case of sleep disorders, such as truck driv-
ers and others.

3. Review patient medical history (medical and psychiatric
comorbidities, comorbid sleep disorders, and concomi-
tant medication).

4. Assess and characterise smoking habits and alcohol intake.
5. Detail sleep history � including sleep habits (sleep

hygiene), sleep environment, timing, duration and qual-
ity of sleep, daytime naps, activities performed before
initiation of sleep.

6. Assess daytime sleepiness through Epworth Sleepiness
Scale.

7. Check for other symptoms associated with sleep-disor-
dered breathing � such as snoring, witnessed apneas,
gasping, non-refreshing sleep, frequent awakenings,
morning headache, morning fatigue, irritability and cog-
nitive impairment.

8. Assess body mass index (BMI).
9. Assess craniofacial patient morphology (by video call).
10. Request appropriate diagnostic tests and explain the pro-

cedure, as well the preparatory recommendations.
11. Review non-pharmacological strategies, with special

focus on sleep hygiene, and reinforce their importance.
12. Treatment prescription, if applicable. Detailed explana-

tion of treatment � its purpose, explanation of device’s
performance and interface selection.

TaggedPFollow-up consultation / Checking the results of diagnos-
tic tests

TaggedEnd

1. Introduction and confirmation of consent to perform the
teleconsultation.

2. Check sleep diary, if applicable.
3. Review results from the sleep study performed, if

applicable.
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4. Treatment prescription, if applicable. Detailed explana-
tion of treatment � its purpose, explanation of device’s
performance and interface selection.

5. Assess clinical response to treatment.
6. Assess daytime sleepiness through Epworth Sleepiness

Scale.
7. Assess other symptoms that may be to poor efficacy of

treatment, such as snoring, witnessed apneas, gasping,
non-refreshing sleep, frequent awakenings, morning
headache, morning fatigue, irritability and cognitive
impairment.

8. In patients under PAP treatment, check adherence
(through PAP devices with built-in wireless connectivity
or through PAP reports prepared by the home care
provider).

9. Check PAP parameters of efficacy, such as residual apnea-
hypopnea index (AHI).

10. Assess the occurrence of adverse events to treatment �
nasal symptoms, aerophagia, interface-related side
effects, among others.

11. Review changes in sleep habits and recommendations on
sleep hygiene.

12. Review PAP prescription if necessary and consider need
for additional treatment.

13. Schedule nocturnal oximetry or other tests, if necessary.
14. Schedule the following consultation (teleconsultation or

face-to-face appointment).

TaggedH2Specific tools and recommendations TaggedEnd
TaggedP

TaggedEndTaggedP▪ Epworth sleepiness scale TaggedEnd
TaggedP▪ Sleep diaryTaggedEnd
TaggedP▪ PAP report prepared by the provider company or obtained
through built-in wireless connectivity TaggedEnd
TaggedP▪ Electronic prescription system of home respiratory careTaggedEnd
TaggedPHome mechanical ventilation4,36,59,60 TaggedEnd
TaggedPFollow-up teleconsultations may be considered for patients
with suspected or diagnosed Nocturnal Hypoventilation Syn-
drome. This also applies to neuromuscular patients, depend-
ing on the speed of disease progression and clinical
judgement. TaggedEnd

TaggedPPatients who require previous evaluation to start non-
invasive ventilatory support are not suitable for teleconsul-
tation. Also, patients of high complexity (e.g. Amyotrophic
Lateral Sclerosis) or highly ventilator-dependent may
require a face-to-face assessment, a home visit, or a sched-
uled hospital admission. TaggedEnd

TaggedPConsidering the potential role of the caregiver, physical
or cognitive impairment should not be regarded as exclusion
criteria for teleconsultation. TaggedEnd

TaggedP1. Guidance steps

TaggedEnd

1. Introduction and confirmation of consent to perform the
teleconsultation.

2. Review results from the diagnostic tests performed - spi-
rometry, peak cough flow, arterial blood gases, sleep
study, nocturnal oximetry and/or oxi-capnography, as
appropriate.
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3. Treatment prescription, if applicable. Detailed explana-
tion of treatment � its purpose, explanation of device’s
performance and interface selection.

4. Assess response to treatment by clinical assessment or
through validated questionnaires � Severe Respiratory
Insufficiency (SRI) Questionnaire / S3-NIV Questionnaire.

5. Assess symptoms of clinical deterioration (increased day-
time sleepiness, orthopnea, morning headache, dyspha-
gia, etc.) by clinical survey, as well as a disproportionate
increase in hours of ventilation or respiratory rate
recorded in built-in ventilator software.

6. Measure oxygen saturation by pulse oximetry.
7. Check adherence to treatment (through ventilators with

built-in wireless connectivity or through reports elabo-
rated by the provider company).

8. Check ventilator parameters of efficacy.
9. Check nocturnal oximetry and/or oxi-capnography results

to assess correction of nocturnal hypoventilation.
10. Review the prescribed treatment.
11. Verification of correct placement of the interface (nasal,

oronasal, etc.). Prevent and rule out the existence of
interface-related side effects (pressure ulcers, dermati-
tis, etc) � ideally through a video call; alternatively,
make use of videos or demonstrate application of inter-
face placement.

12. Assess the occurrence of other adverse events to treat-
ment, such as nasal symptoms, aerophagia, among
others.

13. Schedule nocturnal oximetry and/or oxi-capnography or
other tests, if necessary.

14. Update of the prescription in the digital platform avail-
able, to inform the company provider of therapies for the
replacement or exchange of consumables, interface and
equipment.

15. Schedule the following consultation (teleconsultation or
face-to-face appointment).

TaggedH2Specific tools and recommendations TaggedEnd
TaggedP

TaggedEndTaggedP� Questionnaires (SRI / S3-NIV) TaggedEnd
TaggedP� Pulse oximeter TaggedEnd
TaggedP� Ventilator reports prepared by the home care provider or
obtained through built-in wireless connectivity. Ventila-
tory parameters � minimum requirements: compliance
(including graph with hours of use), programmed ventila-
tory parameters, trend graph and / or measurement of
leakage, AHI, % triggered breaths pressure, flow and
alarm management TaggedEnd

TaggedP� Access to monitoring tools of ventilation efficacy � noc-
turnal oximetry and/or oxi-capnography TaggedEnd

TaggedP� Electronic prescription system of home respiratory care TaggedEnd

TaggedPInterstitial lung disease36,44,61�64
TaggedEnd

TaggedPInterstitial Lung Diseases (ILDs) encompass a range of dis-
tinct diseases with substantial differences in their underly-
ing pathophysiological mechanisms, therapeutic approach,
and prognosis. TaggedEnd

TaggedPRegardless of ILD, all consultations during the diagnostic
approach should be done face-to-face until the diagnosis is
fully established at the Multidisciplinary Team meeting.
Thereafter, diseases such as sarcoidosis or some smoking-
related disorders (e.g. respiratory bronchiolitis associated
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TaggedEndTaggedPwith ILD), which often have a stable clinical course and do
not need any significant therapeutic intervention, are much
more suitable for teleconsultation. In contrast, in all other
ILDs that require complex therapeutic interventions, such as
immunosuppressants and antifibrotic agents, or have a more
unstable clinical course with risk of progression, patients
need to be assessed in person. Therefore, the modality of
the consultation will depend on the nature of the disease
and the particularities of the drugs prescribed. TaggedEnd

TaggedP1. Guidance steps

TaggedEnd

1. Introduction and confirmation of consent to perform the
teleconsultation.

2. Assess dyspnea through validated questionnaires (mMRC).
3. Assess disease impact (e.g. through questionnaires such as

King’s Brief Interstitial Lung Disease � K-BILD � health
status questionnaire).

4. Assess cough through validated questionnaires (visual ana-
logue scale - VAS, Cough Quality of Life Questionnaire).

5. Assess occurrence of acute events and their severity since
the previous appointment, including admissions and
emergency visits.

6. Check adherence to treatment.
7. Assess the occurrence of adverse events to medication.
8. Measure oxygen saturation by pulse oximeter, if available.
9. Review lung function tests and assess FVC and diffusion

capacity evolution.
10. Review the results of other tests performed (laboratory

studies, imaging, arterial blood gases, 6-min walking dis-
tance and others, as appropriate).

11. Assess coexistence of comorbidities and medications that
may interfere with disease control and request comple-
mentary diagnostic tests or refer to other specialties if
necessary.

12. Request the appropriate tests (laboratory studies, lung
function tests, imaging, as adequate).

13. Review the action plan: how and when to take medica-
tion, strategies to minimise adverse effects, when to call
the physician, and when to get emergency care.

14. Review the prescribed treatment and reinforce the
importance of adherence to treatment.

15. Treatment adjustment, if necessary.
16. Provide instructions on the new treatment prescribed, if

applicable.
17. Review modifiable risk factors and behaviours, with a

special focus on smoking habits. In case of active smok-
ing, review motivation to quit smoking.

18. Review non-pharmacological strategies and reinforce
their importance.

19. Assess family / social support, if applicable.
20. Schedule the following consultation (teleconsultation or

face-to-face appointment).

TaggedH2Specific tools and recommendations TaggedEnd
TaggedP

TaggedEndTaggedP▪ mMRC Questionnaire TaggedEnd
TaggedP▪ Visual Analogue Scale TaggedEnd
TaggedP▪ Leicester Cough Questionnaire (Chronic Cough Quality of
Life Questionnaire) TaggedEnd
TaggedP▪ Pulse oximeter TaggedEnd
TaggedP▪ Electronic prescription system TaggedEnd
74
TaggedH1Conclusions TaggedEnd

TaggedPThe pandemic crisis of COVID-19, amongst so many social, eco-
nomic and healthcare problems, also brought new opportuni-
ties. It has allowed other forms of contact to be explored and
has accelerated the digital revolution. And great steps have
been taken towards a true implementation of telemedicine.TaggedEnd

TaggedPTeleconsultation, initially performed out of a great need
to not loose contact with patients, but in a very empirical
way, now appears as another tool at our disposal. This docu-
ment seeks to establish recommendations to standardise the
practice of this telemedicine modality.TaggedEnd

TaggedPTeleconsultation is just the beginning in the digital revo-
lution in healthcare. In a near future, it is expected that
other, more complex modalities of telemedicine will also
become part of daily clinical practice. TaggedEnd

TaggedPIt can never be emphasized too strongly that technology
should always be at the service of the patient, and not the
other way around. All these emerging tools only make sense
if they prove to be an added value for the patient and for
the improvement of healthcare provided to patients. TaggedEnd
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gal). In: Gonçalves L, Castelo-Branco M, Campanella N, eds. E-
Sa�ude: Livro de Ensino Para Estudantes de Cursos de Ciências da
Sa�ude e Para Profissionais Sa�ude. Covilh~a, Tipogr da Univ da
Beira Inter; 2018:275�80. TaggedEnd

TaggedP26. Donaghy E, Atherton H, Hammersley V, et al. Acceptability, ben-
efits, and challenges of video consulting: a qualitative study in
primary care. Br J Gen Pract. 2019;69:e586�94. https://doi.
org/10.3399/bjgp19X704141. TaggedEnd

TaggedP27. Car J, Koh GC, Foong PS, Wang CJ. Video consultations in pri-
mary and specialist care during the covid-19 pandemic and
beyond. BMJ. 2020;371:m3945. https://doi.org/10.1136/bmj.
m3945.TaggedEnd

TaggedP28. Sociedade Brasileira de Pneumologia e Tisiologia. Posiç~ao da
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LETTER TO THE EDITOR
TaggedH1Alpha-1-antitrypsin deficiency
caused by a PI*ZQ0Leiria genotype-
the importance of diagnosis
algorithms TaggedEnd
TaggedP

Dear editor TaggedEnd
TaggedPAlpha-1-antitrypsin (AAT) is the major protease inhibitor in

serum whose function is the control of neutrophil elastase.1-3TaggedEnd
TaggedPAAT deficiency (AATD) is an autosomal codominant disorder

caused by SERPINA1 mutations4 increasing the risk of emphy-
sema and chronic obstructive pulmonary disease (COPD).
Despite most cases being connected with low AAT concentra-
tions and PI*ZZ and PI* SZ genotypes, in rare instances, those
can be correlated with rare deficiency or null variants.4 Until
now, more than 120 SERPINA1 mutations were reported and in
Portugal 9.5% of patients were linked to null alleles.2,5TaggedEnd
TaggedEnd TaggedFigure

Fig. 1 Characterization of ZQ0Leiria index case. (A) Protein gel ele
to PI*Z allele. (B) Electropherogram of the index case for SERPINA
Q0Leiria and M3 alleles. The arrows show the position of the correspo

https://doi.org/10.1016/j.pulmoe.2022.07.012
2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by E
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedPHere, we present a 46-year-old woman, former smoker
(37 pack-per-year), with no family history of lung disease or
occupational exposure. She was referred to our center, in
2016, with Asthma-COPD diagnosis and a mild form of AATD
as indicated by a PI*MZ genotype obtained in 2012. The
patient described a 4-year history of exertional dyspnea
(mMRC3), wheezing and cough with frequent minimal spu-
tum. Physical examination showed decreased breath sounds
in both lungs. Patient was medicated with formoterol 24mg,
ipratropium bromide 80mg and, aminophylline 200mg twice
a day and salbutamol 100mg as needed with poor symptom-
atic control and at least one moderate to severe exacerba-
tion per year. Chest computed (CT) tomography confirmed
pulmonary hyperinflation with centrilobular and panlobular
emphysema. A forced expiratory volume (FEV1)/forced vital
capacity (FVC) ratio of 53% and a FEV1 of 60% of the pre-
dicted value (1.52 L) were estimated (GOLD 2, Group B).
Body plethysmography showed elevation in residual volume
(RV: 3.13 L; 217% of predicted) and diffusion capacity of car-
bon monoxide (DLCO) was moderately decreased (45% of
ctrophoresis. Index case ZQ0 displays only a band corresponding
1 (NM_000295.5) exon 5, covering the mutations that define Z,
nding nucleotide substitutions. TaggedEnd

lsevier España, S.L.U. This is an open access article under the CC BY-
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Fig. 2 Family genogram. TaggedEnd

TaggedEndM.J. Silva, S. Seixas, M.J. Canotilho et al.
TaggedEndTaggedPpredicted). Arterial blood gas showed hypoxemia (pO2

66mmHg). AAT concentration was 5mg/dl as measured by
nephelometry. Given that patient�s symptoms and AAT levels
were inconsistent with a PI*MZ result, the genetic study was
repeated in an independent laboratory.3TaggedEnd

TaggedPA PI*ZQ0 diagnosis was achieved, where the null allele
was caused by novel mutation leading to the premature ter-
mination of protein sequence (NM_000295.5: c.1132G>T; p.
Glu378Ter). This mutation found to be associated with a
PI*M3 (p.Glu400Asp) background and was labeled as Q0Leiria
according to AATD nomenclature (Fig. 1).TaggedEnd

TaggedPThe family screening uncovered that her mother (75-
year-old, nonsmoker) had a PI*MZ genotype with 110 mg/dl
of AAT. No evidence of lung disease was detected (normal CT
and lung function tests). Her 53-year-old aunt (non-smoker)
had a PI*SQ0Leiria genotype with 46mg/dl of AAT without
respiratory symptoms or evidence of disease (normal CT and
lung function tests) (Fig. 2). TaggedEnd

TaggedPUnfortunately, we lost the follow-up of this patient in
2017 and no AAT therapy could be implemented in our pul-
monology department. TaggedEnd

TaggedPThe Q0Leiria allele resulting from a premature termina-
tion of protein 41 codons upstream of the wildtype impairs
AATsecretion as indicated by carriers low AATconcentrations
and absence of a corresponding band in gels. To our knowl-
edge this mutation is not described in the literature, nor is it
present in large genomic databases. TaggedEnd

TaggedPNull mutations as Q0Leiria are not associated with AAT
polymerization in the liver nor in the lung interstitium and
thus, no exacerbation of pulmonary disease is expected
once their clinical manifestations result exclusively from
AAT loss of function. The rarity of these alleles impairs a
proper evaluation of their disease risk when combined with
known deficiency alleles.6TaggedEnd

TaggedPAlthough both cases analyzed in this report show AAT val-
ues bellow the protective threshold of 57 mg/dl only the
smoker PI*ZQ0Leiria carrier presents her lung function seri-
ously compromised. This confirms the importance of tobacco
smoking on AATD clinical presentations. Indeed, smoke
78
TaggedEndTaggedPexposure is a well-known risk factor for the onset and pro-
gression of Emphysema and COPD without which severe
AATD cases such the one of PI*SQ0Leira may not show symp-
toms of pulmonary disease.6 Similar findings were reported
for never-smokers with PI*SQ0Our�em genotypes.7 TaggedEnd

TaggedPThis report also highlights the importance of a prompt
diagnosis and the need to access AAT concentration together
with a detailed clinical evaluation. Without the possibility of
performing the genetic test in a reference laboratory offering
an algorithm of diagnosis (AAT phenotyping, genotyping and
SERPINA1 sequencing) these subjects would persist misdiag-
nosed. The detection of Null alleles should lead to genetic
counseling and a possible use of replacement therapy.TaggedEnd
TaggedH1Conflicts of interest TaggedEnd

TaggedPThe authors have no conflicts of interest to declare. TaggedEnd
TaggedH1References TaggedEnd
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LETTER TO THE EDITOR
TaggedH1Sequential use of noninvasive
ventilation and high flow nasal
therapy after early extubation in
chest trauma patients recovering
from acute hypoxaemic respiratory
failure TaggedEnd
To the Editor

TaggedPPost-traumatic lung injury may lead to acute respiratory dis-
tress syndrome (ARDS).1-2 Non invasive ventilation (NIV) has
been used both before and after extubation in these
patients.1-8 The sequential use of NIV and High Flow Nasal
Therapy (HFNT)9-11 may improve oxygenation while avoiding
intubation, preventing reintubation, and reducing the
length of invasive mechanical ventilation (iMV).12,13 How-
ever, there is scarce evidence on the use of HFNT the trauma
population at risk of weaning failure.14 TaggedEnd

TaggedPThis prospective single-center pilot study assessed feasi-
bility and safety of early extubation.15,16 followed by
sequential use of NIV and HFNT in consecutive blunt chest
trauma patients admitted to ICU between January 2nd 2017
and December 31st 2019. The study was approved by the
local Ethics Committee and registered. All patients or legal
representatives gave their written permission. TaggedEnd

TaggedPPatients were included for early extubation14 if meeting
all the following criteria: 1) age �18 years; 2) invasive
Mechanical Ventilation (iMV) for at least 48 h; 3) pressure
support ventilation (PSV) with a total applied pressure (i.e.
positive end-expiratory pressure (PEEP) + inspiratory sup-
port) �20 cmH2O and a PEEP level between 8 and 10 cmH2O;
4) the ratio between the partial pressure of oxygen and frac-
tion of inspired oxygen (PaO2/FiO2 ratio) between 200 and
300 mmHg with FiO2 � 0.6 and lack of ARDS; 5) PaCO2 �
45 mmHg and pH �7.35; 6) respiratory rate (RR) � 30
breaths/min; 7) core temperature <38.5 °C; 8) Glasgow
Coma Scale (GCS) �11; 9) Richmond Agitation Sedation
Score (RASS) <3; 10) preserved cough-reflex on suctioning
and need for <2 tracheobronchial suctioning per hour. TaggedEnd

TaggedPPatients were excluded if they met one or more of the
following criteria: 1) hemodynamic instability (defined as
systolic arterial pressure <90 mmHg despite fluid resuscita-
tion and/or use of vasopressors); 2) life-threatening arrhyth-
mias and/or electrocardiographic signs of ischemia; 3)
sepsis; 4) secondary acute respiratory failure due to
https://doi.org/10.1016/j.pulmoe.2022.06.006
2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by E
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPneurological disorders, status asthmaticus, chronic obstruc-
tive pulmonary disease or cardiogenic pulmonary edema; 5)
tracheotomy; 6) uncontrolled vomiting; 7) RASS �3; 8) two
or more organ failures; 9) body mass index (BMI) > 30 kg/m;
210) documented history or suspicion of obstructive sleep
apnea; 11) unstable flail chest; 12) recent upper airway or
esophageal surgery; 13) pregnancy; 14) inclusion in other
research protocols; 15) denied consent. TaggedEnd

TaggedPPatients underwent sequential application of NIV and
HFNTas represented in Fig. 1. During NIV session full-face or
oronasal masks were rotated to avoid skin breakdown.17

Humidification was achieved through a heated humidifier.
Non invasive pressure support ventilation (PSV) was set up
according to the pressure level applied before extubation
and was then titrated to achieve an expired tidal volume of
7�8 ml/kg, with PaCO2 < 45 mmHg, pH >7.35, and respira-
tory rate (RR)< 30 breaths/min. PEEP was adjusted to main-
tain PaO2/FiO2 ratio > 225 mmHg. TaggedEnd

TaggedPHFNT was delivered at a gas flow rate of 60 L/min and
FIO2 of 1.0, via large-bore dedicated nasal prongs at 37 °C
and then adjusted according to the patient’s comfort. FiO2

was then adjusted to maintain a SpO2 > 92%. TaggedEnd
TaggedPAfter extubation patients received intravenous analgo-

sedation with remifentanil (dose range of 0.02�0.08 mcg/
kg/min) or dexmetedomidine (dose range 0.4�1 mcg/kg/h)
in case of RASS �1 and/or Behavioural Pain Scale (BPS) >4.
For lower BPS levels acetaminophen 1 g three time a day
was given. TaggedEnd

TaggedPA weaning trial was attempted when patients reached
PaO2/FiO2 ratio > 250 mmHg. In these cases, PSV levels and
PEEP were progressively decreased (by 2 cmH2O sequential
steps), until they reached a minimum threshold value of 5
and 8 cmH2O, respectively. Then, NIV was interrupted, and
patients were switched to HFNT only. Weaning from HFNT
was considered successful if patients met all the following
criteria: pH >7.35, PaCO2h 45 mmHg and PaO2i 70 mmHg, RR
< 30 breaths/min, absence of dyspnea, respiratory acces-
sory muscles recruitment, and paradoxical abdominal
motion during 30-min trial with oxygen supplementation
through a Venturi-mask with a FiO2 0.35. TaggedEnd

TaggedPReintubation was considered in the occurrence of any of
the following complications during the study period: a) car-
diac or respiratory arrest; b) inability to protect the airway;
c) coma or psychomotor agitation with RASS >3 not con-
trolled by continuous i.v. sedative infusion; d) unmanage-
able secretions or uncontrolled vomiting; e) life-threatening
lsevier España, S.L.U. This is an open access article under the CC BY-



TaggedEnd Table 1a Baseline characteristics of the patients.

Characteristics Patients (n = 20)

Age y 51.95 (19.50)
Gender male N. (%) 15 (75.0)
BMI kg/m2 28.10 [17.50, 30.00]
Pneumothorax N.(%) 14 (70.0)
Liver contusion N.(%) 5 (25)
Spleen contusion N.(%) 4 (20)
Pelvis fracture N.(%) 5 (25)
Retroperitoneal hematoma N.(%) 1(5)
Upper or lower limbs fractures N.(%) 5 (25)
Need for chest drainage N. (%) 12 (60.0)
GCS 15.00 [6.00, 15.00]
TTSscore 12.00 (3.16)

BMI: Body Mass Index, GCS: Glasgow Coma Scale, TTSs: Thoracic
Trauma Severity Score.
Data are expressed by Mean (SD), Median (IQR).

TaggedEnd TaggedFigure

Fig. 1 Protocol flowchart and study times point. (T0), before extubation; (T1), 1 h after extubation during the first NIV cycle, (T2),
3 h after extubation during the first HFNTsession; (T3) 4 h after extubation during second NIV cycle. iMV, invasive mechanical ventila-
tion, NIV noninvasive mechanical ventilation, HFNT high flow nasal therapy.TaggedEnd

TaggedEndG. Accurso, A.N. Cracchiolo, D.M. Palma et al.
TaggedEndTaggedParrhythmias or electrocardiographic signs of ischemia; f)
hemodynamic instability; g) intolerance to all interface; or
in the occurrence of at least two of the following criteria: h)
PaO2/FiO2 ratio < 200 mmHg; i) respiratory acidosis (pH <

7.35 and PaCO2 > 50 mmHg); j) RR > 40 breaths /min. Vital
parameters (systemic blood pressure - SBP, heart rate - HR,
respiratory rate -RR) were continuously monitored. TaggedEnd

TaggedPContinuous variables were expressed as means standard
deviation (SD) or as medians (interquartile range, IQR) as
appropriate, and discrete variables as counts (percentage).
The analysis of the medians over the times, was carried out
using the non-parametric Friedman test, considered not-
normal distribution of values. Pairwise comparisons to
groups were carried out using Wilcoxon signed-rank test and
P-value adjustment with Bonferroni’s method. The associa-
tion between the presentation variables were first analyzed
by mean of non-parametric Spearman correlation coeffi-
cient. Multiple linear regression was used to identify the var-
iables with an important contribution to the response
variability and to adjust for confounding variables with the
stepwise method by Aikake Information Criterion (Aic). A
P value <0.05 was considered statistically significant. TaggedEnd

TaggedPTwenty-five patients met the inclusion criteria during the
study period; five patients were excluded before interven-
tion due to respiratory and cardiovascular complications.
Baseline characteristics of the study cohort at admission are
shown in Table 1a. iMV was required for a mean time of
56.4 h (55.5). The protocol, ranged from 6.5 to 100.5 h
(41.4 § 28.36). Table 1b summarizes the results of blood gas
analysis and clinical parameters at different time points and
at the end of the study. No cases of reintubation or death
were recorded. We found that there was a positive correla-
tion between the time of iMV and the duration of the proto-
col, R = 0.624 (95%; CI 0.25�0.836, p. = 0.0033). Each hour
of iMV was associated with an average 32 min increase in
protocol time (p. 0.005). TaggedEnd

TaggedPFive patients, during HFNT needed to be switched to NIV
because of PaO2/FiO2 ratio between 200 and 225 mmHg
before reattempting HFNT. No severe adverse events were
recorded. Comfort score as measured by VAS was not signifi-
cantly different (p. 0.66) over time between HFNT and NIV
80
TaggedEndTaggedPas well as vital parameters were not different over time
between HFNT and NIV. Remifentanil was never used in any
patients while dexmetedomidine was used in 16 patients
(mean dose range 0.8 mcg/kg/h § 0,2). TaggedEnd

TaggedPIn this prospective single-center observational pilot
study of a cohort of chest trauma patients, the sequen-
tial use of NIV and HFNT following early extubation was
found to be feasible and safe. None of the included
patients required reintubation. Alternating the use of NIV
and HFNT has proven to cause neither clinically relevant
changes in respiratory parameters nor complications.
This strategy may help avoid re-intubation in this patient
population. However, our study has several limitations.
Firstly, it lacks a control group since we did not compare
the applied post-extubation protocol with other protocols
or weaning practices. Secondly, we applied restrictive
inclusion criteria obtaining a small, selected cohort of
patients. This could explain the fact that none of the
treated patients were intubated. Thirdly we did not
compare dyspnea at the different study times point. TaggedEnd
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TaggedPTherefore, the preliminary results obtained have low
generalizability in the reference population and should be
considered as feasibility, hypothesis-generating study for
further controlled trials. TaggedEnd
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LETTER TO THE EDITOR
TaggedH1Should there be a tailored guided
management plan for children with
post-infectious bronchiolitis
obliterans and bronchiectasis? TaggedEnd
Dear editor,

TaggedPCurrent guidelines for chronic lung diseases such as cystic
fibrosis (CF), Primary Ciliary Dyskinesia (PCD) and Bronchiec-
tasis in children recommend regular and multidisciplinary
monitoring to delay long�term pulmonary complications.1-3TaggedEnd

TaggedPPost-infectious Bronchiolitis Obliterans (PIBO) with or
without Bronchiectasis is heterogeneous with diverse clini-
cal expression and severity,4-6 which contributes to the lack
of specific guidelines for monitorization of disease progres-
sion and precludes the design of management plans after
diagnosis is established. TaggedEnd

TaggedPWe aimed to describe the management plans of children
with PIBO and/or Bronchiectasis in a tertiary care hospital and
analyse whether the variability of care depends on the severity
of the obstructive ventilatory defect as determined by FEV1.TaggedEnd

TaggedPA retrospective chart review of children with PIBO and/or
bronchiectasis followed in a tertiary care paediatric hospital
was undertaken. Diagnosis was based on clinical history and
thoracic computed tomography (CT) findings. All patients
followed for two consecutive years (2018-19) were included.
Children with otherwise etiological diagnosis like CF or PCD
were excluded. The frequency (average per year) of respira-
tory physician visits, physiotherapy prescription (including
education in the management of airway clearance), number
of spirometric evaluations, anthropometric assessments and
number of microbiological samples taken for bacterial cul-
ture were registered. TaggedEnd

TaggedPAt our centre, spirometry is performed in cooperative
patients older than 4 years of age in accordance with ERS/
ATS guidelines. Analysis of height, weight, and BMI z�scores
(standard scores) taken from the spirometry records and
standardized using WHO reference values was completed.
The best FEV1 and FEV1/FVC results for the calendar year
were collected for all patients who performed good quality
tests and averaged for analysis. TaggedEnd

TaggedPRespiratory microbiology surveillance (frequency of test-
ing) was determined from medical record as was referral
https://doi.org/10.1016/j.pulmoe.2022.07.009
2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by E
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPrates to physiotherapy services. The number of samples
(sputum or cough swabs) analysed in a calendar year was
counted and averaged. TaggedEnd

TaggedPA descriptive analysis for continuous variables was done
and described as median (min and max). Linear regression
analysis between average number of physician visits per
year and FEV1 z-score was performed. TaggedEnd

TaggedPDuring the study period, 28 children were observed (Table
1). Only four had respiratory samples collected (all with
bronchiectasis). During this period, three non-residents in
Portugal were observed, seven patients initiated follow-up,
four were transferred and three lost to follow-up. TaggedEnd

TaggedPFourteen (50%) had been prescribed mucus clearance devi-
ces or educated on respiratory clearance manoeuvres. Three
patients with PIBO (plus bronchiectasis in two) are currently on
long term oxygen (FEV1 z-score ranged from -5.0 and -5.7).TaggedEnd

TaggedPNo association between clinic visits, clearance methods
or other follow-up measures described and FEV1 z-score was
found. TaggedEnd

TaggedPThis study shows that patients with PIBO and/or bronchiec-
tasis had an average of 2.7 physician appointments and per-
formed 2/1.5 spirometries per year. Respiratory microbiology
surveillance was low and only half had some record for respi-
ratory rehabilitation or use of mucus clearance devices.TaggedEnd

TaggedPIn this sample, lung function alone did not affect follow-
up. However, the lack of association may be due to small
sample size, presence of outliers and shared follow-up with
local hospitals. TaggedEnd

TaggedPDespite the limitations and biases of our retrospective
analysis, we can assume that the management plan of these
children is heterogeneous, with regular physician appoint-
ments and spirometry, but low respiratory microbiology sur-
veillance and no standard physiotherapy or nutritional
consultations. TaggedEnd

TaggedPIn our setting, patients with PCD, PIBO and/or bronchiec-
tasis are managed by respiratory physicians in a general
respiratory clinic without a formal multidisciplinary team.
Allied health services are available on request and require a
separate appointment. There are no internal or national
guidelines for the management of these conditions concern-
ing frequency of visits, lung function testing, collection of
respiratory samples for bacterial culture, nutritional assess-
ment, timing of imaging by CTor referral to respiratory phys-
iotherapists. By comparison, at the same centre, patients
with CF are seen at least every three months by a multidisci-
plinary team according to international recommendations. TaggedEnd
lsevier España, S.L.U. This is an open access article under the CC BY-



TaggedEnd Table 1 Description of Patients’ characteristics.

Post-Infectious Bronchiolitis Obliterans
n=16 (PIBO plus bronchiectasis 6)

Bronchiectasis
n=12

Median age at last appointment (in years) 12.5 (7.1, 18.2) 14.1 (8.2, 17.9)
Male gender (n) 12 8
Median duration of follow-up (in years) 10.0 (2.5, 15.4) 8.1 (2.5, 14.4)
Average number of physician visits per year (range) 2.66 (1, 6) 2.67 (1, 6)
Average number of spirometries performed per year 2.00 (1, 4) 1.46 (1, 4)
Average BMI z-score �0.69 0.36
Average FEV1 z-score �3.24 �0.54
Average FEV1/FVC z-score �2.57 �0.11

Legend: results are shown as median (min. and max.) or average (range).
PIBO: Post-Infectious Bronchiolitis Obliterans; BMI: Body Mass Index; FEV1: Forced Expiratory Volume in 1 second; FVC: Forced Vital Capac-
ity; z-score: standard score.

TaggedEndC. Constant, L. Pereira, A. Saianda et al.
TaggedPThe clinical course of children with PIBO and/or bronchi-
ectasis can be less predictable and differs from CF and PCD.
While some children have serious structural and functional
lung disease, others experience more subtle effects.5-7

These heterogeneous characteristics are due to aetiology
and age at diagnosis/referral to tertiary centres. Further-
more, some of these children tend to stabilize or even
improve their overall status, including lung function results,
over time.5,6 TaggedEnd

TaggedPFor adult patients with Chronic Obstructive Pulmonary
Disease, routine follow-up is essential. It focuses on symp-
toms, exacerbations, objective measures of airflow limita-
tions and identifying complications and/or comorbidities.8

However, for children it can be on reversing the disease
when possible and halting its progress.3 Furthermore, inte-
grated care needs to be individualized to the developmental
stage of the child and the family’s health literacy. TaggedEnd

TaggedPExtrapolating from standards of care for other complex
chronic lung diseases could preserve lung function, reduce
exacerbations, improve quality of life, prevent nutritional
decline, and enhance survival for patients with PIBO and/or
bronchiectasis. Since these are rare entities, there is little
evidence to advise on their management. Future directions
should dictate more precise standards of care tailored by
severity, rate of exacerbations, decline of lung function and
minimal follow-up requirements. TaggedEnd
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LETTER TO THE EDITOR
TaggedH1Idiopathic pulmonary fibrosis
mortality in the Italian epicenter of
COVID-19 pandemic TaggedEnd
To the Editor,

TaggedPIdiopathic pulmonary fibrosis (IPF) is a progressive, life-
threatening interstitial pneumonia of unknown cause1,
affecting elderly, frail individuals with a median age at diag-
nosis of 661 and a median estimated survival of
2.5�3.5 years after diagnosis.2-3 TaggedEnd

TaggedPSevere Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) rapidly spread worldwide and the absence of effec-
tive therapies or vaccines at the beginning of the pandemic
led Governments to enforce strict measures in their efforts
to limit the virus transmission.4 On March, 9th 2020 Italy
went into a full lockdown. In parallel, hospital infrastruc-
tures were redirected towards maximizing intensive care
TaggedEnd TaggedFigure

Fig. 1. (a) Study flow chart; (b) Trimestral-specific comparison of
sided tests) * p-value 2-sided test <0.05. IPF= idiopathic pulmonry fib

https://doi.org/10.1016/j.pulmoe.2022.04.002
2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by E
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPresources which resulted in routine clinical practice, includ-
ing IPF outpatient clinics, being considerably reduced.5 TaggedEnd

TaggedPThe aim of our study was to assess the mortality of IPF
patients included in the cohort of the tertiary outpatient
IPF clinic at the “San Gerardo” Hospital, located in
Monza (Lombardy, the most populated Italian region) in
relation to the social and healthcare changes due to
COVID-19 pandemic. TaggedEnd

TaggedPWe analyzed a cohort of 212 patients recruited between
May 2008 and April 2021 and alive on January 1st 2018. We
recorded mortality data comparing the characteristics
between patients who died in January 1st, 2018 and Febru-
ary 28th, 2020 (pre-pandemic and pre-lockdown period) to
those who died between March 1st, 2020 and April 30th,
2021 (pandemic and post-lockdown period) using Chi-square
or Fisher’s exact tests for categorical variables and Man-
n�Whitney U test for continuous ones. Thereafter, we com-
puted monthly average crude mortality rates for each of the
the monthly average mortality rate in 2018/2019 and in 2020 (2-
rosis. TaggedEnd

lsevier España, S.L.U. This is an open access article under the CC BY-



TaggedEnd Table 1 Demographics and clinical characteristics of study population.

Death Total p-value

Before March 3rd 2020 On or after March 3rd 2020

N subjects 39 33 72
Year of death - N(%)
2018 17(43.59) 0(0.00) 17(23.61)
2019 14(35.90) 0(0.00) 14(19.44)
2020 8(20.51) 22(66.67) 30(41.67)
2021 0(0.00) 11(33.33) 11(15.28)

Males - N(%) 35(89.74) 30(90.91) 65(90.28) 1
Age at death - Median (Q1-Q3) 73(68 - 78) 79(72 - 82) 74(69 - 81) 0.0311
Time between last visit and death

(months) - Median (Q1-Q3)
4(3 - 9) 6(3 - 9) 5(3 - 9) 0.2651

Disease duration# at death (months) -
Median (Q1-Q3)

36(19 - 60) 35(25 - 58) 36(23 - 59) 0.4834

Age at diagnosis - Median (Q1-Q3) 69(65 - 75) 75(68 - 78) 71(67 - 77) 0.0588
FVC% of predicted* � Median (Q1-Q3) 67(56 � 77) 62(52 � 76) 64(52 - 77) 0.4834
DLCO% of predicted* � Median (Q1-Q3) 29(21 � 34) 26(16 � 39) 29(19 - 35) 0.2180
GAP index* � N (%) 0.9692
Stage 1 1(2,56) 1(3,03) 2(2,78)
Stage 2 20(51,28) 16(48,48) 36(50,0)
Stage 3 18(46,15) 16(48,48) 34(47,22)

Antifibrotic therapy at death - N(%) 0.2118
No 12(30.77) 5(15.15) 17(23.61)
Yes 21(53.85) 19(57.58) 40(55.56)
Previous, but interrupted 6(15.39) 9(27.27) 15(20.83)

Months between interruption and
death - Median (Q1-Q3)

19.0(9.4) 23.3(17.3) 21.6(14.4) 0.8596

Nintedanib 12(30,77) 10(30,30) 20(27,78)
Pirfenidone 9(23,08) 9(27,27) 18(25,00)

Comorbidities - N(%) 29(74.36) 27(81.82) 56(77.78)
Combined pulmonary fibrosis and
emphysema

10(25.64) 6(18.18) 16(22.22) 0.4481

Obstructive sleep apnea syndrome 4(10.26) 1(3.03) 5(6.94) 0.3662
Coronary artery disease 13(33.33) 12(36.36) 25(34.72) 0.7878
Chronic Heart Failure 6(15.39) 5(15.15) 11(15.28) 0.9781
Pulmonary hypertension 11(28.21) 17(51.52) 28(38.89) 0.0432

Gastroesophageal reflux disease 11(28.21) 8(24.24) 19(26.39) 0.7038
Lung cancer (active) 1(2.56) 1(3.03) 2(2.78) 1
Type 2 diabetes 11(28.21) 10(30.30) 21(29.17) 0.8453
Hypothyroidism 2(5.13) 0(0.00) 2(2.78) 0.4965

DLCO= diffusing capacity for carbon monoxide; FVC= Forced Vital Capacity; GAP= Gender-Age-Physiology

TaggedEndLETTER TO THE EDITOR
TaggedEndTaggedPtwo periods, with related exact 95% confidence intervals
(95%CIs) based on a Poisson distribution, and we compared
them through incidence rate ratios (IRR). Similarly, we com-
puted trimestral-specific monthly average mortality rates
for the biennium 2018-2019, and we compared them with
those of 2020. Person-time at risk (in months) was computed
for each subject from January, 1st 2018 or the day of IPF
diagnosis, until death or the end of the period of interest.
95%CIs for IRR were based on the exact distribution of the
rate of two Poisson counts, as well as 2-sided p-values. All
analyses were performed using SAS version 9.4 (The SAS
institute, Cary, NC) and R version 4.0.3 (R Core Team,
Vienna, Austria) with the packages epitools and rateratio.
test. The study received Ethics Committee approval (ASST
Monza, 1538, November 14th 2019). TaggedEnd
86
TaggedPIn the pre-lockdown period, we documented 39 deaths in
our IPF cohort; in contrast, in the post-lockdown period, 33
IPF patients died (Fig. 1a). We observed a significantly youn-
ger median age at death and a trend toward younger median
age at diagnosis in the pre-lockdown compared to the post-
lockdown period with similar median disease duration, pul-
monary function tests and severity of the disease evaluated
through Gender-Age-Physiology (GAP) index (Table 1). We
did not detect statistically significant differences regarding
gender or antifibrotic treatment. The burden of comorbid-
ities was similar between the two groups with the exception
of pulmonary hypertension that was more common in the
post-lockdown period.TaggedEnd

TaggedPWe estimated that monthly average mortality rates rose
from 1.03 per 100 person-months (95%CI: 0.72-1.42) during
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TaggedEndTaggedPthe pre-lockdown period to 1.67 (95%CI: 1.17-2.33) post-
lockdown: such increase was borderline significant, corre-
sponding to an IRR of 1.63 (95%CI: 1.00-2.66, p=0.05). In
detail, comparing the various trimestral periods, we
observed a statistically significant increase in mortality in
the last trimester (October/December) of 2020, as com-
pared to the last trimester 2018: monthly average mortality
rates increased from 0.68 (95%CI: 0.25-1.48) to 2.48 (1.24-
4.44) per 100 person-months (IRR: 3.64, 95%CI: 1.24-12.00,
p=0.008, Fig. 1b).TaggedEnd

TaggedPIn the lockdown periods, patients included in our IPF
cohort were regularly followed-up with telephone calls and
continuously received antifibrotic treatment. Asking family
members, we were able to determine that 3 out of 33
patients (9.1%) were hospitalized and died because of a con-
firmed diagnosis of Coronavirus disease (COVID-19) and that
the great majority, 30/33 (90.9%), died at home or in long-
term facilities without signs or symptoms suggestive of
COVID-19. TaggedEnd

TaggedPThis study showed a significant increase in mortality in
our IPF cohort during the post-lockdown period that, in most
of the cases, did not appear directly related to COVID-19. TaggedEnd

TaggedPIn line with our results, Marcon and colleagues showed an
excess of IPF-related deaths during the first wave of the
COVID-19 pandemic.6 However, the authors did not differen-
tiate between deaths directly related to COVID-19 and other
etiologies. TaggedEnd

TaggedPIn our study, we observed a marginally significant
increase in mortality during post-lockdown period compared
to pre-lockdown. We believe that the increase in mortality
is mainly related to the increased frailty and to limitation of
access to the IPF Referral Center for a worsening of the dis-
ease during the peak of the pandemic. This is corroborated
by the results of the trimestral analysis which shows an
increase in the period of the COVID-19 second wave (Octo-
ber/December 2020), when our province (Monza-Brianza)
reached the highest level of incidence of SARS-CoV-2
infection. TaggedEnd

TaggedPIn our study, a number of limitations should be acknowl-
edged. The cause of death was not confirmed for the majority
of the patients. Moreover, this study was performed in a single
center, limiting the generalizability of the results. Finally,
given the small sample size, we were not able to run a Cox-
analysis that would have been the best way to address the
risk factors for mortality adjusting for possible confounders.TaggedEnd

TaggedPIn conclusion, we report a statistically significant
increase in mortality within our IPF cohort during the COVID-
19 second wave. To the best of our knowledge, only in a
minority of patients was the cause of death directly related
to SARS-CoV-2 infection. In most patients, the cause of death
was possibly related to the limitations to reaching the hospi-
tal and ILD-physicians of the IPF referral Center in relation
to the COVID-19 pandemic in case of worsening of the dis-
ease. TaggedEnd
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TaggedH1Endobronchial hamartoma � A
10-year retrospective analyses of
bronchoscopy treatment TaggedEnd
TaggedEnd TaggedFigure

Fig. 1. Location of the 14 EHs in the tracheobronchial tree:
trachea - 1; right main bronchus - 1; intermediate bronchus - 2;
middle lobe bronchus - 2; right lower lobe bronchus - 3; left
main bronchus - 1; left upper lobe bronchus - 3; and left lower
lobe bronchus - 1.TaggedEnd
Dear editor,

TaggedPEndobronchial hamartoma (EH) represents nearly 10% of all
lung hamartomas, the most common benign lung tumour.1

Although benign, hamartoma has been linked with lung
cancer and very occasionally can evolve to a malignant
lesion.1,2 They are rare, slow growing, usually single
tumours, often symptomatic, unlike intraparenchymal
hamartomas.2,3 Obstructive pneumonia and hemoptysis are
the most frequent symptoms. However, wheezing, dyspnea
and cough might be the only signs present, mimicking other
conditions like asthma.2,4 Clinical suspicion should be raised
when symptoms persist, and patients offered a chest com-
puted tomography and bronchoscopy. As EH is often symp-
tomatic, treatment is frequently indicated.3TaggedEnd

TaggedPThe authors intend to retrospectively analyse all cases of
EH diagnosed from 2011 until mid-2021, in a tertiary hospital
in Porto, Portugal. This study was approved by the hospital
ethics committee (number 226/2021) on 21st September
2021. The ethics committee considered the exemption from
Informed Consent to be acceptable. TaggedEnd

TaggedPDuring the study period, EH was diagnosed in 14 patients.
Eleven patients (78.6%) were male, with a median age of
61.50 years (IQR 57.75�72.0), 71.4% were current or former
smokers. TaggedEnd

TaggedPEight patients presented respiratory symptoms that
prompted endoscopic evaluation: recurrent respiratory
infections (n = 4), nonresolving pneumonia (n = 2) and
hemoptysis (n = 2). In the remaining six patients, EH
diagnosis was incidental. TaggedEnd

TaggedPIt was an incidental radiological finding in two patients
who underwent thoracic/abdominal computed tomography
for other reasons (chest trauma and acute cholecystitis)
that revealed an endobronchial lesion. The additional four
cases were incidental endoscopic findings: two patients
with concurrent lung cancer (EH and neoplasm were in dif-
ferent lobes), one patient who underwent bronchoscopy to
exclude lung metastases (rectal adenocarcinoma), and one
patient with suspected airway compression by Kommerell’s
diverticulum.TaggedEnd

TaggedPConcerning EH location in the tracheobronchial tree,
it was more frequently found in the right bronchial tree
https://doi.org/10.1016/j.pulmoe.2022.07.002
2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by E
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedP(n = 8) � Fig. 1. The lesion was often described as hav-
ing smooth and regular surface, without signs of deep
invasion, and sometimes with polypoid features �
Fig. 2A�C. TaggedEnd

TaggedPHistological aspects provided more accurate classifica-
tion of hamartomas, describing six cases of chondroid
hamartoma and only one case of lipoid hamartoma, in
seven cases no predominant cellular component was
described (Fig. 2D). TaggedEnd

TaggedPExcludingtwopatientswithconcurrentlungcancer,eightof
the 12 patients (66.7%) presented significant bronchial
obstruction:mainbronchus obstruction (n=1), lobarbronchus
obstruction(n=5)andsegmentalbronchusobstruction(n=2).TaggedEnd

TaggedPTen patients needed endoscopic treatment to restore
acceptable bronchial patency. Mechanical debridement plus
laser photoresection were used in six cases, and only
mechanical debridement was necessary in the remaining
four cases. In two patients, mechanical debridement was
performed through flexible bronchoscopy due to segmental
lsevier España, S.L.U. This is an open access article under the CC BY-



TaggedEnd TaggedFigure

Fig. 2. An example of an endobronchial hamartoma totally occluding the intermediate bronchus (Fig. 2. A, B); and later, after
treatment by rigid bronchoscopy - mechanical debridement and laser (Fig. 2. C). Endobronchial hamartoma biopsy showing endobron-
chial epithelium, adipose tissue and hyaline cartilage [H&E; x10] (Fig. 1.D).TaggedEnd

TaggedEndC.G. Cardoso, M. Martins, C. Souto-Moura et al.
TaggedEndTaggedPlesions. All other eight patients underwent rigid bronchos-
copy. Total EH resection was accomplished in half of the
patients (n = 5). TaggedEnd

TaggedPOne rigid bronchoscopy, performed due to total middle
lobar bronchus obstruction, was complicated by pneumome-
diastinum and pneumothorax with no need for drainage. In
this case, bronchial perforation could not be excluded,
though it was not recognized during bronchoscopy. No other
complications were registered. TaggedEnd

TaggedPOne patient needed a second endoscopic procedure.
Another patient with partial resection after mechanical
debridement and laser, who maintained recurrent respira-
tory infections, underwent lobectomy with clinical resolu-
tion and no complications. TaggedEnd

TaggedPFor the 13 patients not needing surgery, follow-up until
now or until death (median time of 3.50 years (IQR 0.88-
5.50)) showed no EH recurrence and no need for further
endoscopic treatment. TaggedEnd

TaggedPEH management must be individualised depending on fea-
tures and location of the hamartoma, symptoms, fitness and
preference of the patient.3,4 TaggedEnd

TaggedPBronchoscopy plays an essential part in EH diagnosis, pro-
viding its precise location in the airway and biopsy.4TaggedEnd

TaggedPStill, bronchoscopy role in EH treatment is not less rele-
vant, having replaced surgery as the first choice for manage-
ment of EH given diagnosis confirmation and healthy lung
parenchyma.5 TaggedEnd
90
TaggedPEH resection is usually performed by rigid bronchoscopy,
since it assures airway patency and ventilation, the use of
different tools and techniques and easier control of bleeding
or other complications, if necessary. Laser, electrocautery,
argon plasma coagulation and cryoablation, combined with
mechanical debridement, have been used in EH resection
with effective results.2 TaggedEnd

TaggedPIn particular cases, flexible bronchoscopy may be pre-
ferred, as in more distal lesions, if the patient is not suitable
for rigid bronchoscopy or it is not available.2 However, the
rate of recurrence associated with flexible bronchoscopy
resection is superior to rigid bronchoscopy.5 TaggedEnd

TaggedPCompared to surgery, endoscopic resection is a less inva-
sive procedure, presents better mortality and allows sparing
of healthy lung. The most frequent complication of bron-
choscopy treatment is pneumothorax, still overall morbidity
is low.5TaggedEnd

TaggedPEH presents a low recurrence rate, superior after endo-
scopic treatment compared to surgical treatment. Long
term endoscopic surveillance guided by clinical and radio-
logical features is advised.5 TaggedEnd

TaggedPAltogether, the benefits of endoscopic resection
seem to outweigh those of surgical treatment. Surgery is
usually reserved for cases with long-standing bronchial
obstruction with irreversible parenchymal damage,
non-resolving symptoms or when malignancy cannot be
excluded.2 TaggedEnd



TaggedEndPulmonology 29 (2023) 89�91
TaggedPIn conclusion, endoscopic resection is the first choice in
EH treatment since excellent results can be achieved in
centres of expertise. TaggedEnd

TaggedPRecurrence and malignancy development, though infre-
quent, may occur and so, follow-up should be ensured.2 TaggedEnd
TaggedH1Conflicts of interest TaggedEnd
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TaggedH1A potentially life-threatening
complication of lung metastasis
thermal-ablation TaggedEnd
TaggedEnd TaggedFigure

Fig. 1 Subcutaneous emphysema, right lung cavitation and
hydropneumothorax at admission. TaggedEnd
Dear Editor

TaggedPPulmonary metastases are complications of multiple malig-
nancies due to haematogenic or lymphatic spread. Most
patients who develop pulmonary metastases cannot be
cured; however, despite the absence of randomized con-
trolled trials on the subject, in selected cases metastasec-
tomy can be a therapeutic option. Apart from surgery, other
treatment options include pharmacologic treatment accord-
ing to the primary malignancy or various ablative techni-
ques, such as stereotactic radiosurgery and image-guided
thermal ablation.1 Data on feasibility and potential compli-
cations of ablative techniques is lacking, despite their
potential severity, as presented in this case. TaggedEnd

TaggedPThe authors present a case of a 64 year-old female
patient, with metastatic parathyroid carcinoma, who under-
went thermal ablation of pulmonary metastasis due to
hypercalcemia refractory to medical treatment with deno-
sumab. She had previously been submitted to two lung
metastasis thermal ablations, leading to improved calcium
levels’ control, while the oncological disease remained sta-
ble. She had no other relevant past medical history. TaggedEnd

TaggedPEight days after this new procedure, the patient was
admitted to the emergency room (ER) due to retrosternal
pain and dyspnoea of one day of duration. She also com-
plained of swallowing problems in the cervical region. TaggedEnd

TaggedPAt the ER presentation, vital signs were normal: blood
pressure 120/80 mmHg, respiratory rate of 18 breaths/min,
heart rate of 90 beats/min, and an oxygen saturation of 93%
on room air. On pulmonary auscultation, there were crackles
on the right hemithorax and lung sounds were lowered on
the all hemithorax, and inaudible on the right lower third.
Inspection revealed a swollen neck with subcutaneous
emphysema on the cervical, right chest and arm areas. TaggedEnd

TaggedPLaboratory analysis at the ER: Arterial blood gas analysis
(FiO2 50%): pH of 7.35, PaCO2 of 29,1 mm Hg, PaO2 of 72 mm
Hg, and bicarbonate of 15,9 mEq/L. Ionized serum calcium
levels were 1,37 mmol/L. Hemogram, urea, creatinine, and
thyroid function test results were within normal limits.
Chest CT revealed two pulmonary cavities on the right upper
and middle lobes, a fistulous trajectory to the thoracic wall
https://doi.org/10.1016/j.pulmoe.2022.06.007
2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by E
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPand broncho-pleural fistula. There was also pneumomedias-
tinum and signs of right lower lobe consolidation and pleural
effusion (Fig. 1).TaggedEnd

TaggedPDue to the patient stability and exuberant radiologic find-
ings, the patient was admitted for surveillance. A diagnosis
of pleuro-parenchymal fistula and pneumomediastinum
after thermal lung metastasis ablation was made. TaggedEnd

TaggedPThe patient started large-spectrum antibiotics and chest
drainage of the right lower pleural effusion was performed.
After 3 weeks of antibiotics (Piperacillin-Tazobactam) and
clinical improvement, a bronchoscopy was performed that
confirmed a broncho-pleural fistula. Microbiologic cultures
from the pleural fluid, sputum and bronchial lavage were
negative. No respiratory failure was documented. The chest
tube was removed after 3 days. TaggedEnd

TaggedPAfter 26 days, the patient was discharged with oral anti-
biotic treatment with Amoxicillin-Clavunate 875/125 mg
until completion of 6 weeks treatment. No surgical interven-
tion was necessary. Due to patient�s preference, limited
respiratory function, technical impairments or age / comor-
bidities, surgery was not an option. TaggedEnd
lsevier España, S.L.U. This is an open access article under the CC BY-
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Fig. 2 Evolution of Chest CT findings. A- CT at admission with a right upper lobe (RUL) cavitary lesion with a chest wall fistula.
Extensive subcutaneous emphysema. B- CT after 2 months, revealing improvement of the lung cavitation and fistula on the RUL and
no subcutaneous emphysema. The metastatic lesion submitted to thermal ablation is not present. TaggedEnd

TaggedEndPulmonology 29 (2023) 92�93
TaggedPFollow-up CT at 2 months revealed marked improvement
(Fig. 2) and the patient was able to return to daily activities
with no residual symptoms. TaggedEnd

TaggedPThermal ablation techniques include radiofrequency, micro-
wave and cryotherapy, with the first being the most commonly
used. A recent review estimated that the overall survival at
5 years after the procedure ranged from 32% to 65%, due to dif-
ferent criteria in terms of number of metastasis, location and
ECOG status of patients.2 Chemotherapy-free survival is an
important factor to take into account, with good results for
thermal ablation in lung metastasis from colorectal cancer.3TaggedEnd

TaggedPThe main complication reported is pneumothorax in up to
72% of procedures, leading to drainage in 13�47% of cases.4

One of the strategies to reduce complications is a better recog-
nition of the indications: absence of extra-pulmonary metasta-
sis and <3 pulmonary metastasis appears to be related to
better patient outcomes.3�5 Other reports suggest that ther-
mal ablation is an alternative particularly in patients with less
than 5 metastasis and maximum size of 30 mm.4TaggedEnd

TaggedPOutcomes vary according to the primary tumor site.2,3

A review in colo-rectal metastasis revealed a good local con-
trol and prolonged time to systemic chemetherapy.4 Reports
show that repeated ablation can improve local control.5,6 TaggedEnd

TaggedPIn this patient, endocrinology, oncology and radiology
multidisciplinary assessment decided to perform thermal
ablation due to persistent hypercalcemia despite denosu-
mab, with two previous successful procedures managing to
reduce serum calcium levels. The central location and size
of the metastasis can explain the complication. Despite its
exuberant presentation, a watchful strategy with antibiotics
was preferred due to the risks associated with thoracic sur-
gery or immediate bronchoscopy interventions. There was a
progressive reduction of the cavity size and resolution of the
pneumomediastinum and subcutaneous emphysema. TaggedEnd

TaggedPIn conclusion, this case represents a potential fatal com-
plication of thermal lung ablation and how a close follow-
up, management and multidisciplinary discussion could pre-
vent further complication. A careful selection of patients
for thermal lung ablation is warranted. TaggedEnd
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TaggedH1Primary pleural lymphoma � A rare
diagnosis TaggedEnd
Dear Editor,

TaggedPPrimary pleural lymphoma is a rare disease, with few cases
reported in literature and corresponding to 2.4% of the pri-
mary thoracic wall tumors. Diffuse large B cell lymphoma
(DLBCL) is the most common subtype reported, accounting
for approximately 30% of non-Hodgking’s lymphomas.1 Two
types of primary pleural lymphomas were originally
described in 1987, namely primary effusion lymphoma, prin-
cipally associated to human immunodeficiency virus (HIV),
and pyothorax-associated lymphoma, more related to
human herpes virus-8 (HHV-8) infection and Ebstein-Barr
virus (EBV) infection.2,3 Pathogenesis has not yet been eluci-
dated but may be related to chronic inflammation of pleura
surface that stimulates B-cells lymphocytes uncontrolled
proliferation, resulting in pleural lymphoma development.
Underlying pleural disease, such as tuberculous pyothorax or
pneumothorax, is one of the suggested causes. Other
reported cases are associated with some degree of immuno-
suppression and autoimmune diseases, as vasculitis, or even
previous thoracic trauma.2,4 Clinical manifestations are
unspecific, as the patient may present pleuritic chest pain,
dyspnea, cough, fever, anorexia and weigh loss.4 The diagno-
sis is based on histopathological evidence, using thoracic
surgery or thoracoscopy.5 The first choice of treatment is
currently in discussion, but chemotherapy is the most fre-
quently used.4 Anthracycline-based chemotherapies com-
bined with anti-CD20 monoclonal antibody rituximab, as
cyclophosphamide, pirarubicin, vincristine and prednisolone
(CHOP) can significantly improve survival, with complete
response rate of 30-45%.6 Cases of spontaneous remission
are extremely rare, occurring with complete or partial reso-
lution of the tumor without any treatment. The spontaneous
remission mechanisms remain uncharacterized. A possible
mechanism is the performance of pleural biopsy that gener-
ates a microtrauma and leads to an activation of pro-inflam-
matory state, alongside with enhanced immune recognition
contributing to tumor control.7TaggedEnd

TaggedPThe authors report a clinical case of a 52-year-old
female, smoker of 40 pack-years, teacher, with exposure to
asbestos in her workplace. The patient had history of osteo-
porosis and three episodes of pneumonia in adolescence. No
history of tuberculosis (TB) or recent contacts with TB. No
https://doi.org/10.1016/j.pulmoe.2022.07.001
2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by E
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPprevious thoracic trauma. No chronic medication. She was
referred to pulmonology consultation due to one-month evo-
lution of right posterior pleuritic chest pain which was pro-
gressively worsening, with no relief factors. She had no
dyspnea, cough, fever or constitutional symptoms. Chest
computed tomography (CT) scan revealed macronodular
pleural thickening in lower half of right hemithorax with
contrast hyperenhancement, associated to moderate right
pleural effusion; lymph nodes in azygos-esophageal recess,
the largest one with 17 mm diameter, and centrilobular
emphysema in upper lobes (Fig. 1). Blood count revealed
normocytic normochromic anemia (hemoglobin 11.6 g/dL,
MGV 87.3 fL, MCH 31.4 pg). Auto-immune study was normal.
There was no evidence of HIV infection. Respiratory func-
tional study was normal. Transthoracic needle aspiration
biopsy of pleural nodules was performed, and histopatholog-
ical exam revealed diffuse pattern of malignant neoplasm
extensively occupying the pleural surface, morphologically
and immunophenotypically compatible with DLBCL. Microbi-
ology analysis of pleural biopsy was negative, namely Myco-
bacterium tuberculosis (MTB). EBV-encoded ribonucleic acid
was also tested in the biopsy, and it was negative. Positron
emission tomography (PET) scan showed slight uptake of
fluor-18-fluorodesoxyglucose (FDG) in pleural nodules and
pleural effusion, with no other alterations (Fig. 2). Given
the diagnostic doubt and the awareness of a rare entity, a
surgical biopsy was performed seven weeks later. During the
surgery, there was no evidence of pleural effusion and only a
3 mm nodular area was found and biopsied, showing pleural
fragments extensively occupied by malignant neoplasia.
Immunohistochemical study was positive for CD20, bcl-2,
bcl-6 and MUM-1, and negative for CD10. These findings
agreed with DLBCL diagnosis. The patient was referred to
hematology consultation and the PET scan was repeated
three months later, showing total absence of uptake FDG
lesions. The patient improved clinically, with no chest pain
and normalization of blood count. Complete spontaneous
remission of primary pleural lymphoma was admitted. The
patient is currently on clinical surveillance without recur-
rence of the disease after one year of follow-up, confirmed
by PETscan.TaggedEnd

TaggedPPleural thickening or nodules associated with pleural
effusion raised the hypothesis of an underlying neoplasm,
namely pleural metastatic tumors or pleural mesothelioma,
especially when exposures to asbestos is found, as in the
present clinical case. Primary pleural DLBCL is a rare
lsevier España, S.L.U. This is an open access article under the CC BY-
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Fig. 1 (A-C). Chest CTscan showing macronodular pleural thickening in lower half of right hemithorax with contrast hyperenhance-
ment, associated to moderate right pleural effusion. TaggedEnd

TaggedEnd TaggedFigure

Fig. 2 (A-F). PETscan and Chest CTscan showing slight uptake of fluor-18-fluorodesoxyglucose (FDG) in pleural nodules and pleural
effusion (SUV max.=1.22); small area of pleural thickening between right liver lobe and 9th right rib with more intense FDG uptake
(SUV max.=4.74); no other relevant alterations. TaggedEnd

TaggedEndPulmonology 29 (2023) 94�96
TaggedEndTaggedPdifferential diagnosis of pleural nodules, particularly when
there is no previous history of pleural inflammation, such as
pneumothorax or pyothorax, immunosuppression, viral
infection (HIV, EBV or HHV-8) or thoracic trauma. Clinical
examinations such as imaging features and laboratory exam-
ination are unspecific. Therefore, an accurate histopatho-
logical diagnosis based on thoracic surgery or thoracoscopy
is essential. TaggedEnd

TaggedPIn conclusion, primary pleural lymphoma is a rare entity
principally associated with chronic inflammatory stimulus.
Chemotherapy is the most widely used treatment, with com-
plete remissions rates of around 35%.2 On the other hand,
spontaneous remissions are extremely rare.7 This case high-
lights the importance of primary pleural lymphoma in differ-
ential diagnosis of pleural disease, reinforcing the value of
an accurate histological diagnosis. TaggedEnd
TaggedH1Contributions of the authorsTaggedEnd

TaggedPSSG and SC prepared the manuscript. TA and PR were
responsible for patient management and revised the
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TaggedEndTaggedPmanuscript. HMS critically revised the manuscript and
approved the final version. All authors read and approved
the final manuscript. TaggedEnd
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CORRESPONDENCE
TaggedH1Indoor environmental quality—Take
me where the air is clean TaggedEnd
TaggedPDear Editor, TaggedEnd

TaggedPWe read the editorial piece by Winck et al. who solicited
a call for a Portuguese national strategy addressing indoor
air quality.1 The topic explored by the authors is an emerging
area of interest worthy of further consideration. We found
the proposed plans put forward in the Winck et al. article1

of great interest. Among these, air recirculation is undoubt-
edly one of the more feasible and straightforward methods
of ameliorating indoor air quality, as already pointed out by
other authors.2 The rapid and global spread of COVID-19
seems to be associated with indoor and outdoor air pollu-
tion. Studies show that in some parts of the world, where air
pollution rates are high, COVID-19 is spreading faster.3 In
this sense, depending on air quality, the diffusion trends for
COVID-19 could be positively or negatively affected. It
should be noted that indoor air pollution could also be gen-
erated by outdoor pollutants that are brought indoors in the
processes of ventilation through the building envelope.4 Fur-
thermore, people living in polluted air conditions are more
prone to getting sick, and viral contamination becomes eas-
ier in such environments.5 These findings have been con-
firmed in a recent study, whose authors found an association
between exposure to air pollution and the onset of respira-
tory symptoms and diseases such as allergic rhinitis, cough,
asthma, and COPD.6 TaggedEnd

TaggedPAt the time of writing �April 2022� despite a reduc-
tion in new COVID-19 cases and the consequent easing of
the restrictive measures, the infection risk persists in
schools, hospitals, and other indoor contexts. Therefore,
improving indoor air quality is crucial to overcoming the
pandemic and alleviating the related health and eco-
nomic consequences. TaggedEnd

TaggedPAfter reading the piece by Winck et al., it emerges that
an increasing number of guidelines has been released in the
last two years by international agencies to promote appro-
priate ventilation inside buildings.4,7�9 Such measures
should be extended as much as possible within medical facil-
ities, commercial buildings, and workplaces. As highlighted
in the editorial by Winck et al.,1 Recovery and Resilience
Plan supported by the European Union, is an occasion to
direct financial resources towards implementing safe and
healthy indoor environments in the eurozone. The European
https://doi.org/10.1016/j.pulmoe.2022.04.006
2531-0437/© 2022 Sociedade Portuguesa de Pneumologia. Published by E
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
TaggedEndTaggedPRecovery Plan10 is a € 2.018 trillion package created to
respond to the COVID-19 pandemic; this unprecedented
financial support should be used to facilitate local indoor air
quality policies across countries. In this sense, rehabilitative
pulmonary settings should be considered privileged as they
would benefit from enhanced indoor air circulation. In fact,
in such settings patients and professionals are greatly
exposed to droplets and air contamination.2 TaggedEnd

TaggedPWe then applaud the analysis made by Winck et al.1

because it contributed to expanding awareness of the impor-
tance of addressing indoor air quality during the COVID-19
pandemic and beyond. Furthermore, we hope that readers
will be encouraged to be proactive �within the context of
their institutions and workplaces� directed at enhancing
indoor air quality. TaggedEnd

TaggedPAs professionals, consumers, and citizens, we can all
actively contribute to obtaining a better environment to live
and work in. TaggedEnd
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TaggedH1Large cell neuroendocrine lung carcinoma � A
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TaggedPA 56-year-old white male presented with a voluminous
right supraclavicular node with 2 months of evolution. He
was a railroad worker, a heavy smoker and with no past
medical history. The physical examination revealed a
voluminous palpable, non-movable, right supraclavicular
node. A cervical and thoracic CT scan was performed and
revealed a voluminous heterogeneous right laterocervical
mass, measuring 94 £ 65 mm in greater diameter, involv-
ing the ipsilateral internal jugular vein and associated
with multiple mediastinal and hilar nodes (Fig. 1 � A and
B). He underwent an incisional biopsy of this right supra-
clavicular mass and pathology result was compatible with
a large cell neuroendocrine carcinoma (LCNEC) of the
lung. Immunohistochemistry was positive for neuroendo-
crine markers, including chromogranin A, synaptophysin
(Fig. 1 - C), CD56 and Ki67, and for thyroid transcription
factor-1 (TTF-1) (Fig. 1 - D). The Ki67 index was >90%.
There was also evidence of right adrenal gland and multi-
ple brain metastases. He underwent radiation therapy on
the right supraclavicular mass and cranial. Following
TaggedEnd
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TaggedEndTaggedPworsening of his general and neurological condition, the
patient died and it was not possible to start his cytostatic
treatment. TaggedEnd

TaggedPThe authors report a patient with a LCNEC of the lung
with an atypical presentation and no pulmonary findings on
the CT scan and also with no respiratory complaints but
where biopsy was fundamental to obtaining the correct his-
topathological diagnosis. The authors also highlight two spe-
cific and uncommon features present in these case: the
majority of mediastinal LCNEC originate from the thymus1

and pulmonary LCNEC are less likely to present with
advanced stage disease.2 TaggedEnd
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subject. TaggedEnd
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Fig. 1 Cervical (A) CTscan revealed a voluminous heterogeneous right laterocervical mass, involving the ipsilateral internal jugular
vein (white arrows). Thoracic (B) CT scan revealing multiple mediastinal and hilar nodes (white arrowheads) with no pulmonary find-
ings. Immunohistochemistry from biopsy of the right supraclavicular mass whose pathology result was compatible with a large cell
neuroendocrine carcinoma of the lung: positivity for neuroendocrine markers, including synaptophysin (C) and for thyroid transcrip-
tion factor-1 (TTF-1) (D). TaggedEnd
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