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Parameswaran Nair’

The treatment of the inflammatory component of
COPD has undergone significant changes over the past
two decades. Inhaled corticosteroids were commonly
used, just as they were in asthma, until their use was
discouraged by large clinical trials such as the European
Respiratory Society Study on Chronic Obstructive
Pulmonary Disease® and the Copenhagen Lung Health
Study,® which demonstrated modest to no short-term
improvements in lung function, with minimal effect on
long-term decline associated with ongoing smoking. The
trial designated ISOLDE® suggested that the benefits
are limited to patients with severe airflow obstruction
and frequent exacerbations. The use of inhaled steroids
was further supported by retrospective and case-control
studies that suggested that they reduced mortality from
COPD.» Seminal observations from Suissa et al.®® identified
“an immortal time bias” in these observational studies
that would reduce the benefits attributed to the use of
inhaled corticosteroids. With increasing recognition of
adverse effects, particularly pneumonias with the use of
inhaled corticosteroids,® international guidelines, quite
correctly, recommended against the regular use of high
doses of inhaled steroids in most patients with COPD.(”)

It is therefore clinically important to be able to identify
biomarkers or predictors of response to glucocorticosteroids
in patients with COPD so that they are used judiciously.
Approximately 25-30% of patients with COPD have raised
numbers of circulating eosinophils,® and 8-10% may
have persistently elevated eosinophil numbers in their
sputum.® Although the correlations between eosinophil
numbers in blood and sputum®® or tissue*® are poor,
both are predictors of exacerbations*?) and of response
to corticosteroids (both oral and inhaled).(**-*> Early
clinical studies"® demonstrated that improvement in
FEV, and symptoms with prednisone use in those with
sputum eosinophils greater than 3% is more significant
than that demonstrated with any currently approved
bronchodilator for COPD. More recent studies have
demonstrated that not only are eosinophils (> 2%) in
circulation a predictor of response to corticosteroids,(¢17)
but the use of corticosteroids in those with lower eosinophil
counts show a signal to harm as well.(*®)

However, unlike in asthma, eosinophils may not be
directly contributing to exacerbations as the results of
clinical trials regarding anti-IL-5 monoclonal antibodies
in patients with COPD and raised circulating eosinophil
numbers of > 150 or 300 cells/uL have been disappointing.
Clinical trials using mepolizumab demonstrated modest
non-statistically significant reduction in exacerbations,*®
while larger trials using benralizumab did not meet
the primary endpoint of exacerbation reduction.*® In

Eosinophils and therapeutic responses to
steroids and biologics in COPD: a complex

the METREX (ClinicalTrials.gov number NCT02105948)
clinical trial (n = 230 in the eosinophilic arm, and n =
604 in the non-eosinophilic + placebo arms) 100 mg
s.c. mepolizumab was associated with an 18% reduction
in exacerbations (p = 0.04). However, in the replicate
METREO (ClinicalTrials.gov number NCT02105961)
trial, the same dose of mepolizumab (n = 223 in the
eosinophilic arm, and n = 226 in the non-eosinophilic
+ placebo arms) was associated with a non-statistically
significant 20% reduction in exacerbation frequency (p =
0.07). Paradoxically, the 14% reduction in exacerbations
observed with the higher dose of 300 mg s.c. mepolizumab
was not statistically significant (p = 0.14). In the much
larger clinical trials with benralizumab—GALATHEA and
TERRANOVA (ClinicalTrials.gov numbers NCT02138916
and NCT02155660, respectively)—neither the lower
dose of 30 mg s.c. nor the higher dose of 100 mg s.c.
were associated with statistically significant reductions in
exacerbations, although higher blood eosinophil numbers
were associated with greater reduction in exacerbation
frequency. While these large anti-eosinophil clinical trials
failed to show a significant clinical benefit, a relatively
small Canadian study in which 147 patients discharged
from an ER were randomly assigned to daily doses of
prednisone 40 mg or placebo demonstrated significant
reductions in relapse, as well as improvements in FEV,
and in symptoms.©?? Indeed, we had demonstrated, in 20
patients with severe COPD and CT-confirmed emphysema,
a > 300 mL improvement in FEV, with a short five-day
course of prednisone, but no improvement in FEV, after
six months of treatment with mepolizumab 750 mg i.v.
monthly. Y

Despite observations that small studies of 20-150 patients
have demonstrated a benefit of steroids use in those with
increased blood or sputum eosinophils, large studies
with 600-4,000 patients could not demonstrate benefits
from powerful anti-eosinophil biologics, suggesting that
steroids might be acting on some other cells or pathways
that are upregulated along with eosinophils. Eosinophils
may not directly be contributing to exacerbations but
work as a biomarker for another process that is being
targeted by steroids. We are not currently certain what
these cellular or other immunological processes might
be. Steroid withdrawal studies such as that carried out by
the GLUCOLD study group‘?? provide us some evidence
that CD8+ cells or mast cells may increase with steroid
dose reduction and are associated with worsening of
symptoms. Indeed, there is evidence of an association
of mast cells with alveolar septae in patients with
centrilobular and paraseptal emphysema.®® Mast cells,
eosinophils,*» and basophils®>) may be activated by IL-33
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to secrete IL-13 that can stimulate mucus secretion
or directly stimulate macrophages to release matrix
metalloproteinase-12. The recent demonstration that,
unlike anti-IL-5 biologics, anti-IL-4R biologic dupilumab
could reduce exacerbations by a third in patients with
COPD,®® eosinophilia, and history of bronchitis would
suggest that this strategy might be effective in those
patients with raised IL-13 activity in the airway®“* and
consequent mucus secretion contributing to symptoms
and exacerbations.

Other strategies such as targeting IL-33 signalling©”.2%)
have suggested modest improvements in former
smokers and those with low blood eosinophils. There
is also speculation that the benefits of IL-33 blockade
might be influenced by a complex interacting network
involving the microbiome and airway inflammation.
Eosinophilia observed in blood (or even in sputum) may
not always be a pathological process but could also be
a reflection of airway microbial dysbiosis©® that could
also be modulated by inhaled or oral corticosteroids. The
association between airway eosinophilia in COPD and
mixed viral and bacterial infections was demonstrated
almost two decades ago,? and this may not be critically
dependent on IL-5.G2

In summary, epithelial alarmin activation by multiple
stimuli including cigarette smoke, pollutants, and certain

microbes could recruit eosinophils into the airway
in patients with COPD. While increased eosinophils
in blood and COPD are predictors of exacerbations
and response to corticosteroids, these effects may
not be directly modulated by eosinophils. Therefore
eosinophil-specific therapies may not have much clinical
effect unless the patients have concomitant asthma.
However, targeting the IL-13 pathway, particularly in
those with eosinophilia, might lead to clinical benefits by
possibly reducing airway mucus secretion. This needs
to be proven. Additionally, targeting this pathway or
the IL-33 pathway might decrease the rate of decline
of FEV, (or increase in airspace) by reducing airway
metalloproteinase activity. The beneficial effects might
be modulated by airway microbial dysbiosis. It is indeed
a complex interplay of pathological processes.
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EDITORIAL

Since 2001 (more than twenty years ago) the Global
Initiative for Obstructive Lung Disease (GOLD) publishes
and updates every year a document that recommends
how to best diagnose and manage chronic obstructive
pulmonary disease (COPD).®" This is an enormous
and continued team effort, so we want to start by
acknowledging the dedication and hard work of all GOLD
members through the years (www.goldcopd.org). The
GOLD 2024 document has just been released and is
available for free download in the GOLD website, together
with a pocket guide and a teaching slide set.® Here we
present a brief overview of what we think are the most
relevant changes (or lack of) introduced in this 2024
edition of the GOLD recommendations.

To begin with, it is worth mentioning that, to avoid
potential duplications and improve readability of the
document, Chapter 3 (Evidence supporting prevention
and maintenance therapy) and Chapter 4 (Management
of stable COPD) in the GOLD 2023 document have now
been merged into a single chapter (new Chapter 3 in GOLD
2024: Prevention and Management of COPD). Besides,
the GOLD Science Committee identified a number of
topics that, although already discussed in GOLD 2023,
required and deserved further discussion. Accordingly, the
following aspects about the diagnosis or management of
COPD have been expanded and updated in GOLD 2024.

DIAGNOSIS

Spirometry

GOLD 2024 continues to propose that a post-
bronchodilator FEV,/FVC<0.7, in the appropriate clinical
context, is mandatory to establish the diagnosis of COPD.®?)
However, we also recognize that there is an ongoing,
and not yet resolved, debate on two key aspects of this
proposal. First, whether the use of the lower limit of
normal (LLN) of the FEV,/FVC ratio would be better or
worse than the use of the currently recommended fixed
ratio <0.7.® As already discussed in GOLD 2023, and
now expanded in GOLD 2024, both options have pros
and cons.®® For instance, subjects classified as normal
using LLN criteria but obstructed or restricted using the
fixed ratio have a higher risk of mortality. Further, as we
know that COPD can occur in young subjects,® and that,
in them, a fixed ratio may underdiagnose patients who
may need treatment.(®” Besides, whether the diagnosis
of COPD has to be based on pre- or post-bronchodilator
spirometric values is also controversial. In this context,
it is worth noting the results of a recent analysis in the
SPIROMIC cohort that shows that the presence of reversible

GOLD 2024: a brief overview of key changes
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obstruction is associated with an increased incidence of
COPD over time.® The GOLD Science Committee will
continue discussing these pro- and con- arguments in
relation to this key key diagnostic tool for COPD with the
goal of providing a more informed proposal in GOLD 2025.

Preserved Ratio Impaired Spirometry (PRISm)

PRISm is a spirometric pattern characterized by
FEV,/FVC = 0.70 and post-BD FEV, < 80% pred.®) The
pathogenesis of PRISm is still unclear but potential
causes may include cardiac disease (i.e., lung edema),
initial stages of obstructive or restrictive lung disease,
gas trapping and/or incomplete inspiration or expiration
(insufficient cooperation).®'® Importantly, although
PRISm may not be stable over time, it seems associated
with an increased cardiovascular risk.*Y) Clearly, as
discussed in GOLD 2024, PRISm requires research to
better understand its pathogenesis and to determine
the best management alternatives.®

Lung hyperinflation

This is one of the main mechanisms, if not the leading
one, of dyspnea in patients with COPD. Hyperinflation can
be static (at rest) or dynamic (during exercise) and has
prognostic value.*? Bronchodilator treatment benefits
are likely related to pharmacological lung “deflation®.
This is further discussed in detail in GOLD 2024

Interstitial lung abnormalities (ILA)

ILA are often found in patients with COPD. A new
analysis in the COPDGene cohort showed that they are
not always detrimental but that those ILAs associated
with suspected interstitial lung disease have worse
prognosis.3)

ADDRESSING UNDERDIAGNOSIS:
SCREENING AND CASE FINDING

Recent data shows that 57% of 986 individuals screened
for lung cancer with low dose CT in whom forced spirometry
was also measured had COPD and that, importantly, 67%
of them were undiagnosed (hence untreated).

MANAGEMENT OF STABLE PATIENT

Smoking cessation

The section on smoking cessation has been revised,
and a new section on pharmacotherapies for smoking
cessation has been added. Further, the possibility that
e-cigarettes may help as a bridge for smoking cessation
was revised and, based on the available evidence and
the lack of knowledge about the long-term effects of
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e-cigarettes on respiratory health,*¥ GOLD 2024 does
not recommend this intervention for smoking cessation
in patients with COPD.

Inhaled pharmacologic therapy

Inhaled therapy is the corner stone of pharmacologic
treatment in patients with COPD. GOLD 2024 expands
the discussion on how to choose the best inhaler device
for a particular patient considering her/his ability to
use the delivery system correctly. GOLD 2024 also
discusses the potential environmental impact of different
inhalers and recommend to use, whenever possible,
green inhalers.*>

On the other hand, GOLD 2023 made a practical
recommendation to consider initial treatment with triple
therapy in E patients with more than 300 Eos/mL. Now,
a recent retrospective analysis of a large, real-world
database (the Clinical Practice Research Datalink) in
the UK provides support for this recommendation
although it has to be mentioned that this analysis was
not based on randomized individuals.®

Biologics

Previous studies of mepolizumab®” and
benralizumab®&!? in COPD yielded inconclusive
results. By contrast, the BOREAS study showed clear
clinical effects of dupilumab in a selected subgroup of
COPD patients (those with more than 300 eosinophils/
mL who, despite the use of triple therapy, continue to
suffer exacerbations and have symptoms of chronic
bronchitis).?® GOLD 2024 acknowledges these results
pending confirmation studies.® If confirmed, this would
finally open the possibility of using biologic therapy in
patients with COPD. (%

VACCINATION

The term immunosenescence refers to the gradual
deterioration of the immune system caused by advancing

Vaccination for Stable COPD

exacerbations for people with COPD (Evidence B)

The CDC recommends the new respiratory syncytial virus (RSV) vaccine for individuals over 60 years and/or

with chronic heart or lung disease (Evidence B)

The CDC recommends Tdap (dTaP/dTPa) vaccination to protect against pertussis (whooping cough) for
people with COPD that were not vaccinated in adolescence (Evidence B), and Zoster vaccine to protect
against shingles for people with COPD over 50 years (Evidence B)

Influenza vaccination is recommended for people with COPD (Evidence B)
The WHO and CDC recommends SARS-CoV-2 (COVID-19) vaccination for people with COPD (Evidence B)

The CDC recommends one dose of 20-valent pneumococcal conjugate vaccine (PCV20); or one dose of
15-valent pneumococcal conjugate vaccine (PCV15) followed by 23-valent pneumococcal polysaccharide
vaccine (PPSV23) for people with COPD (Evidence B)

Pneumococcal vaccination has been shown to reduce the incidence of community-acquired pneumonia and
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age.® It is associated with a reduced ability to respond
to infections and develop long-term immune memory.??
It plays a key role in the development of respiratory
infections in the elderly,>? particularly in patients with
COPD.?* Refraining from smoking, limiting alcohol
consumption, regular exercise, appropriate diet and
establishing a proper vaccination program can slow down
the process of immunosenescence (immune fitness).??
Figure 1 presents the vaccination recommendations for
people with COPD, which has been updated in line with
current guidance by the U.S. Centers for Disease Control
(CDC). In particular, GOLD 2024 now recommends the
vaccination of COPD patients with the new respiratory
syncytial virus (RSV) vaccines, which are highly efficient
both in the general population®» and in older patients
with cardio-respiratory comorbidities, > on top of those
vaccines already recommended in GOLD 2023 (flu,
pneumococcus, COVID-19, pertussis and shingles).

EXACERBATIONS

Traditionally the severity of exacerbations has been
determined post-hoc based on the type and site of
treatment received: mild if ambulatory with minimal
therapeutic changes, moderate if antibiotics and/
or systemic steroids were prescribed, and severe if
the patient was hospitalized. This classification have
been extensively used in many clinical trials as well
as to classify stable patients in the A, B, or E groups
to guide their initial pharmacologic treatment.® It is
useless, however, to guide treatment at the point of
care during an actual episode of exacerbation. Because
of this, GOLD 2023 adopted the Rome proposal for the
definition and assessment of severity of the episodes
of exacerbation of COPD at the point of care based on
a number of physiological biomarkers independently of
the type or site of treatment.(?® GOLD 2024 continues
to propose the use of the Rome classification to guide
the treatment of the actual exacerbation episode but
discusses (and hopefully clarifies) several aspects that

Figure 3.6

Figure 1. Vaccination for stable COPD. Reproduced from GOLD 2024 with permission.®
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deserve consideration: 1. it is necessary to separate
the physiological classification of exacerbations (Rome
proposal), intended to guide treatment at the point
of care, from the site of care (outpatient, inpatient),
which may be dictated by the clinical severity of the
exacerbation but also by the structure of different health
systems, availability of resources and/or personal/
social conditions (e.g., living alone, comorbidities). In
fact, GOLD 2024 now discusses several retrospective
studies that confirm the validity of the Rome proposal
to predict mortality but also showed that a substantial
proportion of hospitalized patients had, according to
Rome, mild exacerbations?”:2®; 2. the classification of
the stable patient in the A, B or E groups to guide initial
pharmacologic treatment must still rely (by necessity)
on the history recall of previous exacerbations which
will have to be classified as moderate or severe by the
site and type of treatment received.

CONCLUSIONS

As discussed above, the GOLD 2024 document
discusses relevant aspects for the diagnosis, prevention,

and management of COPD. Like GOLD has done over the
last two decades,® it will continue to provide the different
stakeholders interested in COPD, including patients,
practicing clinicians and other health care professionals,
basic science investigators, epidemiologists, pharma
industry and payers, with the most updated and
critically reviewed evidence on a yearly basis in order
to improve the care for COPD patients and the distant
goal of eventually eliminate COPD.®*
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Increasing patient access to spirometry
in the Unified Health System in Brazil: no
longer a dream but a near reality

Ricardo Amorim Corréa"%®, Eliane Viana Mancuzo'?2
Camila Farnese Rezende*®, Antonio Luiz Pinho Ribeiro"3

Spirometry is a test that measures the volume and
flow of air that an individual expires through a maximal
effort after a full inspiration in a sealed system.® It
was developed by John Hutchinson and his fellow,
Charles Thackrah, in 1831, who later published a paper
about the five measurements of modern spirometry.®
Afterwards, spirometers evolved from simple mechanical
devices to sophisticated computational systems. Later
on, population-based studies established reference
spirometric values, and publication of guidelines with
requirements and standards assured reliability and quality
control of the test.(*?

The indications of spirometry have been increasing in
parallel with the refinement of other methods for diagnosis
of prevalent respiratory diseases such asthma, COPD, and
bronchiectasis, as well as of occupational, interstitial, and
vascular pulmonary diseases. Spirometry is essential not
only in monitoring disease progression and responsiveness
to therapy, but also in clinical practice and in research,
improving the quality and precision of health care.®

COPD is the third leading cause of death worldwide
and the fourth in low- and middle-income countries.
According to the PLATINO study,® 87.5% of individuals
had never been diagnosed with the disease, and 82.3%
had never received any pharmacological treatment in
the city of Sdo Paulo, Brazil. This picture is similar in
other countries. Data derived from four epidemiological
studies revealed that only 26.4% of participants reported
undergoing a previous lung function test ever, and only
5.0% had received a diagnosis of COPD, resulting in a
proportion of 81.4% of underdiagnosed individuals.®

Asthma causes significant morbidity to individuals of all
ages and affects a large portion of the global population,
and, in spite of the modern therapies available, the
disease is still underdiagnosed and uncontrolled, resulting
in significant morbidity, absenteeism, and a high risk
of exacerbations, emergency department visits, and
hospitalizations. In Latin America, only 51% and 38%
of adults and children with asthma, respectively, had
ever undergone spirometry, and two-thirds of them
reported undergoing the test in the previous year.(”)
These data depict spirometry underuse and a high rate
of underdiagnosis of respiratory diseases in Brazil as well
as in other low- and middle-income countries, owing to
physicians’ and patients’ misperception on the diagnosis
and monitoring of these diseases, as well as the poor
availability of spirometry in the region. Making matters
worse, the COVID-19 pandemic has led to an increased

demand for respiratory care and use of health resources,
including the use of spirometry and other tests.®

Considering the continental dimension of Brazil and
the heterogeneity of the primary care health system,
increasing access to spirometry is demanding. How could
it be addressed? One of the possibilities would be to use
electronics to cover large geographic areas throughout
the country. Telehealth systems (TS) have been important
tools in this context. The most important predictor for
using digital technologies is their usability, while the
main barriers are technological issues, poor connectivity,
computational illiteracy, inability to perform physical
examinations, among others. In general, availability of
web-based remote support for primary health care units
(PHCUs) involving technicians and specialists generates
a positive impact on the quality of spirometry.®

In the city of Belo Horizonte, Brazil, the Centro de
Telessaude (Telehealth Center) of the Hospital das
Clinicas of the Federal University of Minas Gerais has
joined with the Brazilian Ministry of Health to implement
the Telespirometry System Brazil (TS-BR) to a humber
of PHCUs in low-to-medium human development index
cities in Brazil to support PHCU physicians in their routine
practice through a reliable and easy-to-access tool.*?) The
project has included several stages: composition of the
team for the selection of municipalities, development of
virtual and face-to-face training on spirometry, acquisition
of spirometers, creation and validation of software for test
transmission, selection of pulmonologists for interpretation
of results, in-person training of PHCU staff, periodic
re-training of technicians, and evaluation of quality of
tests and reports. The municipalities were selected based
on their participation in the Brazilian family health care
strategy, availability of electronic medical records, burden
of asthma and COPD, and high mortality from COVID-19.
The municipalities had to select technicians to be trained,
to guarantee the purchase of spirometer mouthpieces
and filters, and to maintain a regular offer of spirometric
tests. The TS-BR provided training to medical specialists
selected for interpretation and report of spirometry results
as well for asynchronous teleconsultation.

Implementation of TS-BR took place between January
of 2022 and June of 2023. By the time this manuscript
was submitted, 147 municipalities had the TS-BR program
active, and more than 14,500 tests were carried out to
that date (November of 2023). The quality of the tests
was remotely addressed and it improved as the number of
tests increased (currently, 80.62% are at A/B categories).
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A cost-effectiveness analysis of TS use has shown it
to be 23% more expensive but 46% more effective,
costs tending to decrease as the number of tests
carried out increases.*) However, as the quality of
the TS may decrease over time, centralized quality
control and a re-training program are mandatory.*?

In conclusion, there is high demand for pulmonary
function testing in PHCUs worldwide, and that has
been aggravated after the outbreak of the COVID-19
pandemic in Brazil. The TS-BR has shown that it is
possible to achieve a large-scale increase in the supply
of spirometric tests in the country by means of a
structured, agile, and well-monitored remote system
using appropriate electronic resources.
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By November 2023, the World Health Organization
had counted over 770 million confirmed cases of COVID-
19.® Given that chest CT played a relevant role in the
management of these patients during the pandemic, we
can at best assume that tens of millions of CT scans were
performed during that period. Even if the reasons were
unrelated from the perspective of oncological imaging,
that might have been the largest opportunistic screening
of lung neoplasms to date.

In this sense, the study by Zanardo et al.® sheds
light on a relevant issue that involves the differential
diagnosis of subsolid lung nodules (SLNs) and the
current knowledge about the morphology/evolution
of adenocarcinomas on CT. Although not statistically
significant, a tendency toward a reduction in the diagnosis
of SLNs was demonstrated in the sample collected during
the COVID-19 pandemic when interpreted by a thoracic
radiologist. This fact is explained by the morphological
similarity between persistent lesions that present as
SLNs and transient lesions related to SARS-CoV-2 on
CT, highlighting the possibility of neoplastic changes,
especially lesions in the spectrum of adenocarcinomas.
If we imagine a real-life scenario during the pandemic,
some factors might have potentially complicated the
underdiagnosis of persistent SLNs. First, during that
period, radiologists were exposed to a disproportionate
number of chest CT scans for evaluation, with demands
for rapid responses to be included in medical reports,
which certainly reduced interpretation time and might
have influenced the detailing of some of these lesions.*)
Second, with the increased demand, radiologists with
different levels of experience in thoracic imaging (and
therefore familiarity with SLN interpretation) were called
upon to interpret these exams.

Important studies on the morphological diagnosis of lung
adenocarcinomas were published in the 1990s, notably
the one by Noguchi et al., correlating the morphological
(histopathological) appearance and prognosis of small
lung adenocarcinomas. Knowledge on the morphology and
evolution of these tumors on CT derived from those studies,
and persistent SLNs (semisolid or purely ground glass)
began to be recognized for their neoplastic potential.®®
It is worth emphasizing that the differential diagnosis of
SLNs is broad in transient lesions, including inflammatory
and infectious changes (including COVID-19) and focal
hemorrhage, whereas it encompasses interstitial fibrosis,
organizing pneumonia, endometriosis, and neoplasms

Subsolid nodules, adenocarcinomas, and
COVID-19: looking for needles in a haystack

Pedro Paulo Teixeira e Silva Torres'®, Edson Marchiori?

(including changes in the spectrum of adenocarcinomas,
lymphoproliferative disorders, and, less commonly,
secondary neoplastic implants) in persistent lesions.(®

Although the morphological semiology of SLNs on CT
is limited in differentiating between benign lesions and
neoplasms (especially adenocarcinomas), persistent
lesions presenting specific findings such as spiculations,
internal lucencies, vascular convergence, coarse interface
but well-defined with the adjacent parenchyma, and
pleural retraction should suggest malignancy.” Current
protocols for the diagnostic management of SLNs by
the Fleischner society® recommend that morphological
elements (purely ground-glass or semi-solid lesions), their
size, and multiplicity should be combined for follow-up
suggestions, and such lesions should often be monitored
for long periods of time to evaluate their behavior.

The female population deserves special attention, and
in the study by Zanardo et al.(® they more often detected
SLN in women regardless of COVID-19 status. A trend
toward an increase in the frequency of lung neoplasms
in the female population has been demonstrated in
several countries, and mortality from lung neoplasms is
expected to exceed mortality from breast neoplasms in
the future.® Furthermore, some screening studies have
shown a greater benefit in the reduction in lung neoplasm
mortality in women, with an emphasis on a study in which
the reduction in specific lung cancer mortality was 24%
in men and 33% in women. 10

We thus return to the point of the countless chest CT
studies carried out around the world during the challenging
period of the COVID-19 pandemic. We need to reflect that,
given the morphological similarity between lung changes
caused by SARS-CoV-2 and lesions in the spectrum of
adenocarcinomas, some of the latter might not have been
readily recognized. Prospectively, it is worth reinforcing
to the radiological community the importance of careful
comparative analysis of current chest CT scans with
any previous exams during that period for retrospective
diagnosis and adequate management of those lesions.
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A 35-year-old man presented with a two-year history
of dry cough and progressive dyspnea that had recently
worsened. He had been using marijuana since he was 11
years old. Chest CT revealed a single layer of multiple
subpleural cystic spaces (Figure 1).

Basically, subpleural cystic spaces have two differential
diagnoses: honeycombing and paraseptal emphysema.
Honeycombing is a CT pattern that consists of multiple
contiguous cysts that occur in layers and are located
in the subpleural region. Histologically, honeycombing
consists of lung cysts resulting from the destruction of
distal air spaces due to fibrosis of the lung parenchyma,
accompanied by loss of acinar and bronchiolar architecture.
In summary, the finding of lung honeycombing means
the presence of fibrosis and is an important criterion for
the diagnosis of usual interstitial pneumonia.®

Emphysema is pathologically characterized by abnormal,
permanent enlargement of air spaces distal to the terminal
bronchiole, accompanied by destruction of alveolar
walls. The classification of emphysema is traditionally
based on the disease distribution in the secondary
pulmonary lobules. The principal types are centriacinar
or centrilobular emphysema, paraseptal or distal acinar
emphysema, and panacinar or panlobular emphysema.
CT findings consist of areas of low attenuation, typically
without visible walls. In paraseptal emphysema, there

Paraseptal emphysema

Edson Marchiori'®, Bruno Hochhegger®, Glaucia Zanetti'

is permanent enlargement of the distal region of the
secondary pulmonary lobule, accompanied by destruction
of alveolar ducts and sacs and by dilated alveoli that are
located subpleurally adjacent to the interlobular septa.
Less severe forms of paraseptal emphysema are difficult
to detect on chest x-rays. On CT, subpleural cystic spaces
are seen, possibly separated by intact interlobular septa.
Paraseptal emphysema is characteristically bounded by
pleural surface or interlobular septa. The anterior and
posterior portions of the upper lobes and the posterior
portions of the lower lobes are most often affected. This
form of emphysema may be accompanied by bullae. If
it occurs alone or is the predominant type, paraseptal
emphysema tends not to cause any respiratory symptoms,
and therefore it is often underrecognized clinically.®®

Paraseptal emphysema is more common in marijuana
smokers than in tobacco-only smokers. It appears that
certain maneuvers performed by marijuana smokers,
such as inhalation with the Valsalva maneuver, can lead
to barotrauma and formation of apical bullae. Paraseptal
emphysema is the predominant pattern seen in marijuana
smokers, while centrilobular emphysema is more often
seen in tobacco-only smokers. This may represent an
earlier stage of apical bulla formation reported in marijuana
smokers. Our patient was a heavy marijuana smoker
who developed paraseptal emphysema.®

Figure 1. An axial CT scan at the level of the upper lobes shows a single layer of subpleural cystic spaces consistent with

paraseptal emphysema.
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CONTINUING EDUCATION:
SCIENTIFIC METHODOLOGY

PRACTICAL SCENARIO

A group of researchers plan to conduct a cross-sectional
study to estimate the prevalence of frailty in elderly
patients with moderate to severe asthma and to report
a measure of association between asthma control and
frailty.() The research protocol outlines the complex
interactions of asthma control in frail patients and
motivation to address this research question. Study
design, objectives, methods, ethical issues, risks, and
impact were also detailed in the protocol.

WHAT IS A RESEARCH PROTOCOL?

A well-structured research protocol guides researchers
through the intricate process of conducting rigorous
research. A research protocol is designed to be concise
and self-contained, and to summarize the core aspects
of the study. Self-discipline is vital in this process, as it
requires the investigator to structure the central concepts
of the study and reveal particular issues that demand
attention.® The research protocol often serves as the
foundation for the development of manual of operating

Chart 1. Research protocol stepwise approach.

Crafting a research protocol: a stepwise
comprehensive approach

Ricardo Gassmann Figueiredo"*®, Cecilia Maria Patino?
Juliana Carvalho Ferreira *

procedures, which includes comprehensive information
on the organization and policies of the study, as well as
an operational approach to the procedures outlined in the
study protocol; therefore, both documents complement
each other.

ELEMENTS OF A RESEARCH PROTOCOL

The research protocol framework (outlined in Chart 1)
usually includes a title, rationale, background information,
objectives, methodology, data management, statistical
plan, quality control, ethics, budget, developing plan,
timeline, references, and appendices, although the sections
included vary depending on institutional templates.

The title should be concise, descriptive, and engage
readers, effectively reflecting the core of the research.®
The background section outlines the driving factors and
motivation for conducting the research. It should provide
a broad context, elucidate the problem, address specific
knowledge gaps, and establish the rationale for the study.
In our practical example, the authors provided background
information about how the multidimensional aspects of

Step Description

Title

Background and rationale
Objectives

Relevance and study design
Methods

Data collection, access, and
management

Statistical plan
Quality control

Protocol version

Concise, reflecting study main ideas, and attracting reader’s attention

What is the problem? Why is it important? What is known about it?

Specific, measurable, and established prior to carrying out the study
Contributions of the study to the field, aligned with rationale and objectives

Participants, exposures/intervention, outcomes, study setting, eligibility criteria,
participant timeline, sample size, recruitment, and blinding
Detailed script: How will the study be conducted? Why was the described design chosen?

Methods for data storage, security, privacy, and treatment of missing data

Descriptive statistics, hypothesis testing, sample size, and power calculation
Credibility of the research: instruments, data collection, data acquisition
Ethical dilemmas, application to ethics research committees, Informed consent form

Ethics

Roles and responsibilities Affiliations, roles, and responsibilities of protocol contributors®

Budget Detailed expenses: personnel, equipment, consumables, logistics
Funding Sources of financial support

Dissemination plan Effective communication of research findings

Timeline Be realistic about project management throughout the research
References Check publishers’ guidelines, consider using reference manager software
Appendices

Extensive descriptions of procedures, questionnaires, and informed consent forms
Indicator of version and date of the protocol

1. Programa de Pos-Graduagcao em Salde Coletiva, Universidade Estadual de Feira de Santana - PPGSC-UEFS - Feira de Santana (BA) Brasil.
2 Methods in Epidemiologic, Clinical, and Operations Research-MECOR-program, American Thoracic Society/Asociacion Latinoamericana del Torax, Montevideo,

Uruguay.

3 Department of Preventive Medicine, Keck School of Medicine, University of Southern California, Los Angeles (CA) USA.
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frailty are imbricated into proper asthma management
in patients with advanced age. This section should align
with the objectives, highlighting the potential impact
of the study. Research objectives should be clear,
measurable, precise, and set before conducting the
study.® After the statement of the primary objective,
secondary aims might be appropriate. The objectives
will guide the study design and methodology, directing
attention toward the intended research outcomes.

The methods section is a detailed blueprint of
the research project and the basis for the manual
of operating procedures. It should detail the study
design, participant selection (eligibility, sampling,
and recruitment), variables, data acquisition, data
management (storage, security, privacy, and treatment
of missing data), statistical plan, and sample size
calculation. The scientific robustness of the study
relies on its methodology, ensuring validity and
replicability. The statistical plan should clearly outline
the analysis methods, software used, and criteria for
determining statistical significance. Quality control
mechanisms uphold the internal validity of the study.
This segment should describe measures to minimize
bias and ensure data quality.”® Steps might include
regular data verification, calibration and certification
of instruments, as well as research personnel training.

Ethical considerations are paramount in research.
This section should document the issues that are likely
to raise ethical concerns, including informed consent
forms, confidentiality, data protection, and potential

ethical dilemmas.® Moreover, it should also mention
approvals obtained from institutional review boards.
The budget section details the financial requirements
of the research. It includes costs with personnel,
equipment, materials, logistics, consumables, and
contingencies. A realistic and well-planned timeline is
crucial for successful project management.

Deficiencies in effectively disseminating and
transferring research-based knowledge into clinical
practice can impair the potential benefits of the research
project. Therefore, most health research funding
agencies expect commitment from investigators to
disseminate the study findings actively. Integrating a
dissemination plan in the research protocol will facilitate
effective communication of research outcomes to the
scientific community and those who can apply the
knowledge in real-world situations.

KEY MESSAGES

1. A comprehensive research protocol not only
provides a roadmap for the implementation of
the study but also ensures that the research
question is addressed according to high-quality
research standards.

2. Quality control is essential to improve internal
validity of the study.

3. A structured approach to conducting research
reduces the likelihood of misleading conclusions
and biases, ensuring validity and reproducibility
of the study.
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BACKGROUND

Pulmonary function tests (PFTs) are highly sensitive to
derangements in the cardiopulmonary unit. Recognizing
the effects of cardiac disease on PFTs is paramount
to proper testing interpretation, a task particularly
challenging in the presence of coexisting respiratory
disorders.

OVERVIEW

A 72-year-old former smoker underwent PFTs due to
out-of-proportion dyspnea after treatment optimization
for heart failure with reduced ejection fraction (HFrEF).
RV and functional residual capacity (FRC) were markedly
increased (~160%) despite only a mild and proportional
decrease in post-bronchodilator (BD) FEV, and FVC with
preserved TLC. Given air trapping and smoking history,
long-acting BDs were initiated with rapid improvement
in dyspnea (case #1). An 81-year-old former smoker
admitted to the hospital due to HFrEF decompensation
showed “fixed” obstruction with a low DL, a week
after discharge. The patient refused BD treatment for
potential COPD. Two months later, all PFTs were within
normal range (case #2).

Clinical interpretation of PFTs in cardiac disease
associated with lung congestion and/or low cardiac
output is full of pitfalls.(*? In chronic HFrEF, decrements
in lung volumes (low lung compliance, alveolar filling,
cardiomegaly) and, in some patients, inspiratory muscle
weakness might cause restriction. If severe enough,
this may “normalize” spirometry and counterbalance
any hyperinflation in coexisting COPD.® Air trapping is
not commonly seen in stable HFrEF and, in the proper
clinical context, might signal underlying airway disease
(case #1; Figure 1A). Exaggerated ventilation® coupled
with poor muscle O, delivery on cardiopulmonary
exercise testing might suggest that HFrEF contributes
to exertional dyspnea in COPD. Overt obstruction with
reduced mid-expiratory flows due to peribronchiolar
cuffing, mucosal swelling, and vagal reflexes may occur
in acute decompensated HFrEF (“cardiac asthma”;
Figure 1B). These abnormalities may take weeks to
resolve (case #2), frequently accompanied by airway

Pulmonary function laboratory to assist in
the management of cardiac disease

José Alberto Neder'®, Danilo Cortozi Berton*®, Denis E O’Donnell’

hyperresponsiveness.® Although higher capillary blood
volume may increase the “vascular” conductance to
gas transfer, this is superseded by increases in the
“membrane” resistance. Thus, mild-moderate decreases
in DL,—worsening with HFrEF progression—may make it
difficult to portion out the contribution of any underlying
lung disease (e.g., COPD, interstitial lung disease) to a
low DL, (Figure 1B).

In contrast with HFrEF, mild decrement in FEV,/(F)
VC and increases in RV are frequently seen in patients
with stable moderate-to-severe mitral valve disease,
likely because of the congested vessels in alveolar walls
impeding their complete deflation. Congenital heart
disease associated with left (L)-to-right (R) shunt and
increased capillary blood volume may increase DL,
and carbon monoxide transfer coefficient (K_,). Mild
hypoxemia and an increased alveolar-arterial O, gradient
may occur due to ventilation/perfusion mismatch. Severe
hypoxemia is the hallmark of patients with R-to-L shunt
(e.g., tetralogy of Fallot, Eisenmenger syndrome),
the shunted fraction being estimated by the 100% O,
inhalation test.©®

CLINICAL MESSAGE

Given that respiratory and cardiac disease often coexist
and given the overlapping consequences to lung function,
the pulmonologist should recognize the “shades of gray”
when interpreting PFTs in these patients. Frequently,
little is known about the pre-test likelihood of disease
or disease severity/stability in patients with known
cardiac disease. Thus, the report should cautiously state
that testing results should be analyzed considering the
individual’s clinical context.
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Figure 1. Respiratory functional consequences of heart failure with reduced ejection fraction (HFrEF) with the highest
potential to influence the interpretation of pulmonary function tests. Panel A depicts the effects of COPD, HFrEF, and their
combination on resting lung volumes and capacities in a non-obese subject. Variable degrees of thoracic hyperinflation
(ff TLC), lung hyperinflation (f FRC), and gas trapping (f RV) result in low volume available (| IC) for tidal volume (V1)
expansion in patients with moderate-to-severe COPD. This latter consequence is also observed in moderate-to-severe
HFrEF in which the most consistent mechanical effect is a reduction in TLC that is also more pronounced than those
found in FRC. In contrast to COPD, the IC decrement in HFrEF occurs predominantly due to a lower “ceiling” (TLC) rather
than a higher “floor” (FRC). Lung volume measurements (e.g. body plethysmography) are particularly useful to suggest
coexistent HF and COPD. HF may ‘normalize’ TLC in a COPD patient with previous thoracic hyperinflation. Conversely, high
RV and RV/TLC may indicate the presence of COPD-related gas trapping as RV is more “resistant” than TLC to decrease
secondary to coexistent HFrEF. Panel B provides a schematic representation of potential trajectories of lung function,
hemodynamics, and body weight with progressing lung (and peripheral) congestion. As left ventricular filling pressure
increases (f pulmonary capillary wedge pressure; PCWP), lung congestion and interstitial edema develop, causing
reductions in FVC and DL, while FEV,/FVC remains normal. Therefore, FVC and particularly DL, may decline with even
moderate congestion, whereas an obstructive-like pattern (low FEV,/FVC) may emerge with advanced congestion due to
thickening of bronchial wall by edema and increased vascular volume, peribronchial edema, and vascular engorgement,
as well as low radial distending forces on the bronchial wall due to low lung volumes and increased airway smooth
muscle contractility elicited by neuro-humoral mechanisms. EILV: end-inspiratory lung volume; FRC: functional residual
capacity; IRV: inspiratory reserve volume; ERV: expiratory reserve volume; IC: inspiratory capacity; and PAPm: mean
pulmonary arterial pressure. Panel B reproduced with permission of the publisher.®)
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Management of pneumonia and pleural
effusion in children
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Gabriela de Azevedo Bastian de Souza'
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Marcelo Comerlato Scotta?*®, Leonardo Araujo Pinto??

INTRODUCTION

Childhood pneumonia is a public health concern due to
its high incidence and potential severity. It is one of the
three most common causes of death in children younger
than 5 years of age. This acute lung infection, caused
mainly by viruses and bacteria, requires an understanding
of its manifestations, treatment, and preventive measures.
This article aims to review the criteria for diagnosis,
hospitalization, and clinical approach, focusing on bacterial
pneumonia and common complications.”> Symptoms
include fever, cough, tachypnea, thoracic retractions,
crackles, and chest pain. It is difficult to distinguish
clinically between bacterial and viral etiologies. One
should consider bacterial pneumonia in children presenting
with persistent or recurrent fever > 38.5°C over the
preceding 48 h with chest wall recession and tachypnea.?
Differentiating pneumonia from conditions such as asthma
and acute bronchiolitis is often a challenge in infants and
preschoolers, with the presence of wheezing being a key
differential indicator. Wheezing is not often associated with
bacterial pneumonia. Common etiologic agents are also
Streptococcus pneumoniae and Staphylococcus aureus.™

DIAGNOSIS AND SEVERITY MARKERS

The diagnosis of community-acquired pneumonia
(CAP) may be based on clinical presentation. Therefore,
chest radiography should not be routinely performed in
outpatient settings. Radiography is often indicated in the
presence of severity markers, need for hospitalization,
or lack of improvement after 48-72 h of treatment.®
Blood cultures are recommended for hospitalized CAP
patients to identify the etiological agent along with swabs
for viral detection. Additionally, nonspecific tests such
as C-reactive protein levels, procalcitonin, and leukocyte
count may suggest bacterial infection when values are
extremely high, but have limited value in presuming the
etiology of CAP. Finally, polymerase chain reaction can
also be used in diagnosing etiological agents.®

Inability to drink/eat, incoercible vomiting, convulsions,
central cyanosis, lethargy, and oxygen saturation < 90%
are predictors of death and should be used as indicators
for hospitalization. Moderate and large pleural effusions
and multilobar infiltrates are also associated with severe
disease.

RECOMMENDED MANAGEMENT

All children require pulse oximetry. In secondary
care, children with oxygen saturation < 92% in room

air require supplemental oxygen to maintain > 94%
saturation. Oxygen can be administered via nasal
cannulae. Intravenous fluid replacement may be required
if hydration becomes compromised. Clinical trials have
shown no benefit from physiotherapy.®

Oral antibiotics are safe and effective for children
with CAP. Use of intravenous antibiotics in children is
recommended if children are unable to tolerate oral
fluids (because of vomiting) or have signs of septicemia
or complicated pneumonia.

Amoxicillin is the first-line therapy for outpatients.
Macrolides can be added at any age if there is no
response to first-line therapy. Macrolides should be used
if Mycoplasma pneumoniae or Chlamydia pneumoniae
are suspected in atypical presentations or if disease
is severe; in this case, an association with another
agent is always needed. The first line of intravenous
antibiotic therapy is ampicillin or penicillin G. Ampicillin-
sulbactam or ceftriaxone may be recommended for
severe pneumonia (Chart 1). Vancomycin may also
be used in cases of suspected methicillin-resistant
Staphylococcus aureus.

Complicated pneumonia is a severe illness characterized
by local complications (parapneumonic effusion, empyema,
necrotizing pneumonia, or lung abscess) or systemic
complications (bacteremia). Complicated CAP should be
suspected in any child with pneumonia not responding to
appropriate antibiotic treatment within 48-72 h. Patients
have initial imaging with chest radiography, and ultrasound
can also be used to identify pleural fluid.

Complicated pneumonia should be treated with a
prolonged course of intravenous antibiotics, and then
oral antibiotics. The initial choice of antibiotic is guided
by local microbiological knowledge and by subsequent
positive cultures, including cultures from pleural fluid.

Most patients may be treated by pleural drainage.
Information from pleural space imaging and drainage
should guide the decision on whether to administer
intrapleural fibrinolytic agents. More extensive surgery
(video-assisted thoracoscopic surgery) may be indicated
in loculated empyemas.(®

PREVENTION AND PROGNOSIS

Current treatment guidelines suggest several
interventions to prevent CAP. These include frequent
hand washing, avoiding tobacco smoke, promoting
breastfeeding, reducing exposure to other children,
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Management of pneumonia and pleural effusion in children

and immunization. Pneumococcal conjugate vaccines
have been approved for the prevention of invasive
pneumococcal disease in children and are highly
effective in reducing disease against the included
pneumococcal serotypes.

Several new interventions to prevent respiratory
syncytial virus such as long-acting monoclonal antibodies
and maternal vaccines potentially have a major impact
on the epidemiology of pneumonia.®® Children should
also be vaccinated against other potential causes
of pneumonia, including influenza, SARS-CoV-2,
Haemophilus influenzae type B, pertussis, varicella,
and measles.®

The clinical course of CAP can be long, especially in
patients with necrotizing pneumonia, but complete
recovery is the usual outcome.®>
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The role of IL10 and IL17 gene
polymorphisms in treatment response
in children and adolescents with severe
asthma
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ABSTRACT

Objective: To determine whether polymorphisms of the /.70 and /L77 genes are
associated with severe asthma control and bronchodilator reversibility in children and
adolescents with severe asthma. Methods: This was a cross-sectional study, nested
within a prospective cohort study of patients with severe asthma. Two outcomes were
evaluated: asthma control and bronchodilator reversibility. We extracted DNA from
peripheral blood and genotyped three single nucleotide polymorphisms: rs3819024
and rs2275913 in the /L774 gene; and rs3024498 in the /L70 gene. For the association
analyses, we performed logistic regression in three genetic models (allelic, additive,
and dominant). Results: The rs3024498 C allele in the /.70 gene was associated with
failure to achieve asthma control despite regular treatment (p = 0.02). However, the G
allele of the /L774 rs3819024 polymorphism was associated with failure to respond to
stimulation with a B, agonist. The rs2275913 polymorphism of the /L 774 gene showed
no relationship with asthma control or bronchodilator reversibility. Conclusions: In
pediatric patients with severe asthma, the /.70 polymorphism appears to be associated
with failure to achieve clinical control, whereas the /L77A polymorphism appears to be
associated with a worse bronchodilator response. Knowledge of the involvement of
these polymorphisms opens future directions for pharmacogenetic studies and for the
implementation of individualized therapeutic management of severe asthma in pediatric
patients.

Keywords: Polymorphism, genetic; Interleukin-10; Interleukin-17; Asthma.

of inhaled steroids in patients with severe asthma is
likely related to poor clinical control.®® In contrast, IL-17

Although severe asthma affects only approximately
2% of all children with asthma, it is associated with a
high rate of morbidity.*-?) The refractory form of severe
asthma is characterized by continued poor control despite
maximum doses of asthma controller medications and a
focus on modifiable factors such as treatment adherence,
exposure to allergens, and exposure to smoking. One
major reason for that lack of control is probably the
heterogeneous nature of the disease, the pathogenesis
of which involves the interaction of environmental factors
and individual variability, together with a complex genetic
basis.®

The heterogeneity of severe asthma can be explained
by distinct molecular phenotypes comprising cytokines
unrelated to the classical Th2 lymphocyte pathway,
such as IL-10 and IL-17. By inhibiting the production
of proinflammatory cytokines, IL-10 reduces allergic
inflammation; its failure to respond to increasing doses

stimulates the production of Th17 inflammatory cytokines,
thus promoting airway inflammation.®

Polymorphisms in the IL10 and IL17 genes were
described in a meta-analysis of pediatric patients of
different ethnicities, although only the risk of asthma was
assessed.©”) Polymorphisms of these cytokine genes might
explain the difficulty in achieving clinical and functional
control in patients with severe asthma. However, to our
knowledge, there have been no studies associating genetic
variants in IL10 and IL17 with clinical control in cases
of severe asthma. Given that polymorphisms of these
cytokine genes can be useful biomarkers for adjusting
treatment regimens, the objective of the present study
was to evaluate whether polymorphisms in the IL10
and IL17 genes were associated with severe asthma
control and bronchodilator responsiveness in a sample
of pediatric patients.
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METHODS

Study design, study participants, and
clinical characteristics

This was a cross-sectional study, nested within
a prospective cohort study of patients with severe
asthma,® carried out between 2021 and 2022 at
the Multidisciplinary Center for Difficult-to-Control
Asthma and the Institute of Biological Sciences of
the Federal University of Minas Gerais, located in
the city of Belo Horizonte, Brazil. The study was
conducted in collaboration with the Laboratory of
Immunopharmacology and Molecular Biology at the
Health Sciences Institute of the Federal University
of Bahia, located in the city of Salvador, Brazil. We
selected patients who had severe asthma (defined as
asthma confirmed by an objective measure of lung
function), who had good adherence to treatment, and
who, despite elimination or minimization of factors
associated with poor disease control, required high
doses of inhaled corticosteroids (ICS—budesonide
> 1,600 pg or equivalent) and a second controller
medication—long-acting B, agonists (LABAs), long-
acting muscarinic antagonists, leukotriene receptor
antagonists, or any combination of the three—or
oral corticosteroids = 50% of the previous year in
order to maintain disease control, as well as those in
whom the disease remained uncontrolled because of
its intrinsic severity.®'V) Given that severe refractory
asthma is an uncommon phenotype, sampling was
convenience-based. We performed a posteriori sample
size calculation using the free, Web-based, open-source
program OpenEpi, version 3.01, and found that, for
a statistical power of 80%, a sample size of 34 per
group was required.?

Patients who were first-degree relatives (e.g., siblings)
were excluded, as were those with other chronic lung
diseases. Healthy individuals were not included in the
present study.

Clinical characteristics such as age (in years),
age at initiation of treatment with ICS (in months),
maternal smoking during pregnancy, reported passive
smoking, previous ICU admission for asthma, severe
exacerbations in the last 12 months, weight (in kg),
height (in cm), and BMI (in kg/m?) were assessed.

The dose of ICS was evaluated in terms of its
equivalence with that of budesonide. The ICS adherence
rate was considered optimized if it was above 80%.
It was calculated as the proportion of the total
recommended dose, by checking the dose counter
of a pressurized metered-dose inhaler or by counting
the capsules that had been used in a dry-powder
inhaler.®> Some patients were using dry-powder
inhalers that delivered a combination of budesonide and
formoterol (Alenia; Aché Laboratdrios Farmacéuticos
S/A, Guarulhos, Brazil), whereas others were using
pressurized metered-dose inhalers that delivered a
combination of fluticasone and salmeterol (Seretide;
GlaxoSmithKline, Stevenage, United Kingdom) or
omalizumab only (Xolair; Novartis Biociéncias S/A.,

J Bras Pneumol. 2023;49(6):e20230092

Sao Paulo, Brazil). The use of leukotriene receptor
antagonists and biologic agents was also evaluated.

The diagnosis of allergic rhinitis was made on the
basis of patient clinical history and a nasal symptom
questionnaire, as well as a positive skin prick test
for aeroallergens.® In addition to rhinitis, other
comorbidities were considered: atopic dermatitis, mouth
breathing, gastroesophageal reflux disease, behavioral
disorders, and emotional disorders.®

Procedures

The level of asthma control was assessed by applying
the GINA criteria.(*? Patients were asked whether in
the last four weeks they had experienced symptoms of
asthma during the day more than twice a week; woken
up at night because of asthma; used a short-acting
B, agonist (SABA) to relieve asthma symptoms more
than twice a week; and had any activity limitations
because of asthma. Controlled asthma was defined
as a negative answer to all four questions, whereas
uncontrolled asthma was defined as an affirmative
answer to any one of the four questions. On the
basis of their answers, patients were divided into two
groups: controlled severe asthma and uncontrolled
severe asthma.

Skin prick tests were performed and were considered
positive if the wheal was at least 3 mm larger than
that of the negative control.(**) We tested the following
allergens, all obtained from the same supplier (Imunotec,
Sao Paulo, Brazil): Dermatophagoides pteronyssinus;
Dermatophagoides farinae; Blomia tropicalis; dog and
cat dander; Aspergillus sp.; Penicillium sp.; Periplaneta
americana; and Cladosporium sp. Peripheral blood
eosinophils were also measured, as were serum
cytokine levels. However, the latter were found to be
no higher than the lower limit of detection.

All patients underwent pulmonary function tests,
which were performed with a KoKo spirometer (KokKo
PFT, Longmont, CO, USA) and in accordance with the
recommendations of the American Thoracic Society.(!+)
FEV,, FVC, and the FEV,/FVC ratio were evaluated
before and after administration of 400 pg of albuterol
by pressurized metered-dose inhaler. Significant
postbronchodilator variation, or bronchodilator
reversibility, was defined as a 200 mL or 12% increase
in FEV,.0®

Genomic DNA extraction, genotyping, and in
silico analysis

Peripheral blood samples were collected under
vacuum in 10-mL tubes containing the anticoagulant
ethylenediaminetetraacetic acid (Vacutainer; Becton
Dickinson, Sparks, MD, USA) and were centrifuged in
a Kasvi centrifuge (K14-0815A; Kasvi, Sdo José dos
Pinhais, Brazil) at 3,000 rpm for 10 min at 4°C. The
plasma and buffy coat were separated, after which they
were placed in Eppendorf tubes and stored at —30°C.
For DNA extraction, we employed a commercial blood
kit (Gentra Puregene; QIAGEN, Hilden, Germany). All
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genotyped samples were standardized at a concentration
of 5 ng/pL and stored at —30°C until use.

On the basis of previous association studies of
asthma, 161 we selected three genotyped single
nucleotide polymorphisms (SNPs) that have been
associated with asthma: rs3819024 and rs2275913
in the IL17A gene; and rs3024498 in the IL10 gene.
Genotyping was performed with TagMan probe-based
5'-nuclease assays (Applied Biosystems, Foster City, CA,
USA) on the QuantStudio 12K Flex real-time polymerase
chain reaction system (Applied Biosystems). In our
analysis, we included only SNPs with a call rate of at
least 93%. As negative controls, we used blank wells
to evaluate nonspecific amplification.

Information regarding the function of each single
nucleotide variant was obtained from the U.S. National
Center for Biotechnology Information website (www.
ncbi.nim.nih.gov). Additionally, RegulomeDB was used
in order to identify potential regulatory and functional
variants through computational predictions and manual
annotations.® The database assigns a score ranging
from 1 to 6, where lower scores indicate increasing
evidence of a variant being located in a functional
region. %

HaploReg (Broad Institute, Cambridge, MA, USA) is a
tool that allows researchers to explore annotations of
the noncoding genome at variants on haplotype blocks.
It specifically focuses on identifying candidate regulatory
single nucleotide variants at disease-associated
loci. HaploReg is designed to assist researchers in
developing mechanistic hypotheses regarding the
impact of noncoding variants on clinical phenotypes
and normal variation.?%

The U.S. National Institutes of Health Genotype-
Tissue Expression (GTEx) Project (www.gtexportal.
org) has provided valuable insights into the association
between gene expression, genetic variation, and
other molecular phenotypes across various human
tissues.?? Through expression quantitative trait loci
mapping, we can effectively investigate the genetic
factors responsible for changes in gene expression.
Using this tool, we extracted information specifically
related to the influence of variants within the gene
of interest on its expression in whole blood samples.

Statistical analysis

The distribution of continuous variables was analyzed
by using the Shapiro-Wilk test. Data are expressed as
mean * standard deviation, as median [interquartile
range], or as absolute and relative frequencies,
depending on the type of variable. For comparisons
between groups (patients vs. controls or genotype vs.
genotype), we used the unpaired Student’s t-test or
the Mann-Whitney test, as appropriate. Values of p <
0.05 were considered significant.

Association analyses were performed by logistic
regression in three genetic models (allelic, additive,
and dominant), adjusted for the covariates sex and
age, using PLINK software, version 1.9.%?* To reduce

the chance of associations with false-positive values of
p,?® only the SNP associations with values of p < 0.05,
which were revalidated by permutation procedures,
were considered statistically significant.

The study was approved by the Research Ethics
Committee of the Federal University of Minas Gerais
(Protocol no. 4.048.940). Written informed consent was
obtained from all participants or their legal guardians.

RESULTS

Initially, 62 patients with severe asthma were eligible.
However, 6 were excluded because they were first-
degree relatives of other selected patients. Therefore,
the sample comprised 56 patients with severe asthma:
19 in the controlled asthma group and 37 in the
uncontrolled asthma group. The demographic, clinical,
and functional characteristics of the study population
are shown in Table 1.

We observed no significant difference between the two
severe asthma groups in terms of functional variables
and biological markers, showing that these markers do
not discriminate between controlled and uncontrolled
asthma. There was no difference between the two groups
in terms of the BMI. However, the mean height was
lower in the uncontrolled asthma group. Both groups
of patients used high doses of ICS in combination with
high doses of other controller medications, and there
was no significant difference between the two groups
regarding doses or treatment adherence.

Table 2 presents the characteristics of the SNPs
studied. The minor allele frequency was greater than
10% for all three of the SNPs genotyped. No variants
were excluded by the Hardy-Weinberg equilibrium or
on the basis of a low call rate. The IL17A variants were
in an untranslated region 2 kb upstream of the gene,
and the IL10 variant was in the 3'-untranslated region.

As can be seen in Table 3, patients with at least one
rs3024498 C allele in the IL10 gene were found to be
at a greater risk of having uncontrolled asthma despite
regular treatment. Neither of the two other variants
was associated with failure to control severe asthma
in any of the genetic models tested.

Severe asthma patients with the AG or GG genotype
of rs3819024 had a lower bronchodilator response than
did those with the AA genotype (Figure 1). Neither of
the two other variants was associated with a lack of
bronchodilator reversibility in any of the genetic models
tested. The rs2275913 SNP of the IL17A gene showed
no relationship with disease control or bronchodilator
reversibility. Using the GTEx browser we found that
the TC and CC genotypes of rs3024498 had higher
expression of IL-10 in whole blood samples than did
the TT genotype (Figure 2; p = 0.000053).

DISCUSSION

In pediatric patients, airway inflammation related
to the allergic process is typically eosinophilic and
orchestrated by Th2 cells. However, eosinophilia is
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Table 1. Demographic, clinical, and functional characteristics of the study participants.?
Variable

Age, years
Male sex
Age at initiation of ICS, months (median)
Maternal smoking during pregnancy
Reported passive smoking
Previous ICU admission for asthma
Severe exacerbations in the last 12 months
Comorbidities

Allergic rhinitis

Rhinitis + > 1 other comorbidity
Weight, kg
Height, cm
BMI, kg/m?
Medications

ICS dose,® pg:

associated with an LABA or other controller medication
Measured adherence rate > 80%
Positive skin prick test
Peripheral blood eosinophils, %
Baseline spirometry parameters

Pre-BD FEV,, mL

Pre-BD FEV,, %

FEV,/FVC ratio

Post-BD FEV,, mL

Post-BD FEV,, %

14.6 + 3.74 12.2 £ 5.48 0.06
10 (52.6) 18 (48.6) 0.89
34 24 0.56
1(5.3) 3 (8.1) 0.69
6 (31.6) 17 (45.9) 0.30
7 (36.8) 9 (24.3) 0.27
1(5.3) 6 (16.2) 0.23
9 (47.4) 15 (40.5) 0.69
10 (52.6) 22 (59.5) 0.69
51.00 42.15 0.027
164.0 147.4 0.003
20.8 19.0 0.37
0.44

800 [800-1,200]
800 [800-1,600]

9 (47.4) 22 (59.5) 0.25
19 (100.0) 18 (81.8) 0.05
8.3 [5.8-12.1] 7.4[4.0-10.5] 0.41
2.82[2.13-3.22] 2.57 [1.74-3.11] 0.68
86.0 [79.8-97.5] 89.5 [77.5-101.2] 0.49
82.0 [76.5-86.5] 82.0 [79.15-88.5] 0.73
2.88 [2.35-3.6] 2.74[1.96-3.26] 0.59
89.0 [85.5-101.5] 94.0 [84-103.5] 0.49

CSA: controlled severe asthma; USA: uncontrolled severe asthma; LABA: long-acting B, agonist; ICS: inhaled
corticosteroid(s); and BD: bronchodilator. @Values expressed as n (%), mean + SD, or median [IQR], except where
otherwise indicated. "Dose equivalent to that of budesonide.

not synonymous with activation of a Th2-mediated
response.“?* This was demonstrated in a study of
pediatric patients with severe asthma that was refractory
to treatment, in which no significant levels of IL-4,
IL-5, or IL-13 were observed in sputum samples or
endobronchial biopsy samples.?> Therefore, it remains
unclear which immune mechanism would explain the
conversion of eosinophilia into asthma and the severity
phenotype. In the present study, we demonstrated
that polymorphisms in the IL10 and IL17 genes were
associated with failure to achieve asthma control and
with the bronchodilator response in patients with
severe asthma. Poor asthma control was associated
with the presence of at least one C allele of the IL10
rs3024498 polymorphism in patients under regular
treatment with high doses of ICS associated with
LABAs or other controller medications. It is known
that one of the objectives of asthma treatment is to
achieve symptom control with the lowest possible dose
of inhaled medication.

On the basis of the data provided by the GTEx
Project, individuals with at least one C allele of the IL10
rs3024498 polymorphism show increased expression of
IL-10 in the blood. Although we were unable to measure
IL-10 levels in our population, Rogers et al.(?® showed
higher IL-10 levels in children with uncontrolled asthma

J Bras Pneumol. 2023;49(6):e20230092

than in those with controlled asthma. The variant
form of this gene likely contributes to this disparity.®

In view of the fact that high doses of ICS have
major adverse effects, the knowledge that a lack of
asthma control might be associated with the rs3024498
polymorphism in the IL10 gene could be used in order
to guide medical management, thus minimizing the
risks associated with the continuous use of ICS and
progressive increases in the dosage.

To our knowledge, there have been no studies
associating the IL10 rs3024498 polymorphism with
failure to control pediatric asthma. However, this
polymorphism has been reported to be associated
with various other clinical conditions accompanied by
an exuberant inflammatory process, such as systemic
lupus erythematosus, rheumatoid arthritis, and chronic
hepatitis.(?”:?®) In addition, other IL10 polymorphisms
(rs1800896, rs1800871, rs302109, rs1800872, and
rs3024491) have been associated with pediatric
asthma.(”:2%

In assessing the bronchodilator response, we found
that patients with the AA homozygous genotype of
rs3819024 (IL17A) were more likely to respond to the
acute stimulation of an SABA than were those with
the AG or GG genotype. Although we evaluated the
response to an SABA, it should be borne in mind that
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Table 2. Characteristics of the polymorphisms studied.
SNP Gene Chromosome Position A1/A2?

MAF Functional
annotation

RegulomeDB

HaploReg

rs3024498 IL10 1 206768184 c/T
rs3819024 IL17A 6 52185988 G/A
rs2275913 IL17A 6 52186235 A/G

0.1429 3’-untranslated

variant

0.2987 2-kb upstream

variant

0.2208 2-kb upstream

variant

1f

1f

Enhancer
histone marks/
Dnase

Enhancer
histone marks
Enhancer
histone marks

SNP: single nucleotide polymorphism; and MAF: minor allele frequency. @The first is the alternative allele, and the

second is the reference allele (1/2).

Table 3. Association of IL10 and IL17 gene variants with asthma control? in children and adolescents with severe asthma.?
95% CI

Variant Genotype Group

CSA USA
(n = 19) (n = 37)
rs3024498 (IL10) T 17 (89.5) 26 (70.3)
CT 2 (10.5) 8 (21.6)

cc 0 (0.0) 3 (8.1)
rs3819024 (IL17) AA 9 (47.4) 18 (48.6)
AG 7 (36.8) 15 (40.5)

GG 3 (15.8) 4(10.8)
rs2275913 (IL17) GG 13 (68.4) 18 (48.6)
GA 6 (31.6) 15 (40.5)

AA 0 (0.0) 4(10.8)

Model OR

Allelic 4.2
Additive 5.9
Dominant 6.9
Allelic 0.8
Additive 0.6
Dominant 0.6
Allelic 2.4
Additive 2.1

Dominant 2.0

0.90-19.55
0.95-36.84
1.003-47.9
0.38-1.99
0.27-1.56
0.18-2.12
0.88-6.55
0.74-6.41
0.60-6.82

0.08
0.05
0.04
0.83
0.33
0.44
0.11
0.16
0.25

0.12
0.03
0.02
0.92
0.70
0.57
0.11
0.20
0.29

CSA: controlled severe asthma; USA: uncontrolled severe asthma; and PPerm: permutation p value.

with the GINA criteria. *Values expressed as n (%), except where otherwise indicated.

-
o
|
I

(5,1
|
1

Bronchodilator responsiveness (%)

[ [
AA AG/GG

Figure 1. Bronchodilator responsiveness of rs3819024
genotypes. Note: Comparison of median percent change
in percent predicted FEV, after bronchodilator use, by
rs3819024 genotype. Asthma patients with the AG or GG
genotype showed less bronchodilator responsiveness than did
those with the AA genotype (p < 0.05; Mann-Whitney test).

formoterol, despite being an LABA and recommended
in all severe asthma scenarios, has an onset of action
similar to that of albuterol.:®) This is consistent with the
findings of studies indicating that IL-17A acts directly on

N N
o =}
| |

o
<)
]

Norm. Expression

aIn accordance

[ I
TT

I
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I
cc

Figure 2. IL-10 expression for rs3024498 in whole blood

samples, as assessed by the U.S. National Institutes of

Health Genotype-Tissue Expression Project. Note: The TC

and CC genotypes of rs3024498 have higher expression of
IL-10 in whole blood samples than does the TT genotype

(p = 0.000053).

the airway smooth muscle, increasing contractility.(4>%
In clinical practice, blocking IL17 signaling might be
an attractive target for treating asthma with a Th17

phenotype.®

Although the specific effect of the rs3819024
polymorphism on IL-17A expression remains unknown, it
is plausible that this variant may enhance the production
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of this cytokine. This assumption is supported by its
2-kb upstream location with high regulatory potential,
as indicated by a score of 1f in the RegulomeDB
database, with the potential to impact the interaction
with histones in the promoter (H3K4me3) and enhancer
(H3K4me1l) regions of Th17 lymphocytes, as described
in HaploReg.

It is noteworthy that poor symptom control is not
always attributable to poor adherence to treatment
with ICS and LABAs or other controller medications.
In our population, the treatment adherence rate was
good in the controlled asthma and uncontrolled asthma
groups, with no significant difference between the two
groups. However, the phenotypic expression depends
on the interaction of environmental factors and the
genetic predisposition of an individual, assuming that
genes do not operate in isolation but rather within
their environment (which includes other genes around
them), which can modify and even completely reverse
their effects.® Therefore, given the high cost for
society as a whole, studies that generate evidence
from phenotyping, endotyping, and genotyping should
be encouraged in order to identify the target patients
and expend resources more rationally, as has been
done in other chronic diseases.

Our study has some limitations. One is the small
sample size, which is attributable to the fact that
refractory severe asthma is an uncommon phenotype.
The sample size calculation was carried out a posteriori
with OpenEpi and showed that, for the study outcomes,
with a statistical power of 80%, the minimum sample
size would be 34 per group.*? Our patients were selected
from a cohort of patients who had a well-established
diagnosis of severe asthma and who were under
regular long-term follow-up, in which several methods
were used in order to quantify adherence, minimize
exposure to allergens, and manage comorbidities,
thus limiting our sample size. Therefore, there is a
need for studies involving larger samples of patients
in order to replicate our findings and identify other
genes that may explain the lack of disease control in
patients with severe asthma. Future studies should
also be carried out with the objective of analyzing the
immunological profile, including other cytokines, which
will help to understand the complex and heterogeneous

pathophysiology of severe asthma. Another limitation of
the present study is the lack of quantification of IL-10
and IL-17. This was due to the fact that the samples
went through thermal variability, which could have
denatured the cytokine proteins.

In conclusion, polymorphisms of the IL10 and IL17
genes appear to be involved in complex modulation
pathways related to a lack of control and bronchodilator
response in treatment-refractory severe asthma in
children and adolescents. Functional studies should be
carried out to characterize the molecular impact of such
variants, which could facilitate the implementation of
personalized treatment and management of asthma.
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INTRODUCTION

Subsolid nodules (SSNs) are common findings in chest
CT scans and represent a subset of pulmonary nodules
that may have proliferative potential and should be
monitored when persistent. They include ground-glass
nodules (GGNs) and part-solid nodules (PSNs).®*2

Detection of subsolid nodules on chest CT
scans during the COVID-19 pandemic
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Rafael Ramos Rambo'2®, Felipe Teixeira Hertz2®, Luis Carlos Anflor Junior??
Jonatas Favero Prietto dos Santos"%®, Gabriela Schneider Galvao'®,
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ABSTRACT

Objective: To investigate the detection of subsolid nodules (SSNs) on chest CT scans
of outpatients before and during the COVID-19 pandemic, as well as to correlate the
imaging findings with epidemiological data. We hypothesized that (pre)malignant
nonsolid nodules were underdiagnosed during the COVID-19 pandemic because of an
overlap of imaging findings between SSNs and COVID-19 pneumonia. Methods: This
was a retrospective study including all chest CT scans performed in adult outpatients
(> 18 years of age) in September of 2019 (i.e., before the COVID-19 pandemic) and in
September of 2020 (i.e., during the COVID-19 pandemic). The images were reviewed
by a thoracic radiologist, and epidemiological data were collected from patient-filled
questionnaires and clinical referrals. Regression models were used in order to control
for confounding factors. Results: A total of 650 and 760 chest CT scans were reviewed
for the 2019 and 2020 samples, respectively. SSNs were found in 10.6% of the patients
in the 2019 sample and in 7.9% of those in the 2020 sample (p = 0.10). Multiple SSNs
were found in 23 and 11 of the patients in the 2019 and 2020 samples, respectively.
\Women constituted the majority of the study population. The mean age was 62.8 + 14.8
years in the 2019 sample and 59.5 + 15.1 years in the 2020 sample (p < 0.01). COVID-19
accounted for 24% of all referrals for CT examination in 2020. Conclusions: Fewer
SSNs were detected on chest CT scans of outpatients during the COVID-19 pandemic
than before the pandemic, although the difference was not significant. In addition to
COVID-19, the major difference between the 2019 and 2020 samples was the younger
age in the 2020 sample. We can assume that fewer SSNs will be detected in a population
with a higher proportion of COVID-19 suspicion or diagnosis.

Keywords: Solitary pulmonary nodule; Multiple pulmonary nodules; Lung neoplasms/
diagnostic imaging; Tomography, X-ray computed; COVID-19.

numerous imaging findings have been reported in
association with COVID-19, the Radiological Society of
North America published in March of 2020 an expert
consensus document stating that COVID-19 pneumonia
typically presents with multifocal, rounded ground-glass
opacities with or without consolidation and septal
thickening.®

In a study of CT screening for lung cancer,® persistent

SSNs accounted for 19% of all positive results, the
malignancy rate being higher for SSNs than for solid

nodules of the same size.

The objective of the present study was to investigate
whether the overlap of imaging findings between SSNs
and COVID-19® could affect the detection of GGNs and
PSNs on chest CT scans.

In recent years, there has been an increase in the
detection of all types of lung nodules as a result of the
widespread availability of CT scanners, advances in CT
technology, positive results of lung cancer screening
programs,** and increased CT utilization in clinical
practice.®

Chest CT is a fast, noninvasive method for evaluating

respiratory diseases, widely used for the evaluation of
pneumonia during the COVID-19 pandemic.”) Because

METHODS

This was a retrospective study including all chest CT
scans performed in September of 2019 and in September
of 2020 in the radiology department of a tertiary care
hospital in southern Brazil. The study was approved by
the institutional review board of the hospital (Protocol no.
4.260.736, September 5, 2020), and the requirement for
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written informed consent was waived because of the
noninterventional, retrospective nature of the study.

Inclusion criteria were being > 18 years of age and
having undergone CT in accordance with a standardized
chest CT protocol; exclusion criteria were being < 18
years of age and having undergone CT in accordance
with other protocols (e.g., cardiac CT and radiation
therapy planning scans). Emergency room patients and
inpatients were not included in the evaluation, in order
to avoid nosocomial pneumonia and other hospital-
acquired complications that could add confounding
factors to the study.

All CT images were reviewed by a thoracic radiologist
who had 10 years of experience and who had access
to the epidemiological data, which were collected from
patient-filled questionnaires and clinical referrals. All
chest CT scans were obtained with a 16-slice or a
256-slice multidetector scanner (SOMATOM Emotion
16; Siemens Healthineers, Forcheim, Germany
and SOMATOM Drive 256; Siemens Healthineers,
respectively) at end inspiration, with or without
contrast enhancement, with the patients in the supine
position. Although most of the CT examinations were
standard-dose HRCT scans of the chest, some were
contrast-enhanced CT scans, low-dose CT scans, or
CT pulmonary angiography scans. Image data sets
were reconstructed with 1-mm slice thickness and
increments of 0.7 mm and 0.5 mm, with the use
of soft-tissue and sharp kernels and standard lung
window settings.

All CT images were evaluated for SSNs and their
features, including number, size, density (pure GGNs,
heterogeneous GGNs, and PSNs), lobar distribution, and
number of affected lobes. All nodules were measured
at their longest and shortest axes, the lung window
being used for the ground-glass component. The
solid component was measured when detected in the
soft-tissue window. Multiple nodules were included.
Subsequently, all CT images were evaluated for the
presence and quantification of emphysema with the
use of a visual scale.(:9

COVID-19 patients were defined as those referred
for CT examination as COVID-19 patients (i.e., not
necessarily presenting with a positive RT-PCR result).
All other patients were considered non-COVID-19
patients. Although this was an arbitrary choice,
our decision was based on the idea that suspicion
of SARS-CoV-2 infection can interfere with the
interpretation of CT images even without laboratory
confirmation. In addition, we chose not to blind the
radiologist who evaluated the CT images. Therefore,
for COVID-19 patients, CT scans were read as positive
for SSNs when lesions were not typical for COVID-19
in accordance with the Radiological Society of North
America expert consensus document, including solitary
nodules and persistent nodules in patients who had
previously undergone imaging. Multiple nodules were
not considered positive for SSNs, except in patients
who had previously undergone imaging tests, which
were reviewed when available, in accordance with

best practice recommendations. For non-COVID-19
patients, CT scans were read as positive for SSNs if
one or more (persistent or new) GGNs or PSNs were
found. For COVID-19 patients, we reviewed all follow-up
CT scans available by February of 2022.

Statistical analysis was performed with R software,
version 4.2.3 (R Foundation for Statistical Computing,
Vienna, Austria). Categorical variables are shown as
absolute numbers (n) or relative frequencies (%).
Continuous variables such as age are shown as mean
+ SD. The Shapiro-Wilk test was used in order to verify
the normal distribution of variables. Nonparametric
data were analyzed with the Mann-Whitney Wilcoxon
test and the chi-square test, with a 0.05 significance
level. Poisson regression with robust variance was
used for regression models.

RESULTS

The baseline characteristics of the patients and a
flow chart of the study are shown in Table 1 and Figure
1, respectively.

The number of CT scans was 17% higher in September
of 2020 than in September of 2019. At that moment
in 2020, Brazil was experiencing a transition between
the end of the first and the beginning of the second
wave of the COVID-19 pandemic.*

Females constituted the majority of the study
population. No significant differences were found
between the September of 2019 and September of
2020 samples regarding sex (p = 0.07). The mean
age was 62.8 £ 14.8 years in the 2019 sample and
59.5 £+ 15.1 years in the 2020 sample (p < 0.01).

The proportion of patients with a history of cancer
was 45.7% in 2020 and 50.7% in 2019 (p = 0.07).
Cancer types included breast, gastrointestinal, rectal,
prostate, melanoma, head and neck, and lung, as
well as lymphoproliferative disorders, in initial staging
or follow-up. Metastatic lung disease was present in
5.1% and 4.6% of the oncologic patients, respectively.

Current smokers and former smokers within 15 years
of quitting constituted 24.1% of the 2019 sample and
21.1% of the 2020 sample (p = 0.3). Emphysema was
found in 22.5% of the patients in the 2019 sample
and in 19.7% of those in the 2020 sample.

SSNs were found in 10.6% of the patients in the 2019
sample and in 7.9% of those in the 2020 sample (p
= 0.10). The detection rates for 2019 and 2020 were
1.34 and 1.23, respectively (95% CI, 0.96-1.86; p =
0.084). After Poisson regression with robust variance
for age and sex, the difference remained nonsignificant
(95% CI, 0.89-1.71; p = 0.215).

SSN-positive patients in the 2019 sample (mean
age, 66.8 £ 13.3 years) were significantly older than
SSN-negative patients (p = 0,015). This difference was
not significant for the patients in the 2020 sample,
although SSN-positive patients were older than SSN-
negative patients (61.8 £ 13.7 years; p = 0.186).
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Table 1. Baseline characteristics of the patients included in the study.

Characteristic

September of

September of p COVID-19 September

2019 2020 of 2020

Valid exams, n 650 760 - 175
Female sex, % 58.2% 53.6% 0.07 52.8%
Age, years (mean + SD) 62.8 + 14.8 59.5 + 15.1 <0.01 53.2 £13.5
History of cancer 50.7% 45.7% 0.07
Current smokers or former smokers within 24.1% 21.1% 0.3
15 years of quitting, %
Emphysema No 77.5% 80.1%

Mild 14.3% 14.0%

Moderate to severe 8.2% 5.7%

| September of 2019 | | September of 2020 |

Y

Y

| CT examinations (n = 756) |

| CT examinations (n = 845) |

| Excluded (n = 106) |<—

Y

—>| Excluded (n = 85) |

Y

| Included (n = 650) |

| Included (n = 760) |

Figure 1. Flow chart of the study.

Multiple SSNs were found in 23 patients in the 2019
sample and in 11 patients in the 2020 sample (10
non-COVID-19 patients and 1 COVID-19 patient with
two persistent GGNs).

COVID-19 patients constituted 24% of the 2020
sample (females, 52.8%; mean age, 53.2 + 13.5
years). If we take into consideration that COVID-19
cases in southern Brazil were first reported in March
of 2020, the maximum time interval between infection
with SARS-CoV-2 and data collection was 6 months.
SSNs were detected in 6.7% of COVID-19 patients (n
= 12; solitary nodules, in 11; females, 58%). Of those
12 patients, 8 showed persistent SSNs on subsequent
CT scans (resected adenocarcinoma, in 1; Figure 2), 3
did not undergo follow-up imaging, and 1 had a solitary
GGN that disappeared within 6 months. Follow-up CT
scans were available for 98 of 175 COVID-19 patients.

Non-COVID-19 patients constituted 76% of the
2020 sample, SSNs being detected in 9.3%. Using
regression models for age and sex in order to compare
SSN-positive patients between the 2020 COVID-19
subpopulation and the 2019 sample, we found a
detection rate of 0.79 (95% CI, 0.43-1.44; p = 0.44)
for COVID-19 patients. SSNs were more commonly
detected in women, independently of the COVID-19
status (p = 0.006), as well as in older patients (p =
0.010). Table 2 shows the characteristics of the SSN-
positive subgroups in the 2019 and 2020 samples.

DISCUSSION

SSNs are a cause for concern when persistent,
because of their cancer potential.(*-3 However, there

J Bras Pneumol. 2023;49(6):e20230300

is a highly variable rate of inflammatory lesions first
detected as SSNs on imaging.

As thoracic radiologists, we experienced reasonable
diagnostic uncertainty when reading chest CT scans
during the COVID-19 pandemic, especially when
ground-glass lesions were few, nonperipheral, or
even part solid, because of the overlap between
ground-glass lesions and consolidation. Although most
lesions were probably inflammatory given the clinical
context, some (pre) malignant subsolid lesions could
have been missed.

To overview these imaging limitations, our study
sought to evaluate SSN detection before and during
the COVID-19 pandemic. We chose to investigate
outpatients in order to avoid inpatient complications. We
chose the month of September because the lockdown
in Brazil was over by then, with outpatient visits and
tests being partially resumed at the beginning of the
second wave of the pandemic.

In our study, almost a quarter of the patients
undergoing chest CT as outpatients in September of
2020 had been referred to us as COVID-19 patients.
The number of SSNs detected in the 2020 sample
was lower than that of SSNs detected in the pre-
pandemic (2019) sample, especially in the COVID-19
subpopulation, including multiple lesions. Nevertheless,
the difference was not significant.

A confounding factor to consider is that the mean
age was lower in the 2020 sample. This could lead
us to conclude that we found fewer SSNs because
of the younger age in the 2020 sample. However, it
is debatable whether that age difference has actual
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Figure 2. Chest CT scans. In A and B, part-solid nodule in the right upper lobe, as seen on the initial CT scan of a
COVID-19 patient with pneumonia and other ground-glass and consolidative opacities. In C and D, part-solid nodule in
the right upper lobe, as seen on the follow-up CT scan after regression of viral inflammatory lesions (in C), as well as
FDG uptake on PET-CT scans (resected adenocarcinoma; in D).

Table 2. Detection of subsolid nodules before and during the COVID-19 pandemic.

Detection of SSNs September of 2019 September of 2020 p COVID-19
SSN, % 10.6% 7.9% 0.10 6.7%
(n/N) (69/650) (60/760) (12/175)
Age, years (mean + SD) 69 + 13.3* 61.8 + 13.7* - -
Female sex, % 73.9% 71.7% 58%
Symptoms? 36.2% 35% 0.9
Solitary SSN 67% 72% - (11/12)
Multiple SSNs 33% 18% - (1/12)
Size <20 mm? 95% 92%
Upper lobes® 63.7% 60% - -

SSN: subsolid nodule; and COVID-19: patients referred for CT examination as COVID-19 patients (i.e., not
necessarily presenting with a positive RT-PCR result). *p = 0.015. **p = 0.186. 'Fever, dyspnea, cough, or any
combination of the three. 2Longest diameter of the nodule. ®*The most suspicious lesion was located in the upper

lobes, in accordance with imaging criteria.

clinical significance, because it is known that SSNs
tend to grow slowly or even remain stable for years.
It is also of note that solitary and multiple SSNs are
known to be potential (pre) malignant lesions, and
previous studies have shown that up to 18% of resected
adenocarcinomas are multiple.*?

Women constituted the majority in our study and
predominated in the SSN-positive subgroups. The
detection of SSNs in women is a cause for concern,
given that lung cancer screening studies have found

that women are at a higher risk of cancer in a nonsolid
nodule.*3 In addition, there has been an increasing
frequency of lung cancer in nonsmokers.*

In our study, patients in the SSN-positive subgroups
were older than the others in the 2019 and 2020
samples. The association between increasing age and
persistent SSNs has been reported elsewhere. 31

Of the 12 patients who were positive for SSNs in
the COVID-19 subgroup, 1 had a PSN that turned
out to be a lung adenocarcinoma. The nodule raised
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suspicion at follow-up imaging only, having raised no
suspicion during acute viral pneumonia. There are
similar reports in the literature on lung cancer and
concurrent pneumonia,*®*” and one study conducted in
China showed that lung cancer was the most common
type of cancer in hospitalized COVID-19 patients.(*®)

Although it is known that the growth rate of SSNs
is slow,* a study by Kakinuma et al.?® showed a
mean period of 3.6 years for the appearance of a
solid component in ground-glass lesions in lung cancer
screening patients. Thus, it is essential to differentiate
inflammatory from noninflammatory lesions accurately.
A consensus statement on the management of lung
nodules and lung cancer screening during the COVID-19
pandemic was released in 2020,(?Y addressing various
clinical situations; however, difficulties in correctly
differentiating lesions on imaging were not addressed.

Our study has several limitations, including its
single-center retrospective design. In addition, the
findings on the reviewed images were not compared
with those in the initial report, which was written as a
nonstructured report. Our convenience sampling from
the private health care system is another bias. However,
in a recently published lung cancer screening trial
conducted in Brazil,(*» no significant differences were
found in the incidence of lung cancer, granulomatous
disease, and Lung CT Screening Reporting and Data
System category 4 nodules between patients in the
public and private health care systems.

In conclusion, detection and characterization of
pulmonary SSNs on CT scans were hindered during the
COVID-19 pandemic, with fewer SSNs being diagnosed
in COVID-19 patients than in pre-COVID-19 pandemic

patients. However, the differences between the two
samples of patients were not significant. Although
follow-up CT is not recommended and is not cost-
effective for all patients diagnosed with COVID-19, we
must consider the possibility of missed proliferative
lesions, especially in patients with demographic
characteristics that increase the chance of persistent
SSNs, such as being over 50 years of age and being
female.
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Predictors of reduced incremental shuttle
walk test performance in patients with long
post-COVID-19

Mustafa Engin Sahin'®, Seher Satar'®, Pinar Ergin’

ABSTRACT

Objective: One of the common limitations after COVID-19 pneumonia is the decrease
in exercise capacity. The identification of the factors affecting exercise capacity and the
assessment of patients at risk are important for determining treatment strategy. This
study was conducted to determine the predictors of decreased exercise capacity in long
post-COVID-19 patients. Methods: \We investigated the association of exercise capacity
as measured by the incremental shuttle walk test (ISWT) with age, sex, spirometric
variables, respiratory and peripheral muscle strength, quality of life, fatigue, hospital
anxiety depression scale, chest X-ray involvement, and hospitalization. The patients
were divided into three groups: outpatients, inpatients, and ICU patients. Regression
analysis was used to determine which parameters were significant predictors of exercise
capacity. Results: Of the 181 patients included in the study, 56 (31%) were female. The
mean ISWT in percentage of predicted values (ISWT%pred) was 43.20% in the whole
sample, whereas that was 52.89%, 43.71%, and 32.21% in the outpatient, inpatient,
and ICU patient groups, respectively. Linear regression analysis showed that predictors
of decreased ISWT%pred were sex (f = 8.089; p = 0.002), mMRC scale score (f =
—7.004; p £ 0.001), FVC%pred (p = 0.151; p = 0.003), and handgrip strength (f = 0.261;
p = 0.030). Conclusions: In long post-COVID-19 patients, sex, perception of dyspnea,
restrictive pattern in respiratory function, and decrease in peripheral muscle strength are
predictors of reduced exercise capacity that persists three months after COVID-19. In
this context, we suggest that pulmonary rehabilitation might be an important therapy for
patients after COVID-19.

Keywords: COVID-19; Exercise; Muscle strength; Rehabilitation; Walk test.
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INTRODUCTION affecting the limitation of exercise capacity and the
prediction of which patients are at risk are important
for managing treatment strategy. The application of an
incremental shuttle walk test (ISWT) does not require
the use of any specialized equipment. However, the
estimated peak oxygen consumption (Vozpeak) obtained
by the ISWT revealed a moderate to strong correlation
with maximal exercise performance as evaluated by
the cardiopulmonary exercise test (CPET). The ISWT
has been found to be a reliable test of cardiopulmonary
exercise capacity, especially in COPD, and to produce a

Post-acute illness symptoms in patients with COVID-19
can persist for months. The term long post-COVID-19
syndrome has been proposed to describe clinical
symptoms lasting more than 12 weeks after the onset of
acute symptoms.® The underlying causes of this situation
are not fully understood. The most common symptoms
are fatigue and dyspnea.®* Severe limitations occur in
some of these patients. One of them is the decrease in
exercise capacity. Although studies are still ongoing, it
has been suggested that various factors such as cardiac

sequelae, decrease in diffusion capacity, limited lung
function, and muscle weakness may be factors that might
limit exercise capacity.** In another study, decreased
exercise capacity three months after severe COVID-19
infection has been associated with respiratory limitation
and decreased skeletal muscle mass and function rather
than cardiac causes.(®”) Moreover, studies in non-COVID-19
patients have demonstrated that decreased exercise
capacity is an independent predictor of mortality.®* In
patients with chronic respiratory disease, normal exercise
capacity improves quality of life and participation in daily
activities while decreasing respiratory symptoms, anxiety,
frequency of hospital visits and of hospitalizations, and
social isolation. So, the determination of the factors

physiological response similar to the CPET.(*®

The aim of our study was to examine the relationship
between the decrease in exercise capacity determined
by ISWT and clinical, functional, or emotional factors
in a patient cohort who recovered after COVID-19. A
secondary aim was to discover predictors of decreased
exercise capacity in long post-COVID-19 patients. Our
hypothesis was that decreased exercise capacity in long
post-COVID-19 patients would be predominantly related
to muscle strength loss.

METHODS

This was a cross-sectional, prospective, single-center
study. Between April 15, 2022, and June 14, 2022, a
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total of 217 patients who were seen at our pulmonary
rehabilitation center with complaints of dyspnea and
had COVID-19 at least three months but no more
than six months prior to their visit were evaluated.
The patients were referred to our center by the
outpatient clinics which they had visited for COVID-19
control. Of the total sample, 186 patients met the
inclusion criteria and agreed to participate in the
study (Supplementary Material). All patients consulted
with a cardiologist and underwent echocardiograms
before evaluation, and myocardial dysfunction was
ruled out. Three patients refused to participate in the
study, and 2 patients were not approved for pulmonary
rehabilitation (PR) by the cardiologist. Therefore, the
final sample comprised 181 patients.

Inclusion criteria were as follows: having a confirmed
diagnosis of COVID-19 by RT-PCR between three and
six months before visiting our center, being diagnosed
with long post-COVID by a pulmonologist, being > 18
years of age, giving written consent to participate in the
study, and having dyspnea at the time of admission,
determined by the modified Medical Research Council
(mMRC) dyspnea scale score > 1. Exclusion criteria
were being younger than 18 years of age; having
uncontrolled psychiatric disease, orthopedic disability,
movement-limiting neurological disease, active
malignancy, uncontrolled hypertension, or a disease
that was thought to reduce exercise capacity other
than COVID-19; being a professional athlete; being
pregnant; and participating in a rehabilitation or an
intensive exercise program before ISWT.

In addition to demographic data, we collected
information about comorbidities, length of hospital/
ICU stay in days, chest X-rays, need for long-term
oxygen therapy (LTOT), perception of dyspnea, body
composition measurements, amount of weight loss,
Borg scale score, spirometry, and peripheral and
respiratory muscle strength in order to determine the
factors affecting the decrease in exercise capacity of
the participants. Hospital anxiety and depression scale
(HADS), fatigue severity scale (FSS) and Nottingham
Extended Activities of Daily Living Scale (NEADLS) were
administered. Chest X-rays were evaluated visually.
The use of LTOT (patients in need were started in the
center to which they were referred) was recorded.
The patients were divided into three groups according
to the severity of the disease (outpatient, inpatient,
and ICU follow-up), and their data were analyzed.
Parameters that might be associated with the decrease
in the percent of predicted ISWT (ISWT%pred) were
investigated in all patients. Written informed consent
form was obtained from all patients. The study protocol
conformed to the Declaration of Helsinki and was
approved by the Research Ethics Committee of the
Ankara Atatlirk Sanatoryum Training and Research
Hospital (Protocol KAEK-15/2492).

The chest X-rays obtained during the admission
process to our center were divided into six zones
and their involvement was determined (bilateral,
especially in the middle and lower regions, peripherally
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distributed, irregularly limited density increase and
consolidation). The X-rays were evaluated by two
different pulmonologists, and results were decided by
consensus. Dyspnea was assessed using the mMRC
scale.*?) BMI was calculated using the formula body
mass (in kg) divided by the square of height (in m).

Exercise capacity was evaluated using the ISWT.
The test was performed according to field walking
test guidelines.*? The predicted ISWT value was
calculated by a reference equation,** which includes
age, gender, and BMI. ISWT values were obtained as
a percentage of the predicted value (ISWT%pred).
Also, Vo, value and in percentage of the predicted
value were calculated using ISWT.(4)

Dyspnea intensity was measured throughout exercise
using the modified 0-10 Borg scale. Spirometry was
performed to determine FVC, FEV,, and FEV /FVC
ratio using a spirometer (AS-507, Minato Medical
Science, Tokyo, Japan) in accordance with the
American Thoracic Society/European Respiratory
Society (ATS/ERS) guidelines.**) Respiratory muscle
strength was evaluated by measuring MIP and MEP
using a Micro-RPM respiratory pressure meter (Care
Fusion, Hoechberg, Germany). MIP and MEP were
measured in accordance with the recommendations of
the ATS/ERS.® The test was repeated at least three
times, and the best value was recorded. To assess
peripheral muscle strength of the patients, a handgrip
test was performed using a hand dynamometer
(Jamar Hydraulic Hand Dynamometer, Mississauga,
Canada).(*” Psychological status was assessed using
the HADS,*® whereas fatigue was assessed using
the FSS, and activities of daily living were assessed
using the validated Turkish version of NEADLS.(*®

Statistical analyses were performed with the IBM
SPSS Statistics software package, version 26.0 (IBM
Corporation, Armonk, NY, USA). Normally-distributed
numeric variables were expressed as means and
standard variations, while non-normally distributed
variables were expressed as medians. Categorical
variables were expressed as absolute and relative
frequencies. To determine if the variables were normally
distributed, visual (histograms and probability plots)
and analytical methods (Shapiro-Wilk test, skewness
coefficient, and kurtosis coefficient) were used. The
statistical differences of normal and non-normal
quantitative variables of demographic and baseline
values across groups established according to
hospitalization status were assessed using ANOVA and
the Kruskal-Wallis test, respectively. Tukey’s honestly
significant difference test and the Games-Howell test
were used for post hoc analyses. The correlation
between two numeric variables with normal distribution
and a linear correlation was analyzed using Pearson’s
correlation coefficient. The correlation between
variables that did not show normal distribution was
evaluated with Spearman’s correlation coefficient.
The predictors of ISWT%pred were analyzed by using
linear regression analysis. A p-value < 0.05 was used
to determine statistical significance.
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RESULTS

Of the 181 patients studied, 125 (69%) and 56 (31%)
were male and female, respectively. During the ISWT,
141 patients were unable to complete the test, 94 of
whom developed leg fatigue, 19 of whom developed
dyspnea, 17 of whom developed desaturation, and 3
of whom developed tachycardia exceeding submaximal
heart rate. The Vo, . calculated from the ISWT was
above 80% of the predicted value in only 5 patients.
The mean ISWT%pred was 43.20% £ 16.19% in the
sample as a whole, whereas that in males and females,
respectively, was 41.39% £ 15.57% and 47.23% =+
16.96%, and this difference was statistically significant
(p = 0.024). The groups formed by disease severity were
evaluated with one-way ANOVA. Age, comorbidities, BMI,
Borg scale, HADS, and FSS results were similar among
the groups. Regarding comorbidities, hypertension (in
22 patients), diabetes mellitus (in 15), coronary artery
disease (in 2), and sleep apnea (in 1) were identified
in the outpatient group; whereas hypertension (in
35), diabetes mellitus (in 24), coronary disease (in
2), sleep apnea (in 2), renal failure (in 1), and familial
Mediterranean fever (in 1) were present in the inpatient
group; and hypertension (in 15), diabetes mellitus (in
14), sleep apnea (in 2), coronary artery disease (in 1),
and renal failure (in 1) were present and in the ICU
group. Tables 1 and 2 provide detailed information on
demographic data and other parameters evaluated, as
well as p-values calculated by ANOVA for the sample
as a whole and the groups by hospitalization status.
ANOVA and post hoc analyses (Games-Howell) revealed
statistically significant differences in ISWT%pred among
the three groups (p < 0.001).

In the correlation analysis, ISWT%pred correlated
with hospitalization status, length of hospital/ICU
stay, extent of chest X-ray involvement, LTOT use,
mMRC scale, amount of weight loss, Borg scale
score, spirometry, handgrip strength, and NEADLS
score. No relationship was found with emotional
factors. Table 3 shows the parameters that correlated
with ISWT%pred values in the correlation analysis
performed using the whole sample. In the correlation

Table 1. Demographic characteristics and hospitalization data.?

analysis, a multivariable linear regression model was
created with the parameters that correlated with the
ISWT%pred. In the multiple linear regression analysis,
sex, mMMRC scale, FVC%pred, and handgrip strength
were found to be the predictors of ISWT%pred. In
the regression analysis model of ISWT%pred, the
variables gender, hospitalization status, X-ray, mMRC
scale, Borg scale, FVC%pred, handgrip strength, and
NEADLS explained 60% of the reduced ISWT%pred
(Table 4). The relationship of ISWT%pred with
hospitalization status, mMRC scale, FVC%pred, and
handgrip strength is seen in Figures 1 and 2.

DISCUSSION

In our study, we aimed to identify which patients
with long post-COVID were at risk of having lower
exercise capacity. We discovered that male gender,
dyspnea perception, impaired lung function, and
impaired peripheral muscle strength were the main
predictors of decreased exercise capacity. Being male
decreased the ISWT%pred by about 8 units. A 1-unit
increase in the mMRC scale score was correlated with
a 7-unit decrease in ISWT. Also, 1-unit increases in
FVC%pred and in handgrip strength improved ISWT
by 0.151 and 0.261 units, respectively. Because low
exercise capacity negatively impacts the quality of
life of patients by preventing them from regaining
their pre-COVID-19 functional status, our results are
crucial for identifying patients in the risk group and
enabling early preventative therapy and measures
to be applied.

Exercise capacity measured with field tests is also
used to assess the success of pulmonary rehabilitation
in addition to various indicators such as dyspnea and
quality of life. Also, ISWT and endurance shuttle walk
tests are used to prescribe exercise. When the reasons
for test termination are considered, they might provide
information about the cardiac or pulmonary causes
of exercise limitation.

Previous studies have shown that ISWT performance
is associated with age, FEV,%pred, and peripheral

Variable Overall Group Comparison*
sample  Qutpatient Inpatient IcU
(N=181) (n =45 (n=92; (n=44;
24.9%) 50.8%) 24.3%) p'? p%3 p'3

Male sex 125 (69.1) 21 (46.7) 74 (80.4) 30 (68.2) <0.001 <0.001*** 0.302*** 0.100**
Age, years 55.7+10.5 54.7+10.9 55.5+10.9 57.3+9.2 0.502 0.897** 0.651** 0.487**
Smoking history, 27.9+21.4 32.1+£18.2 31.4x16.2 20.0+12.1 0.030 0.341* 0.029* 0.487*
pack-years
Comorbidities, yes 121(66.9) 34 (75.6) 58 (64.1) 29 (65.9) 0.381  0.355** 0.966** 0.599*
Length of hospital stay, 12.6 + 8.4 35.1 £16.2
days
Length of ICU stay, days 18.4 + 13.7 - - -
X-ray, zone involvement 2.4+ 1.9 1.6 +1.9 2418 3.1+£1.9 0.002 0.064* 0.128* 0.001**
LTOT, yes 69 (38.12) 3(6.7) 36 (39.1) 30 (68.2) <0.001 <0.001*** 0.005*** <0.001***

LTOT: long-term oxygen therapy. 2Values expressed as n (%) or mean + SD. *Games-Howell test: (1 = outpatient;
2 = inpatient; and 3 = ICU). **ANOVA or Kruskal-Wallis test. ***Tukey’s honestly significant difference test.
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Comparison*

Table 2. Exercise tests and other measurements/questionnaires.?
Variable Group
Outpatient  Inpatient ICU
(N =181) (n = 45; (n = 92; (n = 44;
24.9%) 50.8%) 24.3%)

Overall
sample

p1-2 p2-3 p1-3

mMRC (1/2/3/4)  23/44/21/12 38/58/4/0 24/44/22/10 7/30/36/27 <0.001 < 0.001*** 0.001*** < 0.001***
BMI, kg/m? 28.9 £ 5.1 28.9+43 28.6+50 29.6+59 0531 0.939*  0.499** 0.767*
Weight loss, kg 9.3+5.4 6.6+2.2 82:+4.4 13.7+6.8 0.003 0.379** 0.051** 0.013**
ISWT, m 345 + 141 370 + 91 365 + 146 249 + 131 <0.001 0.282*** <0.001*** < 0.001**
ISWT, % predicted  43.2+16.2 52.9+10.0 43.7+15.6 32.2+16.1 <0.001 <0.001*** <0.001*** < 0.001***
SpO, before ISWT 97.2+1.4 97.5+09 97.2+14 96.7+1.8 0.140 0.657** 0.397** 0.117**
SpO, after ISWT 92.4+4.4 94.4:4.1 91.7+43 90.9:+4.5 0.008 0.026* 0.753**  0.013**
HR before ISWT 88.6+14.2 86.4+11.2 89.7+15.0 89.2+16.3 0.607 0.592** 0.988**  0.771**
HR after ISWT 121+ 14 121+ 14 122 + 16 119+15 0.326 0.385* 0.979*  0.402**
Borg at rest 0[0.0-0.5] 0[0.0-0.5] 07[0.0-0.5] 0 [0-1] 0.484 1.000***  0.529*** 0.631***
Borg after ISWT 4 [3-4] 4[2-4] 4[3-4] 4 [3-5] 0.333  0.892** 0.223***  0.620***
Vo0 % predicted  45.1+12.5 51.6+8.4 458127 36.6:11.1 <0.001 0.006"* <0.001"* <0.00*1**
FVC, % predicted 85.5+22.4 94.4:18.8 86.4+22.5 72.1+20.3 <0.001 0.123*  0.004* <0.001*
FEV,, % predicted  83.6 +21.3 88.9+19.6 84.4+21.2 749+21.6 0.015 0.503* 0.073* 0.012*
FEV,/FVC 79.8+11.2 77.5+9.1 79.2+11.4 84.4+12.2 0.022 0.725* 0.057**  0.022**
MIP, cmH,0 95.5+29.4 84.2+26.5 99.1+251 99.5+36.6 0.046 0.056* 0.998*  0.089*
MEP, cmH,0 122.5+34.8 108.8+29.7 129.5+31.1 122.7+41.8 0.026 0.019*  0.626**  0.230**
Handgrip test, kg 31.5+10.2 29.7+10.8 33.7+9.3 28.7+10.4 0.016 0.101*  0.026*  0.895**
HADS-Anxiety 7.1+3.7 7.9+3.9 6.6+3.7 7.3+3.6 0.148 0.138*  0.557**  0.739**
HADS-Depression 6.9+3.4 7.0+3.4 6.7 +3.6 7.1+3.3 0.854 0.918*  0.870*  0.995**
FSS 4.5+1.7 45+1.8 4.3+1.7 4.6+1.7 0.590 0.797*  0.595*  0.959**
NEADLS 56.8+11.5 61.3+58 56.9+10.3 52.3+15.8 0.002 0.010** 0.214** 0.004***

mMRC: modified Medical Research Council scale; ISWT: incremental shuttle walk test; Vo, _,: peak oxygen consumption;
,HADS: Hospital Anxiety and Depression Scale; FSS: Fatigue severity score; and NEADLS: Nottingham Extended
Activities of Daily Living Scale. ?Values expressed as %, mean * SD, or median [IQR]. *Games-Howell test: (1 =
outpatient; 2 = inpatient; and 3 = ICU). **ANOVA or Kruskal-Wallis test. ***Tukey’s honestly significant difference test.

muscle strength in patients with COPD. ISWT was
also associated with sniff nasal inspiratory pressure
and peripheral muscle strength in lung cancer.(%:2%
Age, body composition, dyspnea, respiratory function,
and physical activity in daily life were found to be
predictors of ISWT in bronchiectasis.®" In our study,
age and BMI were not correlated with ISWT%pred.
This might be because COVID-19 patients are exposed
to the disease for a shorter period of time than are
those with chronic diseases. Although respiratory
muscles do not correlate with ISWT, the correlation
of peripheral muscle strength may be associated with
disease-related immobility. Finally, the correlation of
other parameters with ISWT and predictors of ISWT
were similar to those in non-COVID-19 diseases. In a
multicenter prospective cohort study including 1,226
hospitalized patients, post-COVID-19 dyspnea was
associated with lower performance on the shuttle
walk test and FVC, but not with obstructive airflow
limitation.??

Our study showed that being male with persistent
symptoms is a predictor for reduced exercise capacity.
Previous studies have revealed that males are likely
to have more severe disease.?*?% In our study, the
rates of hospitalization and ICU stay were higher in
males. Lower ISWT%pred in men may be due to more
severe disease and more hospitalizations.

According to an earlier study, patients with COVID-19
had higher MRC scale scores, and those scores rise in
line with the severity of the disease.?> However, in
another study, it was found that the MRC scale score
did not differ between hospitalized and non-hospitalized
patients.?® In our study, the mMRC scale score was
statistically significantly different among the three
severity groups. In addition, the mMRC scale score
was found to be a predictor for ISWT%pred.

In our study, it was found that one of the causes
contributing to the reduction in exercise capacity was
the decrease in FVC%pred. Restriction on spirometry
has been linked to decreased exercise capacity and
increased desaturation in patients with post-COVID-19
persistent dyspnea.®® Due to their exercise-induced
desaturation, post-COVID-19 patients with normoxemia
at rest also resemble those having interstitial lung
disease.?”) The strength of respiratory muscles may be
the cause of the FVC%pred decline. ISWT%pred and
respiratory muscle strength, however, did not correlate
in our study. The correlation between ISWT%pred
and radiological results (p = 0.001; r = —0.276) led
us to believe that parenchymal injury was the cause
of the decline in FVC%pred. This restrictive pattern
increases with the severity of the disease.

Investigations are currently ongoing to determine the
causes of decreased exercise capacity in post-COVID-19
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Table 3. Correlations of the incremental shuttle walk test in % of predicted values with selected variables.

Variable Correlation coefficient p
Sex 0.167° 0.025
Age, years -0.103 0.167
Smoking history, pack-years -0.035 0.728
Comorbidities, no/yes -0.107 0.154
Hospitalization status -0.449" < 0.001
Length of hospital stay, days -0.554" < 0.001
Length of ICU stay, days -0.464" 0.001
X-ray, zone involvement, n -0.330" < 0.001
LTOT use -0.459" < 0.001
mMRC scale score -0.680" < 0.001
BMI, kg/m? 0.104 0.171
Weight loss, kg -0.542" < 0.001
Borg scale score at rest -0.208" 0.005
Borg scale score after exercise -0.163 0.031
FVC, % pred 0.590" < 0.001
FEV,, % pred 0.554" < 0.001
FEV,/FVC -0.134 0.096
MIP, cmH,0 0.030 0.744
MEP, cmH,0 0.118 0.190
Handgrip test 0.238" 0.002
HADS-Anxiety score -0.017 0.823
HADS-Depression score -0.081 0.287
FSS score -0.029 0.719
NEADLS score 0.354" < 0.001

LTOT: long-term oxygen therapy; % pred: % of the predicted value; mMRC: modified Medical Research Council;
HADS: hospital anxiety and depression scale; FSS: fatigue severity score; and NEADLS: Nottingham Extended

Activities of Daily Living Scale.

Table 4. Multivariate linear regression analyses of the incremental shuttle walk test in % of predicted values.

Variable

coefficient (f3)

Sex 8.089 0.246
Hospitalization status -2.163 -0.099
X-ray, zone involvement, n -0.156 -0.020
mMRC scale score -7.004 -0.428
FVC, % pred 0.151 0.220
Borg scale score at rest 0.152 0.080
Borg scale score after -0.005 -0.001
exercise

Handgrip test 0.261 0.166
NEADLS score 0.153 0.107

Unstandardized Standardized
coefficient

95% Cl for f

Lower bound Upper bound
3.133  0.002 2.978 13.201
-1.429 0.156 -5.159 0.834
-0.304 0.761 -1.172 0.860
-5.525 < 0.001 -9.514 -4.495
2.991 0.003 0.051 0.251
0.080 0.936 -3.620 3.925
-0.007 0.994 -1.470 1.459
2.192  0.030 0.025 0.496
1.644  0.103 -0.031 0.337

mMRC: modified Medical Research Council; % pred: % of the predicted value; and NEADLS: Nottingham Extended

Activities of Daily Living Scale.

patients. Existing studies indicate that sarcopenia and
decreased skeletal muscle strength are important
reasons for limiting exercise.(®2%2°) There may be a
number of causes for the decline in muscle strength.
Atrophy as a result of insufficient physical activity,
critical illness polyneuropathy, and muscle or central
nervous system damage caused by SARS-CoV-2 are
possible causes.% Increased length of hospital stay,
probable corticosteroid use, and weight loss as the
disease progresses pose a risk for sarcopenia and
muscle weakness. In our study, mean handgrip strength
was found to be high in hospitalized patients, but it
should be noted that the majority of these patients

J Bras Pneumol. 2023;49(6):e20220438

were male. According to our results, a decrease in
peripheral muscle strength is an important predictor
of prolonged reduced exercise capacity after the third
month in long post-COVID-19 patients. In our study,
the rate of patients who terminated the exercise due
to respiratory reasons was 18.8%, while the number
of patients who developed leg fatigue was more than
half (51.9%). This demonstrates the importance
of reduction in muscle strength in limiting exercise
capacity in patients with COVID-19.

Previous studies showed that decreased lung function
and impaired exercise capacity were associated with
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Figure 1. Incremental shuttle walk test in percentage of the predicted value (ISWT%pred) by hospitalization status

and modified Medical Research Council (mMRC) scale score.
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Figure 2. Incremental shuttle walk test in percentage of the predicted value (ISWT%pred) by FVC in percentage of
predicted value (FVC%pred) and handgrip strength.

The most important limitation of this study is the
single-center design. However, our center is a referral
hospital, and patients come from all over the country.
Another limitation was that our study had no control
group. A cohort of non- COVID-19 patients might
be beneficial for comparing baseline results. Due to
the ongoing pandemic, DL, could not be performed
in this study.

reduced skeletal muscle mass and function three
months after COVID-19 infection. No significant
deterioration in cardiac function was detected.® In
our study, similarly to previous studies, the restrictive
pattern in respiratory function and decreased skeletal
muscle strength were important predictors of reduced
exercise capacity. During the tests, only 3 patients
developed tachycardia exceeding the submaximal
heart rate.

In our study, although BMI was higher than normal
in all groups, it did not differ among them. Even if the
FSS score was above the normal limit in all groups, no
differences were found and that was not associated
with exercise capacity. According to several studies,
fatigue develops at a higher rate in patients who had
severe COVID-19.GY However, there are also studies
showing that persistent fatigue is independent of the
severity of COVID-19 infection.(*? Previous studies
presented a relationship between maximal exercise
capacity and activities of daily living. Reduced exercise
capacity has a negative effect on daily activities.
(33 In our study, we found that exercise capacity in
long post-COVID-19 patients was correlated with
the NEADLS score. However, the NEADLS was not a
predictor of exercise capacity.

We think that individualized pulmonary rehabilitation
programs that include appropriate exercise training,
as well as medical treatment, are important in the
follow-up and treatment of these patients.

As a conclusion, in long post-COVID patients, male
gender, perception of dyspnea, restrictive pattern
in respiratory function, and decrease in peripheral
muscle strength were predictors of reduced exercise
capacity that persisted after three months. In addition,
hospitalization was a risk factor for exercise limitation.
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ABSTRACT

Objective: To assess whether the use of ELMO, a helmet for noninvasive ventilation
created in Brazil, had a positive impact on the prognosis of patients with hypoxemic
respiratory failure caused by severe COVID-19. Methods: This is a retrospective study
of 50 critically ill COVID-19 patients. Epidemiological, clinical, and laboratory data were
collected on ICU admission, as well as before, during, and after ELMO use. Patients were
divided into two groups (success and failure) according to the outcome. Results: ELMO
use improved oxygenation parameters such as Pao,, Fio,, and the Pao,/Fio, ratio, and this
contributed to a gradual reduction in Fio,, without an increase in CO,, as determined by
arterial blood gas analysis. Patients in the success group had significantly longer survival (p
< 0.001), as determined by the Kaplan-Meier analysis, less need for intubation (p < 0.001),
fewer days of hospitalization, and a lower incidence of acute kidney injury in comparison
with those in the failure group. Conclusions: The significant improvement in oxygenation
parameters, the longer survival, as reflected by the reduced need for intubation and by
the mortality rate, and the absence of acute kidney injury suggest that the ELMO CPAP
system is a promising tool for treating ARDS and similar clinical conditions.

Keywords: Respiratory distress syndrome; COVID-19; Noninvasive ventilation; Intensive
care units.

INTRODUCTION

COVID-19 emerged as a pandemic in March of 2020. The shortage of mechanical
ventilators and specialized health workforce in ICUs were the crucial points in resource
allocation and planning.®¥ The use of invasive mechanical ventilation (IMV) was often
associated with an extremely high mortality rate during the first and second waves
in Brazil, reaching up to 80% and 89.5% in two observational studies.?* Therefore,
noninvasive respiratory support strategies to prevent orotracheal intubation (OTI)
were very much needed during the pandemic and were unfortunately not sufficiently
available to the large number of severely ill patients, making the situation even more
challenging to the Brazilian public health system.

Infection by COVID-19 leads to systemic inflammation and hypercytokinemia, causing
endothelial dysfunction and a hypercoagulable state.“> The clinical spectrum ranges
from mild symptoms to more severe complications with multisystemic involvement,
such as vascular disorders, acute kidney injury (AKI), heart failure, and circulatory
shock, as well as long-term neurological, motor, and cardiopulmonary sequelae.®”)
The main cause of ICU admissions is acute respiratory distress syndrome (ARDS),
which often requires respiratory support.®

The need for alternative respiratory support strategies led to the development
of innovative technologies to address these problems. ELMO is a new helmet
interface that offers high-flow CPAP and up to 100% Fio, to treat COVID-19-related
acute hypoxemic respiratory failure. It was originally designed to be used without
ventilators and outside the ICU.“19 It provides complete neck sealing and respiratory
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isolation of the patient’s head, resulting in significant
improvement of oxygenation parameters, no carbon
dioxide rebreathing, and good patient comfort as
shown in a pilot feasibility study.*V This innovative,
noninvasive equipment was designed in the state of
Ceara, Brazil, in July of 2020 by a multidisciplinary
taskforce from six different institutions involving the
government, the industry, a public health school, and
universities (Patent no. BR 20 2020 014212 2; ANVISA
82072609001).

The present investigation was designed to assess
the impact of the use of the ELMO CPAP system on
the prognosis of patients with hypoxemic respiratory
failure caused by severe COVID-19 and to compare
the major clinical and laboratory variables associated
with its successful use, defined as improvement in
respiratory failure without the need for IMV.

METHODS

Study design and selected COVID-19
patients

This was an observational, retrospective, single-center
cohort study of critically ill COVID-19 patients admitted
to the ICU of the Instituto Dr José Frota, a tertiary
hospital located in the city of Fortaleza, Brazil, from
March to May of 2021.

Data on clinical characteristics, treatment, and
prognosis of these individuals were collected and
correlated with mortality, survival, temporary and
permanent sequelae in various organs, as well as the
use of renal replacement therapy.

The sample comprised 50 adult patients (> 18 years
of age) with a diagnosis of COVID-19 confirmed by
RT-PCR who presented with hypoxemic respiratory
failure secondary to COVID-19, were unresponsive
to conventional oxygen therapy (non-response was
defined as inability to achieve an Spo, = 92% or with
no clinical relief of tachypnea or dyspnea when using
a nasal catheter with a flow < 5 L/min or a reservoir
mask with a flow < 10 L/min), were admitted to the
ICU and had an indication for ELMO use according
to a pre-defined protocol. Patients admitted to the
ICU were eligible for ELMO use if they were alert and
cooperative.

Patients with exacerbations of lung diseases, such as
asthma, COPD, and pulmonary fibrosis, were excluded.
Patients with hemodynamic instability, heart disease,
and/or chronic kidney disease, as well as those in use
of vasoactive drugs, were excluded; these factors
alone increase COVID-19 severity and the chance of
needing IMV. Patients with clinically evident signs of
respiratory muscle fatigue (paradoxical breathing or
vigorous use of respiratory accessory muscles), nausea,
vomiting, and/or ear canal disorders and those using
a nasogastric or nasoenteric tube were also excluded
because they had no indication for ELMO helmet use.

Data collection was performed using a cloud-based
database program (Epimed Monitor ICU System; Epimed

J Bras Pneumol. 2023;49(6):e20230227

Solutions, Rio de Janeiro, Brazil). Demographic and
epidemiological data, such as comorbidities (systemic
arterial hypertension, diabetes mellitus, alcoholism,
and lung disease), time from symptom onset to ICU
admission, length of ICU stay, and outcome (discharge
or death) were collected. Clinical and laboratory data
were collected at ICU admission, as well as before,
during, and after ELMO use.

Disease severity of patients admitted to the ICU was
estimated using the Simplified Acute Physiology Score
3 (SAPS 3) collected at admission. For the diagnosis of
AKI, the Kidney Disease: Improving Global Outcomes?
criteria were used, and serum creatinine levels were
measured three times within the first seven days of
ICU stay.

Patients in whom ELMO use was considered successful
were those who accepted and adapted well to wearing
the helmet for at least eight continuous hours for at
least three days, as well as showing improvement in
vital signs, such as reduced respiratory effort, lower
respiratory rate, and lower heart rate, resulting in
an increase in Spo,, in addition to improvement in
arterial blood gases.

Clinical results were described: first, ELMO use failure
and final outcome (discharge or death) were considered
and, second, the time from hospital admission to
discharge or death and reasons for ELMO use failure.

To verify the effects of ELMO use on pulmonary gas
exchange, two arterial blood gas samples were collected:
one at 30 min before ELMO use and one after 1 h of
ELMO use. During the use of ELMO, the Pao,/Fio, ratio
(in mmHg/%) was measured, and improvement in this
ratio was considered indicative of a good response to
therapy. Vital signs were continuously monitored and
recorded before and during ELMO use, as well as 1
h after ELMO removal. PEEP levels varied between 5
and 12 cmH,0, and Fio, resulting from the gas mixture
reached a flow of 60 L/min, being progressively reduced
according to the patient’s needs.

More details on the protocol for ELMO use are shown
in the supplementary file.

Statistical analysis

Categorical data were evaluated as absolute and
relative frequencies. For comparison of relative
frequencies between groups, the chi-square test
or the Fisher’s exact test was used according to
expected frequencies in 2 x 2 tables. Variables with
continuous data were first explored for normality using
the Shapiro-Wilk test, and, for the analysis of data
asymmetry, histograms and Q-Q plots were used.
Normal data were expressed as means £ standard
deviations, whereas non-normal data were expressed
as medians and interquartile ranges. For comparisons
of continuous data between independent groups, the
Student’s t-test or the Mann-Whitney test was used
according to normality. For dependent groups, paired
t-test or Wilcoxon test (in non-normal data) was used.



Beliero AM, Lazaro APP, Zaranza MS, Lima GMC, Guimaraes AR, Aragao NL,
Meneses GC, Holanda MA, Albuguerque PLMM, Silva Junior GB, Fernandes PFCBC

Moreover, the prognostic value of ELMO use from
ICU admission for chance of two-month survival was
evaluated using Kaplan-Meier analysis treating intubation
and death as dependent events. To test the differences
between the groups regarding ELMO use, the log-rank
Mantel-Cox test was applied. Data were analyzed using
the IBM SPSS Statistics software package, version 23.0
(IBM Corporation, Armonk, NY, USA). Values of p <
0.05 were considered statistically significant.

Ethical aspects

This study was approved by the institutional
Research Ethics Committee (CAAE Protocol no.
67933523.1.0000.5047) and registered on the Brazilian
National Research Ethics Committee platform (Protocol
no. 4.026.888). All procedures are in accordance with
Resolution no. 466/2012, which regulates research
involving human participants in Brazil. The patients
were informed about the study purpose, and upon
acceptance to participate, they signed the free and
informed consent form before the beginning of the
evaluation. As some admitted patients required
immediate ICU care and were unable to sign the term,
a family member signed it.

RESULTS

During the study period, of the 296 patients admitted
to the ICU, 53 (17.9%) met the criteria for ELMO use;
however, 1 patient was excluded from the study due
to incomplete data, and 2 were excluded because
they died within the first 48 h of the study. Of the 50
patients who were included in the study, the majority

were male (n = 31; 62%), and the mean age was 53.2
+ 13.6 years. A success rate of 56% (28/50 patients)
was observed (Figure 1). Demographic characteristics,
ventilatory parameters, and acid-base parameters on
patient admission are described in Table 1.

All patients in the study had at least one comorbidity,
often systemic arterial hypertension (in 44%) and
diabetes mellitus (in 20%); however, there were no
statistically significant differences between the failure
and success groups regarding comorbidities (Table 1).
Patients in the failure group had a higher mean SAPS
3 when compared with those in the success group
(Table 1). All patients reported dyspnea at admission
despite being on oxygen therapy. More than half of
the patients (56%) had hypoxemia despite oxygen
therapy use. No hypercapnia was observed in either
group upon admission.

Improvement in oxygenation parameters was observed
in both groups during ELMO use, but it was higher in
the success group, mainly in Pao, and the Pao,/Fo,
ratio. Paco, did not significantly change in either group
(Figure 2 and Table 2).

The average number of days from symptom onset to
ICU admission was similar between the groups (Table
3). Regarding the causes of ELMO therapy failure, it was
observed that 10 individuals (45.4%) showed signs of
delirium, characterized by agitation, and altered level of
consciousness, and therefore were unable to use ELMO.
In addition. 11 patients (50%) developed worsening
of symptoms, requiring subsequent intubation. Of
the 22 patients in the failure group, only 1 rejected

Patients admitted to ICU
(n =296)

Patients submitted to ELMO therapy
(n=53)

Death within the first 48 h

Patients missing data
(n=2)

(n=2)

Patients submitted to ELMO therapy
who were included in the study
(n = 50)

Success group
(n =28)

Figure 1. Flow chart of the patient selection process.

Failure group
(n=22)
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Table 1. Clinical and epidemiological characteristics, and ventilatory and biochemical parameters at ICU admission of

Characteristic

patients with severe COVID-19 who used the ELMO system, by treatment outcome.?

Failure Success
(n = 22) (n = 28)
Sex, male 31 (62.0) 11 (50.0) 20 (71.4) 0.121
Age, years 53.2+13.6 53.8 £12.9 52.7 £ 14.3 0.940
SAPS 3 57.21 £ 9.67 60.45 + 9.44 53.80 + 8.90 0.030
Previous lung disease 7 (14.0) 4 (18.2) 3(10.7) 0.684
Diabetes mellitus 10 (20.0) 5(22.7) 5(17.9) 0.732
Alcoholism 3 (6.0) 1 (4.5) 2(7.1) 1.000
Systemic arterial hypertension 22 (44.0) 11 (50.0) 11 (39.3) 0.449
Hypoxemia (Spo, < 92%) 28 (56.0) 15 (68.2) 13 (46.4) 0.124
Dyspnea 50 (100) 22 (100) 28 (100)
Ventilatory and biochemical parameters
Spo,, mmHg 89.47 + 14.59 84.86 + 21.21 92.93 + 4.05 0.147
pH 7.44 + 0.06 7.45 + 0.04 7.43 £ 0.07 0.102
Pao,, mmHg 83.8 +30.8 81.6 + 31.4 85.5 + 30.8 0.538
Paco,, mmHg 37.1+£9.6 35.8+7.2 38.2+11.2 0.443
HCO,, mmol/L 24.7 +2.2 24.3+2.2 25.0 + 2.1 0.339
BE, mmol/L 1.2 [-0.2 to 2.3] 0.2 [-1.1 to 2.5] 1.25 [0.05-2.13] 0.292
Lactate, mmol/L 1.73 [1.13-2.17] 1.85 [1.13-2.52] 1.48 [1.09-2.13] 0.97
Sao,, % 93.2 +4.3 92.5+4.9 93.7 + 3.8 0.049
Pao,/Fio, 126.3 + 42.5 126.7 + 49.1 125.9 + 37.4 0.435

2Values expressed as n (%), mean £ SD, or median [IQR]. SAPS 3: Simplified Acute Physiology Score 3; HCO,:

bicarbonate; and BE: base excess.

ELMO use due to claustrophobia, anxiety symptoms,
and increased respiratory rate (> 40 breaths/min).

The median length of ICU stay for patients in the
failure and success groups was 19 and 15 days,
respectively (p < 0.05). Overall, only 40.9% of the
patients in the failure group were discharged from the
ICU, while all the patients in the success group were
discharged. The average daily duration of ELMO use
was approximately 8 h.

It was observed that all patients who were successfully
treated with ELMO CPAP therapy survived over the days
until discharge without the need for OTI. However,
59.1% of the patients in the failure group died during
the hospitalization period (Table 3 and Figure 3). The
level of CPAP used ranged from 5 to 12 cmH,0 in
both groups.

DISCUSSION

Many patients with COVID-19 experience mild to
moderate symptoms (81%); however, if ARDS is present,
oxygen therapy and some type of ventilatory support
are essential.(*? This study showed satisfactory results
with the use of the ELMO CPAP system in patients with
mild to moderate hypoxemic respiratory failure due to
complications from COVID-19.

Analysis of the acute effects on gas exchange
before and during ELMO use disclosed a significant
improvement in Sao,, Pao, and the Pao,/Fio, ratio. Its
use is based on the rationale that PEEP and Fio, are
the mainstays of respiratory support when the use of

J Bras Pneumol. 2023;49(6):e20230227

a nasal catheter and/or a reservoir mask fails. The
improvement in oxygen levels related to the use of the
ELMO helmet may have contributed to the survival of
more than half of the patients who used it in this study.
Patients with COVID-19 have diffuse alveolar damage,
reduced respiratory system compliance, and impaired
gas exchange.*® Thus, adequate management of the
pressures offered during assisted ventilation and of
oxygenation parameters is essential for survival of
these patients.

In the present study, we found that the use of
the ELMO system was able to offer CPAP through a
continuous oxygen flow and compressed air to patients
who needed oxygen therapy for severe hypoxemia,
resulting in improved oxygenation and gas exchange,
allowing the gradual reduction of Fio,, and avoiding the
deleterious effects of oxygen without causing carbon
dioxide rebreathing or hypercapnia. The device was
used successfully in 28 patients. Moreover, our study
showed a significant increase in the median Pao,/Fo,
ratio within the first hour of ELMO use.

One study demonstrated that when the Pao,/Fio, ratio
doubled from a median of 100 mmHg to 200 mmHg and
remained above 150 mmHg during the first week, there
was an association with a 91% probability of patient
recovery without the need for OTI. This effect can be
explained by the effect of CPAP on the recruitment of
edematous and/or collapsed alveoli, with immediate
improvement in the ventilation/perfusion ratio.**

Some studies support the hypothesis that positive
pressure may favor a more uniform distribution of
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perfusion, diverting blood flow from pulmonary areas

with shunt and edema to those with a high ventilation/ 1.0
perfusion ratio.(*>
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Figure 2. Box plot of Pao, before and after 1 h of ELMO events: death and intubation—by outcome group (failure
use by outcome group (failure and success). and success). *Log-rank Mantel-Cox test.

Table 2. Ventilatory and biochemical parameters of patients with COVID-19 before and during ELMO use, by treatment
outcome.?

Parameter Failure group Success group
(n = 22) (n = 28)
Before During Before During
ELMO use ELMO use ELMO use ELMO use
Sao,, % 92.5+4.9 95.9 £+ 2.5 0.001 93.7 £ 3.8 96.2 +2.4 0.010
pH 7.45 + 0.04 7.44 £ 0.04 0.567 7.43 £ 0.07 7.43 + 0.04 0.908
Pao,,mmHg 81.6 + 31.4 104.8 + 41.1 0.067 85.5 + 30.8 128.1 + 47.8 < 0.001
Paco,, mmHg 35.8+7.2 35.5+3.1 0.694 38.2+11.2 37.6 £5.6 0.797
HCO,, mmol/L 243 +2.2 243 £2.5 0.651 25.2 +2.1 25.2+2.2 0.48
BE, mmol/L 0.2 [-1.1 to 2.5] 0.6 [-0.5t03.6] 0.173  1.25[0.05-2.13] 0.9 [0.0-2.7] 0.948
Lactate, mmol/L  1.85[1.13-2.52] 1.6 [1.0-2.12] 0.511 1.48 [1.09-2.13] 1.66 [1.23-2.00] 0.518
Pao,/Fio, 126.7 + 49.1 177.08 + 83.27  0.024 125.9 + 37.4 217.56 + 113.13 < 0.001

2Values expressed as mean + SD or median [IQR]. HCO,: bicarbonate; and BE: base excess.

Table 3. Clinical complications and outcomes of patients with severe COVID-19 who used the ELMO system in the ICU
at a tertiary care hospital in the city of Fortaleza, Brazil.?

Variable Group
Failure Success
(n = 22) (n = 28)
From symptom onset to ICU admission, days 10.5 [8-13] 10 [8.5-12.0] 0.655
Final outcome
Hospital discharge 9 (40.9) 28 (100) < 0.001
Death 13 (59.1) 0(0.0)
Time from admission to death, days 30 [9.5-38.0] 0 < 0.001
Time from admission to discharge, days 19 [15-30] 15 [11-16] < 0.001
Acute renal injury
Yes 12 (54.5) 0 (0.0) < 0.001
No 10 (45.5) 28 (100)

aValues expressed as n (%) or median [IQR].
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In our study, patients in the failure group were
more severely ill according to the SAPS 3 already on
admission. Although SAPS 3 is not part of the ELMO
protocol, there are similar parameters among the forms
of assessment, such as vital signs and use of IVM. In a
study of 1.464 patients, SAPS 3 was found to perform
satisfactorily in the prognosis of in-hospital mortality
in patients with COVID-19 admitted to the ICU.!®

The patients in our study wore the ELMO helmet for
at least eight continuous hours a day, with an initial
PEEP of 5 cmH,0, increased according to Spo, levels.
After ELMO helmet removal, the patients were placed
on oxygen therapy using a nasal catheter with a flow
at 3-5 L/min, according to Spo, levels. A study carried
out with the same helmet showed no adverse effects
in such patients.*)

During the period when the intervention took place,
there was a reduction in the number of patients who
required IMV. Of the 50 patients that comprised the
study sample, 28 (56%) did not require IMV and
were discharged from the hospital, corroborating
the recommendations of previous studies, which
hypothesized a reduction of approximately 60% of
cases that later required IMV.

In the present study, it was possible to observe that
none of the patients in whom ELMO was used successfully
developed AKI. However, half of the patients in the
failure group developed AKI, and some died, in line
with studies that correlated the occurrence of AKI,
COVID-19, and increased mortality.*”> Although IMV
is sometimes necessary as a lifesaving intervention
in critically ill patients, its implementation affects the
renal system, reaching a three-fold increased risk of
AKI, (1819 especially when associated with IMV and
elevated PEEP.(20:21)

The main findings of the present study, such as
improvement in oxygenation parameters and possibly
better prognosis of patients with COVID-19-related
ARDS, suggest that the new ELMO helmet is a promising
technological innovation with a positive impact on
these individuals.

The limitations of this study are primarily related to the
lack of a control group, making it impossible to compare
the intervention with other types of non-invasive

ventilatory support. Second, this study was carried
out in a single center and had a retrospective design.
Third, insufficient recording of data in some medical
records limited the access to information for a more
in-depth evaluation. On the other hand, the study adds
some little explored information related to the use of
NIV, the use of a new type of helmet, and its direct and
indirect effects on renal function in severely hypoxemic
patients, stimulating the construction of alternative
strategies that can minimize the undesirable effects
of IMV with positive pressure. Another advantage is
that ELMO can be used outside the ICU.

Future research will be necessary to evaluate different
groups, with similar clinical pictures prospectively and
over a longer period of time, comparing the use of the
ELMO CPAP with other types of respiratory support in
order to verify their clinical effects in critically ill patients
with hypoxemic respiratory failure of other etiologies.
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ABSTRACT

Historically, all efforts against tuberculosis were focused on rapid diagnosis and effective
treatment to break the chain of transmission of Mycobacterium tuberculosis. However, in
the last few years, more and more evidence has been found on the dramatic consequences
of the condition defined as post-tuberculosis lung disease (PTLD). Approximately one
third of patients surviving pulmonary tuberculosis face considerable ongoing morbidities,
including respiratory impairment, psychosocial challenges, and reduced health-related
quality of life after treatment completion. Given the important global and local burden of
tuberculosis, as well as the estimated burden of PTLD, the development of a consensus
document by a Brazilian scientific society— Sociedade Brasileira de Pneumologia e
Tisiologia (SBPT)—was considered urgent for the prevention and management of this
condition in order to allocate resources to and within tuberculosis services appropriately
and serve as a guide for health care professionals. A team of eleven pulmonologists
and one methodologist was created by the SBPT to review the current evidence on
PTLD and develop recommendations adapted to the Brazilian context. The expert
panel selected the topics on the basis of current evidence and international guidelines.
During the first phase, three panel members drafted the recommendations, which were
divided into three sections: definition and prevalence of PTLD, assessment of PTLD, and
management of PTLD. In the second phase, all panel members reviewed, discussed,
and revised the recommendations until a consensus was reached. The document was
formally approved by the SBPT in a special session organized during the 2023 SBPT
Annual Conference.

Keywords: Tuberculosis; Post-infectious disorders; Disease management.

INTRODUCTION

Tuberculosis, in addition to the physical and psychological problems that are
associated with the disease, the disease-related stigma, and considerable financial
costs, also entails a condition defined as post-tuberculosis lung disease (PTLD),
which has so far been little studied, but which has recently received the spotlight.(*)

Historically, all efforts against tuberculosis were focused on rapid diagnosis and
effective treatment, trying to break the chain of transmission of Mycobacterium
tuberculosis. However, in the last few years, the impact of damaging long-term
sequelae due to pulmonary tuberculosis has duly been valued for individual patients,
their households, their communities, and health systems.(®

Approximately one third of patients who survive pulmonary tuberculosis face,
after treatment completion, a considerable and often underrecognized burden of
ongoing morbidity, including respiratory impairment, psychosocial challenges, and
reduced health-related quality of life.>% Even mortality is higher in PTLD patients,
with a risk of death up to six times higher than in the general population.®:®

Despite the recent increase in PTLD-related publications, epidemiological data of
the global burden and morbidity associated with PTLD are still limited because of
lack of priority by national tuberculosis programs and the relative complexity of the
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diagnostic approach, which includes, among others,
clinical, radiological, and lung function assessment.:®

It is evident that PTLD sequelae contribute to excess
mortality and morbidity,® causing radiological and
functional disabilities, favoring other complications
(e.g., other infections, hemoptysis, etc.), impairing
quality of life, and, therefore, boosting hospitalization
and costs to health care systems. Early assessment
and management of PTLD-related morbidity guided
by solid recommendations by a scientific society
are of paramount importance to ensure appropriate
allocation of resources to and within tuberculosis
services in order to provide quality-assured PTLD
prevention, diagnosis, and treatment.®

The present Sociedade Brasileira de Pneumologia
e Tisiologia (SBPT, Brazilian Thoracic Association)
recommendations apply to patients with PTLD in
the Brazilian context. A panel of 11 pulmonologists
and one methodologist, including two international
experts, were invited by the SBPT to review the current
knowledge on the topic and develop Brazilian-specific
recommendations. An expert panel selected the topics
based on current evidence and international guidelines
available as of July of 2023. During the first phase, three
panel members drafted the recommendations, which
were divided into three sections: PTLD description and
prevalence; PTLD assessment; and PTLD management.
In the second phase, all panel members reviewed,
discussed, and revised the recommendations until a
consensus was reached. The document was formally
approved by the SBPT in a special session organized
during the 2023 SBPT Annual Conference, held in the
city of Curitiba, Brazil.

DEFINITION

PTLD was defined during the First International
Symposium on Post-Tuberculosis disease, held in
Stellenbosch, South Africa, as the “evidence of
chronic respiratory abnormality, with or without
symptoms, attributable at least in part to previous
(pulmonary) tuberculosis.”® PTLD includes a wide
variety of functional and structural lung sequelae,
ranging from mild to severe disorders. Cavitation,
bronchiectasis, pleural thickening, fibrosis, and
pulmonary hypertension are some examples of
tuberculosis sequelae. In addition, patients may
suffer colonization and infection with Aspergillus
fumigatus, nontuberculous mycobacteria, and other
bacteria.(*1%1¢) Lung function deficits described in
patients with PTLD include obstruction, restriction,
or a mixed pattern, and approximately 10% of those
lose more than half of their lung function.” In fact,
as compared to the general population, patients
with PTLD are twice more likely to have spirometric
abnormalities.(*® As a consequence of lung sequelae,
persistent respiratory symptoms are frequent, such
as dyspnea, cough, wheezing, and reduced exercise
capacity.?

Parente AAAI, Rabahi MF, Sales RKB, Migliori GB, Mello FCQ

EPIDEMIOLOGY

Despite the recent increase in the number of PTLD-
related publications, the real epidemiological burden
of PTLD is not well known.*?) It is estimated that up
to 50% of tuberculosis survivors live with some kind
of sequelae.? Also, the mortality rate in this group
of patients can be up to 3-to 6-fold higher when
compared with that in the general population.®62%

According to previous studies, the prevalence of PTLD
can vary from 18% to 87%.(? This wide range can
be attributed to the different scenarios analyzed and
to the diverse parameters used to diagnose PTLD. In
a recent comparison of three different cohort studies
involving PTLD patients in Brazil, Italy, and Mexico,
pulmonary function tests showed different results,
the majority of which showed obstructive, mixed,
and normal patterns, respectively.®®

Another study used radiological patterns to evaluate
the prevalence of PTLD, and the results varied according
to the type of examination (chest CT or X-ray) and the
residual abnormality found (cavitation, bronchiectasis,
fibrosis, nodules, emphysema, or consolidation).?%

The possible different ways to characterize and define
PTLD hinder the generalization of several studies, and
few data can correlate structural damage identified
in chest radiological imaging, functional impairment,
respiratory symptoms, and quality of life. In 2022,
a meta-analysis conducted by Maleche-Obimbo et
al.® identified pooled prevalence of abnormal lung
function, persistent respiratory symptoms, and
radiological abnormalities of 46.7%, 41.0%, and
64.6%, respectively. The magnitude of any type of
PTLD varied according to HIV status, geographic
settings, smoking habits, and urban/rural settings.

ASSESSMENT OF PTLD

Ideally, every patient completing tuberculosis
treatment should be clinically evaluated to identify
post-tuberculosis sequelae as soon as possible.®®
Essential examinations/investigations recommended
to identify PTLD are described in Chart 1. It is likely
that not all of those examinations/investigations
can be performed in many settings. In that case,
some examinations/investigations should be
prioritized, especially in those patients with persistent
Symptoms_(1,4,10,12,22,26—32)

Clinical history and examination

The clinical patterns of PTLD include a wide spectrum
of signs and symptoms, varying from asymptomatic to
severe disability. Tuberculosis survivors usually present
with a high prevalence of respiratory manifestations
such as chronic cough and dyspnea.® The clinical
examination must focus on respiratory rate, heart
rate, and BMI on a routine basis.®

Patients with residual structural abnormalities can
have infectious exacerbations and are even at a higher
risk of having active tuberculosis again.*¥ Bacterial,
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Chart 1. Recommended examinations to be conducted at the end of tuberculosis treatment.

Parameter Measurement tool

Clinical history and examination

Chest imaging

Pulmonary function testing

Blood gas analysis

Cardiopulmonary evaluation
Subjective evaluation

Symptoms: cough, dyspnea, wheezing?

Environmental exposures?

Comorbidities?

Physical examination: respiratory rate, heart rate, and BMI?
Chest X-ray?

Chest CT scanning

Spirometry, including pre- and post-bronchodilator test?
Plethysmography

DL,

Six-minute walk test?

Arterial blood gas analysis

Pulse oximetry?

Cardiopulmonary exercise testing
Symptom score and quality-of-life instrument?

2aExaminations/investigations that should be prioritized when all cannot be carried out.

viral, fungal, and nontuberculous mycobacterial
diseases, which might complicate due to subsequent
hemoptysis, can be severe and potentially life-
threatening.(”’ Patients also experience high rates of
hospitalization and respiratory-related mortality.>*

It is noteworthy that factors other than tuberculosis
sequelae can influence PTLD and its outcomes, such
as environmental exposure to smoking, substance
abuse, biomass smoke and occupational exposures.
In addition, cardiopulmonary comorbidities and those
caused by other diseases can also worsen PTLD
outcomes.(*7:22)

Chest imaging

Although chest imaging is an important tool for
evaluating PTLD patients, it should not be used
alone to define post-tuberculosis lung damage, as
patients can be asymptomatic or have no functional
impairment, and have abnormal imaging indicating
post-tuberculosis cure.G%

Both chest X-rays and chest CTs are useful in the
evaluation of lung structural damage of tuberculosis
survivors.?® Although CT imaging showed to be more
sensitive in the identification of a diverse range of
residual pathologies,®® CT availability, costs, and
radiation impact must be taken into consideration
to decide which option best fits each specific case
and scenario.

The most common radiological patterns of PTLD
reported in a systematic review were cavitation,
bronchiectasis, and fibrosis. In addition, nodules,
consolidation, emphysema, pleural thickening, and
mosaic patterns can also be noticed.> Figure 1 shows
some radiological patterns of PTLD.

Pulmonary function testing

In 2015, a study designated Burden of Obstructive
Lung Disease*) assessed the association of pulmonary
function impairment with a history of tuberculosis in
a large, international, population-based sample and
found that previous tuberculosis was associated with
both airflow obstruction and spirometric restriction,

J Bras Pneumol. 2023;49(6):e20230269

and it should be considered as a potentially important
cause of obstructive disease and reduced lung function.

Until now, there has been no consensus on which
disorder is the most prevalent in individuals with
tuberculosis sequelae. A recent prospective cohort
study conducted in Malawi showed that 34.4% of
participants had abnormal spirometry by the end of
antituberculosis treatment.* After 3 years, 27.9% still
presented abnormal pulmonary function test results,
mostly of obstructive nature (15.8%).63%

The healing process that the lungs undergo during
and after antituberculosis treatment is likely to cause
structural damage, leading to loss of parenchymal
tissue and restrictive pattern on spirometry. It is less
clear what mechanisms cause airflow obstruction
associated with tuberculosis. The two most widely
accepted hypotheses are (i) the development of airway
disease (bronchiectasis and bronchial stenosis), and
(ii) immunological factors that can induce bronchial
hyperresponsiveness.(*!)

Therefore, whenever plethysmography or lung volume
measurements are feasible, they should complement
spirometry to confirm obstructive, restrictive, or even
mixed patterns of pulmonary disease since the type
of ventilatory defect can be heterogeneous and vary
in different populations.®?

Decreases in DLco can occur even in patients with
normal spirometry and could be a better tool for lung
function evaluation in PTLD patients.*® Furthermore,
they can also correlate with cardiopulmonary exercise
testing and predict oxygen consumption when that
test is unavailable.G”

As well as for the evaluation of other pulmonary and
cardiac diseases, the six-minute walk test (6MWT)
helps evaluate PTLD patients. This test is cheap, simple,
and very useful for studying functional limitations in
tuberculosis survivors and for designing appropriate
rehabilitation programs for PTLD patients.¢®

Blood gas analysis
In patients with severe clinical, radiological, and/
or functional disabilities, arterial blood gas analysis
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Figure 1. Radiological patterns of post-tuberculosis lung disease. In A, a chest CT scan showing irregular dense opacity
with bronchiectasis from the hilum to the right lung apex associated with apical pleural thickening, elevation of the
hilum, and volumetric reduction on this side. In B, a chest CT scan showing consolidative opacity with a fibroatelectatic
appearance in the right lower lobe, predominantly affecting the anterior, lateral, and posterior basal segments,
determining its volumetric reduction and highlighting the associated bronchiectasis in the anterior basal segment.
Cylindrical bronchiolectasis in the upper segment of the right lower lobe. In C, a chest X-ray showing fibrotic opacity in
the right upper lobe with pleural thickening and volumetric reduction of the right lung, leading to elevation of the right
phrenic dome. In D, a chest CT scan showing a residual excavated lesion in the anterior segment of the right upper lobe
filled with mobile contents upon change of decubitus, corroborating repercussions of superimposed saprophytic fungal
infectious involvement. In E, imaging scans showing confluent laminar atelectasis, volumetric loss, and architectural
distortion in the upper lobes, with intervening calcifications, favoring chronic/residual changes.

(whenever possible) or even oxygen saturation
measurement using pulse oximetry can identify
hypoxemic patients.

The indications for home oxygen therapy should be
the same as those for patients with chronic airway
diseases, that is, Pao, < 55 mmHg, Spo, < 88% on
room air, Pao, between 56 and 59 mmHg associated
with cor pulmonale, and/or hematocrit > 55%.G?

Cardiopulmonary exercise testing

Cardiopulmonary exercise testing provides a global
assessment of integrative exercise responses involving

cardiovascular, respiratory, muscular, and metabolic
systems during exertion, being considered the gold
standard for cardiorespiratory functional assessment.“?

In 2022, Curry et al.G? found that, although
statistically significant, the correlations of any lung
function patterns, if measured using spirometry,
DLco, or even plethysmography, with oxygen
consumption measured on cardiopulmonary exercise
testing, which is considered to be the gold standard
for lung capacity measurement, were weak.®
Despite its importance, cardiopulmonary exercise
testing is not always available.
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Symptom and quality of life scores

Specific severity scores are still unavailable for
PTLD patients, but there is consensus on the urgency
of a scoring system evaluating mortality, health-
related quality of life, rate of lung function decline,
exacerbations/hospitalizations, and tuberculosis
recurrence.®)

Different questionnaires of health-related quality of
life are available and should be used in the follow-up
of PTLD patients, such as the St George’s Respiratory
Questionnaire and the Short-Form Health Survey (with
12 or 36 questions).(:26)

Specific considerations for children

Evaluation at the end of treatment should follow the
same recommendations proposed for adults, although
there is a lack of data regarding children. Chest CT is
not usually indicated due to radiation exposure, but
it may be considered in cases with chronic symptoms
and abnormal radiological findings in order to assess
the extent of disease and/or exclude other diagnoses.
Pulmonary function tests should be considered in all
4-to 6-year-old children with severe lung impairment.
In children = 4 years of age, exercise capacity can be
assessed using the 6MWT. Quality of life questionnaires
such as the EQ-5D-Y and the Toddler and Infant
(TANDI) instrument can be used with local adaptations
for younger children.(®)

MANAGEMENT OF PTLD

Currently, there are no evidence-based guidelines
for PTLD management, but the increasing scientific
literature on the topic has raised several issues that
could help the follow-up of these patients. (2%

Inhaled and oral treatment

For those whose functional obstructive disease has
been established, inhaled bronchodilators may be
useful to reduce symptoms of dyspnea and prevent
a decline in lung function.”) Despite the absence of
evidence to recommending routine bronchodilator use
in PTLD, small studies have suggested that long-acting
B, agonists and long-acting muscarinic antagonists
could improve lung function and dyspnea.*%

Inhaled corticosteroids must be avoided since they
can increase the frequency of exacerbations and

Chart 2. Indications for pulmonary rehabilitation.

the risk of mycobacterial diseases.“!*? However,
following the recommendations applied to noncystic
bronchiectasis, in cases of PTLD associated with
asthma, inhaled corticosteroid therapy may be
justified.?® Similarly, for chronic inflammation in
patients with noncystic fibrosis bronchiectasis, the
use of macrolides is recommended for a minimum
period of 6-12 months in patients with bronchiectasis
and at least two exacerbations per year.3®)

Infectious complications

Clinical approach to exacerbations of infectious and
noninfectious etiology must be the same as those
applied for noncystic fibrosis bronchiectasis.*

In addition to respiratory infections of bacterial and
viral etiology, fungal complications are frequent in
post-tuberculosis lung sequelae. Aspergillus sp. can
present in different ways and severity levels—from only
colonization in a fungus ball shaping (aspergilloma)
to infiltration in the lung parenchyma and/or pleural
tissue with destruction and new cavities (chronic
pulmonary aspergillosis).’*?) Diagnostic criteria for this
last presentation include the presence of respiratory
or constitutional symptoms for at least 3 months,
suggestive radiological findings, and serological or
microbiological evidence of Aspergillus sp. Treatment
for aspergillomas in asymptomatic patients could be
only “follow-up”; however, surgical management is
necessary in cases with multiple episodes of hemoptysis.
On the other hand, invasion and destruction of lung
parenchyma will require antifungal management.G?
Prescription of long-term oral antifungal drugs, such as
itraconazole at a dose of 400 mg/day or voriconazole
at a dose of 400 mg/day, administered for at least
6 months is the recommended first-line therapy
for chronic pulmonary aspergillosis and has been
associated with improvement in quality of life, relief
of symptoms, and delay in disease progression.*3

Pulmonary rehabilitation

Former tuberculosis patients with clinical, functional,
or radiological findings consistent with PTLD should
be evaluated for pulmonary rehabilitation (PR).?®
Chart 2 shows the indications for PR in detail, including
impaired pulmonary function and/or impaired DLco“%);
abnormal blood gas analysis results and/or nocturnal

bronchodilator response and/or impaired DL

desaturation
. Impaired exercise capacity

hypertension, and/or need for surgery
» Impaired quality of life

»  Impaired pulmonary function showing airflow obstruction or restriction (or mixed abnormalities) and

+  Abnormal blood gas: Pao, < 80 mmHg and/or Paco, > 45 mmHg and/or nocturnal and exercise-induced

o Persistent respiratory symptoms (dyspnea, cough, sputum, wheezing, chest pain, and fatigue)

« Ineffective cough and/or difficulty to clear bronchial secretions

» At least one hospitalization or two exacerbations within the last 12 months

. Presence of comorbid conditions, including COPD, asthma, bronchiectasis, pulmonary fibrosis, pulmonary

J Bras Pneumol. 2023;49(6):e20230269



Chart 3. Core components of a rehabilitation program.
Component

Aerobic exercise:
endurance training

Silva DR, Santos AP, Visca D, Bombarda S, Dalcomo MMP, Galvao T, Miranda SS,
Parente AAAI, Rabahi MF, Sales RKB, Migliori GB, Mello FCQ

Indication

Impaired exercise capacity,
limited by dyspnea and/or
other respiratory symptoms
Restriction in activities of
daily living!'"32

Methods

Intervention

Treadmill and/or cycle
ergometer

30 min. 2-5 times/week
for 4-8 weeks

Intensity set according
to maximal oxygen
consumption, Luxton
equation, or 80% of
maximum heart rate
adjusted for dyspnea
Inpatients, outpatients, or
telemonitoring

Suggest maintenance
program

Adaptation to special
settings and situations

Free walking

30 min. 2-5 times/week
for 4-8 weeks

Intensity set according to
perceived dyspnea
Outpatients or home
setting

Suggest maintenance
program

Strength training:
upper and lower
extremities

(limited evidence for
tuberculosis)

Reduced muscle mass and
strength of peripheral
muscles; lower muscle
weakness with risk for falls
Impaired activities of daily
living involving the upper
extremities (including
dressing, bathing, and
household tasks)""

Free weights (dumbbells
and ankle-braces)

20-30 min. 2-5 times/
week for 4-8 weeks

2-3 sets of 6-12 repetitions *

Intensity set to 80%

of maximal voluntary
contraction and/or
adjusted for muscle
fatigue

Inpatients, outpatients, or
telemonitoring

Suggest maintenance
program

Free weights (dumbbells
and ankle-braces)

20-30 min. 2-5 times/
week for 4-8 weeks

2-3 sets of 6-12 repetitions
Intensity set according to
perceived muscle fatigue
Outpatients or home
setting

Suggest maintenance
program

Inspiratory muscle
training

(limited evidence for
tuberculosis)

Impaired respiratory muscle
function, altered respiratory
mechanics, decreased

chest wall compliance, or
pulmonary hyperinflation

Load threshold devices,
seated and using a nose
clip

Interval training: sets of
10 exercise repetitions
interspersed with
10-second breaks

15-20 min. 2-5 times/
week for 4-8 weeks
Loads from 30% to 80%
of maximal inspiratory
pressure

Not applicable

Airway clearance
techniques

Difficult-to-remove secretions

or mucous plugs; frequent
bronchial exacerbations (> 2/
year)

Concomitant diagnosis of
bronchiectasis

Choose the suitable
technique for the subject
among those available,
based on respiratory
capacity, mucus rheology,
patient collaboration, and
patient preferences
15-30 min. one or more
times/day

Choose the duration

of treatment based on
chronic (long-term)

or acute (short-term)
problem

Suggest maintenance
program when needed

Choose the suitable
technique for the subject
among those available,
based on respiratory
capacity, mucus rheology,
patient collaboration, and
patient preferences
15-30 min. one or more
times/day

Choose the duration

of treatment based on
chronic (long-term)

or acute (short-term)
problem

Suggest maintenance
program when needed

Continue...p>

J Bras Pneumol. 2023;49(6):e20230269

6/11



*P Brazilian Thoracic Association recommendations for the management of post-tuberculosis lung disease

7/11

Chart 3. Core components of a rehabilitation program. (Continued...)
Component

Indication

Methods

Intervention

Adaptation to special

Resting hypoxemia despite
stable condition and optimal
medical therapy (partial
pressure of oxygen < 55
mmHg or < 60 mmHg with
evidence of peripheral
edema, polycythemia
[haematocrit > 55%], or
pulmonary hypertension)

Long-term oxygen
therapy

(limited evidence for
tuberculosis)

Titrate oxygen flow

to maintain oxygen
saturation > 92-93%.
Long-term oxygen therapy
should be initiated on a
flow rate of 1 L/min and
titrated up in 1 L/min
increments until oxygen
saturation > 90% at rest
has been achieved

An arterial blood gas
analysis should then be
performed to confirm that
the target partial pressure
of oxygen > 60 mmHg at
rest has been achieved
Ambulatory and nocturnal
oximetry may be
performed to allow more
accurate flow rates to be
prescribed for exercise
and sleep, respectively
Provide formal education
to patients referred home
Schedule periodic
reassessment at 3 months

settings and situations

Titrate oxygen flow to
maintain oxygen saturation
> 92-93%.

Long-term oxygen therapy
should be initiated on a
flow rate of 1 L/min and
titrated up in 1 L/min
increments until oxygen
saturation > 90% at rest has
been achieved.
Non-hypercapnic patients
initiated on long-term
oxygen therapy should
have their flow rate
increased by 1 L/min
during sleep in the absence
of any contraindications
Ambulatory oximetry

may be performed to
allow more accurate flow
rates to be prescribed for
exercise

Provide formal education
to patients referred home
Schedule periodic
reassessment every 3
months

Chronic stable hypercapnia
(partial pressure of carbon
dioxide > 45-60 mmHg)
despite optimal medical
therapy

Noninvasive ventilation could
be applied during aerobic
training in case of severe
breathlessness or reduced
exercise resistance

Long-term nocturnal
noninvasive
mechanical
ventilation

(limited evidence for
tuberculosis)

Not initiating long-term
noninvasive ventilation
during admission for acute
or chronic hypercapnic
respiratory failure,
favoring reassessment at
2-4 weeks after resolution
Titrate noninvasive
ventilation settings
Titrate mask

Plan education

Consider noninvasive
ventilation during exercise
Schedule an educational
meeting and verify the
ability of the subject and/
or a caregiver to manage
noninvasive ventilation at
home

Probably not applicable

Malnutrition (BMI < 16 kg/m?
or < 17 kg/m? in patients with
tuberculosis-HIV coinfection,
patients with MDR
tuberculosis, or in those who
are pregnant or are lactating
mothers)

Nutritional support

Nutritional assessment
Tailored treatment: foods
and medical supplements
Need for financial
incentive and
transportation access
should be evaluated

Nutritional assessment
Tailored treatment: foods
and medical supplements
Need for financial
incentive and
transportation access
should be evaluated

Social isolation, depression,
and/or anxiety

Impaired health status and/or
quality of life despite optimal
pharmacological treatment
Low adherence to medical
treatment

Psychological support

Psychological assessment
Psychological support
Consider self-help group

Psychological assessment
Psychological support
Consider self-help group

min.: minutes; and MDR: multidrug resistant.
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Chart 4. Evaluation of pulmonary rehabilitation effectiveness.
Adaptation to special settings and situations

Essential and conditional examinations/investigations

Lung function
+ Spirometry (FEV,, FVC, FEV,/FVC)
o Plethysmography

 Spirometry (FEV,, FVC, FEV,/FVC)

Pao, « Pulse oximetry (Sp0,, % desaturation)
Paco,

Pulse oximetry (Sp0O,, % desaturation)

DLco, Kco

Exercise capacity

o 6MWT o 6MWT

+ Vo,max o 5STS

o ISWT

o 5STS

Health-related quality of life
EUROHIS-QoL 8

SGRQ

WHOQOL-BREF

Pediatric: EQ-5D-Y and TANDI
Self-reported symptoms

Health-related quality oflfe |
EUROHIS-QoL 8

SGRQ

WHOQOL-BREF

Pediatric: EQ-5D-Y and TANDI

« mMRC « mMRC
o VAS o VAS
« modified Borg scale « modified Borg scale

Acute infectious exacerbations (e.g., in bronchiectasis) requiring antibiotic and/or steroid treatment
Number of episodes Number of episodes

Hospitalization

Number of episodes/hospital days
Mortality

Number of deaths Number of deaths

Kco: carbon monoxide transfer coefficient; 6MWT: six-minute walk test; ISWT: incremental shuttle walk test;
5STS: 5 repetitions sit-to-stand test; EUROHIS-QoL: European Health Interview Survey-Quality of Life; SGRQ: St.
George’s Respiratory Questionnaire; WHOQOL-BREF: World Health Organization Quality of Life Instrument, brief

Number of episodes/hospital days

version; TANDI: Toddler and Infant (instrument); mMRC: modified Medical Research Council; and VAS: visual

analogue scale.

and exercise-induced desaturation*®; impaired
exercise capacity(:384647); persistent respiratory
symptoms“8-51): ineffective cough and/or difficulty
to clear bronchial secretions>?°3; at least one
hospitalization or two exacerbations in the last 12
months(*28:545%) presence of comorbid conditions,
including COPD, asthma, bronchiectasis, pulmonary
fibrosis, pulmonary hypertension, and/or need for
surgery*1&56)- and impaired quality of life.57-5

The PR program should be coordinated according
to the local organization of health services, taking
into consideration feasibility, effectiveness, and
cost-effectiveness criteria.?® The core components
of a PR program are summarized in Chart 3.

Evaluation of effectiveness of PR should be carried
out by comparing the core variables before and after
PR,® as shown in Chart 4.

Vaccination

Similarly to other chronic respiratory disorders,
PTLD may cause infectious complications, and some of
these can be prevented with vaccinations. Influenza,
pneumococcal, and COVID-19 vaccines should be
recommended for PTLD patients.

Influenza vaccination must be repeated annually
following local vaccination campaigns. For pneumococcal
prevention, the Brazilian Immunization Association
recommends either the 13-valent pneumococcal
conjugate vaccine or the 15-valent pneumococcal
conjugate vaccine, which has stronger immunogenic—
use depends on availability—and, 6 months to 1 year
later, the 23-valent pneumococcal polysaccharide
vaccine, which can be boosted by a second dose
administered 5 years later.(?9

There are some vaccines recommended for the
general population (or specific age groups) of which
PTLD patients are likely to benefit from, such as those
against tetanus, diphtheria, pertussis, measles, and
shingles. Measles vaccination is recommended if there
is no evidence of immunity (e.g., being born before
1957, lack of documented proof of having received
the measles-mumps-rubella vaccine, or laboratory
evidence of immunity or disease) is lacking. Patients
with PTLD > 50 years of age can also benefit from
vaccination against shingles. The tetanus-diphtheria-
pertussis vaccine is recommended for the general
population and should be considered for not previously
vaccinated PTLD patients; also, booster doses should
be repeated every 10 years in adults.(®®
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Education and counseling for PTLD patients

Every patient who participates in a PR program should
undergo counseling and health education. Patients
should be educated on the basic principles of the
disease (epidemiology, clinical aspects, transmission,
diagnosis, and treatment); common symptoms that
they might experience after acute disease; how to
monitor and manage their symptoms at home, and
when they should visit a health care facility/call a
doctor; and risks of reinfection and how they can
manage this risk. In addition, patients should be
counseled about the benefits of a healthy lifestyle (such
as physical activity, adequate nutrition, and smoking
cessation). Telehealth, videos, and booklets can be
used for patient education. Family member of patients
should also be encouraged to participate. Counseling/
health education should include maintenance of the
results obtained with PR through a follow-up plan.(?661

FINAL CONSIDERATIONS

As more and more evidence is available on the
deleterious consequences of PTLD, the development of
a consensus statement directed toward this condition
has become a priority for the SBPT. Approximately one
third of patients who survive pulmonary tuberculosis

can face a considerable ongoing morbidity, and the
present recommendations apply to them. In the
present manuscript, prepared by 11 pulmonologists
and one methodologist with extensive experience in
this area, recommendations for prevention, diagnosis,
and management have been made, and the latest
international guidelines have been adapted to the
Brazilian context.
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SYSTEMATIC REVIEW AND
META-ANALYSIS

Use of elexacaftor+tezacaftor+ivacaftor in
individuals with cystic fibrosis and at least
one F508del allele: a systematic review and
meta-analysis

Luiz Vicente Ribeiro Ferreira da Silva Filho'®, Rodrigo Abensur Athanazio*®,
Carolina Rodrigues Tonon*®, Juliana Carvalho Ferreira?®, Suzana Erico Tanni®

ABSTRACT

Objective: To evaluate the effect of treatment with the combination of three cystic
fibrosis transmembrane conductance regulator (CFTR) modulators—elexacaftor+tezac
aftor+ivacaftor (ETI)—on important clinical endpoints in individuals with cystic fibrosis.
Methods: This was a systematic review and meta-analysis of randomized clinical trials
that compared the use of ETI in individuals with CF and at least one F508de/ allele
with that of placebo or with an active comparator such as other combinations of CFTR
modulators, following the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) recommendations and the Patients of interest, Intervention to be
studied, Comparison of interventions, and Outcome of interest (PICO) methodology. \We
searched the following databases: MEDLINE, EMBASE, Cochrane Central Register of
Controlled Trials, and ClinicalTrials.gov from their inception to December 26th, 2022.
The risk of bias was assessed using the Cochrane risk-of-bias tool, and the quality of
evidence was based on the Grading of Recommendations Assessment, Development
and Evaluation (GRADE). Results: We retrieved 54 studies in the primary search. Of
these, 6 met the inclusion criteria and were analyzed (1,127 patients; 577 and 550 in the
intervention and control groups, respectively). The meta-analysis revealed that the use
of ETl increased FEV, % Irisk difference (RD), +10.47%; 95% Cl, 6.88-14.06], reduced
the number of acute pulmonary exacerbations (RD, —0.16; 95% Cl, —0.28 to —0.04),
and improved quality of life (RD, +14.93; 95% Cl, 9.98-19.89) and BMI (RD, +1.07 kg/
m?; 95% Cl, 0.90-1.25). Adverse events did not differ between groups (RD, —0.03; 95%
Cl, —0.08 to 0.01), and none of the studies reported deaths. Conclusions: Our findings
demonstrate that ETI treatment substantially improves clinically significant, patient-
centered outcomes.

Keywords: Cystic fibrosis/therapy; Cystic fibrosis transmembrane conductance regulator;
Membrane transport modulators.

in the past.(® This new scenario of hope was created
mainly by the discovery of CFTR protein modulators,

Cystic fibrosis (CF) is a genetic disease that results
in dysfunction of the cystic fibrosis transmembrane
conductance regulator (CFTR) protein, a chloride and
bicarbonate channel expressed in the apical portion of
epithelial cells of several organs of the human body.®"
CFTR protein dysfunction results in diverse and potentially
severe clinical manifestations, primarily involving the
respiratory, gastrointestinal, and reproductive systems,
reducing quality of life and life expectancy.® More than
2,000 variants have been described as related to CF or
CF-like manifestations, and the most common variant
worldwide has at least one F508del allele,® reported in
approximately 60% of CF individuals in Brazil.*®

Described more than 70 years ago, CF is yet a
condition with no definitive cure, although it has now a
totally different and much more favorable therapeutic
and prognostic horizon for affected individuals than

small molecules that have been shown to be able to
rescue protein function or expression.® The first CFTR
modulator described, ivacaftor, interacts with mutant
CFTR proteins expressed at the cell surface and increase
channel activity; therefore, it has been labeled as a
‘potentiator’.”’ Because F508del mutant proteins have
defective processing and trafficking at the endoplasmic
reticulum, the use of molecules able to increase protein
expression is critical to rescue CFTR function®; some of
these compounds, named “correctors,” have also been
identified (lumacaftor, tezacaftor, and elexacaftor).®®
However, F508del mutant proteins rescued by these
correctors do not exhibit sufficient channel activity when
expressed at the cell surface, and, therefore, there is a
need to combine at least one corrector with a potentiator
to promote significant CFTR function.®
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Initial results of combination therapies in F508del
homozygous CF patients showed less expressive
improvements in lung function compared to the effects
of ivacaftor for individuals with gating variants.© A
step forward was the recognition that F508del CFTR
mutants have more than one critical defect that
needs to be tackled to overcome the endoplasmic
reticulum checkpoints of protein quality and to result
in CFTR expression at the cell membrane.1% These
findings led to clinical trials testing the combination
of two correctors and a potentiator (ivacaftor) to
rescue F508del CFTR mutants, the combination of
elexacaftor+tezacaftor+ivacaftor (ETI).(*?)

Initial results of the studies of ETI use for CF individuals
with F508del CFTR variants were promising, and even
patients with only one copy of the variant allele combined
with another minimal function variant allele showed
substantial improvements in key outcomes such as
lung function, quality of life, nutrition, and frequency
of exacerbations.*>* Subsequently, initial results of
pivotal studies, extension studies, and interventions in
different age groups were also published.>®

In Brazil, recently published clinical practice
guidelines"” focusing on the treatment of CF did
not include a question regarding the use of ETI in
CF patients because their clinical questions had been
developed before this drug combination was available
in the country. However, this reality is rapidly changing,
and given that F508del CFTR mutations are the most
prevalent type of mutations causing CF worldwide, it
is important to estimate the cumulative effect of ETI
on important clinical outcomes in patients with CF.
Therefore, we conducted a systematic review and
meta-analysis on the effects of ETI in patients with
CF and at least one F508del allele.

METHODS

This systematic review was conducted following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) recommendations.®

The study protocol followed the Grading of
Recommendations Assessment, Development, and
Evaluation (GRADE) framework, and the question of
interest followed the Patients of interest, Intervention
to be studied, Comparison of interventions, and
Outcome of interest (PICO) methodology. With
the use of highly effective CFTR modulators as the
intervention of interest, the PICO framework was as
follows: Patients, patients with CF; Intervention, use of
elexacaftor+tezacaftor+ivacaftor; Comparison, other
modulators or placebo; and Outcome, mortality rate
due to any cause, acute pulmonary exacerbations,
adverse events, lung function (measured by FEV,),
quality of life (measured by the respiratory domain
score of the Cystic Fibrosis Questionnaire), and BMI.

We aimed to include all randomized controlled trials
(RCTs) on the topic. No restrictions were imposed with
regard to the date of publication, language, age group,
or availability of full texts of papers. The protocol was

J Bras Pneumol. 2023;49(5):e20230187

registered on the International Prospective Register of
Systematic Reviews (PROSPERO) platform (Protocol
no. 2023 CRD42023386782).

Two authors developed search strategies that were
revised and approved by the team, selected information
sources, and systematically searched the following
databases: MEDLINE, EMBASE, Cochrane Central
Register of Controlled Trials, and ClinicalTrials.gov. A
specific search strategy was used for the databases:
(Fibrosis Cystic OR Mucoviscidosis OR Pulmonary Cystic
Fibrosis OR Pancreatic Cystic Fibrosis OR Fibrocystic
Disease of Pancreas OR Pancreas Fibrocystic Disease
OR Pancreas Fibrocystic Diseases OR Cystic Fibrosis
of Pancreas) AND (elexacaftor ivacaftor tezacaftor OR
elexacaftor ivacaftor tezacaftor drug combination OR
Trikafta OR VX445); For the Cochrane Central Register
of Controlled Trials, the following strategy was used:
fibrosis cystic AND elexacaftor ivacaftor tezacaftor.

Two researchers independently selected and extracted
data from the studies included. First, studies were
selected based on their titles and abstracts. Then, the
full texts were evaluated for inclusion or exclusion, and
disagreements were resolved by consensus or following
a discussion with a third researcher. Data regarding
authorship, year of publication, patient description,
interventions (ETI and control), absolute numbers of
each outcome, and follow-up duration were extracted
from the studies by two researchers independently,
and the extracted values were compared.

The risk of bias for RCTs was assessed using the
modified Cochrane risk-of-bias tool (RoB 2),(1°2% as
were other fundamental elements, and were expressed
as very serious, serious, or non-serious. The risk of
bias assessment was conducted by two reviewers
independently, and, in case of disagreement, a third
reviewer deliberated the assessment. The quality of
the evidence was extrapolated from the risk of bias
based on the GRADE terminology as very low, low,
or high, using the GRADEpro Guideline Development
Tool (McMaster University, Hamilton, ON, Canada).?"

Categorical outcomes were expressed by group (ETIL
and control), as was the calculated risk in percentage
(by dividing the number of events by the total number
of patients in each group). If the risk difference (RD)
between the groups was significant, a 95% CI was
expressed, and the number needed to treat or the
number needed to harm was calculated. Continuous
outcomes were expressed by groups (ETI and control)
as means and standard deviations, as well as the risk
difference between the groups.

We used a fixed-effect or a random-effect model
for the meta-analysis to evaluate the effect of ETI
vs. control on the outcomes of interest when these
data were available in at least two RCTs. The effects
were reported as RDs and corresponding 95% Cls; a
95% CI which encompassed the value 0 in its range
indicated that there was no difference in the effect
between the ETI and control arms. RD expresses
the absolute effect size when compared with the



relative risk or odds ratio, and this technique can be
used when the binary outcome is zero in both study
arms. Heterogeneity of the effects among studies was
quantified using the I? statistic (I2 > 50% indicates
high heterogeneity). For the meta-analysis, we used
the Review Manager software, version 5.4 (RevMan 5;
Cochrane Collaboration, Oxford, United Kingdom).??

RESULTS

A total of 54 studies were retrieved from the selected
databases. After eliminating duplicates and including
studies that met the eligibility criteria, 12 studies
were selected for assessment of full texts. Of these, 6
were excluded (Figure 1). Therefore, 6 RCTs involving
1,127 individuals, 577 and 550 of whom were in the
intervention and control groups, respectively, were
included in the meta-analysis,(!*-162%) as detailed in
Table 1.

Articles identified in the search
(n =54)

Identification

da Silva Filho LVRF, Athanazio RA, Tonon CR, Ferreira JC, Tanni SE

One study? included only adults (= 18 years of age;
N = 123), and one® included 6-12 year-old children
(N = 121). Four other studies included CF individuals
> 12 years of age. Duration of follow-up was 24
weeks in 4 studies, and 4-8 weeks in 2 others. Two
studies reported a 96-week follow-up extension. 314
Most of the studies used an active comparator group
(tezacafor/ivacaftor), and only 2031%) compared ETI to
placebo (N = 526). The characteristics of each study,
risk of bias, and quality of evidence are presented in
Tables 1, 2, and 3, respectively. We considered that
the risk of bias in the included studies to support the
conclusions about treatment as serious. The quality of
the evidence in the ETI group varied according to the
outcome analyzed: exacerbations (low), FEV, (very
low), BMI (very low), quality of life (very low), adverse
events (moderate), and number of deaths (moderate).

The studies reported no deaths during the follow-up
period. Therefore, it was impossible to estimate the

Total articles excluded

Y

(n=17)
Duplicates

Articles evaluated by title and abstract
(n=37)

Selection

Total articles excluded

Y

A

(n=21)
Inclusion criteria not met

Full-text articles assessed for eligibility
(n=16)

Eligibility

Total articles excluded (n = 6)

Y

»| Conference abstracts with similar samples (n = 5)
Non-randomized study (n = 1)

Studies included in the meta-analysis
(n=6)

=
2
w
=
]
£

Figure 1. Flow diagram of study selection in accordance with the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) recommendations.®®
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impact on mortality with a moderate quality of evidence.
Results of the meta-analysis revealed a statistically
significant improvement in the respiratory domain of
the quality of life questionnaire (RD, +14.93; 95%
CI, 9.98-19.89), with very low quality of evidence
(Figure 2A); a statistically significant effect on FEV, in
the ETI group (RD; +10.47%; 95% CI, 6.88-14.06],
with very low quality of evidence (Figure 2B); and
also a statistically significant difference in BMI (RD,
+1.07 kg/m?; 95% CI, —0.90 to 1.25), with very low
quality of evidence (Figure 2C). We also observed
a statistically significant reduction in the number of
acute pulmonary exacerbations (RD, —0.16, 95% CI,
—0.28 to —0.04), with low quality of evidence (Figure
3A), but no significant impact on the occurrence of
adverse effects (RD, —0.03; 95% CI, —0.08 to 0.01),
with moderate quality of evidence (Figure 3B).

Early stop

calculation

)
N
@
2
=3
£
]
(72}

DISCUSSION

In this systematic review and meta-analysis regarding
the efficacy and safety of the combination of three
CFTR modulators (ETI) in patients with CF and at least
one F508del allele, we found that treatment with ETI,
compared with treatment with placebo or other CFTR
modulators, reduced exacerbations and improved
lung function, BMI, and quality of life. There were no
significant differences in adverse events or mortality.

Outcome

Characteristic
Prognosis

Our findings support the adoption of ETI combination
therapy for patients with CF and at least one F508de/
allele, given that this combination led to substantial
improvements in clinically significant, patient-centered
outcomes, without a significant impact on adverse
events. A previous systematic review, also including 6
studies, about the triple therapy for CF patients found
similar results.**) However, 1 of the studies included
used a different combination of modulators (VX-659
instead of elexacaftor, combined with ivacaftor and
tezacaftor),®® and because the search was limited
to December of 2021, it did not include the study by
Mall et al.,(*® published in 2022 and included in our
study. The similarity of the findings reinforces the
robustness of data supporting the clinical effectiveness
of ETI therapy.

Recent clinical practice guidelines by the Brazilian
Thoracic Society addressing other common treatments
for CF*”) did not include the ETI treatment, because the
clinical questions were formulated before ETI therapy
was available in Brazil. Therefore, this systematic
review and meta-analysis complements the findings
of the clinical practice guidelines*”) and offers robust
information to the scientific literature that could
support health care decisions in Brazil and in other
countries. The magnitude of clinical impact observed
with the ETI treatment in CF patients with at least
one F508del allele was remarkable, and comparable
to that observed with ivacaftor for patients with CFTR
gating mutations.?®

Losses

Allocation Double blind Observer

Randomization

Our results are also in line with findings of recent
observational studies on ETI in real life scenarios.(?7:2®)

ITT: intention to treat. 2Red: risk of bias; yellow: unclear; and green: without risk of bias.

Table 2. Risk of bias of the randomized clinical trials included in the meta-analysis.?

Heijerman et al.("®
Keating et al.("?
Mall et al.(®
Middleton et al.™®
Sutharsan et al.™

Barry et al.®
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Figure 2. Forest plots of the included studies evaluating the efficacy of elexacaftor+tezacaftor+ivacaftor vs. placebo in
individuals with cystic fibrosis and at least one F508del allele. In A, quality of life determined by the respiratory domain
score of the Cystic Fibrosis Questionnaire respiratory domain; in B, FEV, in percentage of the predicted value; and, in
C, BML. 1V: inverse of the variance; and df: degrees of freedom

A recently published interim analysis of a registry-
based study reported the impact of ETI treatment
for 2 years on more than 16,000 North American CF
individuals.?”? Treatment with ETI was associated with
significant and sustained improvements in lung function
and reductions in acute pulmonary exacerbations and
hospital admissions. Moreover, no new safety concerns
were identified, and there was a 72% lower rate of
mortality and 85% lower rate of lung transplantation
in regard to the year before ETI availability.?” Similar
findings were described in a French cohort of 245
patients with CF and severely impaired lung function,
who experienced decreases in long-term supplemental
oxygen therapy, noninvasive ventilation, and enteral
tube feeding requirements, in addition to a decrease
in lung transplant listing.®

The combined data from the RCTs included in this
meta-analysis indicate that the mean gain in lung
function (FEV, in % of predicted value) with the ETI
therapy was +10.4%. This result is clinically significant

J Bras Pneumol. 2023;49(5):e20230187

and superior to that of most of the therapies adopted
to treat CF-related lung disease, such as dornase
alpha (+5.8%)?* and azithromycin (+6.2%),*® and
comparable to that of inhaled tobramycin for patients
chronically infected with Pseudomonas aeruginosa
(+10%).Y This gain in lung function is even more
impressive if we take into account that the average
lung function of the current CF population included in
the ETI studies has been much higher than it was in the
past,©? making those improvements of such magnitude
even more remarkable. The efficacy results even in CF
individuals with only one F508de/ allele combined with
any minimal function mutation*® are also remarkable
and indicate that the minimum amount of functional
CFTR needed to result in a significant clinical impact
may be in fact around 10-30% of CFTR function, as
previously estimated.©*

The reduction of acute pulmonary exacerbations and
improvements in the respiratory domain of quality of life
questionnaires are very consistent across the studies;
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Figure 3. Forest plots of the included studies evaluating the efficacy of elexacaftor+tezacaftor+ivacaftor vs. placebo in
individuals with cystic fibrosis and at least one F508del allele. In A, acute pulmonary exacerbations; and, in B, adverse
events. M-H: Mantel-Haenszel (method); and df: degrees of freedom.

all of the 6 studies showed improvements in quality
of life, and 5 showed reductions in the number of
exacerbations. Acute exacerbations in CF are associated
with several negative outcomes, such as an increase in
the number of work or school days missed, weight loss,
worse quality of life, and increased health care costs, %
and, therefore, are a very important patient-centered
outcome in CF. Although none of the included studies
was designed or powered to estimate the effect of ETIL
on mortality, the finding that ETI reduces exacerbations
underscores the potential impact of this therapy on
long-term survival. We found that ETI adverse events
were similar to those of other treatment options or
placebo. Most of the studies reported only mild and
transient adverse effects, the most worrisome ones
being rashes, liver function alterations, and psychiatric
effects such as anxiety.*> Such effects were described
as reversible with temporary drug discontinuation,
and, in most cases, they did not result in permanent
discontinuation of treatment, allowing its continuation
after some days or weeks.(>>

Our findings have important implications for patients
with CF, given that other treatment options are
scarce. Initial studies of combinations of two drugs
for CF patients with F508del/ CFTR mutations showed
a modest impact on lung function or sweat chloride
measurements, %) while the use of lumacaftor as the
corrector resulted in safety concerns.*” However,
the combination of lumacaftor and ivacaftor was
the only option for young (2-5 years of age) CF

individuals homozygous for F508del/ until May of
2023, when ETI therapy was approved by the Food
and Drug Administration to treat these patients after
the publication of results of a phase-3 open-label
study.® Since early lung disease do occur in some
patients with a significant clinical impact,*® more
studies on CFTR modulators in younger CF children
are imperative.

Our study has several limitations. First, only RCTs
were included. New data stemming from real-life
studies are significantly expanding the knowledge
about the effectiveness of new treatments in the CF
population,?740-42) and such studies should be considered
in future analyses on health care benefits of these
interventions. Second, only 6 studies were included.
However, CF is a rare disease, and ETI is a new and
expensive medication, which has been available only
for a few years. Third, we were underpowered to detect
the impact of ETI on mortality since all of the studies
followed patients for just a few weeks/months and
typically reported only few or no deaths. Additionally,
data regarding benefits and risks of using ETI in CF
individuals with preserved lung function and good
quality of life were limited. Finally, our study does not
include a cost-effectiveness analysis.

The current annual cost per patient of the ETI
treatment paid by countries with negotiated agreements
is more than US$250,000, which is very expensive
for governments and private health care insurers in

J Bras Pneumol. 2023;49(5):e20230187
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low- and middle-income countries such as Brazil.*> As
negotiations between governments and the company
are occurring, our findings highlight the effectiveness
of ETI in improving patient-centered outcomes and
may help inform future public health policies to provide
evidence-based care for individuals with CF living in
such countries, changing the landscape of long-term
survival in CF.(4%
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Effectiveness of wearing masks during the
COVID-19 outbreak in cohort and case-
control studies: a systematic review and
meta-analysis

Idevaldo Floriano'®, Antonio Silvinato"2®, Hélio Arthur Bacha’®,
Alexandre Naime Barbosa“*®, Suzana Tanni®®, Wanderley Marques Bernardo®®

ABSTRACT

Objective: To evaluate the efficacy of wearing a mask to prevent COVID-19 infection.
Methods: This was a systematic review and meta-analysis of cohort and case-
control studies, considering the best level of evidence available. Electronic databases
(MEDLINE, EMBASE, Cochrane Central Register of Controlled Trials, and Clinical Trials.
gov) were searched to identify studies that evaluated the effectiveness of wearing masks
compared with that of not wearing them during the COVID-19 pandemic. Risk of bias and
quality of evidence were assessed using the Cochrane risk of bias tool and the Grading
of Recommendations Assessment, Development, and Evaluation. Results: Of the
1,028 studies identified, 9 met the inclusion criteria (2 cohort studies and 7 case-control
studies) and were included in the analysis. The meta-analysis using cohort studies alone
showed statistically significant differences, wearing a cloth mask decreased by 21% [RD
=-0.21 (95% Cl, —0.34 to -0.07); 1= 0%; p = 0,002] the risk of COVID-19 infection,
but the quality of evidence was low. Regarding case-control studies, wearing a surgical
mask reduced the chance of COVID-19 infection [OR = 0.51 (95% ClI, 0.37-0.70); I>=
47%; p = 0.0001], as did wearing an N95 respirator mask [OR = 0.31 (95% ClI, 0.20-
0.49); I?= 0%; p = 0.00001], both with low quality of evidence. Conclusions: In this
systematic review with meta-analysis, we showed the effectiveness of wearing masks
in the prevention of SARS-CoV-2 infection regardless of the type of mask (disposable
surgical mask, common masks, including cloth masks, or N95 respirators), although the
studies evaluated presented with low quality of evidence and important biases.

Keywords: Antiviral agents; COVID-19; SARS-CoV-2; Masks.
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INTRODUCTION

After the first case of COVID-19 in November of 2019,
the pandemic has widely spread worldwide, causing
numerous deaths from SARS-CoV-2-related ARDS. The
transmission of respiratory viruses such as SARS-CoV-2

coughs, reduce COVID-19 transmission. Masks can be
used to protect healthy people or to prevent onward
transmission. On the other hand, there is a concern
related to the real effectiveness of the different types
of masks in reducing the transmission of COVID-19.

can occur through saliva droplets, person-to-person
contacts, or contaminated surfaces,*? and it can be
avoided by barriers and social distancing protection.

At the beginning of the pandemic, there was a sudden
and marked increase in the consumption of personal
protective equipment (PPE), which, in association with
social distancing, were the only methods to prevent the
spread of the virus before vaccine availability. With the
advent of vaccines, there was a marked reduction in
infection and mortality rates, but those were still high.
Nowadays, the use of PPE is adaptive considering the
recommendations of local health agencies and COVID-19
incidence rates. The WHO®) and the U.S. Centers for
Disease Control and Prevention® recognize that wearing
well-fitted masks and maintaining social distancing, such
as avoiding crowded or closed-contact settings, as well
as cleaning hands regularly and covering sneezes and

Commercially, there are three types of masks commonly
sold in order to protect against aerial contamination:
cloth face masks, worn by the general population;
medical face masks (surgical face masks), worn by
health care agents; and N95 respirators or equivalents,
worn by health care professionals in the presence of
aerosol contaminants.

Previous systematic reviews in the literature on this
topic®>”) did not take into consideration the relationship
between the type of respiratory viruses and their
respiratory infection rate, and this directly impacted
on the results. Moreover, those studies had different
study designs, creating bias and reducing the quality
and reliability of the data obtained. To improve the
information regarding the effectiveness of masks used
during the COVID-19 pandemic, this systematic review
was carried out with a selection of studies published

Correspondence to:

|devaldo Floriano. Rua Marcos Vedovello, 89. CEP 13840-221. Mogi-Guagu, SP, Brasil.

Tel.: 55 19 3981-4992. Email: idfloriano@hotmail.com
Financial support: None.

1/8 © 2023 Sociedade Brasileira de Pneumologia e Tisiologia

ISSN 1806-3756


https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0002-3753-2866
https://orcid.org/0000-0003-3718-1442
https://orcid.org/0000-0003-4269-0065
https://orcid.org/0000-0002-2187-4722
https://orcid.org/0000-0002-2587-2759
https://orcid.org/0000-0002-8597-5207

Floriano |, Silvinato A, Bacha HA, Barbosa AN, Tanni S, Bernardo WM

during the COVID-19 pandemic, which were stratified
according to the types of masks (cloth masks, surgical
masks, and N95 respirators) used around the world,
as well as the types of study design.

METHODS

This systematic review was carried out in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses recommendations.®

Eligibility criteria

The protocol of this study was based on the PICO
methodology (Patients of interest, Intervention to be
studied, Comparison of intervention, and Outcome
of interest). Therefore, the PICO framework in the
present study was as follows: Patients: adults at risk
of being infected with SARS-CoV-2; Intervention: use
of face masks; Comparison: individuals who did not
wear face masks; and Outcome: COVID-19 infection.
Observational (cohort or case-control) studies were
included in this study, and no restrictions regarding the
date of publication, language, or full-text availability
were imposed.

Information sources and search strategy

Two authors developed a search strategy that was
revised and approved by the team, selected information
sources, and systematically searched the following
databases: MEDLINE, EMBASE, Cochrane Central
Register of Controlled Trials, and ClinicalTrials.gov,
as well as gray literature. The main search strategy
used was the following: “(mask OR masks OR N95
OR (Respiratory Protective Devices OR Respiratory
Protective Device) OR face shield) AND (COVID OR
COV OR CORONAVIRUS OR SARS) AND (random¥)
OR therapy/broad(filter] OR comparative study OR
comparative studies).” The search strategy included
studies published by November 1, 2022.

Study selection

Two independent researchers selected and extracted
the data from the studies included. First, the studies
were selected based on their titles and abstracts.
Second, full texts were evaluated to be included
or excluded, and disagreements were resolved by
consensus or following a discussion with a third
researcher.

Data collection and investigated outcomes

Data regarding authorship, year of publication,
patient description, interventions (wearing masks
or control), absolute numbers of each outcome, and
follow-up period were extracted from the studies.

Risk of bias and quality of evidence

The risk of bias for cohort and case-control studies
was assessed using the current tool recommended by
the Cochrane Collaboration to estimate the effectiveness
and safety of nonrandomized interventional studies,

designated Risk of Bias in Non-randomized Studies
of Interventions.® This tool assesses seven domains
of bias, classified by the time of occurrence, as were
other fundamental elements, and are expressed as
low risk, moderate risk, serious risk, critical risk, or
no information.

The assessment of the risk of bias was conducted
by two independent reviewers, and, in case of
disagreement, a third reviewer deliberated on the
assessment. The quality of evidence was extrapolated
from the risk of bias and was described by using
the Grading of Recommendations Assessment,
Development and Evaluation terminology®%!t) as
very low, low, moderate, or high; the quality of
evidence was described by the GRADEpro Guideline
Development Tool (McMaster University, Hamilton,
ON, Canada) for meta-analyses.

Synthesis of results and statistical analysis

Categorical outcomes were expressed by group
(wearing masks or control): number of events and
calculated risk in percentage (by dividing the number
of events by the total number of individuals in each
group) for cohort and case-control studies. The
effectiveness of wearing a face mask for preventing
transmission of COVID-19 respiratory infections in
community settings was assessed using ORs and their
respective 95% ClIs for case-control studies. For cohort
studies, the effects of meta-analyses were reported
as risk differences (RDs) or ORs and corresponding
95% Cls. The use of RDs shows the absolute effect
size in the meta-analysis when compared with the
relative risk or the OR, and this technique can be
used when the binary outcome is zero in both study
arms. We used the fixed-effect or the random-effect
model in the meta-analysis to evaluate the effect
of intervention vs. control on the outcome when
these data were available in at least two studies.
The heterogeneity of effects among studies was
quantified using the I? statistic (I> > 50% indicating
high heterogeneity). For the meta-analysis, we used
the Review Manager software, version 5.4 (RevMan 5;
Cochrane Collaboration, Oxford, United Kingdom).*?)
Results were expressed using a methodological
(observational cohort study) design.

RESULTS

A flow diagram of the literature search and related
screening process is shown in Figure 1. The search
strategy identified 1,367 studies, and, after screening
titles and abstracts, we identified 57 potentially eligible
citations. After applying inclusion and exclusion criteria,
we retrieved 18 citations for full-text analysis, and 9
studies(**?Y) were included in this systematic review,
2 of those being cohort studies**'% and 7 being
case-control studies.*>2Y) The list of excluded studies
and the reasons for their exclusion are available in
the supplementary material. The characteristics of
the studies included are described in Table 1. The
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Selected articles
(n=18)

Total deleted articles

Y

Y

(n=8)
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Total deleted articles (n = 1)

Y

> Study conducted at the beginning of the
pandemic, low incidence of COVID-19, promoting
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Studies included in the meta-analysis
(n=9)

=
2
%}
=
[%}
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Figure 1. Flow chart of study selection process.

risk of bias and the quality of evidence are described
in Tables 2 and 3, respectively. No publication bias
was identified.

A total of 2,803 participants (192 in the cohort
studies and 2,611 in the case-control studies) were
included in the analysis (wearing a mask or not) in
terms of effectiveness to decrease the indices of
COVID-19 infection.

Regarding the risk of bias, all of the studies included
showed high or critical biases due to confusion,
selection of participants, or missed dates. Overall, the
studies were considered to have a high risk of bias
(Table 2): a serious risk in 5 studies and a moderate
risk in 3 studies.

The cohort studies evaluated 192 participants on the
effectiveness of wearing a mask (disposable surgical
masks or common masks, including cloth masks) in
preventing COVID-19 infection. The wearing of masks
was associated with an important reduction (by 21%)
in the risk of COVID-19 infection [RD = —0.21 (95%
CI, —0.34 to —0.07); 12 = 0%; p = 0.002], which

J Bras Pneumol. 2023;49(6):e20230003

indicated that it was necessary that 5 participants
should wear a mask to avoid 1 COVID-19 case, with
a low quality of evidence (Figure 2).

Six case-control studies included 729 subjects in the
intervention group and 1,074 in the control group. The
meta-analysis showed that the chance of contracting
COVID-19 infection was 0.49 times lower in those
who wore masks [OR = 0.51 (95% CI, 0.37-0.70);
12 = 47%, p = 0.0001] when compared with the
control group, with a low quality of evidence (Figure
3). The specific use of the N95 respirator masks was
assessed in 4 case-control studies, which included
414 participants in the N95 mask group and 395 in
the control group. The N95 mask group showed to
have a 0.69 lower chance of acquiring COVID-19
infection in comparison with those who did not wear
a mask [OR = 0.31 (95% CI, 0.20-0.49); I?= 0%, p
= 0.00001], with a low quality of evidence (Figure 3).

Summary of evidence
e The use of masks (disposable surgical masks or
common masks, including cloth masks) caused a
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Table 1. Description of the studies included in the systematic review.

Study Design Population Intervention Comparator Outcome Follow-up
Andrejko Case-control 2,749 participants from  Wearing Not wearing  COVID-19 14 days
et al."™ the state of California, masks masks infection
USA, were evaluated (cotton,
between February 18 surgical, or

and December 1, 2021. N95/KN95.
All participants reported

having been in indoor

public settings 14 days

before SARS-CoV-2

testing
Chen Cohort Risk factors were Wearing Not wearing  Demographic 14 days
et al.("™® evaluated in 105 masks masks characteristics,

healthcare workers (disposable clinical

having had contact with  nonsurgical symptoms,

4 individuals positive face masks, and COVID-19

for COVID-19 in nursing surgical infection

homes in China masks, or

N95)

Doung- Case-control 1,050 people who Wearing Not wearing  COVID-19 21 days
Ngern attended public surgical masks masks infection
et al.!"® companies, nightclubs,

and boxing stadiums in

Thailand between March

1st and May 30, 2020

were interviewed via

telephone
Guo Case-control 72 orthopedic surgeons Wearing N95  Not wearing  COVID-19 N/A
et al."” working at hospitals in masks masks infection

Wuhan, China, between

December 31, 2019 and

February 24, 2020
Heinzerling Case-control 37 hospital workers, Wearing Not wearing  COVID-19 N/A
et al.”® contacting the first surgical masks mask infection

case of SARS-CoV-2 in

California, USA.
Khalil Case-control 190 physicians who Wearing Not wearing  COVID-19 N/A
et al.(” worked in hospitals in community masks infection

Bangladesh between May masks and

and June of 2020 N95 masks
Rebmann Case-control 9,335 students from the  Wearing Not wearing  COVID-19 N/A
et al.®” University of St. Louis, surgical masks masks infection

USA. were tested by PCR,

resulting in 265 positive

cases for COVID-19,

and 378 students who

had close contacts with

positive cases between

January and May of

2021 (26 cases and 352

controls)
Wang Retrospective 124 families with cases Wearing Not wearing  COVID-19 14 days
et al."® Cohort of COVID-19 infection in  community masks infection

family members; hygiene masks
behaviors, individual

protection, and social

distancing were

evaluated
Wang Case-control 493 physicians and nurses Wearing N95  Not wearing  COVID-19 N/A
et al.?" working at the Zhongnan masks N95 masks infection

University Hospital,
Wuhan, China, between
January 2 and 22, 2020
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Table 2. Risk of bias of the studies included in the analysis.

Risk of bias domains

o
=
o
N

D3 | D4

D5

Chen, 2020

Doung, 20201

D6 | D7 |Overall Judgment
@ Critical
@ @ Serious
© Moderate
. @ Low

Guo, 2020""

Heinzerling, 2020""®

Khalil, 20207

Study

Rebmann, 2020%%

Wang X, 20207

Wang Y, 2020

®©00060-eee
0006 e vdve
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Andrejko, 2020

Domains:
D1
D2:
D3:
D4:
D5:
Dé:
D7:

In accordance with Sterne et al.®

: Bias due to confounding

Bias due to selection of participants

Bias in classification of interventions

Bias due to deviations from intended interventions
Bias due to missing data

Bias in measurement of outcomes

Bias in selection of the reported result

Table 3. Summary of results and analysis of certainty of evidence (GRADE) of the use masks during the COVID-19

outbreak.
Anticipated absolute effects”
(95% ClI)
Risk of not
wearing masks

Outcome

masks
Wearing surgical

masks during 0 per 1,000 0 per 1,000
SARS-CoV-2 (0 to 0)
pandemic Case-

control

Wearing N95 masks
during SARS-CoV-2
pandemic Case-
control

Wearing disposable
surgical masks or
common masks,
including cloth
masks during
SARS-CoV-2
pandemic Cohort

0 per 1,000

0 per 1,000
(0to 0)
368 per 1,000 154 per 1,000
(92 to 268)

Relative effect
(95% CI)

Risk of wearing

No. of
participants
(studies)

Certainty of
evidence

RR 0.63 729 cases 1,074

(0.51 to 0.79) controls Low?
(6 observational
studies)
RR 0.54 414 cases 391 ®000
(0.42 to 0.69) controls Low?
(4 observational
studies)
RR 0.42 192 . ®000
(0.25 t0 0.73) (2 observational Low?
studies)

GRADE: Grading of Recommendations Assessment, Development, and Evaluation; and RR: risk ratio. *The risk in
the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative

effect of the intervention (and its 95% CI).
Explanations

a. Case-control studies with severe biases in confounding and patient selection domains.
b. Cohort studies with bias due to confounding, deviation from intended intervention, missing data, and participant

selection domains.

reduction of 21% in the risk of COVID-19 infection
[RD = —0.21 (95% CI, —0.34 to —0.07); I*=
0%, p = 0.002] in the cohort studies included,
with a low certainty of evidence

e The use of surgical masks decreased the chance
of COVID-19 infection by 49% [OR = 0.51 (95%

5/8 J Bras Pneumol. 2023;49(6):620230003

CI, 0.37-0.70); I = 47%, p = 0.00001] in the
case-control studies included, with a low certainty
of evidence

The use of N95 respirator masks demonstrated
a significant protective effect in decreasing (by
69%) the chance of COVID-19 infection [OR =
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Risk Difference
M-H, Fixed, 95% Cl

Risk Difference
M-H, Fixed, 95% Cl

Wearing mask Control

Study or Subgroup Events Total Events Total Weight

Chen 20201 10 78 8 27 48.1% -0.17 [-0.36, 0.02] —

Wang Y 202004 8 46 17 Zy| 51.9%  -0.24[-0.43, -0.05] —m—

Total (95% CI) 124 68 100.0% -0.21[-0.34, -0.07] -

Total events 18

Heterogeneity: Chi?=0.29, df =1 (P = 0.59); I? = 0% I t t {
-1 -0.5 0 0.5 1

Test for overall effect: Z = 3.05 (P = 0.002)

Favours [Wearing Mask] Favours [control]

Figure 2. Forest plot of comparison: wearing disposable surgical masks or common masks, including cloth masks vs.

control group regarding COVID-19 infection (cohort studies).

Wearing mask Control

Study or Subgroup Events Total Events Total Weight

0Odds Ratio
M-H, Fixed, 95% Cl

Odds Ratio
M-H, Fixed, 95% Cl

1.1.1 Wearing surgical mask

Andrejko 2020"® 113 252 24 35 13.0%
Doung-ngern 20201® 29 227 102 602 27.2%

Guo 202017 7 40 17 32 8.7%
Heinzerling 2020® 0 3 3 37 0.3%
Khalil 2020 89 181 9 16 4.7%
Rebmann 202179 2 26 114 352 8.1%
Subtotal (95% CI) 729 1074 61.9%
Total events 240 269

Heterogeneity: Chi?=9.35, df =5 (P = 0.10); I = 47%
Test for overall effect: Z = 4.08 (P < 0.0001)

1.1.2 Wearing N95 mask

0.37 [0.18, 0.79] -
0.72 [0.46, 1.12] Bl
0.19 [0.06, 0.55]
1.41[0.06, 33.21]
0.75 [0.27, 2.11]
0.17 [0.04, 0.75]
0.51[0.37, 0.70] L 4

—_—

|
|

Andrejko 20201 10 21 24 35 5.3% 0.42 [0.14, 1.27] -7

Guo 202017 4 23 20 49 5.9% 0.31[0.09, 1.03] E—

Khalil 20201 36 92 62 98 20.4% 0.37 [0.21, 0.67] —a—

Wang 2020%" 0 278 10 213 6.6% 0.03 [0.00, 0.60]

Subtotal (95% CI) 414 395 38.1% 0.31[0.20, 0.49] L 2

Total events 50 116

Heterogeneity: Chi?=2.93, df = 3 (P = 0.40); I? = 0%

Test for overall effect: Z = 5.00 (P < 0.00001)

Total (95% Cl) 1143 1469 100.0% 0.43 [0.33, 0.56] ¢

Total events 290 385

Heterogeneity: Chi2= 14.24, df =9 (P = 0.11); I = 37% t t t t
0.002 0.1 1 10 500

Test for overall effect: Z = 6.17 (P < 0.00001)

Test for subgroup differences: Chi?=2.91, df =9 (P = 0.09); I = 65.7%

Favours [Mask] Favours [control]

Figure 3. Forest plot of comparison: wearing surgical masks or N95 respirator masks vs. control group regarding

COVID-19 infection (case-control studies).

0.31(95% CI, 0.20-0.49); 1= 0%; p = 0.00001]
in the case-control studies included, with a low
certainty of evidence

DISCUSSION

Our systematic review demonstrates a reduction
in the risk of COVID-19 infection. By evaluating
different subgroups of study designs (cohort studies
whose intervention was the use of disposable surgical
masks, common masks, including cloth masks, or
N95 respirators; and case-control studies whose
intervention was wearing surgical masks or N95
respirator masks), we obtained a relevant reduction
in the risk of COVID-19 infection, regardless of the
type of mask, but the certainty of evidence was low.

Comparing our results with those of other systematic
reviews, we can claim that wearing masks can
contribute to reducing COVID-19 infection. The
previous literature studied the effect of wearing
masks in different scenarios, different types of
infectious aerosols, and different rates of infection.

It is important to promote reliable knowledge and
education to society regarding the use of facial masks
as an instrument of individual protection. Japan is one
of the countries that culturally educated its population
to wear masks to protect others when they present
respiratory symptoms. Nevertheless, this is not
the only instruction that we can provide to protect
against COVID-19 infection. We need to remember to
maintain social distancing, hand hygiene, and other
essential measures.

Xu et al.?® have shown that indoor environments
can contain high rates of aerosol dispersants, which
may promote high rates of viral transmission; however,
when wearing an N95 respirator or a surgical mask,
the level of aerosols can be reduced significantly.
Likewise, Araudjo et al.® demonstrated that wearing
face masks in a community scenario can significantly
decrease viral infections. Moreover, surgical masks
offer higher protection when compared with cloth
masks. On the other hand, to achieve a significant
reduction in COVID-19 transmission, more than half of
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the population needs to be wearing masks. Therefore,
the rate of infection transmission is important to
be considered by public health recommendations
regarding the use of masks. Nowadays, when we
observe a new and more transmissible SARS-CoV-2
strain, a low rate of vaccination, and/or no use of
facial masks, we may await more critical outcomes,
such as increases in the number of hospitalizations
and deaths again.

When we evaluated the use of masks without
stratifying the specific type of mask or study design,
there was a 57% reduction in the chance of COVID-19
infection (Figure 3). Regarding the comparison between
surgical masks and N95 respirators, regardless of the
study design, we found a 49% and 69% reduction
in the chance of COVID-19 infection, respectively
The difference in protection between surgical masks
and N95 respirators is due to the difference in the
permeability of the material used in their manufacture,
because the material used in N95 respirator masks is
less impermeable than that used in surgical masks,
offering greater protection. However, there are biases,
such as time of use, training for use, and number of
times of exposure to contaminants and to places with
a higher chance of contamination, that are determining
factors in greater or lesser protection when using PPE.

This systematic review had some limitations: the
first and major limitation is the huge variability in viral
incidence (i.e., lack of preliminary estimates of the
basic reproduction number [R;] of SARS-CoV-2); the
assessment of the effectiveness of wearing a mask can
directly correlate to adherence, time of use, type of
location of exposure, incidence of COVID-19 infection

at the study site, type of mask, social distancing,
and other factors. In addition, the studies included
in this review were performed during the COVID-19
pandemic; however, the R, of each study was probably
different, a fact that can cause largely different
results. Moreover, most of the studies included were
considered to have a serious risk of bias and a low
certainty of evidence.

Because of the difficulty in conducting good-quality
randomized controlled trials during a pandemic that
has spread around the world rapidly, we needed to
work with the best evidence available.

FINAL CONSIDERATIONS

The use of masks showed effectiveness in the
prevention of SARS-CoV-2, regardless of the mask
type (disposable surgical masks, common masks,
including cloth masks, or N95 respirators). However,
the certainty of evidence was low.
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Radon exposure: a major cause of lung
cancer in nonsmokers

Marilyn Urrutia-Pereira'®, José Miguel Chatkin?®,
Herberto José Chong-Neto*®, Dirceu Solé*

ABSTRACT

Exposure to radon can impact human health. This is a nonsystematic review of articles
written in English, Spanish, French, or Portuguese published in the last decade (2013-
2023), using databases such as PubMed, Google Scholar, EMBASE, and SciELO.
Search terms selected were radon, human health, respiratory diseases, children, and
adults. After analyzing the titles and abstracts, the researchers initially identified 47
studies, which were subsequently reduced to 40 after excluding reviews, dissertations,
theses, and case-control studies. The studies have shown that enclosed environments
such as residences and workplaces have higher levels of radon than those outdoors.
Moreover, radon is one of the leading causes of lung cancer, especially in nonsmokers.
An association between exposure to radon and development of other lung diseases,
such as asthma and COPD, was also observed. It is crucial to increase public awareness
and implement governmental control measures to reduce radon exposure. It is essential
to quantify radon levels in all types of buildings and train professionals to conduct such
measurements according to proven efficacy standards. Health care professionals should
also be informed about this threat and receive adequate training to deal with the effects
of radon on human health.

Keywords: Radon; Lung neoplasms; Risk factors.

INTRODUCTION

Radon is a colorless and odorless radioactive gas
that has a half-life of 3.83 days. It is formed from the
radioactive decay of uranium from groundwater, soil,
or rocks, and Its products are also colorless, tasteless,
and odorless.*?

Indoor (houses and buildings) radon concentrations vary
and are influenced by several conditions: (a) geological
characteristics of the site (permeability of the rocks,
uranium content, and type of soil where the building is
located); (b) the pathways that radon finds to infiltrate
residences and commercial or noncommercial buildings;
(c) the emanation of radon from building materials and
ornamentation (such as granite floors and walls); (d) air
exchange rate between interior and exterior areas, which
depends on the type of building, ventilation systems, and
how airtight (sealed) the building is.®

Nonspecific symptoms experienced by occupants due to
the time spent in a building with poor indoor air quality
are collectively designated “sick building syndrome.”®
Radon is harmful to the health of individuals exposed
to it. Knowing the risks of such exposure is essential to
prevent health damage.®

Radon seeps into buildings through cracks in floors or
wall joints, gaps around pipes or cables, small pores in
walls made of hollow concrete blocks, and open walls or
ceilings. It usually reaches higher concentrations in cellars
and living spaces in direct contact with the ground, but

significant concentrations can also be found above the
ground floor.®® These concentrations can vary between
adjacent buildings and within the same structure from
one day to the next, or even within hours.®

The unit of measurement of radon is the Becquerel per
cubic meter (Bg/m3),® and the average concentration
of radon in open air ranges from 5 Bg/m3 to 15 Bg/m3;
however, it is higher in enclosed spaces, especially if
they are poorly ventilated. In buildings such as schools,
offices, and homes radon concentrations range from 10
Bg/m3 to over 10,000 Bg/m3.0:®

The WHO recommends that indoor radon concentrations
should not be higher than 100 Bg/m3. It is adivisible
that the reference level should not be higher than 300
Bg/m3.0® According to the International Commission
on Radiological Protection,® the global effective dose
attributed to this type of radiation is estimated to be 2.4
mSv/year. The sum of equivalent doses in the tissues or
organs is the effective dose.

The Projeto Planalto de Pogos de Caldas (Pogos de
Caldas Plateau Project),(*® a pioneering initiative in
Brazil, aims to provide reliable, technically accurate, and
ethically safe information to alert health professionals
and the population about the effects of radon radiation
on health. The study identified three sites with average
doses above 10 mSv/year, namely: Morro do Ferro (in
the rural zone in the city of Pogos de Caldas), Morro do
Taquari, and in a uranium mine (both in the rural area
in the city of Caldas).®
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The second part of that project (2004-2013) identified
that 21% of the households surveyed had a radon
concentration higher than 200 Bg/m3, pointing to the
need for the implementation of a permanent model
for surveillance of exposure to natural radiation.

In many countries, drinking water is obtained from
underground sources, such as springs and wells. Often,
these sources have higher concentrations of radon
than does surface water from reservoirs, rivers, or
lakes. Radon dissolved in drinking water is released
into the indoor air; thus, the amount inhaled by
breathing is more significant than that ingested from
drinking water.®®

These data are confirmed by a study carried out in
Porto Alegre, Brazil, that determined the concentrations
of radon in water samples obtained from (precambrian
fractured and cenozoic porous) aquifers that feed that
city; it was found that more than half of the samples
analyzed reached up to 500 BgL,*? which is above
the maximum limit determined as safe by the WHO.(®)

According to radon properties, all buildings are
potential sources of this gas, and its concentration is
unique to each environment. People living or working
in these buildings might be exposed to very high
levels, which makes the problem more complex and
difficult to address.®

IMPACTS OF RADON EXPOSURE ON
HUMAN HEALTH

Exposure to radon inside the home can potentially
lead to serious health problems. Lopez et al. have
shown that radon concentrations can be higher in
residential than in public buildings.*

Indoor air renewal in residential buildings may only
occur for a short period of time since poor ventilation
might occur at night, during winter, or during the day
when people are away on business. This was confirmed
when determining radon concentrations in Canadian
homes: they were up to three times higher than in
school buildings, 4.7 times higher than in other public
buildings and indoor workplaces, and 12 times higher
than in the air outdoors.t*

School children exposed to median concentrations
equal to, or greater than the recommended
concentrations of fine particulate matter, benzene,
limonene, ozone, and radon in a school environment
significantly had more frequent systemic, ocular, and
upper/lower airway symptoms (sick school syndrome)
when compared with unexposed subjects.“>

In children’s schools, indoor radon concentrations
are also influenced by ventilation types, attendance
regime, and building characteristics.(*® Davis et al.
found that classroom radon concentrations decreased
when school ventilation systems were on.(*”> Branco
et al. reported that radon concentrations in daycare
centers and elementary schools in Portugal were
related to the year of construction of the buildings.*®

Several factors have been identified as capable of
interfering with indoor radon concentrations: number of

Urrutia-Pereira M, Chatkin JM, Chong-Neto HJ, Sole D

occupants, ventilation, room location in the building,*
and construction-related factors, since constructions
located on the same geological substrate but with
different types of building materials may present
different indoor radon concentrations.%?" In addition,
the duration of exposure to radon also has essential
relevance. Children, for having a longer life expectancy,
if exposed continuously, have a higher lifetime risk of
developing cancer. (223

Another topic recently highlighted is the occupancy
bias within the residential environment. Newly built
houses are mainly inhabited by younger people, who
appear to be exposed to higher radiation rates (5.01
mSv/year). In contrast, homes built many years ago
are occupied by older people who are exposed to lower
radiation rates (3.45-4.22 mSv/year).* This observation
is important and reinforces the previous citation that
exposure to radon at a younger age may represent an
increased lifetime risk of health problems. (2223

A study conducted in the metropolitan region of Recife,
Brazil, found that radon concentrations ranged from 2
to 1,174 Bg/m3 in residences in areas of uraniferous
phosphorite outcrops, increasing by 10-16% the risk
of developing radon-related pulmonary neoplasia.®>
The authors found that most households evaluated had
habits that contributed to indoor gas accumulation,
such as keeping windows closed for many hours
during the day.®

High levels of radon have also been documented in
large cities, leading to greater exposure for a broader
population.® A survey by Petroni & Lima®® in 35
air-conditioned commercial and residential buildings
in the city of Sdo Paulo, Brazil, indicated that 3%
of those had radon concentrations above the WHO
recommendations.® That study found the presence
of radon (above 4 mSv/year) in some buildings.

The population must be aware of the health impacts
related to home exposure to radon. Health professionals
must encourage access to information about the health
hazards resulting from such exposure and inform
about the monitoring of home radon levels provided
by public agencies.?”

LUNG CANCER AND RADON

Lung cancer is the leading cause of death from cancer
in the world, as well as a public health problem. Smoking
is identified as the main risk factor for pulmonary
cancer and accounts for about 80% of cases, while
radon is the main factor among nonsmoker individuals,
affecting between 10% and 15% of this population,
and increases the 25-fold risk among active smokers
when compared with nonsmokers. (®:28:29)

Studies on cancer have classified radon as a
grade-1 human carcinogen, also called low grade
or well differentiated, because it causes cancerous
cells to be a little different from normal cells, which
makes the neoplasm slowly progress. A relationship
between exposure to radon and increased risk of
pulmonary cancer in the general population has been
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established.®3% However, the consequences of this
contribution vary among different studies.*3?

Inhaled radon decay products emit radiation associated
with high cytotoxic and genotoxic effects, causing
lesions in the respiratory epithelium, damaging DNA,
and potentially causing lung cancer.*?

Mechanisms of action

Carcinogenesis by radiation is a complicated process
and subject to the effects of different environmental
agents, as well as genetic factors.®* The carcinogenic
effect induced by inhaled radon, particularly for the
bronchial epithelium and especially in the bifurcations
of the airways, is mainly due to the progenies of
radon, mainly polonium 214 and 218, which emit
high-energy alpha particles as the predominant form
of radiation. Despite their limited ability to penetrate
tissues, alpha particles can damage exposed tissues
due to their high biological efficacy through various
cytogenetic effects.G%

Some of these effects include expression of pathogenic
variants, chromosomal aberrations, generation of
reactive oxygen species, modification of cell cycles,
and increased production of proteins associated with
cell cycle regulation and carcinogenesis.* In addition,
there is evidence suggesting that residential exposure
to radon is capable of inducing the expression of
pathogenic EGFR variants, ALK translocations," and
an increased risk of small cell lung cancer among all
histological types. 637

Non-small cell lung cancer shows molecular alterations,
such as somatic mutations (EGFR, BRAF, HER2, MET)
or chromosomal rearrangements (ALK, ROS1, RET,
NTRK) mainly in nonsmokers, suggesting an association
between radon exposure and non-small cell lung cancer
in nonsmokers. 2

Epidemiology

Epidemiological studies have established an important
association between exposure to radon and pulmonary
cancer, (333849 confirmed by the higher frequency of
pulmonary cancer among uranium miners exposed
to radon.“42)

A recent meta-analysis of 13 studies documented
a direct relationship between the level of radon in
households and the risk of developing lung cancer.
Based on this information, the authors estimated that
exposure to radon could be responsible for up to 2%
of deaths from lung cancer in Europe.“

The risk of pulmonary cancer increases with the level
of exposure to radon. An association was documented
between exposure to radon above 50 Bg/m? and lung
cancer.“? Individuals exposed to concentrations greater
than 200 Bg/m? had a 2.06-fold higher risk (95% CI,
1.61-2.64) than did those exposed to concentrations
< 50 Bg/m3. Among active smokers, the risk increased
more markedly with increasing exposures to radon,
reaching up to 29.3 times higher (95% CI, 15.4-55.7)
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for heavy smokers exposed to concentrations greater
than 200 Bg/m3.¢49

A meta-analysis evaluated indoor exposure to radon
and its effects on health and showed an increase in
the relative risk for pulmonary cancer in China of 1.01
(95% CI, 1.01-1.02) for each increment of 10 Bg/m?3
in indoor radon concentrations.“>

A systematic review followed by a meta-analysis©G®
evaluated the association between residential radon
exposure and lifetime risk of pulmonary cancer in never
smokers. Those exposed to radon concentrations > 100
Bg/m? presented with an excess relative risk of 15%
of developing lung cancer, especially men.

Another meta-analysis studied the relationship
between residential exposure to radon and histological
types of pulmonary cancer.“® High residential exposure
to radon was associated with an increased risk of
pulmonary cancer (OR = 1.48; 95% CI, 1.26-1.73).
All histological types of pulmonary cancer were
associated with residential radon exposure. The
strongest association was observed with small cell
lung cancer (OR = 2.03; 95% CI, 1.52-2.71), followed
by adenocarcinoma (OR = 1.58, 95% CI, 1.31-1,
91), other histological types (OR = 1.54, 95% CI,
1.11-2.15), and squamous cell carcinoma (OR = 1.43,
95% CI, 1.18-1.74). With the elevation of residential
levels of radon above 100 Bg/m?3, the risk of pulmonary
cancer, small cell lung carcinoma, and adenocarcinoma
increased by 11%, 19%, and 13%, respectively.“®

Home exposure

Residential exposure to radon is a major contributor to
pulmonary cancer mortality, although this contribution
is highly variable across different countries, indicating
the need for targeted prevention policies. The correction
of estimates for dwelling height is essential to provide
reliable estimates of mortality attributable to radon.G?

In Canada there are no “radon-free” areas, and radon
is responsible for 16% of deaths from lung cancer,
20% of homes exceed the guideline of 200 Bg/m3,
and 47.5% exceed the reference level recommended
by the WHO (100 Bg/m?).(47-4)

Long-term inhalation of alpha particles increases the
risk of pulmonary cancer by 16% for each 100 Bg/m?
increment and has a synergistic effect with other risk
factors for pulmonary cancer.“”> When levels reach the
limit set by the Canadian guideline, that is, above 200
Bqg/m?3, the lifetime risk of pulmonary cancer is 17% for
active smokers and 2% for nonsmokers.*”>% These data
reinforce those observed by a North American study
in which a 3% increase in the incidence of pulmonary
cancer was observed for each increase of 100 Bg/m3
in radon exposure.®Y

Kurkela et al.*» estimated that (at least) 3% to (at
most) 8% of all pulmonary cancers were attributable
to residential radon exposure. The proportion of
small cell carcinoma cases attributable to radon was
8-13%. Among smokers, most radon-related cases
were attributable to the combined effect of radon and



smoking, and the authors concluded that reducing
radon exposure to an action level of 100 Bg/m3 would
eliminate approximately 30% of radon-attributable
lung cancer cases.>?

Hadkhale et al.>® observed an increased risk of
pulmonary cancer in a population-based study in Finland
in hospital districts with high radon exposure when
compared with those with lower exposure. The authors
reported that exposure to radon from groundwater
would also be associated with an increased risk of
pulmonary cancer.®

One study in Thailand reported significant differences
in household levels of radon between lung cancer
patients and healthy controls and estimated that
26% and 28% of deaths from lung cancer in men
and women, respectively, were attributable to indoor
radon exposure in that country. Other factors were
identified as capable of interfering with the indoor radon
levels, such as characteristics of the residence and its
ventilation. The window-to-wall ratio was negatively
associated with indoor radon levels.®*

An ecological study evaluated the increased risk of
pulmonary cancer mortality due to exposure to radon
indoors in Mexico.>> The mean indoor radon concentrations
ranged from 51 to 1,863 Bg/m?3, the highest mean
exposure dose found was 3.13 mSv/year in the north of
the country (Chihuahua), and the excess mortality from
pulmonary cancer in the country was 10.0 £ 1.5 deaths
per 10° population. The highest values were found in the
north of the country, where there are numerous uranium
deposits, followed by Mexico City, the most populous and
polluted area in the country.®>

Torres-Duran et al.*® evaluated 829 patients with
lung cancer, 56.7% of whom were smokers or former
smokers. There was no association of indoor radon
concentrations with age, sex, histological type, or
tumor staging at diagnosis. Median indoor radon
concentrations increased with age at diagnosis in
men but not in women. When analyzing participants
exposed to more than 1,000 Bg/m3, a predominance of
small cell lung cancer and a more significant presence
of advanced stages (IIIB and IV) were observed.®®

Rodriguez-Martinez et al.*”) evaluated, in a multicenter
case-control study, the effect of residential exposure
to radon on the risk of small cell lung cancer in the
general population. There was a statistically significant
association for those exposed to concentrations above
the permitted level (OR = 2.08; 95% CI, 1.03-4.39)
in relation to those exposed to concentrations below
50 Bg/m3.G7

Maggiore et al.*”) assessed the risk of radon exposure
and lung cancer incidence/mortality in southeastern
Italy. In that study the authors pointed out that the
risk of exposure to radon should be better studied to
evaluate the causes of the higher lung cancer mortality
and incidence rates in the Salento area as compared
with national average rates. For these reasons, the Local
Health Authority of Lecce, in cooperation with the Regional
Agency for Protection and Prevention of the Environment

Urrutia-Pereira M, Chatkin JM, Chong-Neto HJ, Sole D

in Puglia and the National Research Council Institute
of Clinical Physiology, has included the monitoring of
individual concentrations of radon indoors in the protocol
of a case-control study intended to investigate the role
of different personal and environmental risk factors for
lung cancer in the Salento area.®>”

According to the Instituto Nacional do Cancer (Brazilian
National Cancer Institute) data, lung cancer was
responsible for 28,620 deaths in Brazil in 2020, has
been one of the leading causes of preventable death,
and is, respectively, the third and fourth most common
type of cancer in men (17,760 new cases) and women
(12,440 new cases).*® In addition, lung cancer is the
first and third most common type regarding incidence
among men and women worldwide, respectively.®%

Cigarette smoking is the most critical risk factor for
developing pulmonary cancer. Other risk factors cited
by the Instituto Nacional do Cancer, besides radon, are
occupational exposure to chemical or physical agents
(asbestos, silica, uranium, chromium, alkylating agents,
among others); drinking water containing arsenic, and
high doses of beta-carotene supplements in smokers
and former smokers. Radon is the main factor for
pulmonary cancer in people who are nonsmokers
(around 10-15%, with small variations).®®

Lorenzo-Gonzélez et al.®®® claimed that health
professionals neglect residential radon and that it is
rarely considered a variable in lung cancer risk scoring.
Discussions with young adults can be valuable as they
make long-term plans to settle into a home and work.
“7) Family physicians play a crucial role in informing
their patients about the health risks of radon exposure
and in recommending proactive actions to reduce their
exposure.(©)

From a clinical point of view, when nonsmokers are
diagnosed with pulmonary cancer, radon should be
considered as a potential cause.*%? From a public
health point of view, residential radon should be
considered an important factor for predicting the risk
of pulmonary cancer, especially among smokers due
to the synergistic effect of radon and tobacco smoke.
Smoking cessation should be one of the main health
priorities.G

There is a need to raise awareness among health
professionals, legislators, policymakers, and the
population so that necessary measures can be taken
to reduce this harmful exposure, particularly in radon-
prone areas, thus preventing a significant proportion
of cancer deaths.(®*

Tables 1 and 2 show the risk of pulmonary cancer
according to the level of radon exposure and smoking
habit.(©

PREVENTION AND MITIGATION

The following measures should be observed so that
exposure to radon has a less destructive potential or
even does not occur¢%);

a. For risk reduction in the general population,
strategies are needed both for the prevention of
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radon release (in new housing) and mitigation
(in preexisting housing)

b. Periodic radon measurements should be carried
out so that the effectiveness of the measures
adopted for radon prevention and mitigation
can be verified

c. Professionals in the construction sector are
key players in preventing and mitigating radon
exposure. They need to be trained to ensure
their competence in this area

IDEAL RADON CONTROL PROGRAM

The following are characteristics and needs that a
national radon exposure control program should have
to be effective®:

a. National radon control programs should aim
to reduce the risk for the general population,
especially for individuals living in environments
with high concentrations of this gas

b. To limit the risk, a national reference exposure
level of 100 Bg/m3 should be established. If it
is not possible to use this reference level, levels
> 300 Bg/m3 should be avoided

c. To reduce the risk to the general population,
building codes should be implemented to require
radon measurements in houses under construction

d. Radon measurements are necessary because
building codes alone cannot guarantee that
concentrations will be below the reference level

e. An effective national radon control program
requires input from multiple agencies in the same
country. One agency should lead implementation
and coordination and ensure linkage with tobacco
control, and one should lead health promotion
programs

EXAMPLES OF ACTIONS

National Radon Action Plan—2021-2025

The U.S. National Radon Action Plan—2021-2025(®
goals are to find, correct, and prevent elevated levels

Table 1. Risk of cancer from radon exposure for smokers.
Radon If 1,000 people who smoked

level were exposed to this level over a
lifetime®. . .

20 pCi/L  About 260 people could get lung
cancer
10 pCi/L  About 150 people could get lung
cancer fire
8 pCi/L About 120 people could get lung
cancer
4 pCi/L About 62 people could get lung
cancer crash
2 pCi/L About 32 people could get lung
cancer
1.3 pCi/L  About 20 people could get lung
cancer
0.4 pCi/L

The risk of cancer from radon
exposure compares to®. . .

< 250 times the risk of drowning

< 30 times the risk of dying in a fall

< 5 times the risk of dying in a car

(Average indoor radon level)

of radon in eight million buildings by 2025 and to
prevent 3,500 lung cancer deaths annually. Under this
plan, leaders from various sectors work together to
plan, guide, and sustain national actions to prevent
radon exposure(®®;

a. To eliminate preventable lung cancer from radon
by expanding protections for all communities
and buildings

b. The only way to determine home radon levels
is through testing

c. Qualified professionals can install a system that
informs when high levels of radon are accumulating
inside the building

d. New buildings should be designed and constructed
using radon-resistant construction techniques in
order to save lives now and in the future

e. Since low-income individuals and families are
less likely to have their homes tested for radon
levels, government awareness of this type of
problem is needed

f. Some people do not know that indoor radon
exposure can cause lung cancer, so there is a
dire need for more disclosure

g. Some renters, or even homeowners, may
challenge these provisions to protect their homes
because they cannot afford the cost of radon
testing and mitigation

h. Because reducing high radon concentrations in
homes and other buildings is expected to result
in important health benefits, access to life-saving
radon protections should be more equitable
across social groups

NEW SPANISH REGULATIONS FOR
PROTECTION FROM RADON EXPOSURE

The Spanish Royal Decree No. 1029/2022 of December
20, 2022, establishes that the reference level for radon
concentration in indoor areas is 300 Bq/m3 in terms of
the annual average concentration of radon in the air in
residences, public access buildings, and workplaces.(©”

What to do: stop
smoking and. . .

Fix your home

< 200 times the risk of dying in a home Fix your home

Fix your home

Fix your home

< 6 times the risk of dying from poison Consider fixing your home

if levels are 2-3.9 pCi/L

(Reducing radon levels
below 2 pCi/L is difficult)

(Average outdoor radon level)

Adapted from the U.S. Environmental Protection Agency.® alf you are a former smoker, your risk may be lower.
"Comparison data calculated using the 1999-2001 National Center for Injury Prevention and Control Report by the

Centers for Disease Control and Prevention.

J Bras Pneumol. 2023;49(6):e20230210



Urrutia-Pereira M, Chatkin JM, Chong-Neto HJ, Sole D ’P

Table 2. Risk of cancer from radon exposure for never smokers.

Radon If 1,000 people who never

level smoked were exposed to this level
over a lifetime?. . .

20 pCi/L  About 36 people could get lung
cancer
10 pCi/L  About 18 people could get lung
cancer fire
8 pCi/L About 15 people could get lung
cancer
4 pCi/L About 7 people could get lung cancer
2 pCi/L About 4 people could get lung cancer
1.3 pCi/L  About 2 people could get lung cancer
0.4pCi/L -

The risk of cancer from radon
exposure compares to®. . .

35 times the risk of drowning
20 times the risk of dying in a home
4 times the risk of dying in a fall

< the risk of dying in a car crash
< the risk of dying from poison

(Average indoor radon level)
(Average outdoor radon level)

What to do:

Fix your home
Fix your home
Fix your home

Fix your home

Consider fixing your home
if levels are 2-3.9 pCi/L
(Reducing radon levels
below 2 pCi/L is difficult)

Adapted from the U.S. Environmental Protection Agency.(®¥ Note: If you are a former smoker, your risk may be
higher. 2Lifetime risk of lung cancer deaths according to the U.S. Environmental Protection Agency Assessment
of Risks from Radon in Homes (EPA 402-R-03-003). ®Comparison data calculated using the 1999-2001 National
Center for Injury Prevention and Control Report by the Centers for Disease Control and Prevention.

The new Spanish regulation establishes the obligation
to perform radon measurements in all public access
buildings, businesses, and residences, especially in
areas with high radon levels. If high levels of this gas
are detected, measures must be taken to reduce and
mitigate exposure (for example, installation of radon
reduction systems).©¢”

FINAL CONSIDERATIONS

According to Stanifer et al.,(*® home radon testing
is a primary lung cancer prevention strategy. Due to
the high prevalence of smoking in adults and the high
incidence of lung cancer, this measure can benefit these
populations by providing more preventive interventions
and adopting smoke-free and radon control policies.
Thus, reducing the risk of radon exposure will be
integrated with smoking cessation messages and lung
cancer screening programs.

The key steps to reduce lung cancer deaths induced
by radon exposure are to increase the awareness of
population and health professionals of this threat,
measure radon levels in all types of new buildings,
build a workforce of qualified professionals who can
solve radon-related problems using proven standards,
and ensure that adequate funding is available to cover
the costs of testing and repair.
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TO THE EDITOR:

At the beginning of COVID-19 pandemic, saving
lives was the most urgent aim. However, a few months
later, health care services started to face another huge
challenge, the so-called long COVID-19, which may
induce long-term or even permanent disabilities and
may impact in disability-adjusted life years and quality-
adjusted life years.™

Among the COVID-19 patients who need hospitalization,
the length of the hospital stay and need for ICU is widely
variable. Some individuals may require a long length
of ICU stay and, consequently, are at a higher risk of
developing post-intensive care syndrome.®

In addition to the functional loss resulting from
hospitalization, COVID-19 mechanisms include pulmonary
and extrapulmonary manifestations, affecting neurological,
cardiovascular, renal, and musculoskeletal systems,
among others,® and such dysfunctions might directly
interfere with functional capacity.

Although some studies addressing the evolution of
hospitalized COVID-19 patients have been published,**
there are still gaps in knowledge about the factors
associated with functional capacity impairment in these
patients during hospitalization.

The present study aimed to describe the functional
capacity of patients hospitalized for COVID-19 and its
correlation with other clinical variables. This was an
analytical longitudinal study involving all adult patients
with COVID-19 admitted to the Hospital Universitario
Cassiano Anténio Moraes between July and December
of 2020. The Research Ethics Committee of the hospital
approved this project (CAAE: 33373820,6,0000,5071;
approval #4227571).

Demographic, clinical, and functional (ability to sit on
the bed, to stand, and to walk) data were collected from
the day of hospital admission to the day of discharge.

Statistical analysis was performed with the IBM SPSS
Statistics software package, version 22.0 (IBM Corporation,
Armonk, NY, USA). Categorical variables were reported in
their absolute and relative frequencies, and continuous
numerical variables as means and standard deviations.
Correlations were evaluated using the Spearman’s

correlation coefficient, adopting the significance level
of 5%.

The sample consisted of 60 patients, with a mean age
of 63.0 £ 15.7 years. The mean length of hospital stay
was 19.3 £ 20.5 days. During the in-hospital period, 41
(68.3%) of the patients needed oxygen supplementation;
however, only 2 (3.3%) continued to require it at discharge.
Noninvasive ventilation was used in 12 patients (20%),
and so was invasive mechanical ventilation, in 7 patients
(11.7%) during a mean period of 17.3 £ 11.5 days.
Almost half of the patients required ICU admission (mean
length of ICU stay = 6.2 £ 13.2 days), 7 of whom (25%)
requiring mechanical ventilation.

Regarding functional capacity, 41 (68.3%) of the
patients were able to sit on the bed at admission, and
this percentage increased to 85% at discharge. The ability
to stand up was observed in 60.0% of the patients at
admission, whereas it increased to 81.7% at discharge.
On the day of admission, 61.7% of patients were able to
walk, and this percentage increased to 76.7% at discharge.

On admission day, a moderate negative correlation
was found between Spo, and inability to walk. This
means that the lower saturation was, the greater the
inability to walk was. Other clinical variables did not
present significant correlations with the ability to walk at
admission (Table 1). We also found a moderate negative
correlation between Spo, and the inability to walk on the
day of discharge (Table 1).

The number of days in ICU showed a moderate positive
correlation with the inability to sit and a weak positive
correlation with the inability to stand up at discharge
(Table 1).

Our results showed that patients with lower Spo,
had more difficulties in walking both at admission and
discharge. Hypoxemia seems to have a negative effect
on the functional performance in COVID-19 patients
even after disease resolution. A study that evaluated
COVID-19 patients after discharge reported worse
performance in the six-minute walk test and impaired
DL, in all hypoxemic patients, suggesting that this
impairment was associated with vascular and pulmonary
parenchymal phenomena resulting from COVID-19.*
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Table 1. Correlations between clinical variables and functional capacity of COVID-19 patients at hospital admission
and discharge (N = 60).

Variable Inability to sit Inability to stand up Inability to walk

Admission Discharge Admission Discharge Admission Discharge

r p r p r p r p r p r p
SpozyA -0.128 0.377 -0.072 0.593 -0.212 0.14 -0.158 0.235 -0.3 0.034* -0.122 0.36
Spoz, D = = -0.2 0.164 = = -0.259 0.07 = = -0.369 0.008*
PaoZ,A 0.136 0.392 0.204 0.195 0.075 0.636 -0.193 0.22 -0.29 0.856 -0.207 0.188
Hb, A -0.207 0.113 -0.25 0.852 -0.082 0.535 -0.42 0.751 -0.12 0.36 -0.014 0.918
Hct, A -0.192 0.145 -0.046 0.727 -0.58 0.662 -0.054 0.686 -0.09 0.485 -0.02 0.881
LHS, days = = 0.149  0.256 = = 0.128 0.329 = = 0.89  0.497
IMV, days = = 0.207 0.694 = = 0.207 0.694 = = 0.207 0.694
ICU, days = = 0.366 0.004* = = 0.286 0.028* = = 0.238  0.07

A: admission day; D: discharge day; Hb: hemoglobin; Hct: hematocrit; LHS: length of hospital stay; IVM: invasive
mechanical ventilation; and ICU: length of ICU stay. *p < 0.05 (Spearman’s correlation coefficient).

Low Spo, reduces oxygen delivery to tissues due to
lower oxyhemoglobin saturation. In addition, muscle
activity increases peripheral oxygen extraction, reduces
muscle oxygenation, and increases the need for oxygen
delivery to maintain activity,®) which is not possible in
patients presenting impaired diffusion capacity.

Our study also showed that longer length of ICU stay
negatively influenced the ability to sit and stand by
the discharge day. Similarly, the decline in functional
capacity was observed in almost all hospitalized COVID-
19 patients who had been discharged from the ICU in
a study that used the Barthel index to measure the
level of functional dependence in patients.(®

Although the benefits of early mobilization are well
known, it was recommended only in specific situations
for hospitalized patients at the onset of the pandemic,
because COVID-19 was poorly known and in order to
reduce the risk of disease dissemination.”’ Currently,
due to the growth in knowledge about the disease,
early mobilization and rehabilitation have increasingly
been recommended for these patients.(>#19 The results
found in the present study contribute to reinforcing this.

In conclusion, a high prevalence of limitations in
functional capacity was identified at hospital admission
and discharge of COVID-19 patients. In addition,
functional capacity negatively correlated with Spo,
and length of ICU stay. These findings may contribute
to the development of more effective prevention and
early rehabilitation strategies for COVID-19 patients
during hospitalization.
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TO THE EDITOR:

IgG4-related disease is an immune-mediated condition
characterized by the infiltration of several organs, including
the lungs, pancreas, bile ducts, kidneys, thyroid, and
central nervous system. One of the main features of
the disease is the abundance of IgG4 in the affected
tissues, which initially present with an inflammatory phase
and progress to subsequent local fibrosis.(*) Thoracic
involvement and significant symptoms may occur in 10%
of cases, with no specific signs and symptoms. Several
changes can be found on chest CT, such as nodules,
ground-glass opacities, and peribronchovascular infiltrate.®

The kidneys can be affected in up to 20% of cases,
and tubulointerstitial nephritis is the most common
manifestation.®® Nephrobronchial fistulas are rare
complications of kidney disease, occurring mainly in

association with perinephric abscesses after infectious
episodes.” We describe the case of a nephrobronchial
fistula in a patient with IgG4-related disease. Free and
informed consent was obtained from the patient.

A 51-year-old female presented with a 1-year history
right thoracic pain and hemoptysis. Chest CT revealed
a nephrobronchial fistula in the thoracoabdominal
transition with migrated calculi in the right inferior lobe,
associated with a 2.3-cm discontinuity defect in the right
diaphragm and atrophic right kidney, along with diffuse
urothelial thickening of the ureter (Figures 1A-1C).
During investigation, a transbronchial biopsy showed
a lymphoplasmacytic inflammatory reaction with a
predominance of IgG4. After multidisciplinary discussion,
lung segmentectomy, right nephrectomy, and partial
hepatectomy were performed to confirm diagnosis and
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Figure 1. In A, a CT scan showing migrated calculi in the inferior right lobe (arrow). In B and C, coronal and sagittal
reconstructions of CT scans showing diaphragmatic discontinuity and a nephrobronchial fistula with nephrolithiasis originated
from the right kidney (arrows). Histopathological images showing the nephrobronchial fistula (H&E) with an intense area of

fibrosis (in D) and positive IgG4 cells (in E).
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treat symptoms. Local excision of the fistula revealed
intense lymphoplasmacytic infiltration, fibrosis, and
vascular proliferation, which were present in the renal
parenchyma as well. Specific IgG4 immunostaining
showed > 100 positive cells per high-power field
(Figures 1D and 1E). Nephrolithiasis was found in the
fistulous tract with no signs of obstructive nephropathy.
Autoantibodies were negative, serum IgG levels were
unremarkable, and PET-CT scanning excluded signs of
systemic activity.

A nephrobronchial fistula results from kidney
inflammation that progresses to the respiratory
system, most cases being mainly reported because
of pyelonephritis.(“® We report the first case of a
nephrobronchial fistula with calculi in a patient with
histopathological results suggesting 1gG4-related
disease. The pathophysiology is uncertain, and we
believe that local IgG4 inflammation could lead to the
development of posterior fistulas in adjacent organs

such as the diaphragm and kidneys, although there
are no other systemic manifestations related to the
disease.” After surgical treatment of the patient,
symptoms improved with no signs of disease activity
during follow-up. No additional treatment was necessary.
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LETTERS TO THE EDITOR

Management and prognosis of malignant
pleural effusions managed with indwelling
pleural catheters

M Martins'®, M Serino'®, F Viana-Machado'®, H Novais-Bastos"?

TO THE EDITOR:

Malignant pleural effusion (MPE) affects 15% of cancer
patients, and the incidence of MPE is likely to rise as the
global incidence of cancer increases and the overall survival
improves.(*? Most patients with MPE are symptomatic,
with dyspnea being the most common symptom. As MPE
represents advanced or metastatic disease, survival is
generally poor, ranging from a median of 3 months to
12 months depending on underlying patient factors and
tumor-related factors.®™ An overall survival of 3 months has
recently been reported in patients with MPE, regardless of
lung expandability.®) Indwelling pleural catheters (IPCs)
are the primary modality of treatment in MPE patients with
nonexpandable lung (NEL) and symptomatic recurrence.
Multiple studies have established the effectiveness of
IPCs in achieving the palliation of symptoms.®

We conducted a retrospective analysis of a cohort of
adult patients with MPE managed with IPCs between
August of 2014 and August of 2022 at a university hospital.
The main objective of the analysis was to validate the
PROMISE score in patients with MPE undergoing drainage
with an IPC. The PROMISE score was developed and
validated by Psallidas et al.®® and is the first prognostic
score for MPE to combine biological markers and clinical
parameters to estimate 3-month mortality. Patients
were assigned a 3-month mortality rate on the basis
of their PROMISE scores, calculated at the time of IPC
placement. The patients were divided into four groups:
group 1 (a PROMISE score of 0-20)—a mortality rate
of < 25%; group 2 (a PROMISE score of 21-27)—a
mortality rate of 25-50%; group 3 (a PROMISE score
of 28-35)—a mortality rate of 50-75%; and group 4 (a
PROMISE score > 35)—a mortality rate > 75%. The
PROMISE score includes parameters such as previous
chemotherapy, previous radiation therapy, hemoglobin,
serum white blood cell count, C-reactive protein, Eastern
Cooperative Oncology Group (ECOG) performance status,
cancer type, and tissue inhibitor of metalloproteinases 1
(an optional protein biomarker, used for calculating the
biological PROMISE score).

Survival curves were generated by the Kaplan-Meier
method and compared by the log-rank test. An independent
sample t-test was used in order to evaluate differences
between continuous variables with normal distribution,
and Mann-Whitney U tests were used in order to evaluate
differences between continuous variables with skewed
distribution. Patient data were entirely anonymized, and
the study protocol complied with the ethical principles of

the Declaration of Helsinki. The study was approved by
the Research Ethics Committee of the Centro Hospitalar
Universitario de Sdo Jodo, located in the city of Porto,
Portugal.

Of the 45 patients included in the present analysis,
68.9% were male (n = 31). The median age was 68
years (IQR, 60.5-74.5), and most (55.5%) of the
patients were current or former smokers (n = 25). MPEs
were mostly located on the right side (in 53.3% of the
patients; n = 24), and the most common etiologies
were lung adenocarcinoma (in 48.9% of the patients; n
= 22), breast cancer (in 11.1%; n = 5), and pancreatic
adenocarcinoma (in 8.9%; n = 4). Indications for IPC
placement included NEL (in 44.4% of the patients; n =
20) and talc slurry pleurodesis failure (in 31.1%; n = 14).
Most (73.3%) of the patients were hospitalized at the
moment of IPC placement (n = 33). Thoracentesis had
been performed a median of 59 days before IPC placement
(IQR, 35.0-109.0), and immediate complications of IPC
placement (subcutaneous emphysema and hemothorax)
were observed in two cases. Pleural infection occurred
in 22.2% of the patients (n = 10). Of those, 40% (n =
4) were identified within one week of IPC placement.
Chemotherapy did not correlate with an increased risk
of complications (p = 0.177), namely, pleural infection.
In accordance with a protocol established in August of
2016, we shifted from Tenckhoff catheters to Rocket®
catheters (Rocket Medical plc., Watford, UK), and the
frequency of complications associated with IPCs decreased.
IPCs were removed early in 24.4% of the patients (n
= 11), because of pleural infection (in 36.4%; n = 4),
because of spontaneous pleurodesis (in 36.4%; n = 4),
or accidently (in 27.3%; n = 3).

The pleural fluid lactate dehydrogenase, ECOG
performance status, neutrophil-to-lymphocyte ratio,
and tumor type (LENT) score has been reported to be
an easy-to-use, accessible tool to predict the survival
of patients with MPE quite accurately. The LENT score
can be useful in palliating the symptoms of advanced
malignancies by modifying treatment strategies.®
According to Psallidas et al.,® “the PROMISE score is
the first prospectively validated prognostic model for
MPE that combines biological and clinical parameters to
accurately estimate 3-month mortality. It is a robust,
clinically relevant prognostic score that can be applied
immediately, provide important information on patient
prognosis, and guide the selection of appropriate
management strategies.” In a recent study comparing
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the LENT and PROMISE scores, the latter was found
to be more accurate in predicting survival.(”)

Approximately 30% of the 45 patients included in the
present analysis (n = 13) were receiving palliative care
at the time of IPC placement. Sixteen patients were
later referred for symptom relief. The median waiting
time until the first palliative care appointment was 53.5
days (IQR, 17.5-108.0). The patients were divided
into four groups on the basis of their PROMISE scores
(not including tissue inhibitor of metalloproteinases
1): group 1 (n = 21); group 2 (n = 18); group 3 (n =
6); and group 4 (n = 0). Half (51.1%) of the patients
had an ECOG performance status > 2 (n = 23).
Median survival was 63.0 days (IQR, 22.25-190.5),
being significantly different among the groups (p <
0.001): 87.5 days (IQR, 20.5-184.5) in group 1; 76
days (IQR, 30.5-268.0) in group 2; and 22.5 days
(IQR, 3.5-40.5) in group 3 (Figure 1). There was no
significant difference among the groups regarding the
frequency of pleural infection (p = 0.171).

0.8
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0.2
group 2

0.0 group 1 group 3

0 100 200 300 400 500

Figure 1. Kaplan-Meier survival curves based on the
PROMISE score in individuals with malignant pleural
effusion (MPE) requiring placement of an indwelling pleural
catheter (p < 0.001). NOTE: group 1—MPE patients with
a PROMISE score of 0-20; group 2—MPE patients with a
PROMISE score of 21-27; and group 3—MPE patients with
a PROMISE score of 28-35.

Although IPC can be a suitable first-line treatment
option in patients with MPE, it is not exempt from
adverse effects such as pleural infection, which,
in our population, did not correlate with previous
chemotherapy. The PROMISE score was found to be a
valuable tool for predicting 3-month mortality in MPE
patients undergoing IPC placement. The PROMISE
score allows clinicians to reassess prognosis in this
subset of patients and might have clinical implications
as to whether or not to proceed with IPC placement,
even in MPE patients without NEL. Furthermore, it is
important to acknowledge that IPC placement is a
treatment option that should be carefully discussed in
frail patients. Application of the PROMISE score before
IPC placement can identify those who are more likely
to benefit from supportive measures alone rather than
definitive treatment options such as IPC placement,
which is not a risk-free therapeutic strategy. Thus, the
PROMISE score is important in the decision-making
regarding the use of IPCs in this population. We do not
recommend IPC placement in group 3 and 4 patients
and recommend a personalized evaluation in group 1
and 2 patients. Some of the limitations of the present
analysis include its retrospective nature and limited
sample size.
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IMAGES IN PULMONARY MEDICINE

Not everything is disease progression—
increased fluorodeoxyglucose uptake
secondary to diaphragmatic paralysis

Felipe Marques da Costa'®, Augusto Kreling Medeiros*®, Marcos Aurélio

Fonseca Magalhaes Filho?

A 46-year-old female nonsmoker with metastatic
lung cancer, who was currently on targeted therapy
with lorlatinib, presented with a four-week history of
progressive dyspnea.

Physical examination revealed reduced breath sounds
in the left lung and an SpQO, drop to 94%. Pulmonary
function tests showed a restrictive ventilatory pattern. An
FDG-PET/CT scan demonstrated increased FDG uptake in
the right diaphragm, a finding that was absent on prior
imaging. Given the manifest signs of cervical disease
progression, a diagnosis was established of left phrenic
nerve compression leading to left diaphragmatic elevation
and a subsequent compensatory increase in the work of
the functioning side and to increased FDG uptake in the
right diaphragm (Figure 1).

Increased FDG uptake is generally attributable to
muscle activity, surgical interventions, or inflammatory
conditions.® In the context of pulmonary pathology,
bilateral FDG uptake in the diaphragm is typically secondary

to hyperventilation.® However, unilateral FDG uptake is
predominantly indicative of contralateral diaphragmatic
paralysis. Contralateral FDG uptake is a compensatory
physiological response that should not be misdiagnosed
as malignant, a condition that is notably rare.(*®
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Figure 1. In A, a coronal PET/CT image reveals hypermetabolism in a small area of the anterior aspect of the right diaphragm
(arrow), consistent with mechanical overexertion. In B, a coronal CT slice reinforces this observation, showing no evidence of
any lesion in the diaphragm, particularly in its right anterior section (arrow). In C, a PET/CT scan taken a month later showed
that signs of neoplastic progression became more pronounced in the neck, especially on the left side. This is evidenced by
increased uptake in lymph nodes and by an infiltrative lesion adjacent to the left sternoclavicular joint and the scalene muscle
(arrowheads). This is the typical location of the cervical portion of the phrenic nerve before it descends into the thorax. In
D, a coronal CT slice shows elevation of the left diaphragm, which was not present on previous CT scans, suggesting left

phrenic nerve paralysis.
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virus infection

Samuel Santos de Freitas'

A 32-year-old male patient was hospitalized for worsening
symptoms of odynophagia, fever, and malaise. Laboratory
tests confirmed acute myeloid leukemia. The patient then
presented with severe hypoxemic respiratory failure caused
by influenza B virus and rhinovirus infection, requiring
mechanical ventilation and extracorporeal membrane
oxygenation. The patient was then started on treatment
with all-trans-retinoic acid, hydroxyurea, dexamethasone,
and broad-spectrum antibiotics. Antifungal therapy was
added because of persistent fever, worsening radiological
findings, and galactomannan-positive BAL fluid. One week
later, a follow-up chest X-ray showed an air crescent
sign within a parenchymal consolidation. A CT scan of
the chest confirmed cavitary lesions with solid content
and an air component around them, characterizing the
air crescent sign, which is consistent with angioinvasive
aspergillosis in patients undergoing treatment for and
in the recovery phase of hematologic malignancies, as a
result of increased granulocytic activity. The differential
diagnosis in this setting includes other invasive fungal
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Angioinvasive aspergillosis in a patient with
acute myeloid leukemia and influenza B

, Ana Paula Zanardo"%®, Rafael Domingos Grando'?

diseases, pulmonary infarction, necrotizing pneumonia,
and lung abscess.

Aspergillus infection is a life-threatening condition in
immunosuppressed patients.(*) Aside from biological
testing, CT is particularly useful because the finding of
a halo sign together with a positive galactomannan test
can allow early diagnosis and treatment. The air crescent
sign is a finding that suggests good therapeutic response
in these patients.(?
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Figure 1. Air crescent sign on chest X-ray (in A) and chest CT scans (in B, C, and D).
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Referéncia: 1. Vespasiano CFP, Accennato VAC, Costa F, Riccio MF, Bernasconi G, et al. (2020) Bioequivalence between Two Capsules of Pirfenidona in Healthy Subjects
under Fed Condition. J Bioeq Stud 6(1): 101

EGURINEL® (pirfenidona) é apresentado em embalagem contendo 270 capsulas. Indicagdes: EGURINEL® (pirfenidona) esta indicado para tratamento de fibrose pulmonar idiopatica
(FPI). Posologia: Adultos: Ao iniciar o tratamento, a dose deve ser escalonada em um periodo de 14 dias até a dose diaria recomendada de nove capsulas por dia, como se segue: Dias 1
a7:uma capsula, trés vezes por dia (801 mg/dia). Dias 8 a 14: duas capsulas, trés vezes por dia (1602 mg/dia). Dias 15 em diante: trés cépsu\as, trés vezes por dia (2403 mg/dia). A dose
diaria recomendada de EGURINEL® para pacientes com FP| € de trés capsulas de 267 mg trés vezes por dia com alimentos até um total de 2403 mg/dia. Contraindicag6es:
EGURINEL® (pirfenidona) esta contraindicado nos casos de hipersensibilidade a substancia ativa ou qualquer um de seus componentes; histérico de angioedema devido ao uso de
pirfenidona; insuficiéncia hepética grave ou doenga hepatica terminal; insuficiéncia renal grave (CrCl < 30mL/min) ou doenga renal terminal com necessidade de dialise. O uso
concomitante de fluvoxamina e EGURINEL® esta contraindicado. Precaugoes e Adverténcias: Funcao Hepatica: lesao hepatica induzida por medicamento (DILI) na forma de elevacao
transitéria e clinicamente silenciosa de transaminases tem sido continuamente reportada em pacientes tratados com ECURINEL® (pirfenidona). Em casos raros, estas elevagoes foram
associadas com elevagao concomitante da bilirrubina e consequéncias clinicas seérias, incluindo casos isolados com desfecho fatal reportados pos-comercializagao. Provas de fungao
hepdtica (ALT, AST e bilirrubinas) devem ser realizadas antes do inicio do tratamento com EGURINEL® e subsequentemente em intervalos mensais nos 6 primeiros meses e depois a
cada 3 meses a partir de entao. Reacao de hipersensibilidade e erupgao cutanea: a exposicao direta a luz solar (incluindo bronzeamento artificial) deve ser evitada ou reduzida durante o
tratamento com pirfenidona. Os pacientes devem ser orientados a usar bloqueador solar eficaz diariamente, usar roupas que protejam contra a exposicao solar e evitar outros
medicamentos que reconhecidamente provoquem fotossensibilidade. Os pacientes devem ser orientados a reportar sintomas de fotossensibilidade ou erupgéo cutdnea ao seu
medico. Ajustes de dose ou descontinuagao temporaria de tratamento podem ser necessarios no caso de reacao de fotossensibilidade ou erupgao. Tontura: tonturas tém sido relatadas
em pacientes tomando pirfenidona. Portanto, os pacientes devem saber como eles reagem a este medicamento antes de se envolver em atividades que exigem prontidao ou
coordenagao mentais. Em estudos clinicos, a maioria dos pacientes que apresentaram tontura tinham um Unico evento, e a maioria dos eventos resolvidos, com uma duracao media de
22 dias. Se a tontura nao melhorar ou se agravar, pode ser necessario um ajuste da dose ou até mesmo a interrupcao de pirfenidona. Fadiga: Fadiga tem sido relatada em pacientes
tomando pirfenidona. Portanto, os pacientes devem saber como eles reagem a este medicamento antes de se envolver em atividades que exigem prontidao ou coordenagao mental
Perda de peso: a perda de peso tem sido relatada em pacientes tratados com pirfenidona. Os médicos devem monitorar o peso dos pacientes, e, quando necessario, incentivar o
desenvolvimento do consumo de calorias se a perda de peso for considerada de importancia clinica. Disturbios gastrintestinais: nos estudos clinicos, os eventos adversos
gastrointestinais como nauseas, diarreia, dispepsia, vomitos, doenca do refluxo gastresofagico e dor abdominal foram mais frequentemente relatados pelos pacientes nos grupos de
tratamento com pirfenidona do que naqueles que receberam o placebo. Interagdes: ECURINEL® é contraindicado para pacientes em uso concomitante de fluvoxamina. A
coadministragao de EGURINEL® e ciprofloxacino 750 mg (inibidor moderado e seletivo de CYPIA2) aumentou a exposicao a pirfenidona em 81%. Se o uso de ciprofloxacino 750 mg
duas vezes por dia nao puder ser evitado, a dose de ECURINEL® deve ser reduzida para 1602 mg por dia (duas capsulas, trés vezes por dia). EGURINEL® deve ser usado com cautela
quando o ciprofloxacino for utilizado em dose de 250 mg ou 500 mg, uma ou duas vezes por dia. No caso de indutores moderados de CYPIA2 (p.ex, omeprazol), 0 uso concomitante
pode teoricamente resultar em redugao dos niveis plasmaticos de pirfenidona. A coadministracao de medicamentos que atuem como indutores potenciais tanto de CYPIA2 quanto de
outras isoenzimas CYP envolvidas no metabolismo da pirfenidona (p.ex, rifampicina) pode resultar em reducao significativa dos niveis plasmaticos de pirfenidona. Esses medicamentos
devem ser evitados sempre que possivel. O tabagismo tem o potencial para induzir a producéo de enzimas hepaticas e por isso aumenta a depuragao e reduz a exposicao ao
EGURINEL®. O uso concomitante de indutores potentes de CYPIA2, incluindo o fumo, deve ser evitado durante a terapia com EGURINEL® Reagoes Adversas: as reacoes adversas mais
comuns, obtidas dos estudos pivotais foram: nauseas (36%); erupcao cutanea (30,3%); tosse (27,8%); infeccao do trato respiratério superior (26,8%) e diarréia (258%). VENDA SOB
PRESCRICAO MEDICA. Reg. MS- 1.2214.0114. SAC: 08000 016 6575 “Informagées adicionais disponiveis aos profissionais de saude mediante solicitacao a Zodiac Produtos
Farmacéuticos S.A — www.zodiac.com.br - Para informagoes completas, consultar a instru¢ao de uso do produto. Contraindicacao: EGURINEL® (pirfenidona) esta contraindicado nos
casos de hipersensibilidade a substancia ativa ou qualguer um de seus componentes; historico de angioedema devido ao uso de pirfenidona; insuficiéncia hepatica grave ou doenca
hepdtica terminal; insuficiéncia renal grave (CrCl < 30mL/min) ou doenga renal terminal com necessidade de didlise. O uso concomitante de fluvoxamina e EGURINEL® es[a
contraindicado. Interagao EGURINEL® ¢é contraindicado para pacientes em uso concomitante de fluvoxamina. A coadministracdo de EGURINEL® e ciprofloxacino 750 mg (inibidor
moderado e seletivo de CYPIA2) aumentou a exposicao a pirfenidona em 81%. Se o uso de ciprofloxacino 750 mg duas vezes por dia nao puder ser evitado, a dose de ECURINEL® deve
ser reduzida para 1602 mg por dia (duas capsulas, trés vezes por dia). EGURINEL® deve ser usado com cautela quando o ciprofloxacino for utilizado em dose de 250 mg ou 500 mg,
uma ou duas vezes por dia. No caso de indutores moderados de CYPIA2 (p.ex, omeprazol), 0 uso concomitante pode teoricamente resultar em redugao dos niveis plasmaticos de
pirfenidona. A coadministracao de medicamentos que atuem como indutores potenciais tanto de CYPIA2 quanto de outras isoenzimas CYP envolvidas no metabolismo da pirfenidona
(p.ex, rifampicina) pode resultar em reducao significativa dos niveis plasmaticos de pirfenidona. Esses medicamentos devem ser evitados sempre que possivel. O tabagismo tem o
potencial para induzir a produgao de enzimas hepdticas e por isso aumenta a depuragao e reduz a exposigao ao EGURINEL®. O uso concomitante de indutores potentes de CYPIA2,
incluindo o fumo, deve ser evitado durante a terapia com ECURINEL®

Egurinel® é um medicamento. Durante seu uso, nao dirija veiculos ou opere

maquinas, pois sua agilidade e atencao podem estar prejudicadas. ANbs

[ SE PERSISTIREM OS SINTOMAS, O MEDICO DEVERA SER CONSULTADO. | ZODIAC
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