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Pneumoceara 2017

Nos dias 02 a 05 de agosto de 2017, a cidade de Fortaleza recebera
os maiores congressos sobre doengas respiratorias e pulmonares da
atualidade, com renomados palestrantes da area médica, informagoes,
estudos e pesquisas internacionais.
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EDITORIAL
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The scientific literature has changed substantially over
the last few decades. There has been a progressive
migration to a model based on exclusive online platforms,
even by traditional periodicals. In addition to reducing
costs, the use of such platforms also increases the speed
at which accepted articles gain exposure. In parallel with
that, the appearance of an increasing number of journals
has increased the portfolio of options for the publication
of a given manuscript. However, the absolute majority
of these new journals employ a paid submission model,
which creates another type of barrier to publishing,
particularly for novice researchers, whose sources of
funding are more limited.

the future

Rogerio Souza

Within the context of the scenario described above
but respecting the fundamental objectives of the JBP,(V)
various editorial decisions have been made, the work
of the associated editors having been of fundamental
importance. Their work gave greater representation to
areas that previously were not well covered in the JBP. For
example, among the most often cited JBP articles in the
last two years, there are two articles on the physiology
of the respiratory muscles,>® one on the pulmonary
circulation,® and two related to smoking.>® These have
been added to the already established topics covered in
the JBP, such as that of obstructive lung diseases and
even the study of tuberculosis. There has also been a
significant increase in the number of JBP articles related
to invasive procedures,”® as well as to the field of
thoracic surgery,® clearly indicating an expansion of
the representativeness of the Journal. In parallel, JBP
review articles have sought to illuminate subjects of
more general interest to our readership, such as sleep,*®
idiopathic pulmonary fibrosis,**) and imaging,*? together
with special sections on continuing education in scientific
methodology and imaging, with the goal of making the
JBP an accessible tool for keeping everyone with an
interest in respiratory medicine up to date.

We have been able to reduce the average time between
submission and the final decision on the manuscripts.
Here, we must offer our sincere thanks to all of the
reviewers who contribute to making our evaluation and
publication process more agile, while it continues to be
free. It was the direct participation of the reviewers that
allowed such advancement. It must be acknowledged,
however, that there is still much room for improvement.
A number of steps in the decision-making process still
need to be further streamlined. Thus, the JBP can become
even more attractive to researchers as a means of broadly
and rapidly bringing their results to light.

Consolidating in the present, with an eye to

The changes described above would be illogical were they
not accompanied by greater international recognition of
the content published in the JBP. We are pleased to report
that that is what has occurred. The JBP impact factor, as
published in Thomson Reuters Journal Citation Reports
has stabilized and has actually risen slightly, currently
standing at 1.019. That indicates that the journal has
begun to overcome the effects of the temporary suspension
of 2014.¢*3 Supporting that impression is the fact that
the two-year Scimago Jornal Rank citation index is now
1.282, corresponding to a 15% increase in relation to the
previous cycle. These figures, while indicating substantial
room for growth, make the JBP the leading journal in
the field of respiratory medicine in Latin America. In
addition, the JBP continues to be an important journal
for the dissemination of postgraduate studies conducted
in Brazil, receiving a good grade in the journal ranking
system of the Brazilian Office for the Advancement of
Higher Education, a system known as Qualis.

There is a need for further consolidation of the JBP
processes. There are several highly relevant research
groups in our country that do not yet participate
significantly in the publication of the JBP and that could
greatly enrich the representativeness of the journal.
There is also an opportunity to update several of the
Brazilian Thoracic Association guidelines, which also play a
fundamental role in the visibility of any scientific journal.
These opportunities will be explored in upcoming years.

The JBP can also become a platform for the discussion
of pathways and alternatives in respiratory medicine.
There is room to open a debate on several aspects,
from the education of pulmonologists to the future of
research in the area of respiratory medicine. Relevant
themes for the future of respiratory medicine, which could
be exposed in the JBP in the form of debates between
exponents of each of the respective areas include the ideal
curriculum, funding sources, the minimum structure of
a postgraduate program in the pulmonology, incentives
for young researchers, retention of professionals in the
university environment, and professional defense.

If there is still a great need to improve the processes
and solidify the continued growth of the JBP, we must
not lose sight of the opportunities to give the JBP an
even more comprehensive role in leading the reader to
reflection, not only on science, a fundamental principle of
the existence of the journal, but also on health policies,
vocational training, and medical education. We invite our
readers to take this next step with us.

Disciplina de Pneumologia, Instituto do Coragao (InCor), Hospital das Clinicas da Faculdade de Medicina da Universidade de Sao Paulo, Sao Paulo (SP) Brasil.

Editor-Chefe do Jornal Brasileiro de Pneumologia.
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EDITORIAL

http://dx.doi.org/10.1590/S1806-37562016000600001

Pedro Rodrigues Genta'

Sleep medicine is a relatively new discipline that has
begun to consolidate as an important area of activity
for pulmonologists, in Brazil as well as in the rest of the
world. The JBP has been a part of this transformation,
as evidenced by the increasing number of submissions
and publications related to the field of sleep medicine.
Although we are still a month away from the end of the
year, the number of submissions to the JBP in 2016 has
already hit a record, growing by 18% in comparison
with 2013. Even more significant was the increase in the
number of submissions related to sleep medicine, which
increased from 8 in 2013 to 16 (to date) in 2016. The
increasing interest in the JBP, together with an increase
in the quality of the articles submitted, demonstrates the
maturing of the sleep medicine community in Brazil.(*?)

It also shows the evolution of the JBP, which has
increased its visibility on various fronts. As a matter of
fact, there have also been submissions on the topic from
outside Brazil.**

All of this has made the JBP stand out among the
Brazilian journals indexed for the Index Medicus (Medline/
PubMed) as one of the journals that publishes the most
articles on the topic of sleep.

The JBP and sleep medicine

In this edition of the JBP, Andrade and Pedrosa® review
a current theme: the role of physical exercise in obstructive
sleep apnea. Exercise has a broad range of effects. In sleep
apnea, exercise can reduce the frequency of respiratory
events and relieve symptoms. The treatment of sleep apnea
with strategies other than the use of continuous positive
airway pressure is relevant because of the difficulty that
some patients have in adhering to the treatment, as well
as because of the high cost of the equipment. Although
the efficacy of physical exercise is limited, studies in
which physical exercise is combined with other strategies,
such as myofunctional speech therapy, weight loss, and
positional therapy, have shown promise.

I would therefore like to thank everyone who has been
contributing to the sleep medicine section of the JBP, either
by submitting their scientific production or by dedicating
themselves to reviewing the manuscripts submitted. In
addition, I appeal to the entire scientific community that
is interested in sleep medicine to contribute with new
submissions and to volunteer to act as a JBP reviewer. The
dedication of all involved will increase the international
visibility of the JBP, with an emphasis on sleep medicine,
which will benefit the Brazilian Thoracic Association and
the scientific community at large.
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CONTINUING EDUCATION: IMAGING

confluence

Figure 1. HRCT scan showing clusters of small nodules with
no confluence in the lower lobes of both lungs.

CLINICAL HISTORY

A 36-year-old man presented with a two-month history
of dry cough, fever, and weight loss (8 kg). Laboratory test
results were normal. HRCT of the chest showed clusters
of interstitial nodules with no confluence (Figure 1). BAL
specimens were negative for tuberculosis and fungi. Open
lung biopsy showed necrotic granulomas. Culture of lung
tissue was positive for Mycobacterium tuberculosis.

DISCUSSION

This patient had multiple small interstitial nodules on
HRCT. Small pulmonary nodules (or micronodules) are
round opacities of soft tissue density and less than 1 cm
in diameter. On the basis of their distribution in the lung
parenchyma, they can be classified as perilymphatic,
centrilobular, or random micronodules.

A perilymphatic distribution occurs when the small
nodules are located predominantly along the lung

Clusters of small nodules with no

Edson Marchiori2, Bruno Hochhegger*#, Glaucia Zanetti>®

lymphatic system (peribronchovascular interstitium,
interlobular septa, and subpleural regions). A centrilobular
distribution is characterized by nodules that are located
within a few millimeters of the pleural surface and fissures
but do not touch them. A random pattern corresponds
to small nodules randomly distributed in the secondary
lobule and scattered uniformly throughout the lungs.

Some other patterns of distribution of small interstitial
nodules have been described more recently. They include
the sarcoid galaxy sign, the sarcoid cluster sign, and
the nodular reversed halo sign. The reversed halo sign
is defined as a round area of ground-glass attenuation
surrounded by a ring of consolidation. The designation of
nodular reversed halo sign is used when the walls of the
dense peripheral ring are formed by nodules, instead of
exhibiting the usual smooth appearance. Nodules are also
frequently seen within the halo. Findings of this pattern
are highly suggestive of active granulomatous disease,
particularly tuberculosis or sarcoidosis.

The sarcoid galaxy sign corresponds to a large
parenchymal nodule that is formed by the coalescence
of small nodules and is surrounded by satellite nodules.
The sarcoid cluster sign corresponds to a generally round
or elongated group of small nodules with no confluence,
as in the case presented here. The nodules are close
to each other but do not group. These two signs were
initially reported in patients with sarcoidosis, hence their
names. However, they were subsequently described in
patients with tuberculosis, thus requiring to be renamed.
The names currently proposed for these new signs
are “cluster of nodules with confluence” and “cluster
of nodules without confluence”, respectively. From an
anatomical and pathological standpoint, in the cases of
both signs, the nodules correspond to granulomas, and
the two major diagnoses that should be considered in
the presence of these findings are active tuberculosis
and sarcoidosis.
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BACKGROUND

A clinical research question is defined as an uncertainty
about a health problem that points to the need for meaningful
understanding and deliberate investigation. ¢ For clinicians
interested in conducting high-quality clinical research, it is
essential to recognize the fact that the research process starts
with developing a question about a specific health-related
area of interest. This is important because once the research
question is defined, it has an impact on every remaining
component of the research process, including generating
the hypothesis and defining the appropriate study design, as
well as the study population, study variables, and statistical
approach. However, conceiving a sound research question
is not an easy task; it requires having a particular set of
personal skills and utilizing structured approaches.

difference

DEVELOPING AND WRITING A RESEARCH
QUESTION

Developing a research question starts by identifying a
clinical problem that is important to patients, being related
to managing and ultimately improving their health. The
process requires clinician scientists to be curious about
and attentive to day-to-day practice outcomes, as well as
to be avid readers of the scientific literature, to participate
in scientific activities (e.g., journal clubs), and to have
access to a scientific mentor or collaborators interested
in clinical research.

The research question itself should meet certain criteria,
as summarized by the acronym FINGER, which stands for
Feasible, Interesting, Novel, Good (for your career), Ethical,
and Relevant (Chart 1).(» We recommend going through the
FINGER criteria systematically and discussing all issues with

Developing research questions that make a

Cecilia Maria Patino"?, Juliana Carvalho Ferreira®?

a mentor or colleague before writing the study protocol and
conducting a study that will answer the proposed research
question.

Once the research question has been defined, it should be
written out in such a way that the answer can be expressed
as either a number, typical of descriptive research questions
(e.g., a prevalence related to disease burden, such as “What is
the prevalence of asthma among favela residents in Brazil?”),
or as a yes or no, typical of studies about associations
between exposures and outcomes (e.g., “Is living in a
favela in Brazil associated with increased mortality among
adults with asthma?”). In addition, if the researcher has a
hypothesis about the answer to the research question,® it
is important that it be written out using a comprehensive
approach, as summarized by the acronym PICOT, which
stands for Population (the population to be included in the
study), Intervention (treatment applied to participants in
the treatment arm), Comparison (treatment applied to the
control group), Outcome (the primary outcome variable),
and Time (follow-up time to measure the outcome).®®

INVESTING THE TIME AND EFFORT TO COME
UP WITH A HIGH-QUALITY, WELL-WRITTEN
RESEARCH QUESTION IS WORTH IT!

As clinician scientists who train clinicians to become
successful researchers, we cannot emphasize enough the
importance of investing one’s time wisely to develop a
high-quality research question. Researchers who conceive
and clearly state a research question about an important
health-related problem are at an advantage because they
are more likely to convince key individuals to provide them
with the necessary resources and support to carry out the
study, as well as to increase the reporting quality of the
paper to be published.®

Chart 1. Expanded descriptions of the recommended criteria for developing a good research question.

Feasible
Access to an adequate number of participants

Can be completed in a reasonable time period
Interesting
Novel
Good
Ethical

Relevant

FINGER Criteria

Research team has technical expertise to conduct the study

Affordable: costs are reasonable and funding is available

Results of the study will be of interest to the research community

Provides new findings, extends or refutes previous findings

For your career: fits into your career development plan

Risk to participants is low/acceptable, considered ethical by peers and the Institutional Review Board

To improve scientific knowledge, inform clinicians and health policy, and to impact future research
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Effects of positive expiratory pressure on
pulmonary clearance of aerosolized technetium-
99m-labeled diethylenetriaminepentaacetic acid
in healthy individuals

Isabella Martins de Albuquerque', Dannuey Machado Cardoso?,
Paulo Ricardo Masiero®, Dulciane Nunes Paiva*, Vanessa Regiane Resqueti®,
Guilherme Augusto de Freitas Fregonezi®, Sérgio Saldanha Menna-Barreto®

ABSTRACT

Objective: To evaluate the effects of positive expiratory pressure (PEP) on pulmonary
epithelial membrane permeability in healthy subjects. Methods: \We evaluated a cohort
of 30 healthy subjects (15 males and 15 females) with a mean age of 28.3 + 5.4 years,
a mean FEV,/FVC ratio of 0.89 + 0.14, and a mean FEV, of 98.5 + 13.1% of predicted.
Subjects underwent technetium-99m-labeled diethylenetriaminepentaacetic acid (**"Tc-
DTPA) radioaerosol inhalation lung scintigraphy in two stages: during spontaneous
breathing; and while breathing through a PEP mask at one of three PEP levels—10
cmH,0 (n = 10), 15 ecmH,0 (n = 10), and 20 cmH,O (n = 10). The *"Tc-DTPA was
nebulized for 3 min, and its clearance was recorded by scintigraphy over a 30-min period
during spontaneous breathing and over a 30-min period during breathing through a PEP
mask. Results: The pulmonary clearance of °*"Tc-DTPA was significantly shorter when
PEP was applied—at 10 cmH,O (p = 0.044), 15 cmH,O (p = 0.044), and 20 cmH,O (p =
0.004)—in comparison with that observed during spontaneous breathing. Conclusions:
Our findings indicate that PEP, at the levels tested, is able to induce an increase in
pulmonary epithelial membrane permeability and lung volume in healthy subjects.

Keywords: Lung/metabolism; Technetium Tc 99m pentetate/pharmacokinetics;
Radiopharmaceuticals; Positive-pressure respiration.

might be vulnerable to mechanical failure if the capillary
pressure increased® or in states of high lung inflation,

The alveolar-capillary barrier, also known as the blood-
gas barrier, is excellent at maintaining the separation
between alveolar air and pulmonary capillary blood,
allowing rapid, efficient exchange of respiratory gases
while preventing the diffusion of water-soluble particles
suspended in alveolar air.(*? The integrity of the blood-gas
barrier is extremely important to the maintenance of
pulmonary homeostasis. In 1953, Frank Low published
the first high-resolution electron micrographs of the
human pulmonary blood-gas barrier, showing that a
structure only 0.3 pm thick separates capillary blood
from alveolar gas, which suggested that the barrier

in which the capillary wall is under tension because of
longitudinal stress in the alveolar walls.®

Technetium-99m-labeled diethylenetriaminepen-
taacetic acid (**™Tc-DTPA) radioaerosol inhalation lung
scintigraphy is a rapid, easily performed, extremely
sensitive, noninvasive technique for assessing lung
epithelial permeability.>® When inhaled, *"Tc-DTPA
particles arrive at the alveolar epithelial surface and
then diffuse from the air space into the vascular space.
The clearance rate of **™Tc-DTPA is a reliable index of
alveolar epithelial permeability. Therefore, **"Tc-DTPA
aerosol-inhaled scintigraphy has been used in numerous
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experiments and clinical investigations designed to
assess the integrity of the respiratory epithelium.®

Positive expiratory pressure (PEP) therapy involves
breathing with slightly active expiration against mild
expiratory resistance (typically 10-20 cmH,0).® Its
application via a PEP mask represents a reliable, safe,
low-cost intervention that can increase lung volumes
and intrathoracic pressure.(%) It has been shown to
improve lung volume, promote dilation of the airways,
and decrease pulmonary resistance. The purpose of
PEP therapy is to increase the transpulmonary pressure
gradient and improve pulmonary expansion, which
consequently improves oxygenation and the response
to inhaled bronchodilators. 23

The effects of different intensities of PEP on the
pulmonary clearance of *™Tc-DTPA in healthy subjects
have been largely unexplored in the literature and
require further elucidation. Therefore, the aim of
the present study was to evaluate the effects of PEP
on pulmonary epithelial membrane permeability in
healthy subjects.

METHODS

We studied 30 healthy subjects (15 men and 15
women). The mean age was 28.3 £ 5.4 years. Subjects
with cardiovascular or neuromuscular disease were
excluded, as were those with a history of smoking
or respiratory disease, as well as those who were
pregnant. All participants were recruited from a tertiary
care hospital in the city of Porto Alegre, Brazil, and
were evaluated between January and July of 2012. The
study was approved by the Research Ethics Committee
of the Porto Alegre Hospital de Clinicas (Protocol no.
04-418), which is accredited by the Brazilian National
Commission on Research Ethics, and all subjects gave
written informed consent.

Pulmonary scintigraphy with *mTc-DTPA radioaerosol
was conducted over two 30-min periods: during
spontaneous breathing; and while subjects were
breathing via a PEP mask (Vital Signs/GE Healthcare,
Totowa, NJ, USA), which we adapted to fit each subject
by using headgear, coupled to a PEP therapy device
(Resistex®; Mercury Medical, Clearwater, FL, USA).
Using computer-generated randomization codes, we
divided the subjects into three groups: those receiving
PEP at 10 cmH,O (PEP,); those receiving PEP at 15
cmH,0 (PEP,,); and those receiving PEP at 20 cmH,0
(PEP,,). During data acquisition, the subjects were
in a sitting position with their hands on their thighs
and their arms held away from their body. For each
subject, the spontaneous breathing period served as
the control.

A spirometer (MasterScreen v4.31; Jaeger, Wirzburg,
Germany) was used in order to measure FEV, and
FVC. The technical procedures, acceptability criteria,
and reproducibility criteria, as well as standardization
of measures, were in accordance with the guidelines
established by the Brazilian Thoracic Association.(*%
Subjects received instruction regarding the procedures

to be performed during the spirometry assessment.
The spirometer was routinely calibrated (on a daily
basis) with a 3-L syringe in order to compensate for
ambient temperature conditions. A minimum of three
and a maximum of eight tests were conducted with
a 1-min interval between them. Three reproducible
maneuvers were performed, and the best curve was
considered for the study. Results are expressed as
absolute and percent-of-predicted values.>

The *mTc-DTPA was chelated by adding **™Tc-pertech-
netate (**"Tc-0O,~, IPEN-TEC; Institute for Energy
Research and Nuclear Science, Sdo Paulo, Brazil) to 740
MBq (20 mCi) of DTPA (Institute for Energy Research
and Nuclear Science) in 5 mL of normal saline. Using
instant thin layer chromatography, we determined the
labeling efficiency to be above 98%. The solution was
placed in the reservoir of the nebulizer (Aerogama
Medical, Porto Alegre, Brazil) and was inhaled by the
volunteer during 3 min of normal tidal breathing, with
an oxygen flow rate of 9 L/min. During nebulization, the
subjects remained under supervision, which allowed us
to verify the appropriate performance of the inhalation
maneuvers, as well as to correct any errors in inhalation
techniques. The subjects were placed in a sitting
position in front of a gamma camera (Starcam 4000i;
GE Medical Systems, Milwaukee, WI, USA), and images
were obtained every 20 s over a 30-min period. Two
regions of interest were defined—the left lung and the
right lung—and were drawn manually, a time-activity
curve being constructed by the same investigator. For
each lung, we employed the negative slope of the curve
to define clearance, using the minimum and maximum
clearance values. The *™Tc-DTPA clearance rate was
expressed as its half-time (T, ,)—i.e., the time for its
activity to decrease to 50% of the peak value.

All statistical analyses were performed with the SPSS
Statistics software package, version 20.0 (IBM Corp.,
Armonk, NY, USA). The normality of the variables was
assessed with the Shapiro-Wilk test. Categorical data
are presented as absolute and relative frequencies.
Continuous data with normal distribution are expressed
as means and standard deviations. Anthropometric
variables and lung function parameters were compared
among groups by one-way ANOVA (with the exception
of gender, which was compared by the chi-square test).
The difference in T,,, among groups was determined
with one-way analysis of covariance, with body weight,
height, and body mass index (BMI) as the dependent
variables. The influence of the pressure levels on T, , was
compared among the groups by two-way ANOVA. The
level of statistical significance was set at 5% (p<0.05).

RESULTS

We evaluated 30 healthy subjects (15 males and
15 females), with a mean age of 28.26 £ 5.40 years,
a mean FEV /FVC ratio of 0.89 + 0.14, and a mean
FEV, of 98.5 + 13.1% of the predicted value. The
anthropometric and lung function parameters are
presented in Table 1. The spirometric parameters were
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similar among the three study groups. Body weight,
height, and BMI were higher in the PEP,; group than in
the PEP,. group (p = 0.038, p = 0.027, and p = 0.015,
respectively). The ®°"Tc-DTPA pulmonary clearance
rate was not found to correlate significantly with age
(r = =0.120; p = 0.951), body weight (r = 0.115;
p = 0.545), height (r = 0.085; p = 0.655), or BMI
(r=0.120; p = 0.528). In the analysis of the results
related to the **"Tc-DTPA pulmonary clearance rate,
we considered the mean values for the left and right
lungs together, given that the difference between the
two lungs was not found to be statistically significant
in the PEP,; group (p = 0.258), the PEP,, group (p =
0.908), or the PEP,; group (p = 0.570).

In comparison with the value obtained during sponta-
neous breathing, the mean T, , was significantly lower
in the PEP , group—90.3 * 25.4 min versus 73.3 £
30.6 min (p = 0.044), as can be seen in Figure 1. That
difference was also significant in the PEP,; group—89.8
+ 28.9 min versus 63.1 £ 22.1 min (p = 0.044)—and
in the PEP,; group—99.3 + 49.6 min versus 64.5 £
29.6 min (p = 0.004). Regarding the delta variation
inT, , values, no statistically significant difference was

found among the groups (p = 0.322).

DISCUSSION

To our knowledge, this was the first study to
investigate the effects that different levels of PEP (10,
15, and 20 cmH,0) have on the rate of pulmonary
clearance of **"Tc-DTPA. We demonstrated that PEP
was able to induce increases in epithelial permeability,
at all of the levels tested. Another important finding
is that no significant variation in pulmonary clearance
rate was observed among the three groups under the
effects of any of the three PEP levels.

The effect of positive end-expiratory pressure
(PEEP) on solute clearance has been described as a
sigmoidal dose-response relationship dependent on
the pressure level applied (5-15 cmH,0); in other
words, the rate of pulmonary clearance of **"Tc-DTPA
accelerates exponentially due to the increase in lung
volume caused by the administration of different PEEP

Table 1. Baseline characteristics of the study groups.?
Variable

levels.(*®) Contrary to our hypothesis, we did not find
any differences among the three levels of PEP. In
accordance with our results, the study conducted by
Bishai et al.”) showed an increase in the pulmonary
epithelial permeability in mice at a PEEP level of 10
cmH,0. This difference in pulmonary clearance might
be because mice have smaller alveoli and are probably
more sensitive to the distension of inter-epithelial
junctions of the alveolar epithelium induced by the
application of lower pressure levels.

Our findings differ from those reported by Paiva et
al.,*® who assessed the permeability of the alveolar

120 -
'@' PEP10
110 - £y PEP,
—A PEP,
1001
£ 90-
E
[
£ 80
“;; p = 0.044*
70
p = 0.0041
60 p = 0.0044¢
50 -
Baséline PEIPs

Figure 1. Effects of positive expiratory pressure (PEP)
on the pulmonary clearance of technetium-99m-labeled
diethylenetriaminepentaacetic acid (*°"Tc-DTPA). At all PEP
levels, there was a significant decrease in the **"Tc-DTPA
half-time (the time for its activity to decrease to 50% of the
peak value) in comparison with the baseline (spontaneous
breathing) values (analysis of covariance, p < 0.05 for all).
PEP,,: PEP at 10 cmH,0 for 30 min; PEP ,: PEP at 15 cmH,0
for 30 min; and PEP,;: and PEP at 20 cmH,O for 30 min.
*PEP,,. "PEP,,. *PEP ..

Male gender, n (%) 6 (60)

Age, years 27.7 +5.1
Weight, kg 70.7 + 13.6
Height, cm 173 £7.7
BMI, kg/m2 23.4+2.8
FVC, % of predicted 99.5 + 15.9
FEV1, % of predicted 97.8 +12.3

PEP group

PEP15
(n = 10)

2 (20) 7 (70) 0.061
30.4+£5.9 26.6 + 5.1 0.286
60.4 +5.2 76.5 + 11.5 0.009t
165.5 + 5.5 176.1 + 8.5 0.017%
22.1+£1.5 24.5+2.1 0.0048
97.1+17.8 99.4 + 18.5 0.347
99.3+12.6 98.6 + 14.4 0.356

2Values are expressed in mean £ SD, except where otherwise indicated. PEP: positive expiratory pressure; PEP,:
PEP at 10 cmH,0 for 30 min; PEP,,: PEP at 15 cmH,0 for 30 min; PEP,: PEP at 20 cmH,O for 30 min; and BMI: body
mass index. *Between-group comparisons. 'Significant difference between the PEP,, group and the PEP,; group (p
= 0.038). *Significant difference between the PEP,, group and the PEP,, group (p = 0.027).

$Significant difference between the PEP,, group and the PEP,, group (p = 0.015).
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epithelial membrane in 36 healthy individuals submitted
to 10 cmH,0 and 20 cmH,0 under continuous positive
airway pressure (CPAP). The authors showed that
20 cmH,0 of CPAP induced an increase in epithelial
permeability, whereas 10 cmH,O of CPAP did not.

Previous studies in humans,*® sheep,°?") and
dogs?>?®) showed that the application of PEEP increases
lung volume and accelerates the rate of pulmonary
clearance of **™Tc-DTPA. Therefore, the increased
end-expiratory lung volume produced by PEP reduces
airway resistance and promotes an increase in functional
residual capacity.®¥ However, other factors, such as
airway/alveolar distension, prevention of alveolar
collapse during expiration, and recruitment of collapsed
alveoli, can also increase functional residual capacity.

In keeping with the findings of the present study,
Suzuki et al.?®) observed that, during the application of
20 cmH,0 of PEEP, pulmonary clearance of ®™Tc-DTPA
increased but returned to baseline values when PEEP
was discontinued. That suggests that the increase in
the **mTc-DTPA pulmonary clearance rate achieved
through the application of PEEP is reversible after
breathing returns to atmospheric pressure levels.

The mechanisms by which pulmonary insufflation
accelerates the pulmonary clearance of *°™Tc-DTPA

remain unclear. Some authors attribute this effect to
an increase in the alveolar surface area available for
diffusion,®® due to either the increase in epithelial
permeability,?” functional alterations in the surfactant
layer,?® or distension of the intercellular junctions of
the alveolar epithelium.?®

The present study has some limitations. First, we
evaluated subjects with healthy lungs. Therefore,
any conclusions drawn from this study cannot be
applied to patients with lung disease. This needs to
be investigated in different, clearly specified disease
groups, especially because PEP is not usually applied
in patients with healthy lungs. Second, the upper
airway critical closing pressure was not measured.
Nevertheless, our findings offer new perspectives on the
role of noninvasive ventilation, particularly in relation
to PEP and its influence on the alveolar epithelium.

On the basis of the findings of the present study, we
conclude that the application of 10, 15, or 20 cmH,0
of PEP for 30 min can induce an increase in epithelial
permeability and lung volume in healthy subjects.
Given that the application of PEP represents a reliable,
safe, and low-cost intervention in a variety of clinical
situations, future investigations should be conducted
with a focus on expanding upon these findings.
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ABSTRACT

Objective: To evaluate pulmonary function and functional capacity in children and
adolescents with sickle cell disease. Methods: This was a cross-sectional study involving
70 children and adolescents (8-15 years of age) with sickle cell disease who underwent
pulmonary function tests (spirometry) and functional capacity testing (six-minute
walk test). The results of the pulmonary function tests were compared with variables
related to the severity of sickle cell disease and history of asthma and of acute chest
syndrome. Results: Of the 64 patients who underwent spirometry, 15 (23.4%) showed
abnormal results: restrictive lung disease, in 8 (12.5%); and obstructive lung disease, in 7
(10.9%). Of the 69 patients who underwent the six-minute walk test, 18 (26.1%) showed
abnormal results regarding the six-minute walk distance as a percentage of the predicted
value for age, and there was a > 3% decrease in SpO, in 36 patients (52.2%). Abnormal
pulmonary function was not significantly associated with any of the other variables
studied, except for hypoxemia and restrictive lung disease. Conclusions: In this sample
of children and adolescents with sickle cell disease, there was a significant prevalence of
abnormal pulmonary function. The high prevalence of respiratory disorders suggests the
need for a closer look at the lung function of this population, in childhood and thereafter.

Medicina, Universidade Federal de Minas
Gerais, Belo Horizonte (MG) Brasil.

INTRODUCTION

Sickle cell disease (SCD) is the most common monogenic
disease in Brazil. The number of individuals with SCD in
Brazil is estimated to range from 25,000 to 30,000."
The incidence of SCD in the state of Minas Gerais, Brazil,
is approximately 1:1,400 live births, according to the
Minas Gerais State Neonatal Screening Program.® The
manifestations of this disease result from a predominance
of sickle-shaped red blood cells, which leads to chronic
hemolytic disease and vaso-occlusive phenomena.® SCD
leads to multisystem impairment, with lung involvement
being a major cause of morbidity and mortality.®

Some studies have been published on assessment
of pulmonary function in adults with SCD, showing
that the major abnormality is restrictive lung disease
(RLD).** Since the 1970s, studies have been published
on pulmonary function in the pediatric age group with
SCD,® with conflicting results being reported; however,
most studies show that obstructive lung disease (OLD) is
the most common abnormality.-® RLD is also common
in some pediatric studies, highlighting the importance of
pulmonary function testing in such children.®:*®

Another important respiratory disease affecting
children with SCD is asthma. Asthma is known to be
a comorbidity impacting the course of SCD, leading to
increased morbidity and mortality.(***?) Several studies
have reported an association between asthma and an
increased number of vaso-occlusive crises or acute

Keywords: Anemia, sickle cell; Respiratory function tests; Exercise test.

chest syndrome (ACS) episodes.(**"'*) An association
between asthma and pulmonary hypertension in children
was described by Hagar et al., raising the suspicion of
a shared mechanism, possibly associated with chronic
hemolysis.

The mortality associated with lung disease is a serious
problem in the SCD population.®'”) It has been demon-
strated that abnormalities in pulmonary function tests are
early objective signs of the development of chronic lung
disease in SCD.® It has recently been published that
decreased FEV, is associated with increased mortality in
adults with SCD.*® Nevertheless, few authors in Brazil
have attempted to investigate pulmonary function in
patients with SCD.(*°-2Y) We hypothesize that the onset of
pulmonary function abnormalities in SCD occurs as early
as childhood. To address this challenge, the objective
of the present study was to assess abnormalities in
pulmonary function and functional capacity in children
and adolescents with SCD, by means of spirometry and
the six-minute walk test (6MWT), and to compare these
abnormalities with clinical and laboratory variables in
these patients.

METHODS

This was a descriptive analytical cross-sectional study.
We included children and adolescents aged 8 to 15 years
who were enrolled in the Minas Gerais State Neonatal
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Screening Program, in the city of Belo Horizonte, Brazil,
had a confirmed diagnosis of SCD at age 1 year, and
were followed in the program between February of 2013
and February of 2014. We included patients with SS
phenotype or SB°-thalassemia—because they are known
to have a more severe clinical course—who resided in
the city of Belo Horizonte. We excluded patients who
were unable to perform the respiratory maneuvers or
the 6MWT because of cognitive or physical disability. We
also excluded patients who had a severe comorbidity,
such as chronic inflammatory diseases, hematological
disorders, or neurological disorders.

Data were collected by interview, physical exami-
nation, and medical chart review. The interview was
conducted using a semi-structured data collection
protocol. The physical examination consisted of
measurement of vital signs and measurement of weight
and height. The medical chart review consisted of
identifying clinical and laboratory data relevant to the
study. Baseline hemoglobin values and leukocyte and
reticulocyte counts were obtained from the arithmetic
mean of three complete blood counts before hydroxyurea
therapy or blood transfusions.

Medical charts were reviewed for ACS, using the
following definition: development of a new pulmo-
nary infiltrate involving at least one lung segment,
accompanied by at least another symptom, such as
fever, chest pain, tachypnea, wheezing, cough, or
hypoxemia.?? The presence of a history of asthma
was based on a physician diagnosis recorded in the
chart and on clinical and functional criteria established
by the Global Initiative for Asthma.®

Spirometry and the 6MWT were performed in the
outpatient clinic of a SCD referral center by the same
qualified pulmonary function technician. The results were
interpreted by pediatric pulmonologists and reviewed
by a pulmonologist specializing in pulmonary function.

Spirometry was performed with a Koko PFT spirometer
(PDS Instrumentation, Inc., Louisville, CO, USA), with
the patient seated and wearing a nose clip. All subjects
underwent bronchodilator testing (400 pg of albuterol
aerosol), and a positive result was defined asa > 12%
increase in FEV, or a > 200 mL increase in absolute
volume.® At least three curves were obtained. FVC,
FEV,, and FEF,, ., values were derived from these
curves and corrected for body temperature, pressure
saturated. Tests were interpreted in accordance with
the Brazilian Thoracic Association (2002) Guidelines
for Pulmonary Function Testing.*> Test results were
expressed as absolute values and as a percentage
of predicted according to Mallozzi.?®) The spirometry
findings were classified as normal, RLD, OLD, or
nonspecific lung disease.?*?> PEF was measured with
a Mini-Wright meter (Clement Clarke International,
Essex, UK). The best of three consecutive readings was
selected for analysis, using reference values provided
by Polgar and Promadhat.?”> There was an interval
of at least two weeks between hospital admission or
blood transfusion and the test.
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The 6MWT was performed in accordance with the
American Thoracic Society guidelines.®® A wrist
oximeter (Wrist 3100; Nonin Medical, Plymouth, MN,
USA) and a stopwatch were used. The patient was
instructed to walk as fast as possible for six minutes.
The walks were supervised by the physician responsible
for the study. SpO, was measured before, during, and
immediately after the walk, with care being taken
to provide a minimum one-minute interval for the
oximeter curve to stabilize. The distance walked in
six minutes—six-minute walk distance (6MWD)—was
measured in meters. Two tests were performed within
30 minutes, and when there were conflicting results
between the tests, a third test was performed. A normal
result was defined as a 6MWD > 80% of predicted
for age, a moderate result was defined as a 6MWD
between 60% and 80% of predicted, and a severe
result was defined as a 6MWD < 60% of predicted.
9 A significant decrease in SpO, (desaturation) was
defined as that > 3% relative to baseline.%

Percent predicted 6MWD was calculated following
the equation proposed by Priesnitz et al.G") Because
of the lack of studies in Brazil investigating 6MWD
reference values in adolescents, the equation proposed
by Priesnitz et al.G* was also used for the patients
aged 13 to 15 years.

The study population was characterized with
descriptive statistics. Variables were compared with the
chi-square test and Fisher’s exact test. The Student’s
t-test was used to compare independent groups.
Continuous variables were tested for normality with
the Shapiro-Wilk test and/or the Kolmogorov-Smirnov
test. The three spirometry-based groups were compared
with ANOVA and the Kruskal-Wallis test. The level
of statistical significance was set at p < 0.05. The
sample size calculation was based on the prevalence
of abnormal spirometry (37%) reported in a study
conducted in Brazil.**) Therefore, for the sample size
of our study (70 cases), the margin of estimation
error is 6.3% within a 95% CI. A multivariate logistic
regression analysis was performed to determine the
factors associated with the outcome measure “oxygen
desaturation”. The baseline variables were used to build
the final model. Given that the initial model included
non-significant variables, it had to be reduced to test
the significance of the remaining variables, that is, we
sequentially removed the variable with the highest p
value until we reached a final model with statistically
significant variables.

The project was carried out under the auspices of
the Graduate Program in Child and Adolescent Health
of the Federal University of Minas Gerais School of
Medicine. The study was approved by the Research
Ethics Committees of the Hemominas Foundation and
the Federal University of Minas Gerais—the collaborative
institutions involved in the study—under protocol no.
CAE-08480212.6.0000.5149. The legal guardians of
all participants provided written informed consent.
All patients over 13 years of age provided written



informed consent using forms written in language
appropriate for their age.

RESULTS

We aimed to recruit 100 patients with SCD by contact-
ing their families over the phone or via a primary health
care clinic and inviting these families to participate.
Of the targeted 100 patients, 2 had died and 1 had
a disabling comorbidity. In addition, 9 families were
not located and 18 declined to participate. The sample
therefore consisted of 70 patients, of whom 31 (44.3%)
were male and 39 (55.7%) were female. The mean
age was 11 % 2.3 years (range, 8-15 years). Sixty-six
individuals had the SS homozygous phenotype, whereas
4 had Sp°-thalassemia. Concomitant a-thalassemia
trait was found in 29.1% of the participants.

Thirty-nine patients (55.7%) were being treated
with hydroxyurea, and 10 (14.3%) were on a chronic
transfusion regimen. Comorbid asthma was identified
in 23 patients (33.3%). In the univariate analysis,
a diagnosis of asthma was not associated with the
number of vaso-occlusive crises or ACS episodes.
Forty-four patients (63.1%) had at least one ACS
episode, and, of those, 10 (23.1%) experienced two
or more episodes.

The descriptive statistics for the spirometric and
6MWT variables are presented in Table 1. Spirometry
was completed successfully in 64 of the 70 patients
included. Two patients were unable to perform the
maneuvers, and 4 did not undergo spirometry because
of problems with scheduling. However, these 4 were
not excluded, because they underwent the 6MWT. Of
the patients who underwent spirometry, 15 (23.4%)
had abnormal pulmonary function tests. No patient was
classified as having mixed obstructive-restrictive lung
disease or nonspecific lung disease. The spirometry
results are presented in Table 2.

The results of the univariate analysis comparing
the spirometry reports with intervening variables are

Vieira AK, Alvim CG, Carneiro MCM, Ibiapina CC ’p

presented in Table 2. The patients reported as having
OLD were older than were those reported as having
normal spirometry results or RLD. The group of patients
classified as having RLD showed lower baseline pulse
oxygen saturation (89.8% * 5.4%) than did the group
of patients with OLD and the group of patients with
normal spirometric results (92.3% % 4.6% and 94.5%
+ 4.4%, respectively; p = 0.02).

The 6MWT was administered to 69 patients, and 1
patient, who had undergone spirometry, declined to
undergo the test. The results are presented in Table 2.
The baseline SpO, values reveal that hypoxemia was
common in this population: 37 (52.9%) had values <
95%, with a mean of 93.6%. Eighteen patients (26.1%)
had a 6MWD < 80% of predicted for their age, and
only 1 patient had a 6MWD < 60%. There was a > 3%
decrease in SpO, in 36 patients (52.2%). Univariate
analysis showed that a history of ACS was the only
variable of interest that had a statistically significant
association with oxygen desaturation, there being an
inverse association between the number of ACS episodes
and the level of oxygen desaturation (< 3% vs. = 3%),
as shown in Table 3. The median (interquartile range)
for ACS was 1.0 (0.0-3.0) for the group of patients with
desaturation < 3% and 1.0 (0.0-2.0) for the group of
patients with desaturation > 3%.

In the univariate analysis, none of the variables of
interest were found to have a statistically significant
association with 6MWD as a percentage of predicted
(Table 3). In contrast, age and hypertransfusion were
found to have significant associations with absolute
values of 6MWD (Table 3).

The multivariate analysis of possible predictors
of oxygen desaturation is presented in Table 4. An
interesting observation is that, as in the univariate
analysis, a history of ACS was found to be a protective
factor against oxygen desaturation during the 6MWT
(p < 0.05). According to the measures of accuracy
of the logistic regression model, the sensitivity and
specificity were 48.4% and 59.0%, respectively.

Table 1. Patient descriptive statistics for the spirometric and six-minute walk test variables.

Variable Minimum Maximum Median Mean + SD
PEF, % of predicted 50.0 106.3 81.0 79.4 +13.9
FVC, % of predicted 63.0 115.0 85.0 85.0 + 10.6
FEV,, % of predicted 57.0 117.0 78.5 78.7 + 10.7
FEV,/FVC ratio 84.0 112.0 0.86 0.86 + 0.05
FEF, o, 43.0 125.0 72.0 76.0 + 17.6
Baseline Sa0,, % 78.0 99.0 94.0 93.6 + 4.8
Final Sa0,, % 72.0 99.0 91.0 89.3+7.6
Desaturation, % -3.0 -26.0 -2.0 -4.6 +6.3
6MWD, m 380 640 520.0 527.3 £+ 51.4
6MWD, % of predicted 56.4 114.8 85.1 84.9 + 8.3
Baseline HR, bpm 60.0 120 87.0 87.9 +13.7
Final HR, bpm 91.0 175.0 131.0 132.4 + 18.8
Baseline RR, breaths/min 12.0 28.0 16.0 18.0 + 3.4
Final RR, breaths/min 20.0 36.0 28.0 27.7 + 3.6

6MWD: six-minute walk distance; HR: heart rate; and RR: respiratory rate.
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Table 2. Comparative statistics across three spirometry-based patient groups (N = 64) for the variables of interest.?
Variables

Age, years 11.0+2.3
Gender, %

Male 44.9
Female 55.1
Baseline hemoglobin, g/dL 8.1+1.2
Fetal hemoglobin, % 11.2+8.4

Baseline leukocytes/pL 14.542 + 2.988
Reticulocytes, % 14.6 + 5.6
Sa0,, % 94.5 + 4.6
ACS episodes 1.7+2.1
Asthma, % 28.6
Hydroxyurea therapy, % 55.1
Hypertransfusion, % 16.3
a-thalassemia trait, % 30.8
Desaturation, %

<3 45.8

>3 54.2
6MWD, % of predicted 84.1+7.4

11.9+1.7 13.3:1.5 0.045
25.0 71.4 0.241*
75.0 28.6

7.4+0.5 8.0£0.5 0.151

11.7£9.8 121:6.7 0.875

14.222 + 2.680 14.269 + 4.931 0.979

13.6 +3.9 14.9+ 6.6 0.604

89.8 + 5.4 92.3+4.4 0.020

1.4:1.5 0.4:0.5 0.245
37.5 57.1 0.274*
28.6 57.1 0.457*
0.0 16.7 0.667*
0.0 28.6 0.638*
50.0 28.6 0.693*
50.0 71.4

84.5 + 11.1 86 +9.3 0.879*

RLD: restrictive lung disease; OLD: obstructive lung disease; ACS: acute chest syndrome; and 6MWD: six-minute
walk distance. 3Values expressed as mean = SD, except where otherwise indicated. *Kruskal-Wallis test, except

where otherwise indicated. **Fisher’s exact test.

DISCUSSION

The present study showed that pulmonary func-
tion, as measured by spirometry, was abnormal in
approximately one fourth of the patients with SCD, the
most common abnormality being RLD. A high rate of
desaturation during the 6MWT was found, which was
not associated with 6MWD or with spirometry-assessed
pulmonary function.

A history of asthma was present in one third of the
patients, which is double the prevalence observed in
the population of children and adolescents in the city of
Belo Horizonte (17.8%), according to the International
Study of Asthma and Allergies in Childhood.? A similar
prevalence was found in a retrospective cohort study
conducted by Williams et al.,** who demonstrated that
35.9% of the patients had a diagnosis of asthma and
that a decline in FEV, as a percentage of predicted is
associated with progression to pulmonary dysfunction.
These findings underscore the need for the recognition
of asthma, as well as the importance of longitudinal
follow-up of pulmonary function, in this population.

Lung disease patterns in SCD are heterogeneous and
can change over time. In the present study, 11% of the
patients were found to have OLD; of those, 57% had
a clinical diagnosis of asthma. Similarly, in a cohort of
patients studied by Boyd et al.*?) 13% were found to
have OLD, and of those 13%, 77% had a diagnosis of
asthma; in addition, an association was found between
OLD and increased rates of hospitalization for pain or
ACS. Another important study showed that 63% of the
patients with asthma had normal spirometry results
and that only 40% of the patients classified as having
OLD had a history of asthma.*% These findings indicate
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that there may be several inflammatory mechanisms
involved in the genesis of airway obstruction in SCD.
The prevalence of OLD (12.5%) found in the present
study was also similar to those found in other studies,
such as the ones conducted by Boyd et al. and by Tassel
et al., both of which reported a prevalence of 13%.12:3%

One of the limitations of the present study is the lack
of whole-body plethysmographic confirmation of RLD.
Longitudinal studies have shown that there is a decline
in lung volume and pulmonary function over the years
in children with SCD; however, the pathophysiology
of respiratory disorders in childhood has not been
fully elucidated.®>*) This decline was reported in a
cohort study by Lunt et al.,*®) who demonstrated that
a history of ACS episodes was the only independent
factor associated with reduced lung volumes. Some
biological markers, such as leukocytosis, are known to
be associated with SCD severity, but their relationship
with pulmonary function has only recently been the
subject of investigation.*” A study by Tassel et al.*
showed that the decline in pulmonary function in
childhood was directly associated with two markers
of severity of the underlying disease: leukocytosis
and hemolysis. In the present study, an association
was noted between baseline hypoxemia and RLD,
indicating that this group of patients may tend to
experience greater disease severity, given that baseline
hypoxemia is associated with the degree of anemia
and of hemolysis.G%

The 6MWT has grown in importance in the follow-up
of SCD because studies in adults show a relationship
between 6MWD and tricuspid regurgitant jet velocity,
which is used to estimate pulmonary artery systolic
pressure on echocardiography. This finding suggests
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Table 3. Comparative statistics (N = 69 patients) between the outcome measures (oxygen desaturation and six-minute
walk distance) and the variables of interest.”

Variable Desaturation, % 6MWD
<3 >3 % of predicted Absolute value, m
(n = 33) (n =

Age, years 11.6+2.4 11.0+2.3 0.345 r=-0.15" r=0.38"
p=0.224 p = 0.001

Gender, % 43.8 47.2 0.774*

Male 56.3 52.8 85.4 + 8.0 525.2 + 54.4

Female 83.8 +8.6 518.9 + 48.9
p=0.434 p =0.623

Baseline hemoglobin, g/dL 7.9+1.1 8.1+1.1 0.378 r=-0.177 r=-0.15"
p =0.167 p =0.249

Fetal hemoglobin, % 10.1 + 8.7 13.0 8.1 0.194 r=0.08" r=-0.02"
p = 0.544 p =0.878

Baseline Sa0,, % 93.6 £ 5.0 93.6 +4.7 0.983 r=-0.10" r=-0.23"
p = 0.429 p = 0.057

ACS episodes 2.1+2.5 0.9+0.9 0.024 r=-0.117 r=0.15"
p =0.389 p =0.229

Asthma, % 0.386**

Yes 40.6 30.6 82.7+9.0 528.3 + 55.3

No 59.4 69.4 85.5+7.8 518.2 + 49.1
p=0.210 p = 0.456

Hydroxyurea therapy, % 64.5 44.4 0.100*

Yes 35.5 55.6 84.9+9.3 519.2 + 51.6

No 84.4+7.0 525.5 + 52.0
p =0.781 p=0.619

Hypertransfusion, % 9.7 17.1 0.484***

Yes 90.3 82.9 80.5 +11.9 480.0 + 56.6

No 85.4+7.6 528.3 + 48.4
p =0.266 p =0.036

a-thalassemia trait, % 39.1 23.3 0.214**

Yes 60.9 76.7 86.5 +5.7 530.0 + 37.2

No 84.3+8.0 520.0 + 55.8
p=0.253 p = 0.455

6MWD, % of predicted 84.6 + 9.3 85.0+7.7 0.849

ACS: acute chest syndrome; and 6MWD: six-minute walk distance. *Student’s t-test for independent samples,
except where otherwise indicated. **Chi-square test. ***Fisher’s exact test. "Pearson’s correlation coefficient for
continuous variables (r value) and its respective p value.

Table 4. Multivariate logistic regression analysis for identification of factors associated with six-minute walk test
desaturation (= 3%).

Variable 1] (Wald) chi-square p
Initial model
Intercept -1.116 0.157 0.692
Gender 0.213 0.134 0.715
Baseline hemoglobin 0.183 0.355 0.551
Sa0, 0.170 0.058 0.810
Asthma -0.158 0.065 0.799
Hydroxyurea therapy 0.085 0.016 0.901
Acute chest syndrome -0.309 2.024 0.155
6MWD, % of predicted 0.003 < 0.001 0.996
Final model
Intercept 0.570 2.642 0.104
Acute chest syndrome -0.393 4.207 0.040

6MWD: six-minute walk distance.

that the 6MWT can be used as a noninvasive measure  children and adolescents carried out by Minniti et
of severity of pulmonary hypertension and functional  al. observed that elevated tricuspid regurgitant jet
capacity in this population.*® Studies in the pediatric  velocity was associated with a decline in SpO, during
population remain scarce. An important study of the 6MWT but not with a shorter 6MWD, as occurs
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in adults.*® In addition, a study conducted by Waltz
et al. reported a decline in SpO, during the 6BMWT in
patients with HbSS genotype (in 34%) and in patients
with HbSC (in 18%).¢49

The 6MWD as a percentage of predicted for age was
below normal in 26.1% of the patients; however, severe
impairment was found in only 1 patient. A similar result
was reported by Dedeken et al.,*® who found that
30% of a sample of 46 children and adolescents had
abnormal 6MWT. The role of the 6MWT in children and
adolescents with SCD has yet to be fully determined;
however, it seems that > 3% desaturation during the
6MWT may serve as an early marker of development
of pulmonary hypertension in this population.G®

In the present study, 52% of the patients had a
significant decrease in post-6MWT pulse SpO,, a
prevalence that is higher than that reported in other
studies, such as the ones by Waltz et al.“” (34%)
and by Campbell et al.G? (8%), the latter of which
involved patients with other phenotypes (SC, SD, and
others). This difference needs to be confirmed in other
studies in Brazil, because the present study is the first
of its kind in the country and shows the importance of
functional assessment in this population.

In the logistic regression analysis, a history of ACS
was surprisingly found to be a protective factor against
oxygen desaturation during the 6MWT. This is likely
a reflection of further treatment intensification in the
patients who experienced ACS, including hydroxyurea
therapy and/or chronic transfusion. This finding was
also reported in a study that sought to understand
the differences between adults and children with
pulmonary hypertension.*> That study demonstrated
that a history of ACS was a protective factor against
pulmonary hypertension in the adult population.®> In
the present study, the low sensitivity and specificity
of the multivariate analysis model do not allow the

elucidation of this complex pathophysiological process,
and it is possible that clinical variables other than the
ones we measured are associated.

As far as limitations of this study are concerned, we
acknowledge that it was conducted in a single blood
bank and was cross-sectional and that important
tests, such as echocardiography and whole-body
plethysmography were not performed, because they
were not part of the research protocol. Therefore,
further longitudinal studies with a large number of
centers are warranted to verify the results obtained
here and to determine which clinical and laboratory
variables in SCD are of importance in clinical practice,
because, in the literature, there is a lack of data on
the factors actually influencing the development of
lung function impairment.

Finally, the present study showed a relevant prevalence
of abnormal pulmonary function and of significantly
decreased SpO, during the 6MWT in a sample of patients
aged 8 to 15 years, indicating the early onset of chronic
lung disease in SCD. The common finding of obstructive
and of restrictive pulmonary function abnormalities in
this population underscores the need for a closer look
at lung function, with the aid of objective measures,
such as spirometry, in childhood and thereafter, in
order to screen for chronic lung disease.

In summary, the data presented here, indicating that
the prevalence of pulmonary function abnormalities in
patients with SCD may be higher in Brazil, emphasize
how important it is that studies of lung function in this
population be conducted in the country. This subject
must be researched extensively and thoroughly,
including incorporating other methods of assessment,
such as whole-body plethysmography and echocar-
diography, and is a large field of research yet to be
explored in Brazil.
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ABSTRACT
Objective: To investigate the reported cases of tuberculosis and of tuberculosis-HIV

. Curso de Medicina, Universidade
Federal do Maranhao, Sao Luis (MA)

Brasil.
2. Forca Aérea Brasileira, Canoas (RS) co-infection in Brazil between 2002 and 2012. Methods: This was an observational
Brasil. study based on secondary time series data collected from the Brazilian Case Registry

Database for the 2002-2012 period. The incidence of tuberculosis was stratified by
gender, age group, geographical region, and outcome, as was that of tuberculosis-
HIV co-infection. Results: Nationally, the incidence of tuberculosis declined by 18%,
whereas that of tuberculosis-HIV co-infection increased by 3.8%. There was an overall
decrease in the incidence of tuberculosis, despite a significant increase in that of
tuberculosis-HIV co-infection in women. The incidence of tuberculosis decreased only
in the 0- to 9-year age bracket, remaining stable or increasing in the other age groups.
The incidence of tuberculosis-HIV co-infection increased by 209% in the > 60-year
age bracket. The incidence of tuberculosis decreased in all geographical regions except
the south, whereas that of tuberculosis-HIV co-infection increased by over 150% in
the north and northeast. Regarding the outcomes, patients with tuberculosis-HIV co-
infection, in comparison with patients infected with tuberculosis only, had a 48% lower
chance of cure, a 50% greater risk of treatment nonadherence, and a 94% greater risk
of death from tuberculosis. Conclusions: Our study shows that tuberculosis continues
to be a relevant public health issue in Brazil, because the goals for the control and cure
of the disease have yet to be achieved. In addition, the sharp increase in the incidence of
tuberculosis-HIV co-infection in women, in the elderly, and in the northern/northeastern
region reveals that the population of HIV-infected individuals is rapidly becoming more
female, older, and more impoverished.
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INTRODUCTION socioeconomically disadvantaged populations are at

increased risk of contracting tuberculosis.

In the 1980s, with the advent of AIDS in the world, the
tuberculosis problem worsened again. The presence of
HIV resulted in tuberculosis changing from an endemic
to an epidemic disease. The rate of tuberculosis-HIV
co-infection has increased, and tuberculosis-HIV
co-infection has been changing the epidemiological and
prognostic aspects of tuberculosis.***% The mortality
rate from tuberculosis increases by 2.4- to 19-fold in
patients with tuberculosis-HIV co-infection, in comparison

Tuberculosis is an infectious disease caused by Myco-
bacterium tuberculosis and continues to be a prevalent
communicable disease in underdeveloped countries.
Although there is treatment and means of prevention,
approximately 9 million new cases are reported annually
worldwide. Brazil is one of the 22 countries that collectively
account for 80% of the global tuberculosis burden, with
approximately 4,500 deaths from tuberculosis each
year. In 2009 alone, 72,000 new cases were reported,
which corresponds to an incidence rate of 38/100,000
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population.®) These data demonstrate the severity of
the tuberculosis problem in Brazil.

M. tuberculosis is transmitted by exhalation of infectious
droplets, and its infectivity is directly related to the
immune status of contacts.® Chief among the factors
contributing to the transmission and manifestation of
tuberculosis are conurbations, poor sanitary conditions,
limited access to health care, inadequate nutrition,
and presence of other diseases, such as alcoholism,
diabetes, and, in particular, HIV infection.®™ Therefore,

with HIV-negative patients.® In addition, an analysis on
the relationship between tuberculosis and HIV in Brazil,
performed by Jamal et al.,® pointed out that the risk of
developing tuberculosis is 10% per year for HIV-positive
individuals, whereas, for HIV-negative patients, that risk
is 10% over the course of their lifetime.

On the basis of clinical and epidemiological data, the
World Health Organization (WHO), in 1993, designated
tuberculosis as a priority in health policies. In Brazil,
three years earlier, the Ministério da Satude (MS, National
Ministry of Health) had launched the Plano Emergencial
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para o Controle da Tuberculose (Emergency Plan for
Tuberculosis Control), in which the implementation of
a supervised treatment—a groundbreaking treatment
worldwide—was recommended.” In 2003, the Brazilian
MS declared tuberculosis to be one of the five diseases
that are a priority for control in Brazil, including it in
various action plans, such as Pacto pela Vida (Pact for
Life), Mais Saude (More Health), and Programacéo das
Acles de Vigildncia em Saude (Programming of Health
Surveillance Actions), and bringing information and
efforts together in the Programa Nacional de Controle
da Tuberculose (PNCT, Brazilian National Tuberculosis
Control Program). Among the main objectives of the
PNCT are the established goal of achieving a cure rate
of 85% and an incidence rate below 25.6 cases/100,000
population by 2015, as well as the decrease in the rate
of treatment nonadherence and the prevention of the
emergence of resistant bacilli, so as to thus enable
effective control of tuberculosis in Brazil.(®*

In view of the epidemiological importance of
tuberculosis and the lack of recent analyses of data
collected from the Sistema de Informacdo de Agravos de
Notificacdo (SINAN, Brazilian Case Registry Database),
it is essential that the tuberculosis problem in Brazil and
its relationship with HIV be studied. Such studies will
provide a basis for the development of new guidelines.
Therefore, the present study investigated, through
data obtained from SINAN for the 2002-2012 period,
the evolution of tuberculosis and of tuberculosis-HIV
co-infection in Brazil for different clinical and epide-
miological variables.

METHODS

This was an observational study based on secondary
time series data collected directly from SINAN, through
the national database of the Brazilian Unified Health
Care System, for the 2002-2012 period. The dependent
variable was the incidence rate of tuberculosis and
that of tuberculosis-HIV co-infection over the analysis
period, calculated as the number of new cases reported
or recorded as “does not know” per year of diagnosis,
as recommended by SINAN, divided by the number of
inhabitants in the same period per region of residence,
using the 100,000 constant. The number of inhabitants
per region was obtained from census data (2000 and
2010) and inter-census population estimates, all of
which were provided by the Instituto Brasileiro de
Geografia e Estatistica (Brazilian Institute of Geography
and Statistics). Only patients who were reported as
HIV-positive were considered to have HIV infection.
The independent variables collected included gender
(male and female); age group (0-9, 10-19, 20-39,
40-59, and = 60 years); outcome (cure, nonadherence,
death from tuberculosis, and multidrug-resistant
tuberculosis); and geographical region of residence
(north, northeast, southeast, south, and central-west).

The data were summarized as incidence rates,
measures of central tendency, measures of growth, and
proportions. The data were tabulated into a Microsoft
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Excel 2010 spreadsheet and subsequently analyzed
using the Graphpad Prism statistical software program,
version 5.0 (GraphPad Inc., San Diego, CA, USA).
Prais-Winsten generalized linear regression was used to
analyze growth trends in the time series. This procedure
made it possible to determine whether the variations
were upward, downward, or stable, by analyzing the
measures of growth and the significance level (p <
0.05). Total variation was calculated as the difference
in proportion between the incidence in 2002 and the
incidence in 2012. In addition, categorical variables
were tested for associations by using odds ratios and
the chi-square test. For all tests, the significance level
was set at 95%.

RESULTS

Table 1 shows the data obtained from SINAN regarding
the crude and relative incidence of tuberculosis and
of tuberculosis-HIV co-infection, as well as the ratio
between the two incidences. Over the study period,
there was a decrease in the incidence of tuberculosis,
both in absolute numbers and per 100,000 population.
In terms of total variation, the crude incidence of
tuberculosis decreased by 9.66%, whereas the relative
incidence decreased by 18.66%. As for tuberculosis-HIV
co-infection, the crude incidence increased by 15.19%,
whereas the incidence per 100,000 population increased
by almost 4%. Nevertheless, the tuberculosis-HIV
co-infection/tuberculosis ratio increased by 27.51% over
the analysis period, indicating the growing importance
of HIV in the epidemiology of tuberculosis.

Table 2 presents the incidence per 100,000 population
of tuberculosis and of tuberculosis-HIV co-infection in
each year studied, by gender. There was a reduction
in the incidence of tuberculosis in men (—14.52%)
and in women (—25.41%). However, the incidence
of tuberculosis-HIV co-infection increased by almost
8% in women, a variation that is 5.4% higher than
that found in males. This reveals that the population
of HIV-infected individuals is rapidly becoming more
female.

Table 3 shows the incidence per 100,000 population
of tuberculosis and of tuberculosis-HIV co-infection in
each year studied, by age group. There was statistical
significance for the incidence of tuberculosis only in
the 0- to 9-year and the 40- to 59-year age groups.
A substantial reduction of 31% can be seen in the
0- to 9-year age group, being in contrast with the
almost 11% increase observed in the 40- to 59-year
age group. The picture is reversed when looking at
the behavior of tuberculosis-HIV co-infection. There
was a reduction only in the 0- to 9-year age group
(—36.36%), whereas there were substantial increases
in the other age groups: more than 50% in the 10- to
19-year age group; 11.32% in the 20- to 39-year age
group; and over 76% in the 40- to 49-year age group.
The most remarkable finding was the 209% increase
in the incidence of tuberculosis-HIV co-infection in the
> 60-year age group.
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Table 1. Incidence of reported cases of tuberculosis and of tuberculosis-HIV co-infection, Brazil, 2002-2012.
TB TB-HIV co-infection TB-HIV

Crude Incidence/ Crude Incidence/ co-infection/
incidence 100,000 population  incidence 100,000 population 1B ratio, %
2002 77,507 44.38 5,943 3.40 7.67
2003 78,599 44.44 6,068 3.43 7.72
2004 77,691 43.38 5,835 3.26 7.51
2005 76,751 41.67 5,841 3.17 7.61
2006 71,831 38.46 6,162 3.30 8.58
2007 71,629 37.83 6,398 3.38 8.93
2008 73,427 38.72 6,630 3.50 9.03
2009 72,895 38.07 6,771 3.54 9.29
2010 71,390 37.42 7,037 3.69 9.86
2011 73,168 38.03 7,150 3.72 9.77
2012 70,023 36.10 6,846 3.53 9.78
Total variation, % -9.66 -18.66 15.19 3.82 27.51
p < 0.05 < 0.05 < 0.05 < 0.05 <0.05

TB: tuberculosis.

Table 2. Incidence of reported cases of tuberculosis and of tuberculosis-HIV co-infection, by gender, Brazil, 2002-2012.

Incidence of TB/ Incidence of TB-HIV co-infection/
100,000 population 100,000 population
Males Females Males Females
2002 57.64 31.44 4.93 1.92
2003 57.69 31.58 4.92 1.99
2004 56.64 30.50 4.64 1.92
2005 54.66 29.04 4.49 1.89
2006 50.48 26.80 4.67 1.97
2007 50.33 25.75 4.84 1.97
2008 51.69 26.19 4.96 2.08
2009 50.91 25.67 5.00 2.12
2010 50.52 24.86 5.27 2.17
2011 51.58 25.04 5.34 2.16
2012 49.27 23.45 5.05 2.07
Total variation, % -14.52 -25.41 2.43 7.81
p <0.05 <0.05 <0.05 < 0.05

TB: tuberculosis.

Table 3. Incidence of reported cases of tuberculosis and of tuberculosis-HIV co-infection, by age group in years, Brazil,
2002-2012.

Incidence of TB/ Incidence of TB-HIV co-infection/
100,000 population 100,000 population
Age group, years Age group, years
0-9 10-19 20-39 40-59 = 60 0-9 10-19 20-39 40-59 = 60

2002 6.28 18.78 102.31  70.79 29.12 0.33 0.32 11.51 5.00 0.32
2003 5.96 18.31 102.22  71.76 29.28 0.27 0.33 11.17 5.50 0.37
2004 5.40 17.43 99.96 70.77 28.43 0.33 0.37 10.32 5.36 0.38
2005 5.07 16.62 95.25 68.63 27.63 0.25 0.29 9.83 5.52 0.41
2006 4.52 13.85 87.34 65.05 25.73 0.31 0.37 9.52 6.18 0.59
2007 4.78 15.69 95.74 69.54 27.66 0.22 0.38 10.79 7.12 0.61
2008 4.45 16.16 96.73 70.37 28.14 0.22 0.47 10.74 7.10 0.68
2009 4.62 16.12 100.81 73.23 28.25 0.24 0.50 11.24 7.82 0.89
2010 4.59 17.32 100.52 74.20 32.42 0.23 0.50 11.57 8.19 0.93
2011 4.68 18.41 112.27 82.32 33.78 0.24 0.60 13.49 9.54 0.90
2012 4.32 17.40 106.12 78.34 31.37 0.21 0.49 12.80 8.83 0.99
Total variation, % -31.21 -7.35 3.72 10.67 7.73 -36.36 53.13 11.21 76.60 209.38
p <0.05 0.73 0.24 <0.05 0.06 <0.05 <0.05 0.05 <0.05 <0.05

TB: tuberculosis.
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Table 4 presents the data regarding the incidence
per 100,000 population of tuberculosis and of tuber-
culosis-HIV co-infection in the years under study, by
geographical region. In terms of total variation, the
incidence of tuberculosis decreased by 20.19% in the
southeast, by 20.14% in the northeast, by 12.37% in
the north, and by 7.80% in the central-west. In the
south, that incidence remained stable.

Also according to Table 4, the incidence of tubercu-
losis-HIV co-infection increased substantially in the
north and northeast, with total variation exceeding
150% over the 11-year period studied. In the south,
there were no significant differences in incidence,
whereas, in the central-west, there was an increase
of almost 47%. In the southeast, unlike in the other
regions, there was a 25% reduction in the rates of
tuberculosis-HIV co-infection.

Regarding the outcomes, Table 5 shows that the
cure rate in patients with tuberculosis-HIV co-infection
was 50.74%, whereas, in patients infected with
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tuberculosis only, that rate was higher: 71.10%.
Calculation of odds ratios indicated that tuberculo-
sis-HIV co-infection decreased the chance of being
cured of tuberculosis by 58%. In addition, the rate of
treatment nonadherence was 13.60% in patients with
tuberculosis-HIV co-infection, compared with 9.52% in
patients infected with tuberculosis only. Therefore, HIV
infection increased the risk of treatment nonadherence
by 50% in patients infected with tuberculosis. Taken
together, the previous data indicate that patients with
tuberculosis-HIV co-infection, in comparison with
patients infected with tuberculosis only, had a 94%
greater risk of dying from tuberculosis. Nevertheless,
tuberculosis-HIV co-infection was not associated with
multidrug-resistant tuberculosis.

DISCUSSION

The data from the present study show that there was
a significant decrease in the incidence of tuberculosis
in Brazil between 2002 and 2012. This decrease was

Table 4. Incidence of reported cases of tuberculosis and of tuberculosis-HIV co-infection, by geographical region,

Brazil, 2002-2012.

Incidence of TB/
100,000 population

Incidence of TB-HIV co-infection/
100,000 population

NE SE S CW NE SE S Cw
2002 51.03 44.15 48.73 34.64 26.29 1.39 0.94 4.8 5.42 1.49
2003 49.97 46.14 47.27 3541 27.08 1.96 1.28 4.55 5.41 1.58
2004 50.6 45.9  45.52 34.08 24.7 1.64 1.48 4.21 5.04 1.49
2005 47.32 4554 429 3232 2534 1.95 1.46 3.95 5.03 1.68
2006 46.05 41.03 40.53 30.48 2427 1.96 1.56 4.47 4.69 1.67
2007 45.01 39.49 40.68 31.83 23.13 2.27 1.88 4.14 5.23 2.08
2008 44.69 38.13 40.37 31.84 22.8 3.18 2.05 4.01 5.71 1.97
2009 47.78 38.85 41.01 33.21 21.91 3.4 2.19 4.00 5.58 2.06
2010 40.88 33.95 36.45 30.35 20.98 3.83 2.48 3.93 6.08 2.03
2011 46.42 37.7 41.48 33.26 23.08  3.67 2.64 3.97 5.92 2.04
2012 44.72  35.26 38.89 32.06 24.24 3.81 2.7 3.59 5.48 2.19
Total variation, % -12.37 -20.14 -20.19 -7.45 -7.80 174.10 187.23 -25.21 1.11 46.98
p <0.05 <0.05 <0.05 0.08 <0.05 <0.05 <0.05 <0.05 0.07 < 0.05

TB: tuberculosis; N: north; NE: northeast; SE: southeast; S: south; and CO: central-west.

Table 5 . Association between tuberculosis-HIV co-infection and observed outcomes, Brazil, 2002-2012.

Outcome Cases reported to SINAN, % OR (CI 95%) p
TB-HIV co-infection TB®

Cure
Yes 50.74 71.10 0.42 (0.41-0.42) <0.05
No 49.26 28.90 Ref.
Nonadherence
Yes 13.60 9.52 1.50 (1.46-1.53) <0.05
No 86.40 90.48 Ref.

Death from TB
Yes 3.63 1.90 1.94 (1.86-2.02) < 0.05
No 96.37 98.10 Ref.

Multidrug-resistant TB
Yes 0.17 0.17 0.95 (0.75-1.21) 0.70
No 99.83 99.83 Ref.

SINAN: Sistema de Informacgdo de Agravos de Notificagdo (Brazilian Case Registry Database); TB: tuberculosis;
and Ref.: reference. @Difference between the total number of reported cases of tuberculosis and the number of

cases diagnosed as HIV-positive.
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found to be more prominent in women and children in
all geographical regions except the south. In contrast,
we found that the incidence rates of tuberculosis remain
high in men aged between 20 and 59 years. In addition,
the cure rates fall short of the goal established by the
PNCT, which is 85%.™* The picture changes when looking
at tuberculosis-HIV co-infection. Not only did the total
incidence of tuberculosis-HIV co-infection increased,
but it was greater in women, in the elderly, and in
residents of the northern and northeastern regions, which
reveals that the population of HIV-infected individuals
is rapidly becoming more female, older, and more
impoverished. Finally, the data showed that, in patients
with tuberculosis-HIV co-infection, the cure rates were
lower, whereas the rates of treatment nonadherence
and the rates of death were higher. The present study
adds to the debate about the public policies to control
tuberculosis and tuberculosis-HIV co-infection in
Brazil, demonstrating the impact of those policies on
our country and on at-risk populations, their possible
shortcomings, and possible areas for improvement.
Regarding the incidence of tuberculosis, we found a
reduction both in absolute numbers and per 100,000
population. According to Guimaraes et al.,('® the
incidence of tuberculosis decreased by 48.8% between
1990 and 2010 in Brazil, being as low as 43/100,000
population in the last year studied. That result supports
our analysis that the incidence of tuberculosis has
decreased. However, our data differ in that they show
an increased incidence in some age groups and a less
precipitous drop. This disparity between results may
have been due to the use of different databases.

The same was not found for the incidence of
tuberculosis-HIV co-infection, which in fact increased
by 3.82% over the study period. It is clear that HIV
has contributed to the growing number of cases of
tuberculosis, ') especially because of the increased
risk of contracting this disease, given the immuno-
suppression caused by the virus.?® Therefore, we
found an increase of 27.51% in the tuberculosis-HIV
co-infection/tuberculosis ratio over the study period,
which underscores the significance of this co-infection
for the adequate control of tuberculosis. In 2011, the
Brazilian MS recognized that, given the high prevalence
of tuberculosis-HIV co-infection and the increased
rates of death from tuberculosis among HIV-positive
patients, tuberculosis-HIV co-infection needed to be
controlled.® However, up until 2012, the number
of reported cases of tuberculosis-HIV co-infection
increased significantly, which emphasizes the need
for more actions aimed at preventing the spread of
HIV, as well as for treating and following co-infected
patients more thoroughly.

When analyzed by gender, the incidence of tuber-
culosis was twice as high in males as in females. This
finding substantiates the indication that, in Brazil,
tuberculosis primarily affects males,*? in whom the
risk of developing the disease is twice as high.”) It
is necessary to comment that there was a greater
reduction in the incidence of tuberculosis in females,
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probably because women take better care of their
health.(*>) However, the incidence of tuberculosis-HIV
co-infection was high in females, indicating a greater
number of new HIV-positive women. These data support
those of other studies conducted in Brazil that showed
a higher incidence and prevalence of tuberculosis and
HIV infection in males, as well as increased rates of
tuberculosis-HIV co-infection,** which is influenced by
genetic, environmental, and immunological factors and
of which better understanding would lead to advances
in diagnosis that would favor the development of new
technologies and treatments for both diseases.(*>

When analyzed by age group, the incidence of
tuberculosis was found to have decreased by one
third in children aged 0-9 years. This implies greater
effectiveness of treatment and greater effectiveness
of prophylaxis of contacts, as well as improvements in
housing, sanitary conditions, quality of diet, and access
to health care, including adherence to vaccination
schedules, since these characteristics are intrinsically
associated with the decrease in the incidence of
tuberculosis, especially in children,® although the
diagnosis is difficult in such cases.*”> However, in all
other age groups, except the 10- to 19-year age group,
there were increases in the incidence of tuberculosis, as
was also found in the Brazilian literature until 2004.*®)
In addition, we detected a substantial increase in the
co-infection rate in the 10- to 19-year age group, as
well as in others. In a study conducted in Brazil, dos
Santos Dias et al.*®) reported worse outcomes and
greater likelihood of unfavorable results in patients
co-infected with HIV. This leads us to a social problem:
the economically active population is increasingly
developing tuberculosis, which is more prevalent in
marginalized and impoverished segments of society.?®

The increase of 209% in the incidence of tuber-
culosis-HIV co-infection in the > 60-year age group
requires the development of elderly-targeted public
policies that encourage educational interventions and
gradually act on the sexual issue and on the prevention
of sexually transmitted diseases. In addition to the
increase in the number of elderly in the population,
the improvement in quality of life and the use of
medications for erectile dysfunction have increased
the prevalence of HIV infection, worsening the already
existing public health problem. The elderly are known
to be more susceptible to iliness, because they have
decreased immunity, as well as to have comorbidities
and to be on polypharmacy, both of which are pointed
out as risk factors for recurrence of tuberculosis.?%
Therefore, the increased tuberculosis-HIV co-infection
rate in this population implies higher mortality from
tuberculosis. The study by Chaimowicz?® suggested
that there will be a reduction in the tuberculosis-HIV
co-infection rate in the > 60-year age group over the
next 50 years. However, this will only be possible if
public policies aimed at this population are implemented.

When analyzed by geopolitical regions in Brazil, the
incidence of tuberculosis was found to have decreased
in all regions except the south. This decrease may be



directly related to the implementation of the PNCT™ in
those regions, as well as to the fact that the WHO has
declared tuberculosis a health emergency, expanding the
disease control interventions. In contrast, the increase
in the incidence of tuberculosis-HIV co-infection in all
regions strengthens the notion that HIV infection is
the major risk factor for the development of tubercu-
losis.”? The 150% increase found in the northern and
northeastern regions reveals that the population of
HIV-infected individuals is becoming more rural, which
is an aggravating factor to the tuberculosis problem,
because marginalized regions with poor social and
health indicators are more vulnerable.*2% Nevertheless,
Prado et al.®® reported that patients co-infected with
HIV were less likely to live in rural areas. Considering
all the evidence, it is necessary to structure primary
health care clinics so that they can meet the needs of
those regions and to implement social development
policies in those regions so that they are no longer
vulnerable. It is of note that direct income transfer
programs seem to contribute to increasing the cure
rates for tuberculosis in Brazil.(>> Therefore, in order
to achieve far-reaching and robust results, public
health policies should address the various facets of
the disease, such as social, economic, environmental,
and clinical problems.(?1:26-28)

After analyzing the temporal evolution of tuberculosis
and of tuberculosis-HIV co-infection for different
epidemiological profiles, we extracted the outcome
data for the same period in order to assess the goals
of the PNCT®™ and the influence of tuberculosis-HIV
co-infection on outcome. The difference in the cure
rate between HIV-negative and HIV-positive patients
is clear. Whereas the former had a cure rate of 71%,
the latter had a cure rate of only 50%, which means
that patients with tuberculosis-HIV co-infection had
a 48% lower chance of cure than did HIV-negative
patients. This relationship has been reported in other
studies®*3% and is related to the immunodeficiency
caused by HIV in such patients, the time from diagnosis
to treatment initiation, and the limited access to health
care.CGY Even after the launch of the PNCT and after
the establishment of the WHO and the Brazilian MS
goal of curing 85% of reported cases by 2015, Brazil
has not yet achieved this purpose, as shown by our
analysis of the 2002-2012 period.”

The rates of treatment nonadherence for the reported
cases of tuberculosis and of tuberculosis-HIV co-infection
were 9% and 13%, respectively, being similar to those
found in previous studies.(18:20:2%32) Although treatments
are available free of charge in the public health care
system, the dispensing of medications and treatment
follow-up are performed at different places. In addition,
the long duration and the side effects of the treatment
favor nonadherence.®
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The rate of death from tuberculosis was found to be
almost 3-fold higher in patients with tuberculosis-HIV
co-infection than in HIV-negative patients. These
data are similar to those found in other studies(*&>®
and, once again, are related to the immune profile of
HIV-positive patients©* and to the rates of treatment
nonadherence, which are higher in this population,
as demonstrated in the present study. Nevertheless,
Dowdy et al.*¥ reported similar decreases in quality
of life across groups of patients with tuberculosis,
with HIV, and with tuberculosis-HIV co-infection, by
using a validated self-assessment instrument. It is
of note that we found no differences in the rate of
multidrug-resistant tuberculosis between the groups.
Although some studies support this finding,’:*®) others
suggest the opposite, and this information is relevant
to disease outcome.(*:33:3536)

The major limitation of the present study is the
use of secondary data, given that such data can
affect the analysis, especially because of poor record
completion.7:38) Therefore, it is essential to ensure
the sensitivity and reliability of the SINAN data so that
they can be safely used by researchers, health care
managers, and health care professionals in an equal
fashion nationwide.

In summary, our findings suggest, within the limits
of this study, that the epidemiological behavior of the
reported new cases of tuberculosis and that of the
cases of tuberculosis-HIV co-infection showed opposite
trends between 2002 and 2012. Infection with HIV
is an important factor in the course of tuberculosis.
This information is essential to the implementation of
a policy aimed at informing the care of HIV-positive
patients so that more effective monitoring measures
can be made available. Conversely, despite advances
in the treatment and prevention of HIV infection, it
is necessary not to neglect the continued spread of
this infection in Brazil, especially in women, in the
elderly, and in less developed regions. In addition, it
is necessary to expand the PNCT® uniformly in the
whole country so that it is possible to achieve the
established goals, as well as to offer structured and
effective care nationwide. Finally, encouraging and
facilitating the functioning of primary health care
clinics, through continuing education, that are apt to
diagnose and treat tuberculosis is indispensable to
improving data on this disease.
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Association between severe asthma and
changes in the stomatognathic system

Mayra Carvalho-Oliveira"?, Cristina Salles®, Regina Terse*,
Argemiro D’Oliveira JUnior?>

ABSTRACT

Objective: To describe orofacial muscle function in patients with severe asthma.
Methods: This was a descriptive study comparing patients with severe controlled
asthma (SCA) and severe uncontrolled asthma (SUA). We selected 160 patients,
who completed a sociodemographic questionnaire and the 6-item Asthma Control
Questionnaire (ACQ-6), as well as undergoing evaluation of orofacial muscle function.
Results: Of the 160 patients evaluated, 126 (78.8%) and 34 (21.2%) presented with SCA
and SUA, respectively, as defined by the Global Initiative for Asthma criteria. Regardless
of the level of asthma control, the most frequent changes found after evaluation of
muscle function were difficulty in chewing, oronasal breathing pattern, below-average or
poor dental arch condition, and difficulty in swallowing. When the sample was stratified
by FEV, (% of predicted), was significantly higher proportions of SUA group patients,
compared with SCA group patients, showed habitual open-mouth chewing (24.8% vs.
7.7%; p < 0.02), difficulty in swallowing water (33.7% vs. 17.3%; p < 0.04), and voice
problems (81.2% vs. 51.9%; p < 0.01). When the sample was stratified by ACQ-6 score,
the proportion of patients showing difficulty in swallowing bread was significantly higher
in the SUA group than in the SCA group (66.6% vs. 26.6%; p < 0.01). Conclusions: The
prevalence of changes in the stomatognathic system appears to be high among adults
with severe asthma, regardless of the level of asthma control. We found that some such
changes were significantly more common in patients with SUA than in those with SCA.

Keywords: Speech/physiology; Stomatognathic system/physiopathology; Asthma/
complications; Deglutition disorders; Mastication/physiology.

The static and mobile structures of the stomatognathic

The 2015 update of the Global Initiative for Asthma
(GINA) guidelines® indicates that, in 10-40% of patients
with (allergic or non-allergic) asthma, the disease may
be associated with rhinitis. However, a study conducted
at a referral center in the city of Salvador, Brazil, found
a 100 percent association between asthma and allergic
rhinitis.® Allergic rhinitis, in turn, can cause nasal
obstruction, with consequent oral breathing at rest, even
when individuals with severe asthma are experiencing
stable periods.® Oral breathing can change the functions
of the stomatognathic system (breathing, sucking,
chewing, swallowing, and speech), functions that affect
vital and social aspects.®

The literature has demonstrated that oral breathing
in children and adults with severe asthma can cause
changes in the structures and functions of the stomato-
gnathic system, which are represented, for example, by
maxillary atresia and a high-arched palate; protrusion of
the tongue between or against the dental arches; open
bite and crossbite; hypotonic lips and lip occlusion with
muscle tension; and inappropriate patterns of breathing,
chewing, and swallowing.®®

system act jointly and synchronously to perform the
functions of breathing, sucking, chewing, swallowing,
and speech. One can hypothesize that a change in an
upper airway structure may change its corresponding
function, such an example being that missing dental
units will affect chewing. When a structure or function
is changed, the other structures and functions may play
their roles in a way befitting that new condition, one such
example being that of hypotonia of the tongue leading
to changes in executing swallowing movements.

Severe asthma can be identified by difficulty in controlling
the disease or achieving treatment response, as well as
by the presence of at least one of the following indicators:
poor symptom control, as indicated by an Asthma Control
Questionnaire (ACQ) score > 1.5 or an Asthma Control
Test score < 20; frequent exacerbations requiring two
or more doses of systemic corticosteroids (> 3 times a
day) in the previous year; severe exacerbations in the
previous year, with at least one requiring hospitalization
or mechanical ventilation; airflow limitation after bron-
chodilator use, with an FEV, < 80% of predicted; and
frequent symptoms of nocturnal asthma and limitation
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in physical activities.®-*) Patients with severe asthma
tend to show a high rate of allergic rhinitis, one of
the clinical symptoms of which is nasal obstruction,
and consequently have predominantly oral breathing.
In such cases, the phonoarticulatory organs are
positioned improperly and can lead to impairment of
the functions of sucking, chewing, swallowing, and
speech. Therefore, the objective of the present study
was to describe orofacial muscle function in patients
with severe asthma.

METHODS

This was a cross-sectional study of a consecutive
sample selected in an asthma referral center—Programa
de Controle da Asma e da Rinite Alérgica da Bahia
(ProAR, Bahia State Program for the Control of Asthma
and Allergic Rhinitis)—in the city of Salvador, Brazil.
The inclusion criteria were as follows: having been
diagnosed with severe asthma in accordance with
the Global Initiative for Asthma criteria®?; and being
18 to 85 years of age. The exclusion criteria were
as follows: having a neurological disorder, a genetic
syndrome, a heart disease, a debilitating disease, facial
trauma, cognitive deficit, or difficulty in understanding
and performing the requested movements; having a
history of head and neck surgery; and being pregnant.

Of the 160 subjects invited to participate in the study,
all completed a sociodemographic questionnaire and
the 6-item ACQ (ACQ-6), with the cut-off point for
control being 1.5.(** The evaluation of muscle function
consisted of observation of the face and oral function,
following a validated protocol.® The data for FEV,
were obtained from medical records, which had to
have been completed within twelve months previously.

To calculate the sample size required to estimate the
frequency of myofunctional dysfunction in patients with
severe asthma, we used the PEPI-Sample software
(Sagebush Press, Salt Lake City, UT, USA) and the
following parameters: a confidence level of 95%; an
estimated prevalence of myofunctional changes in
the general population of 30-40%; population from
which the sample was drawn: approximately 2,000
severe asthma patients enrolled in the ProAR; and a
difference in prevalence of 10% as being acceptable.
To achieve the study objective, the required sample
size was estimated at 145 patients. Allowing for a loss
to follow-up rate of 10%, a sample of 160 patients
was determined.

Data were tabulated and analyzed with the IBM
SPSS Statistics software package, version 20.0 (IBM
Corporation, Armonk, NY, USA). Quantitative variables
were expressed as mean * standard deviation or as
median (interquartile range). Qualitative variables
were expressed as absolute and relative frequencies.
Proportions were compared with the chi-square test.
Two means were compared with the Student’s t-test
for independent samples. Values of p < 0.05 were
considered statistically significant.

J Bras Pneumol. 2016;42(6):423-428

The present study was approved by the Research
Ethics Committee of the Federal University of Bahia
(Protocol No. 088/2010; Additional Resolution No.
41/2013). Written informed consent was given by
the patients at the time they agreed to participate
in the study.

RESULTS

A total of 160 adult patients (age > 18 years) were
invited to participate in the evaluation of orofacial
muscle function in patients with severe asthma. On
the basis of the GINA criteria for classification of
asthma,*? 126 patients (79%) had controlled asthma
and 34 (21%) had uncontrolled asthma. Table 1 shows
the sociodemographic aspects of the severe asthma
patients enrolled in the ProAR, providing data on
gender, skin color, level of education, family income,
age, BMI, spirometry, and ACQ-6 scores.

At the time of the evaluation of muscle function, 4
of the 160 invited patients (3 with severe controlled
asthma and 1 with severe uncontrolled asthma) were
excluded because they were unable to perform the
requested movements. Figure 1 shows, by level of
asthma control, the results for dental arch condition
and presence/absence of fixed or removable dental
prostheses in the severe asthma patients enrolled in
the ProAR.

Figure 2 shows, by level of asthma control, the results
of the evaluation of masticatory function (solid food:
milk bread) in the severe asthma patients enrolled
in the ProAR.

Figure 3 shows, by level of asthma control, the
results for swallowing function (solid food and liquids)
in the severe asthma patients enrolled in the ProAR.

The evaluation of orofacial muscle function, the
responses on the ACQ-6, and the spirometric data
revealed changes in breathing, voice, tongue mobility,

Table 1. Sociodemographic aspects, as well as clinical
and spirometric characteristics, of the patients with severe
asthma included in the study (N = 160).2

Variable Patients
Gender (female) 123 (76.9)
Skin color (brown) 100 (62.7)
Level of education 80 (50.0)
(< 9 years of schooling)
Family income 80 (50.0)
(one time the national minimum
wage)
Age, years 51.5+12.6
BMI, kg/m? 29.0+5.2

Pre-bronchodilator FEV,, 63.7 (49.6-76.0)

% of predicted
Post-bronchodilator FEV,,
% of predicted
ACQ-6 score 0.66 (0.50-1.33)

ACQ-6: 6-item Asthma Control Questionnaire. #Values
expressed as mean = SD or as median (interquartile
range).

69.5 (57.5-82.0)
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Figure 1. Comparison of dental arch characteristics in patients with severe asthma, by level of asthma control. Chi-

square test; p < 0.05.
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Figure 2. Comparison of masticatory function (solid food) in patients with severe asthma, by level of asthma control.

Chi-square test; p < 0.05.

masticatory function, and swallowing function. To gain
a better understanding of these changes in asthma
patients, the variables were analyzed by comparing
these results on the basis of the two asthma control
measures used. Table 2 shows, by FEV, in % of
predicted after bronchodilator use, the results of
the statistical analysis (chi-square test) for tongue
mobility, masticatory function, swallowing function,
and voice complaints.

Table 3 shows, by level of asthma control as deter-
mined by the ACQ-6, the results of the statistical analysis

(chi-square test) for tongue mobility, masticatory
function, swallowing function, and voice complaints.

DISCUSSION

Our study results revealed that the frequency of
changes in the stomatognathic system was high in
patients with severe controlled asthma as well as in
those with severe uncontrolled asthma. Two references
were used as parameters for assessing asthma control:
an objective one and a subjective one. Spirometry is an

J Bras Pneumol. 2016;42(6):423-428
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Figure 3. Comparison of swallowing function in patients with severe asthma, by level of asthma control. Chi-square

test; p < 0.05.

objective test and provides pre- and post-bronchodilator
FEV, values. The ACQ is a subjective questionnaire for
assessing asthma control that uses patients’ memories
and perceptions of their health status in the last seven
days. The two parameters were associated with the
variables studied.

In the present study, the results for the muscles
and functions of the stomatognathic system were
associated with asthma severity both with the use of
FEV, and ACQ-6 score. Campanha et al. also observed
associations between changes in the stomatognathic
system and FEV, in patients with uncontrolled asthma{**
In contrast, when asthma patients undergo speech
therapy to restore a nasal breathing pattern, it can
be seen that the clinical and functional improvement
relative to an oronasal breathing pattern is evidenced
by the increase in PEF and FEV, percentage values,
indicating the superiority of nasal breathing.®*

In the present study, voice changes (Tables 2 and
3) were common in the asthma patients and can be
described as hoarseness, throat clearing, scratchy voice,
dry throat, burning sensation when talking, and faulty
or difficult voice. The literature shows that asthma
treatment can affect patients’ voices. The findings of
the present study corroborate those of Stanton et al.,
who concluded that impaired voice quality is common
in patients with asthma and that the Grade-Rough-
ness-Breathiness-Asthenicity-Strain system (GRBAS),
which is a voice assessment scale, should be included
in ear, nose, and throat assessment and in speech
pathology assessment in asthma patients.*t)

Regarding the posture of the articulators, the findings
of the present study were as follows: a habitual anterior
tongue posture; a low tongue tip posture (on the floor
of the mouth); a lowered posture of the tongue dorsum;

J Bras Pneumol. 2016;42(6):423-428

a broad and tall maxilla; use of dental prostheses;
and an elongated, edematous uvula. Corroborating
these results, Berlese et al. found several orofacial
changes in oral breathers, such as dry, open lips; a
short, hypofunctioning upper lip; a full, everted lower
lip; a lowered, hypotonic tongue; maxillary atresia
and a high-arched palate; open bite and crossbite;
hypotonic orofacial muscles; a flat nose with small
nostrils; and protruding upper teeth.”

We found that 18.3% of our study participants were
totally edentulous. As for dental arch condition, it was
possible to observe caries and diastemas in the teeth,
regardless of their position; poor overall condition;
unhealthy gums; and use of fixed or removable dental
prostheses. In a study of children with asthma con-
ducted in 2007, Shashikiran et al. found an association
between bronchodilator use, causing local effects such
as a decrease in salivary pH, and changes in salivary
secretion levels and composition, which explains the
increased incidence of caries and periodontal disease
and draws attention to need for more effective hygiene
as a means of preventing caries.® Another study,
which found asthma to be associated with orthodontic
changes, facial symmetry, and Angle’s classification of
dental occlusion, observed the presence of crossbite,
overbite, and diastemas,*”) corroborating the findings
of the present study.

Changes in masticatory function include crushing
food with the tongue and chewing rapidly and
insufficiently. Da Cunha et al. suggested that chewing
duration tends to be decreased in asthma patients.
Breathing difficulties and incoordination of breathing
may be associated with decreased chewing duration,
since asthma patients have difficulty in maintaining
the balance required for breathing during feeding.*®)
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Table 2. Data from the evaluation of orofacial muscle function in adults with asthma, by FEV, in % of predicted after

bronchodilator use.?
Variable

Tongue, flaccid tone

Tongue, asymmetric sucking

Tongue, changes in the 4 cardinal points

Habitual open-mouth chewing

Habitual chewing more on one side

Difficulty in swallowing bread

Mentalis muscle contraction during water swallowing
Difficulty in swallowing water

Chocking during water swallowing

Voice problems

FEV, = 80%

FEV, < 80%

(n = 52) (n =
19 (35.8) 54 (51.9) 0.06
14 (26.4) 34 (32.7) 0.47
3 (5.8) 14 (13.9) 0.18
4(7.7) 25 (24.8) 0.02
46 (88.5) 92 (91.1) 0.58
15 (28.8) 38 (37.6) 0.37
51 (98.1) 100 (99.0) 1.00
9 (17.3) 34 (33.7) 0.04
13 (25.0) 37 (36.6) 0.20
27 (51.9) 82 (81.2) 0.01

aValues expressed as n (%). *Chi-square test or Fisher’s exact test.

Table 3. Data from the evaluation of orofacial muscle function in adults with severe controlled asthma or severe
uncontrolled asthma, as determined by the 6-item Asthma Control Questionnaire (ACQ-6).?

Variable

Tongue, flaccid tone

Tongue, asymmetric sucking

Tongue, changes in the 4 cardinal points

Habitual open-mouth chewing

Habitual chewing more on one side

Difficulty in swallowing bread

Mentalis muscle contraction during water swallowing
Difficulty in swallowing water

Chocking during water swallowing

Voice problems

Patients®
Controlled asthma  Uncontrolled asthma
(n = 123) (n = 33)
55 (43.7) 19 (56.0) 0.25
36 (28.6) 13 (38.2) 0.30
11 (9.0) 6 (18.1) 0.12
21 (17.0) 9 (27.3) 0.14
111 (90.2) 30 (91.0) 0.65
32 (26.0) 22 (66.6) 0.01
121 (98.4) 33 (100.0) 0.62
31 (25.2) 14 (42.4) 0.05
39 (31.7) 13 (38.2) 0.26
87 (71.0) 25 (76.0) 0.66

3Values expressed as n (%). ®Controlled asthma: ACQ-6 scores > 1.5; and uncontrolled asthma: ACQ-6 scores < 1.5.

*Chi-square test or Fisher’s exact test.

Using the tongue to help chewing, promoting food
crushing, is consistent with the result of Lemos et al.,
who show that chewing is a learned function and may
undergo changes.® The patients in the present study
made a lot of random chewing sounds. This result
may be associated with the high frequency of oral
breathers in the study population. Oliveira et al. define
masticatory performance as a measure of the ability
to grind food.**) They believe that nasal obstruction
produces sounds and changes in the posture of the
tongue, lips, and jaw. Therefore, oral breathers, as
well as asthma patients, do not eat well, undermining
their craniomaxillary and orofacial development.

Studies of the functions of the stomatognathic system
draw attention to the fact that the age at which an
individual develops a mature swallowing pattern is
controversial, ranging from 18 months to 6 years of
age. Lemos et al., in 2009, pointed out that there is a
relationship between oral breathing and the presence
of changes in the swallowing pattern.(® Drozdz et al.
reported that the act of swallowing depends on a complex
and dynamic process using structures in common with
the act of breathing, and, therefore, respiratory problems
can cause swallowing difficulties.?® Berlese et al.

agreed on the fact that oral breathing causes functional
changes, such as adaptive swallowing, which can be
characterized by the association of lip action, mentalis
muscle action, and tongue protrusion, which occurs
because of decreased tongue tone and a lowered tongue
posture.”’ In an attempt to correct these changes, the
perioral muscles, including the orbicularis oris and the
mentalis muscle, act more actively to reestablish the
lip seal required for proper breathing.”)

We emphasize the importance of the originality of the
present study, which involved adults with severe asthma.
The limitations of the present study are considered to
be the lack of a control group, the fact that the study’s
convenience sample was drawn consecutively, the
probability that the subjective responses on the ACQ-6
negatively affected the correct perception of asthma
control, and the lack of an otolaryngologist to diagnose
and quantify the presence of allergic rhinitis. However,
this loss of information is in line with the literature.

Our study results revealed that the frequency of
changes in the stomatognathic system affecting
muscles and structures was higher in patients with
severe uncontrolled asthma than in those with severe
controlled asthma; that the frequency of oronasal
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breathing, dental arch changes, and voice changes
was high in patients with severe asthma, regardless
of the level of asthma control; and that the frequency
of changes in the stomatognathic system affecting the
functions of breathing, chewing, and swallowing was
higher in patients with severe uncontrolled asthma
than in those with severe controlled asthma.
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Perme Intensive Care Unit Mobility Score
and ICU Mobility Scale: translation into
Portuguese and cross-cultural adaptation
for use in Brazil

Yurika Maria Fogaca Kawaguchi', Ricardo Kenji Nawa??3,
Thais Borgheti Figueiredo*, Lourdes Martins®, Ruy Camargo Pires-Neto"®

ABSTRACT

Objective: To translate the Perme Intensive Care Unit Mobility Score and the ICU Mobility
Scale (IMS) into Portuguese, creating versions that are cross-culturally adapted for use
in Brazil, and to determine the interobserver agreement and reliability for both versions.
Methods: The processes of translation and cross-cultural validation consisted in the
following: preparation, translation, reconciliation, synthesis, back-translation, review,
approval, and pre-test. The Portuguese-language versions of both instruments were then
used by two researchers to evaluate critically ill ICU patients. Weighted kappa statistics
and Bland-Altman plots were used in order to verify interobserver agreement for the
two instruments. In each of the domains of the instruments, interobserver reliability was
evaluated with Cronbach’s alpha coefficient. The correlation between the instruments
was assessed by Spearman’s correlation test. Results: The study sample comprised 103
patients—56 (54%) of whom were male—with a mean age of 52 + 18 years. The main
reason for ICU admission (in 44%) was respiratory failure. Both instruments showed
excellent interobserver agreement (k > 0.90) and reliability (e > 0.90) in all domains.
Interobserver bias was low for the IMS and the Perme Score (-0.048 + 0.350 and —0.06
+ 0.73, respectively). The 95% Cls for the same instruments ranged from —0.73 to 0.64
and —1.50 to 1.36, respectively. There was also a strong positive correlation between the
two instruments (r = 0.941; p < 0.001). Conclusions: In their versions adapted for use in
Brazil, both instruments showed high interobserver agreement and reliability.
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INTRODUCTION mobility scale, and the Functional Status Score for the
ICU.® However, none of them are considered “gold
standard” to assist multidisciplinary teams in quantifying
the patient’s degree of mobility in a rapid, easy, and
objective way.”® In addition, there are conditions extrinsic
to the patient that affect the patient’s mobility in bed,
such as the presence of access ports, lines, and chest
tubes, which can be interpreted as a barrier to mobility,
and this presence is not scored or considered in most

Early mobilization is part of the rehabilitation process
for ICU patients and is currently considered a way to
prevent ICU-acquired muscle weakness and worsening
of physical function.(*? Some studies have associated
the practice of early mobilization with decreased duration
of mechanical ventilation and reduced length of ICU and
hospital stays, as well as with the promotion of functional

improvement in ICU survivors. 34

There are currently 26 published instruments that purport
to assess function in ICU patients. Of those, the Functional
Independence Measure and the Barthel index have been
used both in clinical practice and in research.*>» However,
few of these instruments were developed and validated to
assess function and/or mobility in ICU patients. In fact,
only 6 were developed specifically for the ICU setting
and have published clinimetric data. These instruments
are the Physical Function in Intensive care Test scored,
the Chelsea Critical Care Physical Assessment tool, the
Perme Intensive Care Unit Mobility Score, the Surgical
intensive care unit Optimal Mobilization Score, the ICU

instruments.(>°-11)

Taking into account such limitations, Perme et al.(*?
developed a specific instrument for measuring improve-
ment in mobility status, with a view to standardizing the
evaluation of ICU patients—the Perme Intensive Care Unit
Mobility Score—hereafter referred to as the Perme Score,
which is an instrument that objectively measures the
mobility status of ICU patients, starting with the ability
to follow commands and culminating in the distance
walked in two minutes. This mobility instrument is scored
from 0 to 32 and comprises 15 items grouped into 7
categories: mental status; potential mobility barriers;
functional strength; bed mobility; transfers; gait (with
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or without assistive devices); and endurance. In this
instrument, a high score indicates high mobility and
a decreased need for assistance. In contrast, a low
score indicates low mobility and an increased need
for assistance.(*?

With similar objectives to those of the Perme Score,
Hodgson et al.®® also developed an instrument for
measuring mobility status in ICU patients objectively.
Designated the ICU Mobility Scale (IMS), this single-do-
main instrument is scored from 0 to 10, with a score of
0 meaning low mobility (interpreted as a patient being
capable of performing only passive exercises in bed)
and a score of 10 meaning high mobility (interpreted
as a patient being capable of independent ambulation,
without aid).®

The clinical utility of a tool has to be determined
on the basis of a logical assessment of its validation,
reliability, and applicability.*> In order to choose the
best tool that can effectively assess the functional
changes that will occur in the patient during the ICU
stay, health care professionals and researchers should
consider which tools have clinimetric data that are more
robust and appropriate for the functional outcomes that
they want to analyze.(®'% To date, neither the Perme
Score nor the IMS has been appropriately translated
and validated for use in Brazil, taking into account
the language and cultural differences. Therefore, the
objective of the present study was to translate these
two ICU mobility instruments into Portuguese, creating
versions that are cross-culturally adapted for use in
Brazil, and to determine inter-rater agreement and
reliability for both versions.

METHODS

The present study was approved by the Research
Ethics Committee and the Comissdo de Andlises de
Projetos de Pesquisa (CAPPesq, Committee for the
Analysis of Research Projects) of the University of Sao
Paulo School of Medicine Hospital das Clinicas (Ruling no.
657.496). The translated instruments were evaluated
at two clinical ICUs (10 beds) and one surgical ICU (20
beds) of the University of Sdo Paulo School of Medicine
Hospital das Clinicas Central Institute, in the city of
Sao Paulo, Brazil, between April and June of 2015. In
the phase of instrument testing, since physical therapy
evaluation was part of the routine care at those ICUs,
being performed several times a day, the health care
professionals who participated in the study, scoring
and comparing the instruments, gave written informed
consent, rather than the patients.

The methodology for translating and cross-cultural
adapting and validating the instruments followed a
rigorous process, in accordance with current guidelines
for the translation and cross-cultural adaptation of
instruments. >4 The following steps were performed:
1) Preparation: the author of the project contacted
the authors of the original instruments and obtained
the rights to use, translate, and cross-culturally
validate the instruments; 2) Translation from English
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into Portuguese: the instruments were independently
translated into the target language by two translators
who were native speakers of Portuguese and fluent in
English, one of whom was familiar with the instruments
and was aware of the objective of the present study
and the other of whom was not familiar with the
instruments; 3) Reconciliation and synthesis: the two
initial Portuguese-language versions were compared,
item by item, with the original English-language versions
by two physical therapists who were familiar with the
instruments. Any existing discrepancies were analyzed
and discussed by three researchers, leading to the
production of a second Portuguese-language version
for each of the two instruments; 4) Back-translation:
the second Portuguese-language version of each of
the two instruments was sent to two translators who
were native speakers of English and fluent in Portu-
guese, neither of whom had contact with the original
English-language versions, for back-translation®>17);
5) Review and harmonization of the back-translation:
the back-translated versions of the instruments were
compared with their original English-language versions
by a review committee comprising three researchers,
in order to identify potential discrepancies and make
the necessary adjustments, item by item, thereby
producing the final back-translated version of each of
the two instruments; 6) Approval from the authors of the
original instruments: the final back-translated versions
were sent to the authors of the original instruments for
evaluation and comments on their consistency. An expert
committee comprising three physical therapists analyzed
the evaluations and comments of the authors of the
original instruments, incorporating their suggestions,
and thereby produced the final Portuguese-language
version of each of the two instruments; and 7) Pre-test:
raters were trained on the administration and scoring
of the final Portuguese-language version of each
of the two instruments. After training, a pilot study
involving 40 patients was conducted in which two
raters administered the two instruments following the
methodology described in the original articles; during
these evaluations, the raters could discuss the scores
and the difficulties in administering each instrument.*3

Data were collected by two raters, one of whom was
a senior (> 5 years of experience) physical therapist
(rater 1) and one of whom was a junior (< 5 years
of experience) physical therapist (rater 2). The two
raters performed the scoring according to the rules of
the two mobility instruments, which were administered
after an initial evaluation made by the ICU physical
therapist. While one of the raters evaluated the patient,
the other one only observed the procedure, without
having any physical contact with the patient. Each rater
was responsible for 50% of the evaluations, and the
functions of rater and observer were swapped every
two patients. Both raters completed the scoring sheet
of the Perme Score and of the IMS according to the
highest activity level. In an attempt to avoid biases,
the scoring sheets were completely separate and there
was no communication between the raters.”®
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Data on age, gender, reason for ICU admission,
mechanical ventilation use, vasoactive drug use, and
score on the Simplified Acute Physiology Score 3 were
collected to determine the clinical characteristics of
the population.

The sample size was calculated with a level of
significance of 5% and a power of 80%, taking into
account that the instruments could be equal (50%)
or not (50%). This is possible through the use of
the Bernoulli probability distribution; in addition, we
considered a delta of 10%, that is, the probability of
equality could range from 40% to 60%, and found
that a sample size of 100 individuals was required.
Statistical analysis was performed with the Statistical
Package for the Social Sciences, version 17 (SPSS Inc.,
Chicago, IL, USA).

The clinical characteristics of the patients were
descriptively expressed as mean and standard deviation,
median and interquartile range, or proportion, depending
on data type and normality of distribution. The level of
inter-rater agreement in the scoring of each instrument
was determined using weighted kappa statistics and
95% CI. Inter-rater reliability (internal consistency)
in scoring was determined using Cronbach’s alpha
coefficient. For the Perme Score, inter-rater agreement
and reliability were assessed individually for each
domain (items 1 to 15). In addition, Bland-Altman
plots were used to determine inter-rater agreement
in total score (sum of all domains) both for the Perme
Score and the IMS. The proportions of evaluations
with minimum scores (floor effect) and maximum
scores (ceiling effect) were also calculated. Finally,
the Kolmogorov-Smirnov test and Levene's test were
used to determine normality and homoscedasticity,
respectively. Since these principles were not met,
Spearman’s correlation coefficient was used to test
the correlation between the two instruments.(:#*3)
For this correlation analysis, we used the values from
the two raters.

RESULTS

Table 1 shows the clinical characteristics of the patients
evaluated in the present study. Slightly more than half
(54%; n = 56) of our sample was male and 67% (n =
69) of the patients were admitted for clinical reasons,
the most prevalent being respiratory disorders (n = 45).
Mechanical ventilation was present in 36% (n = 37) of
the cases, and vasoactive drug use occurred in 51%
(n = 53). Appendices show the Portuguese-language
versions of the IMS and the Perme Score, both of which
were translated from the original instruments. They are
available online at http://www.jornaldepneumologia.
com.br/detalhe_anexo.asp?id=47

Table 2 shows the inter-rater agreement (kappa
statistics and 95% CI) and reliability (internal con-
sistency, Cronbach’s alpha coefficient) for the IMS
and for each domain of the Perme Score. The IMS
showed excellent inter-rater agreement and reliability.
In addition, the inter-rater agreement for each item

Table 1. Characteristics of the patients (N = 103).2

Characteristic Result

Age, years® 52+ 18
Male gender 56 (54)
SAPS3¢ 66 [24]
Reason for ICU admission
Clinical 69 (67)
Respiratory 45 (44)
Renal 99)
Neurological 8 (8)
Rheumatological 5(5)
Hepatic 2 (2)
Surgical 26 (25)
Gastroenterological 11 (11)
Hepatic 9(9)
Cardiac 3(3)
Neurological 2(2)
Respiratory 1(1)
Trauma 8 (8)
Vasoactive drug use 53 (51)
Mechanical ventilation 37 (36)
Duration of mechanical ventilation, days® 4 [6]
Tracheostomy 99)
Length of ICU stay at the time of 5.5[7]

evaluation, days*

SAPS3: Simplified Acute Physiology Score 3. 3Values
expressed as n (%), except where otherwise indicated.
®Value expressed as mean + SD. “Values expressed as
median [interquartile range].

of the Perme Score ranged from 78% to 100%, and
the inter-rater reliability (Cronbach’s alpha coefficient)
ranged from 88% to 100%, meaning that there was
excellent inter-rater agreement and reliability for all
items. Figure 1 presents the Bland-Altman plots for
the IMS and for the total score on the Perme Score.
Inter-rater bias was low both for the IMS (-0.048 +
0.35) and the Perme Score (—0.06 £ 0.73). The 95%
CIs ranged from —0.73 to 0.64 for the IMS and from
—1.50 to 1.36 for the Perme Score.

The floor effect for the IMS and the Perme Score was
found to be 36% and 20%, respectively. The ceiling
effect for the IMS and the Perme Score was found to
be 6% and 3%, respectively.

The mean completion time for the scoring sheets was
two minutes for the Perme Score and less than one
minute for the IMS. There was also a strong positive
correlation between the use of the two instruments in
the evaluation of the patients (r = 0.941; p < 0.001).

DISCUSSION

For the present study, two instruments for evaluating
mobility in ICU patients were carefully translated into
Portuguese and validated for use in Brazil, with technical
and semantic equivalence having been achieved between
the original versions and the Portuguese-language
versions. Our results show that, in their versions
adapted for use in Brazil, both instruments showed

J Bras Pneumol. 2016;42(6):429-434
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Table 2. Inter-rater reliability and agreement for the ICU Mobility Scale (IMS) and the Perme ICU Mobility Score.

Instrument Rater 1

Median
[min-max]

Rater 2

Median
[min-max]

Reliability Agreement

k (95% CI)

(Cronbach’s alpha
coefficient)

IMS 1 [0-10] 1 [0-10] 0.99 0.99 (0.98-0.99)
Perme ICU Mobility Score
a) Mental status: item 1 2 [0-2] 2 [0-2] 0.97 0.94 (0.92 - 0.96)
b) Mental status: item 2 1 [0-1] 1 [0-1] 1.00 1.00
c) Potential barriers: item 3 1 [0-1] 1 [0-1] 1.00 1.00
d) Potential barriers: item 4 0[0-1] 0 [0-1] 0.96 0.92 (0.88 - 0.94)
e) Potential barriers: item 5 0[0-1] 0 [0-1] 0.97 0.95 (0.93 - 0.96)
f) Potential barriers: item 6 0 [0-1] 0 [0-1] 0.88 0.78 (0.70-0.85)
g) Functional strength: item 7 (leftleg) 1 [0-1] 1 [0-1] 0.99 0.98 (0.97-0.98)
h) Functional strength: item 7 (right leg) 1 [0-1] 1 [0-1] 1.00 1.00
i) Functional strength: item 8 (right arm) 0 [0-1] 0 [0-1] 0.99 0.98 (0.97-0.98)
j) Functional strength: item 8 (left arm) 1 [0-1] 1 [0-1] 0.99 0.98 (0.97-0.98)
k) Bed mobility: item 9 0 [0-3] 0[0-3] 0.98 0.97 (0.96-0.98)
1) Bed mobility: item 10 0 [0-3] 0[0-3] 0.99 0.99 (0.99-0.99)
m) Transfers: item 11 0[0-3] 0[0-3] 0.98 0.97 (0.95-0.98)
n) Transfers: item 12 0[0-3] 0 [0-3] 0.99 0.99 (0.99-0.99)
0) Transfers: item 13 0 [0-3] 0 [0-3] 0.99 0.99 (0.99-0.99)
p) Gaititem 14 0 [0-3] 0 [0-3] 1.00 1.00
g) Endurance: item 15 0[0-3] 0 [0-3] 0.99 0.99 (0.98-0.99)
r) Perme ICU Mobility Score (Total) 8 [0-32] 8 [0-32]
®
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Figure 1. Bland-Altman plots of inter-rater score differences and mean scores for the ICU Mobility Scale (in A) and the
Perme ICU Mobility Score (in B).? ULA: upper 95% limit of agreement; and LLA: lower 95% limit of agreement. *There

are superimposed points in the figure.

high inter-rater agreement and reliability after a
brief period of familiarization and training with them.
In addition, there was a strong positive correlation
between the two instruments.

Performing physical therapy in critically ill patients is
currently in the spotlight, with numerous publications
commenting on its prevalence and benefits.(*3-20 In
this context, some instruments for evaluating function
and mobility have been developed specifically for this
population in order to improve physical therapy care
in terms of performing and progressing the exercises
in ICU patients according to the mobility milestones
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that each individual can reach.® To date, as mentioned
above, no instrument for evaluating mobility in ICU
patients has been cross-culturally adapted for use
in Brazil. The careful translation and cross-cultural
validation of such an instrument makes it possible
for health care professionals nationwide to have
access to a tool that can improve the quality of care
to critically ill patients in the ICU, as well as allowing
the comparison of results across studies conducted in
different countries.*

In their versions adapted for use in Brazil, both the
IMS and the Perme Score showed excellent inter-rater
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agreement and reliability (k > 0.9 and a > 0.9 for
most domains). Although the group who developed
the Perme Score reported moderate to high reliability,
our study reported an even higher level of inter-rater
reliability.””"*> One possible explanation for this finding
it that, in our study, the sample size was larger than
those of the two previous studies.”:'?) In view of the
ease of learning and ease of use of the Perme Score,
any disagreements in score had a lesser impact in our
study than in the validation studies for the original
English-language version of the instrument.”:*2) Our
study also reported higher inter-rater reliability for
the Portuguese-language version of the IMS than
that reported in the validation study for the original
English-language version of the instrument.® In this
case, the collection method may have affected the
result. In our study, the raters performed the scoring
simultaneously but in an independent fashion, each being
blinded to the scoring by the other rater, whereas in
the study by Hodgson et al.,® each assessor separately
evaluated the patient at 30-min intervals.®

Interestingly, the IMS showed excellent Inter-rater
reliability and agreement, although its single domain
is scored from 0 to 10, an 11-point range. Although
it is a greater range than that in each domain of the
Perme Score, the IMS comprises mobility milestones
that are clear and can easily be evaluated by the rater.

Item 6 in the Perme Score, “potential mobility
barriers-continuous intravenous infusion”, was the one
showing the lowest inter-rater reliability and agreement
in our study. Although some patients had venous access
for administration of saline or drugs, in some cases,
the infusion was not being administered at the time
of evaluation, which may have confused the raters in
scoring this item. However, we emphasize that, even
with this likely difference, the reported inter-rater
reliability and agreement were higher than 75-80%.

The Bland-Altman plots showed high inter-rater
score agreement and low inter-rater score variability
for the IMS and for the sum of all domains of the
Perme Score. Since the evaluation of each domain had
shown excellent inter-rater agreement and reliability,
the sum of all domains did not change this behavior.
On the basis of the 95% ClIs, the maximum inter-rater
difference was 2 points for the Perme Score and less
than 1 point for the IMS.

It was expected that the scores on the two instruments
would be highly correlated, given that both instruments
measure the same property and therefore should show
a similar behavior.

Finally, instrument floor and ceiling effects of 15%

or less are considered acceptable. In our study, floor
effects were found to be higher for the two instruments

(20% and 36% for the Perme Escore and the IMS,
respectively). Knowing that these instruments purport
to assess functioning, floor effects were expected to
be higher than normal, given the high incidence of
sedated or unconscious patients in ICUs. Although
data collection was performed at three different ICUs
in order to try to minimize this drawback, in 35% of
the evaluations, the patients were unconscious or
had lethargic responses, which made it impossible
to perform more functional tasks or mobilizations at
the time of evaluation. The lower floor effect of the
Perme Score as compared with that of the IMS can be
explained by the scoring of the different domains of
the former, such as patient cooperation, presence of
pain, and presence of barriers to mobilization. Although
they are not mobilization aspects per se, they end up
affecting the ease or difficulty of mobilization.

Some limitations of our study should be taken into
account. First, no clinimetric analyses were performed
other than inter-rater reliability and agreement testing
and inter-instrument correlation analysis. However,
the primary objective of the present study was the
cross-cultural validation of the instruments for use
in Brazil. We recognize that the applicability of the
instruments and their predictive and concurrent
validity have yet to be tested. Although the clinimetric
properties of the IMS were tested against those of the
Physical Function in Intensive care Test scored,® the
same was not true for the Perme Score. Second, in
our study, the two participating raters who were tested
for inter-rater reliability and agreement were physical
therapists. Knowing that such health care professionals
are directly related to the process of functional evaluation
and early mobilization of critically ill patients, analysis
of inter-rater reliability and agreement involving such
professionals was fundamental. However, we cannot
state that the characteristics reported in the present
study can be obtained by the other health care pro-
fessionals who comprise multidisciplinary ICU teams,
such as nurses and physicians, and will eventually use
the instruments. Finally, the evaluations took place
concurrently. Therefore, aspects such as tone of voice,
personal approach, and instruction of patients, all of
which may differ from one health care professional to
another, were not fully evaluated in our study. However,
each rater was responsible for half of the evaluations,
which to some extent minimized this effect.

Therefore, we conclude that the Brazilian Portu-
guese-language versions of the IMS and the Perme
Score were appropriately translated and cross-culturally
validated, following strict guidelines, and can be used
in Brazil. Both versions showed excellent inter-rater
agreement and reliability.
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The halo sign: HRCT findings in 85 patients
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ABSTRACT

Objective: The halo sign consists of an area of ground-glass opacity surrounding
pulmonary lesions on chest CT scans. We compared immunocompetent and
immunosuppressed patients in terms of halo sign features and sought to identify those
of greatest diagnostic value. Methods: This was a retrospective study of CT scans
performed at any of seven centers between January of 2011 and May of 2015. Patients
were classified according to their immune status. Two thoracic radiologists reviewed the
scans in order to determine the number of lesions, as well as their distribution, size, and
contour, together with halo thickness and any other associated findings. Results: Of the
85 patients evaluated, 53 were immunocompetent and 32 were immunosuppressed. Of
the 53 immunocompetent patients, 34 (64%) were diagnosed with primary neoplasm. Of
the 32 immunosuppressed patients, 25 (78 %) were diagnosed with aspergillosis. Multiple
and randomly distributed lesions were more common in the immunosuppressed patients
than in the immunocompetent patients (p < 0.001 for both). Halo thickness was found to
be greater in the immunosuppressed patients (p < 0.05). Conclusions: Etiologies of the
halo sign differ markedly between immunocompetent and immunosuppressed patients.
Although thicker halos are more likely to occur in patients with infectious diseases, the
number and distribution of lesions should also be taken into account when evaluating
patients presenting with the halo sign.
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INTRODUCTION

The CT halo sign consists of an area of ground-glass
opacity surrounding a pulmonary nodule or mass.*) The
halo sign was first described in 1985 by Kuhiman et al.,
who reviewed chest CT scans of nine patients with acute
leukemia who developed invasive pulmonary aspergillo-
sis.(?) Since then—and despite its infrequency—the halo
sign has been reported in association with a variety of
conditions.®% Its pathophysiology usually involves one
of three mechanisms: hemorrhage, inflammation, or
neoplastic growth.®

area for granulomatous diseases. Scans were selected
by searching the picture archiving and communication
systems (PACSs) of all participating institutions using
the terms “halo” and “halo sign”, as well as the following
combinations of terms: “ground-glass” + “nodule”;
“nodule” + “surround”; “nodule” + “periphery”; and
“ground-glass” + “periphery”. The research protocol
was approved by the local research ethics committee
(Protocol no. 243.155). Given the retrospective nature
of the study, informed consent was waived.

A general radiologist reviewed the files retrieved from
the PACSs in order to confirm the presence of the halo
sign. Medical records were reviewed in order to determine
patient immune status. For the purpose of the present
study, patients were considered immunosuppressed
in the presence of AIDS; any form of congenital
immunodeficiency; or a recent (£ two-month) history
of chemotherapy, radiation therapy, or decreased white
blood cell count (lymphopenia [absolute lymphocyte count
< 1.0 x 10° L] or neutropenia [absolute neutrophil count
< 1.5 x 10°L]).¢” All other patients were considered to
be immunocompetent. If a final diagnosis had not been
reached by the time of medical record review, patients

Most of the available information about the halo sign has
been derived from patients with pre-existing conditions.
However, there are limited data on its potential usefulness
in predicting the final diagnosis (or diagnostic group,
e.g., infection or malignancy). Therefore, the objective
of the present study was to determine the diagnostic
value of the halo sign by exploring associations between
CT measurements and immunological status in a cohort
of patients presenting with the CT halo sign.

METHODS

This was a multicenter retrospective study of CT
images obtained between January of 2010 and May of
2014 from patients presenting at any of seven tertiary
care centers in southern Brazil, which is an endemic

were followed until a definitive diagnosis was made, with
serological, histological, or microbiological confirmation.
Histological sampling varied across the participating
institutions, including transthoracic needle biopsy,

Correspondence to:

Giordano Rafael Tronco Alves. Avenida Roraima, 1000, CEP 97105-900, Santa Maria, RS, Brasil.

Tel.: 55 55 9729-1990. E-mail: grtalves@gmail.com
Financial support: None.

© 2016 Sociedade Brasileira de Pneumologia e Tisiologia

ISSN 1806-3713 435



* The halo sign: HRCT findings in 85 patients

436

video-assisted thoracotomy, and open thoracotomy.
Although serological and microbiological tests were
performed in accordance with the corresponding
(updated) guidelines, their performance was dependent
on patient clinical background.

All CT scans were performed with multidetector
scanners with at least 16 rows of detectors, the
acquisition parameters being as follows: slice thickness,
< 1.25 mm; rotation time, 0.5 s; voltage, 120 kV;
and electric current, 150-400 mA. Automatic exposure
control was enabled. No contrast medium was used.

For each examination, the number of lesions, as
well as their outline (regular vs. irregular), size, and
distribution, together with any other associated findings,
were recorded. The criteria for CT findings were those
defined in the Fleischner Society Glossary of Terms.(*)
A nodule was defined as a rounded or irregular opacity
that was well or poorly defined and < 3 cm in diameter.
Mediastinal and hilar lymph nodes range in size from
sub-CT resolution to 10 mm. A cavity was defined as a
gas-filled space, seen as a lucency or low-attenuation
area within a pulmonary consolidation, mass, or
nodule. The tree-in-bud pattern refers to centrilobular
branching structures that resemble a budding tree.
Ground-glass opacities were defined as hazy areas of
increased opacity or attenuation with no obscuration
of the underlying vessels. Consolidation was defined
as homogeneous opacification of the parenchyma with
obscuration of the underlying vessels. Abnormalities
were classified as being located in the upper lobes,
located in the lower lobes, or randomly distributed.

The CT scans were independently reviewed in
random order by two chest radiologists who had
more than 10 years of experience and who were
blinded to patient clinical information. Subsequently,
the two aforementioned radiologists and a third chest
radiologist (with more than 40 years of experience)
together reviewed the scans in order to make a final
consensus decision. The diameters of the nodules and
halos were measured at their widest points on axial
CT scans with lung window settings.

Microsoft Excel was used for data storage and
descriptive analysis, and the Statistical Package for
the Social Sciences, version 14.0 (SPSS Inc., Chicago,
IL, USA), was used for correlations. The chi-square
test was used for qualitative variables. The Kolmog-
orov-Smirnov test was used in order to determine
whether quantitative data were normally distributed.
For parametric variables, the Student'’s t-test was used.
For nonparametric variables, the Mann-Whitney U test
was used. All tests were two-tailed, and a significance
level of 0.05 was used throughout.

RESULTS

Of the 20,210 CT examinations retrieved from the
PACSs of the participating centers, 85 cases (0.42%)
were selected for inclusion in the present study. Of
those 85 patients, 46 were male. In addition, 32 were
classified as being immunosuppressed at the time of
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CT examination, and 53 were immunocompetent.
Of those, 34 (64%) were diagnosed with a primary
malignancy; of those, 24 had histopathologically
confirmed adenocarcinoma. Of the 32 patients who were
classified as being immunosuppressed, 25 (78%) had
findings suggestive of invasive aspergillosis (positive
results on direct mycological examination or histological
findings). All but one of the immunosuppressed patients
presenting with invasive aspergillosis were found to have
neutropenia. In addition, 7 of those 25 were diagnosed
with proven invasive fungal disease (on the basis of
specimen culture results and radiological findings), and
18 were diagnosed with probable invasive aspergillosis
(on the basis of positive microbiological studies and
radiological findings).® Other causes of the CT halo
sign included metastases, lymphoproliferative diseases,
tuberculosis, plasmacytoma, staphylococcal pneumonia,
actinomycosis, cryptococcosis, and histiocytosis. Table
1 and Figure 1 show the frequencies of these diagnoses
in the two study groups.

The number and distribution of lesions on CT scans
were found to vary significantly according to patient
immune status, with immunosuppressed patients tend-
ing to exhibit multiple and randomly distributed lesions
(Table 2). In cases of multiple lesions, halo thickness
tended to be greater (= 9 mm) in immunosuppressed
patients (p < 0.05; Figure 2); the same was not true
for single lesions (p = 0.299).

DISCUSSION

The present retrospective study revealed ten dif-
ferent etiologies of the CT halo sign in 85 individuals.
Pathological findings of tumor cells, inflammatory
infiltrates, and, most commonly, alveolar hemorrhage
have been reported to account for the ground-glass
opacities surrounding pulmonary lesions on CT
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Figure 1. Bar chart showing final diagnosis in
immunocompetent and immunocompromised patients
presenting with the CT halo sign.
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Table 1. Etiology of the CT halo sign, by patient immune status.?

Variable Immunocompetent patients Immunocompromised patients
(n = 53) (n = 32)

Primary neoplasm 34 (64) -
Invasive aspergillosis - 25 (78)
Metastases 13 (25.0) 2 (6.3)
Lymphoproliferative diseases - 3(9.4
Tuberculosis 2 (3.8) -
Plasmacytoma - 2 (6.3)
Staphylococcal pneumonia 1(1.8) -
Actinomycosis 1(1.8)

Cryptococcosis 1(1.8)

Histiocytosis 1(1.8)

aData presented as n (%).

Demographic data

Table 2. Demographic data and CT findings, by patient immune status.?

Total Immunocompetent Immunocompromised p
patients (n = 53) patients (n = 32)
Male gender® 46 (54) 29 (55) 17 (53) 0.887
Age, years 5317 55+ 14 48 + 21 0.135
CT findings
Number of nodules® 3 (1-16) 2 (1-15) 5(1-16) < 0.001
1b 41 (48) 38 (72) 3(9) < 0.001
> 1P 44 (52) 15 (28) 29 (91)
Nodule outline®*
Regular 46 (54) 31 (58) 15 (47) 0.298
Irregular 39 (46) 22 (42) 17 (53)
Nodule size, mm?
Solitary nodule 25+13 26 + 14 16+ 9 0.231
Largest nodule 16+ 8 12+ 8 19+7 0.805
Smallest nodule 6+3 6+4 5+2 0.007
Halo thickness, mm®
Solitary nodule 7+3 0.299
Largest nodule 8+4 + + 0.001
Smallest nodule 5+1 3+1 5+1 0.002
Lesion distribution®
Random 47 (55) 15 (28) 28 (91) < 0.001
Upper lobe 23 (27) 23 (44) 1(3) < 0.001
Lower lobe 15 (18) 15 (28) 2 (6) 0.003
Associated findings®
Consolidation 5 (63) - 5 (100) 0.016
Tree-in-bud pattern 2 (25) 2 (67) =
Cavitated nodules 1(12) 1(33)
Diagnostic confirmation (n = 105)>*
Serological 30 (30) 4(7) 26 (53) < 0.001
Microbiological 22 (20) 2 (4) 20 (41) < 0.001
Histological 53 (50) 50 (89) 3 (6) < 0.001

aData presented as mean £ SD, except where otherwise indicated. ®Data presented as n (%). ‘Data presented as
median (range). *For nodules presenting with a peripheral halo sign. "For patients with multiple lesions, data for
the largest and smallest lesions are displayed separately. *The number of diagnostic confirmations exceeds the
number of cases because some diagnoses were confirmed by more than one method.

scans. 2 Although the halo sign has been causally
associated with numerous other conditions, its presence
is generally more helpful than challenging.®® Studies
involving immunocompromised patients have confirmed

the diagnostic value of the halo sign, demonstrating
that its specificity increases as patient immune status
deteriorates.'%') However, most available evidence
consists of descriptive data. To our knowledge, the

J Bras Pneumol. 2016;42(6):435-439
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Figure 2. In A, axial CT scan of the chest of an asymptomatic, immunocompetent 54-year-old male patient, showing a
right lower lobe pulmonary nodule surrounded by areas of ground-glass opacity (the CT halo sign); the final diagnosis
was primary adenocarcinoma. In B, axial CT scan of the chest of an immunosuppressed 19-year-old male patient,
showing multiple, randomly distributed pulmonary nodules surrounded by ground-glass opacities (the CT halo sign);

the final diagnosis was aspergillosis.

present study was the first to address the corre-
lations between the halo sign and patient immune
status. In addition, our study demonstrated that
thicker halos are associated with infectious diseases,
whereas thinner halos are associated with neoplastic
diseases. In agreement with the results of previous
studies, the results of the present study showed that
adenocarcinoma and pulmonary aspergillosis were
the conditions that were most commonly associated
with the halo sign in immunocompetent and immu-
nosuppressed patients, respectively.“'?) In cases of
multiple pulmonary nodules, halo thickness tended to
be greater in immunocompromised patients than in
immunocompetent patients. This finding is consistent
with those of a study investigating characteristics of
the reversed halo sign, in which greater rim thickness
was associated with invasive fungal infection.*> The
same cannot be concluded for solitary nodules, and this
is possibly due to a statistically insufficient number of
single lesions among the immunosuppressed patients
(i.e., only three).

According to Gao et al., the relationships between
ground-glass lung nodules and adjacent blood vessels
can aid in establishing a final diagnosis based on the
presence and degree of vascular distortion.* This is
particularly relevant for immunocompetent patients
presenting with the CT halo sign. In the present
study, a neoplastic etiology was found to be more
common in the immunocompetent patients than in
the immunosuppressed patients. However, given the
reduced halo thickness in the former and the variety
of possible pathophysiological mechanisms underlying
the halo sign, further studies are needed in order to

determine whether this correlation can be extrapolated
to smaller areas of ground-glass opacities.

Our study has some limitations. First, the retro-
spective nature of the study increases the likelihood
that medical record inaccuracies affected our results.
Second, the relatively small sample size did not allow
us to perform an analysis of covariance in order to
determine the combined contribution of halo sign
features in predicting the final diagnosis. Third, dynamic
changes observed in the long-term evaluation of the
appearance of the halo sign, particularly in cases of
infectious disease, might have affected some of our
results. Finally, the definition of immunosuppression
used in our study might be in disagreement with the
constant improvements in the toxicity of chemotherapy
and radiation therapy; however, that definition was
adopted for research purposes only, and many other
clinical parameters should be taken into account in a
more practical scenario.

In summary, our findings are consistent with available
data on the etiologies of the CT halo sign in immuno-
competent and immunosuppressed patients. Given the
differences in radiological presentation between these
two groups of patients, appropriate assessment of halo
sign features can be useful in clinical investigation. A
diagnosis of primary neoplasm appears to be common
among immunocompetent patients, as does a diagnosis
of invasive aspergillosis among immunosuppressed
patients. Thicker halos are associated with infectious
diseases, whereas thinner halos are associated with
neoplastic diseases; the number and distribution of
lesions should also be taken into account, given that
they can predict the final diagnosis.
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Inhalation therapy is the most effective modality
for the treatment of asthma and COPD. The various
types of inhalers available on the market have different
specifications and require different techniques, leading
to a number of errors in performance, thus reducing
treatment efficacy and adherence. Up to 76% of patients
make some type of error in their inhaler technique.®
Growing evidence suggests that educational interventions
and reviews of the technique have a positive impact on
disease control.?>*) This study was performed in the
context of an interventional trial, with the aim of assessing
the impact that an educational intervention to improve
inhaler technique has on the clinical and functional control
of asthma and COPD. Preliminary results containing the
cross-sectional baseline analysis of the patients enrolled
in the trial have previously been published.® The results
suggest a significant relationship between the number of
errors committed and the level of clinical and functional
control achieved in asthma patients.

We included patients with asthma or COPD, all of
whom were receiving treatment with at least one inhaler
device. The patients were evaluated in two different
visits, with a six- to eight-month interval between visits.
After the first visit, the patients were taught how to
use their devices correctly. The inhaler technique was
evaluated only for the main treatment device, and the
use of a device for symptom relief was therefore not
evaluated. The variables under study were demographic
data; clinical control—by means of the Asthma Control
Test (ACT), Control of Allergic Rhinitis and Asthma Test
(CARAT), modified Medical Research Council (mMRC)

To assess the impact that educational interventions to improve inhaler techniques have
on the clinical and functional control of asthma and COPD, we evaluated 44 participants
before and after such an intervention. There was a significant decrease in the number
of errors, and 20 patients (46%) significantly improved their technique regarding prior
exhalation and breath hold. In the asthma group, there were significant improvements
in the mean FEV,, FVC, and PEF (of 6.4%, 8.6%, and 8.3% respectively). Those
improvements were accompanied by improvements in Control of Allergic Rhinitis and
Asthma Test scores but not in Asthma Control Test scores. In the COPD group, there
were no significant variations. In asthma patients, educational interventions appear to
improve inhaler technique, clinical control, and functional control.

Keywords: Asthma, Pulmonary disease, chronic obstructive; Nebulizers and vaporizers.

scale, and COPD Assessment Test (CAT); functional
control—absolute FEV1 (in percentage of the predicted
value and in mL), PEF (in percentage of the predicted
value and in mL), FVC (in mL and in percentage of the
predicted value), FEV /FVC ratio, FEF, .., and SpO,;
and number of steps of the inhaler technique correctly
performed (per definition, step 1: device actuation; step
2: exhalation; step 3: inhalation; and step 4: a 5-10 s
breath hold). The data were compiled in Microsoft Office
Excel 2010, and statistical analyses were performed with
IBM SPSS Statistics software package, version 20.0 (IBM
Corporation; Armonk, NY, USA). The level of significance
was set at p < 0.05.

Of the initial 62 patients invited to participate in the study,
18 dropped out. Therefore, 44 patients were included in
the follow-up re-evaluation (mean age, 59 £16 years).
Of the 44 patients in the sample, 21 (47.8%) were men,
and 23 (52.2%) were women. Among the 44 patients, 23
(52.2%) and 21 (47.8%) were diagnosed with asthma and
COPD, respectively. In the first visit, @ small number of
technical errors was significantly associated with previous
teaching of inhaler technique (p < 0.05; Fisher’s exact test)
and with age (p < 0.05; R = 0.13; Pearson'’s correlation
coefficient), although not with the number of years since
diagnosis (Pearson’s correlation coefficient). There was
an association between a smaller number of errors and
better clinical control in the asthma group, indicated by the
ACT scores (maximum mean difference, 11.6 points) and
CARAT scores (maximum mean difference, 12.3 points;
p < 0.05; ANOVA). However, although a similar graphic

Correspondence to:

Tiago Maricoto. Centro de Salide de Aveiro, Praceta Rainha D. Leonor, 3810-000, Aveiro, Portugal.

Tel.: 351 964580599. E-mail: tiago.maricoto@gmail.com
Financial support: None.

ISSN 1806-3713



Maricoto T, Madanelo S, Rodrigues L, Teixeira G, Valente C, Andrade L, Saraiva A

pattern was found in the COPD group, the differences
within that group were not statistically significant.

Figure 1 includes the main results obtained. At the
second visit, there was a significant decrease in the
number of errors after the educational session, with
a mean decrease of 0.7 errors (range, 0.29-1.02; p <
0.05; t-test for paired samples). Among the 44 patients,
20 (46%) improved their inhaler technique, with
significant results found in step 2 (relative improvement
of 45.5%) and step 4 (relative improvement of 52%;
t-test for paired samples for both). In the asthma
group, there were post-intervention improvements
in the functional parameters (in percentages of the
predicted values): the mean FEV, increased from
-10.26% to —2.52% (a relative improvement of
6.4%); the mean FVC increased from —12.99% to
—4.14% (a relative improvement of 8.6%); and the
mean PEF increased from —14.35% to —2.35% (a
relative improvement of 8.3%). Comparing the pre-
and post-intervention functional parameter values, we
found the differences to be significant (p < 0.05 for
all; t-test for paired samples). In addition, improved
inhaler technique was significantly correlated with
an improvement in the CARAT score (OR = 14.4; p
< 0.05; Fisher’s exact test), although not in the ACT
score. However, regarding the asthma group, if we
defined a > 4 point increase in the CARAT score as a
clinically significant improvement in control, we would
find that only 5 participants (23.8%) met the criterion
for such improvement. Using the same approach, if
we established a > 3 point increase in the ACT score
as a clinically significant improvement in control, we
would find that only 8 participants (38.0%) met the
criterion. In the COPD group, there were no significant
variations in clinical or functional control variables.
However, if we defined a > 1 point increase in the
mMRC score as a clinically significant improvement
in control, we would find that 6 patients (28.6%) met
the criterion. If we defined a > 2 point increase in
the CAT score as a clinically significant improvement
in control, we would find that 5 participants (23.8%)
met the criterion.

In a post-hoc analysis of the functional parameters,
in absolute values (mL), we found a statistically
significant improvement in FEV, in the COPD group
(mean increase, 145.7 mL; 95% CI: 11.7-279.8; p =
0.035; t-test for paired samples). In the asthma group,
there was improvement, although the difference was
not statistically significant (mean increase, 105.9 mL;
95% CI: —47.6 to 259.4; p = 0.17; t-test for paired
samples). For PEF (in mL), there were improvements
that were found to be statistically significant in the
asthma group (mean increase, 460 mL; 95% CI:
30.9-890.0; p = 0.037; t-test for paired samples)
but not in the COPD group (mean increase, 212.9
mL; 95% CI: —184.0 to 609.7; p = 0.276; t-test for
paired samples).

These results show that most patients make errors in
the inhaler technique, and that seems to be associated
with age and previous training regarding the technique.

Younger patients made fewer errors, which might be
due to differences in literacy levels. The small sample
size might have reduced the statistical power of some
findings, such as the association with the number
of years since diagnosis. Our results also show that
proper inhaler technique was associated with better
clinical control in asthma patients, and improving the
technique could also affect functional parameters, mainly
those directly related to airway obstruction, such as
FEV,, FVC, and PEF. When comparing CARAT with ACT
scores, we found that the former was more sensitive
in detecting such changes, possibly because CARAT is
a more comprehensive clinical test.® In patients with
COPD, no significant improvements were observed,
either in clinical control or in functional parameters (in
percentage of the predicted value), which, as previously
mentioned, might be due to the small sample size, or
even to the pathophysiological differences between
the diseases. However, some of those patients showed
clinically significant improvement after the educational
intervention, which supports the hypothesis that larger
samples and continuous training might be more accurate
in detecting statistically significant differences. However,
we found some improvement in functional performance
(FEV, in mL). Although that finding was statistically
significant, FEV, in percentage of the predicted value
was not. That discrepancy can be explained by the fact
that over 50% of our COPD patients were classified as
having stage 1 or 2 disease according to the Global
Initiative for Chronic Obstructive Lung Disease criteria.
Therefore, those patients had higher FEV, values, which
meant that a relative increase of 145.7 mL represented
a small proportion of the total value, leading to the
underestimation of this finding. In addition, patients
with severe COPD are older than are those with milder
forms of the disease and are therefore less sensitive to
educational interventions to improve inhaler technique
and, consequently, to their potential beneficial impact.
In our study, although adjusting for age had no effect
on the results of the statistical analysis of functional
and clinical impacts, age was found to be a determinant
of the performance on inhaler technique tests. Further
studies should be performed in elderly populations,
because they have particular characteristics that might
influence the inhaler technique and its impact. The fact
that airway obstruction is more reversible in asthma
patients might also justify a greater difference in their
functional measurements, as well as in their perception
of respiratory symptoms. These findings are consistent
with those obtained in another study.® A large trial
is currently ongoing in order to address the impact
of different educational approaches on patients with
COPD, and its results are expected to be enlightening.”)

The establishment of a query surveillance program
in the primary health care setting could represent one
solution to the problem of limited patient knowledge of
proper inhaler technique, allowing the treatment of a
greater number of patients in the general population.
In such a network, other health care professionals,
such as physicians from other specialties, respiratory
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Figure 1. Number of participants using the inhaler device correctly, according to the pre-established steps (in A); the
number of errors committed in the inhaler technique at the first and second visits (in B); and the functional control
parameters at the first and second visits in the asthma and COPD groups (in C). *p < 0.05; t-test for paired samples.

therapists, nurses, and pharmacists, could be involved
in the education of those patients. Some studies
have tested the teaching of inhaler techniques and
suggested that rechecking and regular refresher courses
are needed, because proper inhalation technique
deteriorates after the initial intervention.®® The loss

J Bras Pneumol. 2016;42(6):440-443

of skills is accompanied by the deterioration of asthma
control as soon as three months after the intervention.
Although various strategies can be used in order to
provide this type of educational intervention, it is best
delivered through verbal instructions and physical
demonstration of the technique by a skilled educator,
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either on video or face to face, as we did in our study.®*
Some other educational techniques should be studied
and tested in studies with appropriate designs, such
as those involving large cohorts that provide large
follow-up data sets. In addition, alternative ways of
integrating multidisciplinary teams and different health
care professionals should be addressed, as should the
effect of training those professionals to properly educate
their patients in the use of their inhalers.

We conclude that educational interventions to teach
inhaler techniques improve the performance of patients,

leading to improvements in the clinical and functional
control of asthma. In COPD, the pathophysiological
hallmark of irreversible obstruction might limit this
benefit. Further studies on asthma should focus on
patient outcomes that matter, in terms of the impact that
educational interventions to teach inhaler techniques
have on patient performance of those techniques,
such as decreasing the risk of exacerbations. The
same approach should be adopted for COPD patients,
adjusting sample sizes to optimize the statistical power
of randomized control trials and obtain good evidence.
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An initial experience with a digital drainage
system during the postoperative period of
pediatric thoracic surgery
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ABSTRACT

Objective: To report an initial experience with a digital drainage system during the
postoperative period of pediatric thoracic surgery. Methods: This was a prospective
observational study involving consecutive patients, < 14 years of age, treated at a
pediatric thoracic surgery outpatient clinic, for whom pulmonary resection (lobectomy
or segmentectomy via muscle-sparing thoracotomy) was indicated. The parameters
evaluated were air leak (as quantified with the digital system), biosafety, duration of
drainage, length of hospital stay, and complications. The digital system was used in 11
children (mean age, 5.9 + 3.3 years). The mean length of hospital stay was 4.9 + 2.6 days,
the mean duration of drainage was 2.5 + 0.7 days, and the mean drainage volume was
270.4 = 166.7 mL. The mean maximum air leak flow was 92.78 + 95.83 mL/min (range,
18-338 mL/min). Two patients developed postoperative complications (atelectasis and
pneumonia, respectively). The use of this digital system facilitated the decision-making
process during the postoperative period, reducing the risk of errors in the interpretation
and management of air leaks.

Keywords: Drainage; Thoracic surgery; Pediatrics.

Universidade Federal de Sao Paulo, Sao
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INTRODUCTION

Most patients undergoing lung surgery require adequate
drainage of the pleural cavity to remove air or fluid and
to allow expansion of the remaining lung. It is necessary
that the health care team be qualified to manage the
drainage system correctly.) The measurement or
grading of air leaks is still subjective and depends on
the level of experience of professionals in quantifying
them. Therefore, the interpretation of air leaks is related
to observer variability.(* Interobserver disagreement
may occur, even between experienced observers. When
uncertainty resulting from the use of a traditional system
persists, the chest tube may be closed and radiographic
assessment may be performed. In such cases, the patient
remains in the hospital for at least another day, which
results in greater use of resources and time.

In recent years, clinical signs, such as blood pressure,
HR, SpO,, and temperature, have been recorded conti-
nuously and digitally. Electronic health records and health
information technology reduce medical errors because
they ensure complete information about the patient’s
condition.® However, to date, air leak information has
been obtained subjectively. There is also uncertainty
about the amount of fluid. Recent studies on digital
drainage systems have presented an objective evaluation
of these parameters, but, until now, no such studies
have been conducted in children. The objective of the
present study was to report our initial experience with a

digital drainage system during the postoperative period
of pediatric thoracic surgery.

METHODS

This was a prospective, consecutive, observational
case-series study performed to evaluate the use of a
digital drainage system during the postoperative period
of pediatric thoracic surgery. This study is part of a
project called Dreno Digital and was approved by the
Research Ethics Committee of the Federal University of
Sao Paulo/plataforma Brasil (Ruling no. 56579/2012;
CAAE: 03514312.1.0000.5505).

The inclusion criteria were as follows: being treated
at a pediatric thoracic surgery outpatient clinic; being <
14 years of age; and having an indication for pulmonary
resection (lobectomy or segmentectomy via muscle-sparing
thoracotomy). The exclusion criteria were as follows: renal
or hepatic failure; neurological dysfunction; reoperation;
emergency operation; preoperative chemotherapy or
radiotherapy; and chest wall resection.

The digital drainage system used was a Thopaz® device
(Medela AG, Baar, Switzerland). The parameters evaluated
were air leak, biosafety, duration of drainage, length of
hospital stay, and complications. In children, there are no
established data or parameters regarding when the chest
tube can be removed; therefore, we defined an air leak flow
< 10 mL/min in the last 6 h as the threshold for removal.
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RESULTS

The digital drainage system was used in 11 children
in this initial phase. Of those, 4 (36%) were male and
7 (64%) were female. The mean age was 5.9 = 3.3
years (range, 1.6-13.0 years), with a median of 5
years. The remaining sample data are given in Table 1.

The most common clinical condition was recurrent
infection, in 8 patients (72.7%). Pulmonary malformation
was the most common diagnosis, in 6 patients (54.5%).
Of those 6 patients, 2 had pulmonary sequestration and
4 had cystic adenomatoid malformation. Bronchiectasis
was present in 5 patients (45.5%). The procedures
performed included pulmonary lobectomy, in 7 patients
(63.6%); segmentectomy, in 2 (18.2%); and lobectomy
plus segmentectomy, in 2 (18.2%).

Only one chest tube was placed in each patient. The
complication rate was 18%, complications occurring
in 2 of the 11 patients (atelectasis and pneumonia,
respectively). There was no mortality.

Simple tracheal intubation was performed in 10
(91%) of the patients. Only 1 patient underwent
selective intubation. All patients were extubated in
the operating room, and 7 (64%) stayed in the ICU
in the immediate postoperative period.

In-hospital analgesia was provided via an epidural
catheter in 8 (72.7%) of the patients, all 8 of whom
received a solution of 0.25% bupivacaine and fentanyl
(mean, 27.7 £ 16.9 mL; range, 5-55 mL). The mean
amount of intravenous or oral dipyrone was 8.4 + 4.8
g (range, 2.5-18.0 g), whereas the mean amount of
intravenous or oral tramadol was 118.3 = 154.43 mg
(range, 0-550 mgq). All children underwent pulmonary
resection via intercostal nerve-sparing thoracotomy
using the intercostal muscle flap technique. None of the
patients had rib fractures or required blood transfusion
during the postoperative period. The mean intraoperative
blood loss was 45.5 £ 35.3 mL (range, 10-100 mL).
Cefuroxime was used for antibiotic prophylaxis

None of the patients had subcutaneous emphysema.
Routine suction was performed until postoperative day 1
and was continued thereafter if there was no adequate
lung expansion, as confirmed by chest X-ray. Only 1
patient required continuous suction until postoperative
day 2. Air leak management efficiency was increased
because there was no uncertainty about bubbling,
regardless of the rater. Air leak flow was quantified
objectively, in mL/min, the mean maximum being
92.78 £ 95.83 mL/min (range, 18-338 mL/min) and
the median being 89 mL/min. All chest tubes were
removed when the air leak flow was < 10 mL/min:
0 mL/min and 1 mL/min, respectively, in 10 patients

Costa Jr AS, Bachichi T, Holanda C, Rizzo LALM

and 1 patient. None of the patients required further
drainage or had a > 4-cm residual pleural cavity.

The information provided by the device was exported
to a computer using the ThopEasy® software (Medela
AG). We thus obtained more parameters, such as
duration of drainage, date, start time, end time,
maximum suction pressure, minimum suction pressure,
maximum air leak flow, and minimum air leak flow.
The data were displayed in chart and graph formats
(Figure 1).

DISCUSSION

Biosafety refers to interventions focused on risk
protection, prevention, and minimization for health
care professionals and patients. It consists of measures
adopted to prevent activity-related risks and involves
the relationships among technology, risks, the human
factor, and the environment. In this study, biosafety
measurement was subjective, and biosafety was
favorably assessed by the nursing staff because of the
optimization of patient care time. The management
process of the digital system was improved as compared
with that of a traditional system, given that there was
no need for replacing the water seal daily, caring for
the bottle, clamping the system, providing continuous
suction, etc.

The use of digital drainage systems in general thoracic
surgery is well known. Such systems are routinely
used in adults in several countries, such as Italy and
Germany; however, to our knowledge, there have been
no reports on their use in pediatric thoracic surgery. This
might be explained by the low incidence of prolonged
air leak in children. As part of the protocol developed
at our institution, we studied the usefulness of such
a system also in children. The traditional water-seal
drainage systems used in children are the same as
those used in adults and have the same limitations
regarding air leak.

In a digital system, air leak flow is quantified in
mL/min and is also represented in graph format. The
suction pressure is controlled by the system itself,
which operates independently from the suction system
of the hospital, and this provides autonomy and safety
for patients and the health care team. In adults, the
chest tube can be removed when the air leak flow is
> 30 mL/min in the last 6 h, as displayed in the graph
on the device screen .>#7) For children, there are no
established parameters; therefore, we defined an air
leak flow < 10 mL/min in the last 6 h as the threshold
for chest tube removal.

Table 1. Postoperative data of the patients included in the sample.

Variable Mean + SD
Length of hospital stay, days 49+2.6
Duration of drainage, days 2.5+0.7
Operative time, min 166.0 + 42.5
Drainage volume, mL 270.4 + 166.7

Minimum Maximum
3 12
2 4
90 240
135 750
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Figure 1. In the upper left, a picture of the digital device used. In the upper right and at the bottom, computer-generated
data and a computer-generated graph, respectively. This information constitutes the postoperative data of an 8-year-old
child who underwent a left upper lobectomy for cystic adenomatoid malformation. The duration of drainage was three
days, the maximum air leak flow was 39 mL/min, and the maximum suction pressure used was 23.6 cmH,0. Hospital

discharge occurred on postoperative day 4.

The system we studied was found to be functional,
to be simple to use, and to offer new standards for
thoracic drainage in pediatric surgery. It not only
measured air leaks but also allowed early mobilization
of patients, even for those on continuous suction, which
is difficult to accomplish with a traditional system.(©®

Despite the lack of data on biosafety and thoracic
drainage systems in the literature, subjective assessment
by nursing staff was positive, being favored by an increase
in practicality and the non-need for replacing the water
seal daily. Because of minimal system handling, there is
no risk of usual complications, such as lack of a water
seal in the bottle, clamping of the system, chest tube
disconnection or chest tube obstruction, etc. The system
provided objective air leak data. Among the disadvantages
is the fact that training is needed so that health care

professionals can handle this new digital system and
the fact that its cost is higher than that of a traditional
system, mainly because of taxes and duties—the so
called “custo Brasil” (cost of doing business in Brazil).
To our knowledge, this is the first study on the use
of this digital system in children. The digital drainage
system facilitated the decision-making process during
the postoperative period, thereby reducing the risk of
errors in the interpretation and management of air leaks.
Our study presents limited conclusions because it is a
case series involving few patients. There is a need for
further studies on the use of digital drainage systems
in children. Such studies should include devices that
already are available in other countries and measure
not only air leak but also fluid flow. The use of electronic
health records is inevitable.
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Hard metal lung disease: a case series

Rafael Futoshi Mizutani', Mario Terra-Filho"?, Evelise Lima',
Carolina Salim Goncalves Freitas', Rodrigo Caruso Chate?,
Ronaldo Adib Kairalla?, Regiani Carvalho-Oliveira4, Ubiratan Paula Santos'

1. Divisdo de Pneumologia, Instituto
do Coragao, Hospital das Clinicas,
Faculdade de Medicina, Universidade
de Sao Paulo, Sao Paulo (SP) Brasil.

ABSTRACT

Objective: To describe diagnostic and treatment aspects of hard metal lung disease
(HMLD) and to review the current literature on the topic. Methods: This was a
retrospective study based on the medical records of patients treated at the Occupational
Respiratory Diseases Clinic of the /nstituto do Coracao, in the city of Sao Paulo, Brazil,
between 2010 and 2013. Results: Of 320 patients treated during the study period, 5
(1.56%) were diagnosed with HMLD. All of those 5 patients were male (mean age, 42.0
+ 13.6 years; mean duration of exposure to hard metals, 11.4 + 8.0 years). Occupational
histories were taken, after which the patients underwent clinical evaluation, chest HRCT,
pulmonary function tests, bronchoscopy, BAL, and lung biopsy. Restrictive lung disease
was found in all subjects. The most common chest HRCT finding was ground glass
opacities (in 80%). In 4 patients, BALF revealed multinucleated giant cells. In 3 patients,
lung biopsy revealed giant cell interstitial pneumonia. One patient was diagnosed with
desquamative interstitial pneumonia associated with cellular bronchiolitis, and another
was diagnosed with a hypersensitivity pneumonitis pattern. All patients were withdrawn
from exposure and treated with corticosteroid. Clinical improvement occurred in 2
patients, whereas the disease progressed in 3. Conclusions: Although HMLD is a rare
entity, it should always be included in the differential diagnosis of respiratory dysfunction
in workers with a high occupational risk of exposure to hard metal particles. A relevant
history (clinical and occupational) accompanied by chest HRCT and BAL findings
suggestive of the disease might be sufficient for the diagnosis.
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INTRODUCTION

Hard metal lung disease (HMLD) is a rare disease caused
by exposure to particles of hard metal alloys, whose major
components are tungsten carbide (approximately 90%)
and cobalt (approximately 10%) or cobalt and diamond.*?
Other components , such as tantalum, titanium, nickel,
niobium, and chrome, are found in small amounts.

histopathological presentation is giant cell interstitial
pneumonia (GIP), described by Liebow®™ in 1968. GIP
is characterized by the presence of multinucleated giant
cells, which can be “macrophagic” in nature,*® in alveolar
spaces. In addition to GIP, other patterns described
include usual interstitial pneumonia, hypersensitivity
pneumonitis (HP), and desquamative interstitial pneu-
monia.(*® In the present study, we describe diagnostic
and treatment aspects of HMLD and review the current
literature on the topic.

Because they are extremely hard and maintain their
physical properties even at high temperatures, hard
metals are used in tools for cutting and sharpening
metals, drilling wells, polishing diamonds and dental
prostheses, etc. Workers are exposed to particles rich in
cobalt (in ionized form) and tungsten carbide, which are
absorbed by the lungs and gastrointestinal tract, both in
cobalt powder production and when using cobalt alloy
tools. The pathophysiology of HMLD remains unknown.
The proposed mechanism for the pathogenesis of the

METHODS

The study subjects were treated at the Occupational
Respiratory Diseases Clinic of the Pulmonology Division
of the Instituto do Coragdo of the University of Sao Paulo
School of Medicine Hospital das Clinicas, in the city of
Sao Paulo, Brazil, between 2010 and 2013. Occupational

interstitial disease involves a hypersensitivity reaction
to cobalt.® In addition, genetic susceptibility® may play
a role in the pathogenesis of the disease, although this
role has yet to be fully understood.

Exposure to cobalt can cause several forms of lung
disease, from asthma to various interstitial patterns
in the lungs.®) The most widely known and typical

histories were taken, after which all subjects underwent
clinical evaluation, chest HRCT, pulmonary function tests
(Elite DX Series, Medical Graphics Corporation, Saint Paul,
MN, USA), bronchoscopy, BAL, and lung biopsy. When
the lung tissue obtained was considered insufficient for
diagnosis, surgical biopsies were performed. We performed
elemental analysis of lyophilized lung tissue specimens by
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energy-dispersive X-ray fluorescence spectrometry”)
in 2 patients (EDX 700-HS, Shimadzu Corporation,
Analytical Instruments Division, Kyoto, Japan).

RESULTS

During the study period, 320 patients were treated
at the facility. Of those, 5 (1.56%) were diagnosed
with HMLD. The mean age at diagnosis was 42.0 +
13.6 years. All of those 5 patients were male and
were working at the time of the initial evaluation. The
mean duration of exposure was 11.4 £ 8.0 years.
One patient reported working as an industrial tool
maintenance technician, 2 reported being industrial
tool sharpeners, and 2 reported being grinder operators
(Table 1). All 5 clinically presented with dyspnea on
exertion and cough.

The most common chest HRCT finding was ground
glass opacities, in 4 patients (80%; Figure 1). Other
findings included peripheral reticular opacities with
traction bronchiectasis and bronchiolectasis, in 3
(60%; Figure 2); micronodules, in 2 (40%; Figure
2); and bronchial wall thickening, in 2 (40%; Table
1). Restrictive lung disease, in varying degrees, was
found in all subjects, and decreased DLCO was found
in 3 (Table 2).

All patients underwent bronchoscopy, BAL, and
lung biopsy, with the diagnosis being established by
examination of a bronchoscopy specimen in 1 patient
and by examination of a surgical biopsy specimen in
4. Large numbers of multinucleated giant cells were
found in the BAL fluid of 4 of the 5 patients (Figure 3)
and in the biopsy tissue of 3 (Figure 4). Desquama-
tive interstitial pneumonia associated with cellular
bronchiolitis was diagnosed in 1 patient; a histological
pattern suggestive of chronic HP, with no evidence of
other occupational or environmental exposures that
could be associated with HP, was identified in 1; the
presence of tungsten was identified in 2, whose tissue
samples were analyzed by energy-dispersive X-ray
fluorescence spectrometry; and the presence of cobalt
was identified in 1 of those 2 (Table 1).

Following diagnosis, all patients were withdrawn from
their occupational exposure and received systemic
corticosteroid therapy. Two patients showed clinical,
radiological, and functional improvement, although
their lung function did not normalize (Tables 1 and
2). Three patients experienced disease progression
despite corticosteroid therapy, 2 of whom additionally
received azathioprine. One patient was placed on a
lung transplant list, but he died before undergoing
transplantation.

DISCUSSION

In the case series presented here, ground-glass
opacities were the most common chest HRCT changes.
Restrictive lung disease was the most common finding,
occurring in all patients. Multinucleated giant cells
were detected in the BAL fluid of most patients, and

J Bras Pneumol. 2016;42(6):447-452

this finding was correlated with the typical histological
pattern of GIP. Withdrawal from exposure combined
with corticosteroid therapy was successful in 2 patients,
and disease progression occurred in 3 patients.

The functional, cytological, histopathological, and
imaging findings are similar to those found in other
studies..68)

HMLD is a rare entity, even in populations at
occupational risk. The published literature on cases of
HMLD in Brazil is scarce and consists of the reporting
of the disease in 4 patients.(®*? In the literature,
data on the prevalence and incidence of HMLD among
individuals exposed to hard metals vary. Meyer-Bisch
et al.* and Kusaka et al.* found no cases of HMLD in
cross-sectional studies involving 425 and 319 workers,
respectively, with a mean duration of exposure to hard
metals of 9 and 14 years, respectively. Sprince et al.(*>
found only 1 patient with HMLD among 290 hard metal
production workers evaluated. The diagnostic imaging
methods available at the time might have contributed
to the low HMLD detection results observed in those
studies. 31

The paucity of cases and the varying latency period
suggest that a hypersensitivity mechanism may be
involved in the pathophysiology of HMLD. Sabbioni et
al.® found that 9% of the workers who had contact with
hard metals had lung disease, and that the observed
prevalence was not correlated with cobalt, tungsten,
or tantalum levels, nor was it correlated with age,
gender, or duration of occupational exposure, which,
in the authors’ view, reinforced the hypersensitivity
hypothesis. Recurrence of HMLD in unilateral*®*”) or
bilateral® lung transplant recipients, even after cessation
of exposure to hard metals, suggests the hypothesis
that immune-mediated mechanisms are involved in the
pathophysiology of the disease. In those 3 reported
cases of recurrence,®*¢1”) the histological pattern of
GIP was found, and no traces of tungsten or cobalt
were detected in the transplanted lungs, which, in
the authors’ view, reinforced this immune-mediated
hypothesis.

Genetic susceptibility also contributes to the develop-
ment of HMLD. Potolicchio et al.» demonstrated that
HLA-DP-BGIu69 was more prevalent among hard-met-
al-exposed workers with HMLD than in those without.
In that study, 19 (95%) of 20 hard-metal-exposed
workers with HMLD exhibited this polymorphism,
compared with 17 (48.6%) of 35 hard-metal-exposed
workers without the disease.

The individual contribution of the major components
of hard metal has also been investigated. In animal
models, instillation of tungsten alone did not produce
pulmonary inflammation, whereas cobalt alone was
able to produce tissue injury. When combined, cobalt
and tungsten had a synergistic effect and caused
increased tissue inflammation. &9

Moriyama et al.® performed electron microprobe
analysis of elemental levels in 17 patients with HMLD
and concluded that cobalt and tungsten accumulate in
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Table 1. Characteristics of the patients with hard metal lung disease.

Characteristic Case 1 Case 2 Case 3 Case 4 Case 5
Age, years 44 30 30 43 63
Smoking No No No Former smoker No
Occupation Grinder operator  Grinder operator Industrial tool Industrial tool Industrial tool

sharpener sharpener maintenance
technician
Duration of 25 6 8 6 12
exposure, years
Chest HRCT Extensive ground- Fine reticulation, Interstitial Ground-glass Fine reticulation,
findings glass opacities ground-glass micronodular opacities, ground-glass
and poorly defined opacities, infiltrates peripheral opacities, traction
centrilobular and traction distributed in a reticulation, bronchiectasis and
micronodules, bronchiolectasis, perilymphatic and traction bronchiolectasis,
predominantly in distributed pattern, bronchiectasis and distributed
the middle and symmetrically predominantly in  bronchiolectasis, peripherally, and
upper lung fields. and mainly the upper lung predominantly an area of air
Pattern suggestive peripherally, fields in the lower lung trapping in the
of subacute HP predominantly in fields left lower lobe
the lung bases
BAL pattern Multinucleated Multinucleated Multinucleated Multinucleated Lymphocytic
giant cells giant cells giant cells giant cells
Type of biopsy Surgical Surgical Transbronchial Surgical Surgical

Histological DIP and cellular GIP GIP GIP HP
pattern of the bronchiolitis
biopsy specimen
EDS results Cobalt + Tungsten  Cobalt - Tungsten NA NA NA

+

+

Treatment Corticosteroid Corticosteroid Corticosteroid Corticosteroid Corticosteroid
therapy, therapy therapy therapy, therapy
azathioprine azathioprine,
placement on a
lung transplant
list
Patient course Worsening Improvement Improvement Death Worsening

DIP: desquamative interstitial pneumonia; GIP: giant cell interstitial pneumonia; HP: hypersensitivity pneumonitis;
EDS: energy-dispersive X-ray fluorescence spectrometry; and NA: not assessed.

Figure 1. HRCT scans. Case 2, before treatment initiation (Figures A and B): ground-glass opacities and parenchymal
consolidations with some air bronchograms in both lungs, predominantly in the middle and upper lung fields, in a
pattern similar to that of organizing pneumonia. Case 2, after treatment (Figures C and D): the pulmonary changes
were significantly reduced, there now being subtle foci of ground-glass opacification, mild, poorly defined centrilobular
nodules, and scattered linear opacities, bilaterally.

and T CD8+ lymphocytes. The authors® suggest
that such macrophages play an important role in the
development of fibrotic lesions.

centrilobular fibrotic lesions. In that study, immunohis-
tochemistry revealed the presence of tungsten particles
within lesions surrounded by CD163+ macrophages

449

J Bras Pneumol. 2016;42(6):447-452



*P Hard metal lung disease: a case series

450

Figure 2. HRCT scans. Case 3 (Figures A and B): micronodular opacities distributed in a perilymphatic pattern,
predominantly in the middle and upper lung fields. Case 4 (Figures C and D): ground-glass opacities and foci of
parenchymal consolidation, predominantly in the middle and upper lung fields, as well as mild peripheral reticulation

with traction bronchiectasis and bronchiolectasis.

Table 2. Course of lung function in the study subjects.?

Variable Case 1 Case 2

Baseline  After Baseline  After

14m 60m

FVC, L 4.17 3.74 2.85 2.88
(79%) (67%) (63%) (59%)

FEV,, L 3.54 3.20 2.45 2.38
(83%) (73%) (65%) (60%)

FEV,/FVC 0.85 0.86 0.86 0.83
TLC, L NA 5.57 4.31 5.11
(75%) (68%) (83%)

RV, L NA 1.84 1.56 2.09
(91%) (96%) (142%)

DLCO, NA NA 22.76 28.89
mL/min/mmHg (72%) (106%)

Case 3 Case 4 Case b
Baseline  After Baseline  After Baseline  After
56m 30m 24m
3.47 4.12 2.22 1.76 2.81 2.33
(63%)  (76%)  (49%)  (39%)  (83%)  (61%)
2.73 3.08 2.09 1.70 2.32 1.94
(60%)  (68%)  (56%)  (46%)  (86%)  (69%)

0.81 0.75 0.94 0.94 0.82 0.83
5.19 5.89 3.80 NA 4.07 4.06

66%)  (75%)  (56%) (65%)  (65%)
147 1.8  1.54 NA 129 1.67
79%)  (98%)  (77%) (54%)  (76%)
3244 4325  6.15 NA  19.39  11.29
©93%)  (107%)  (20%) 67%)  (39%)

m: months; and NA: not assessed. ?Percent predicted values calculated for the Brazilian population according to
Neder et al.3?

e .-' L ":‘& _ z AT ik ‘
Figure 3. BAL specimen containing macrophages,
neutrophils, and lymphocytes, as well as multinucleated
giant cells (Papanicolaou stain; magnification, x400).

The clinical presentation of HMLD varies widely,
as shown in this case series. The initial symptom is
usually dyspnea on exertion. Patients who have HMLD

J Bras Pneumol. 2016;42(6):447-452

> 3 N = " N l
Figure 4. Histological analysis of a lung biopsy specimen.
Respiratory bronchiole stripped of its lining epithelium,
filled with multinucleated giant cells (arrow), also observed
in the adjacent alveoli, which are covered by metaplastic
columnar epithelium (H&E; magnification, x200).

develop restrictive lung disease and have a reduction
in DLCO, of varying severity.*
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A relevant clinical and occupational history is essential
for the diagnosis of HMLD. Although chest X-ray and
HRCT findings are nonspecific, they are important in
diagnosis, together with a history of exposure and
histopathological changes. The major chest HRCT
changes found by Choi et al.?® were ground-glass
opacities and irregular linear opacities, predominantly
in the lower lung fields; these changes were also
commonly seen in the 5 cases described here.

Unlike in other pneumoconioses, in which, in most
cases, relevant occupational history and suggestive
chest X-ray findings are sufficient to establish the
diagnosis, in HMLD, chest HRCT and a specimen for
cytological or histological analysis are required. BAL,
which is a minimally invasive method, can confirm
the diagnosis without the need for lung biopsy.®2Y

Forni,?Y in reviewing BAL cytopathological findings
described in the literature, concluded that there are two
patterns that suggest the diagnosis of HMLD. The first
is characterized by significantly increased cellularity,
resulting from characteristic multinucleated giant cells,
lymphocytosis with a decreased CD4/CD8 ratio, and
eosinophilia. To Forni,?" these findings mirror the
histopathological findings of GIP, and, in such cases, a
lung tissue biopsy would not be required. The second
BAL pattern is that of predominant lymphomono-
nuclear infiltrates, with a decreased CD4/CD8 ratio,
rare eosinophils, and giant cells, being similar to the
pattern found in HP. In such cases, biopsy is essential
to establish the diagnosis.?

In the present case series, the BAL patterns coincided
with those described by Forni?® and reinforce the
relationship between the presence of multinucleated
giant cells in the BAL and the histological diagnosis
of GIP.

Naqvi et al.,**) in a review of 100 patients who had
undergone lung biopsy and had a diagnosis of HMLD,
reported that 59 of those patients had the pattern of GIP,
defined as the presence of typical multinucleated giant
cells in the alveolar space. Moriyama et al.® highlighted
the importance of the presence of centrilobular fibrotic
lesions in the histological specimen for the diagnosis
of HMLD, even when there are no multinucleated giant
cells. Another histopathological pattern that is seen
is that of HP.(*?? Hard-metal-exposed workers often
also use cutting oil, which may be contaminated with
Mycobacterium immunogenum, whose antigens can
cause HP.?%

When the observed histological patterns are incon-
sistent with GIP, elemental analysis, by a combination
of electron microscopy and energy-dispersive X-ray
fluorescence spectrometry, is important in establishing
the diagnosis.(¥) Tungsten is usually found at high
levels, 824 whereas cobalt is usually found at moderate
or low levels, since cobalt is highly soluble and is
eliminated rapidly.®®

Although some authors have suggested that GIP is
a pathognomonic finding of HMLD, (> there have been
several published reports of cases*®® with a histological
pattern of GIP without occupational exposure to hard
metals and without tungsten or cobalt being detected
in lung tissue. Other authors(®?®) have suggested that
such cases correspond to idiopathic GIP. Other reported
cases of GIP have been associated with exposure to
titanium®@” and to nitrofurantoin.®

Treatment of HMLD consists of withdrawal from the
occupational exposure, which can stabilize or even
improve lung function,® and corticosteroid therapy.
Because of the scarcity of cases in the literature, there
have been no studies comparing corticosteroid therapy
and placebo treatment; however, clinical experience
is that corticosteroid therapy results in improvement.
(939 The use of immunosuppressive therapy also is not
well established, although immunosuppressants are
occasionally used.® Lung transplantation is a treatment
option in patients with advanced lung disease that
progresses despite treatment, Y despite the possibility
of GIP pattern recurrence in the transplanted lung. (1617

Although HMLD is rare, it should always be included
in the differential diagnosis of respiratory dysfunction
in hard-metal-exposed workers—such as tool sharp-
eners, toolmakers, operators of machines (such as
milling cutters, grinders, and lathes), operators of
diamond-blade cutting discs, and diamond polishers
(using polishing discs made of hard metals)—who
present with clinical complaints, functional changes,
or imaging changes. Data in the literature and our
experience with the cases reported here suggest that
adequate occupational history taking accompanied by
chest HRCT changes and BAL findings (lymphocytosis
with a decreased CD4/CDS8 ratio and, especially, the
presence of large numbers of giant cells) consistent
with the disease might be sufficient for the diagnosis,
there being no need for an open lung biopsy. Treatment
is based on permanent withdrawal from exposure and
corticosteroid or immunosuppressive therapy, with
varying results.
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muscular dystrophy: a rescue strategy for
noncompliant patients
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ABSTRACT

Objective: To evaluate mouthpiece ventilation (MPV) in patients with Duchenne
muscular dystrophy (DMD) who are noncompliant with noninvasive ventilation (NIV).
Methods: We evaluated four young patients with DMD who had previously refused to
undergo NIV. Each patient was reassessed and encouraged to try MPV. Results: The
four patients tolerated MPV well and were compliant with NIV at home. MPV proved
to be preferable and more comfortable than NIV with any other type of interface. Two
of the patients required overnight NIV and eventually agreed to use a nasal mask during
the night. Conclusions: The advantages of MPV over other types of NIV include fewer
speech problems, better appearance, and less impact on the patient, eliminating the risk
of skin breakdown, gastric distension, conjunctivitis, and claustrophobia. The use of a
mouthpiece interface should be always considered in patients with DMD who need to
start NIV, in order to promote a positive approach and a rapid acceptance of NIV. Using
MPV during the daytime makes patients feel safe and more likely to use NIV at night. In
addition, MPV increases treatment compliance for those who refuse to use other types
of interfaces.

Keywords: Muscular dystrophy, Duchenne; Noninvasive ventilation; Patient compliance.

INTRODUCTION

Duchenne muscular dystrophy (DMD) is one of the
most common neuromuscular diseases in childhood.
The young patient often needs noninvasive mechanical
ventilation (NIV) due to the development of respiratory
failure, reduction in FVC, or nocturnal hypoventilation
symptoms. (-3 Patients with neuromuscular disease might
also function extremely well with minimal symptoms
despite significant reductions in FVC and severe nocturnal
oxygen desaturation.® For this reason and for the
poor tolerance of the interface, sometimes the young
patient does not accept NIV easily. Poor tolerance of
the interface can be caused by various factors, such as
excessive pressure of the mask on the face, excessive
oral air leakage, anxiety of the patient because he or she
is unable to call a family member, claustrophobia, and
patient-ventilator dyssynchrony.®®) Thus, the interface
plays a crucial role in tolerance and effectiveness of
NIV use. Interfaces that cover the nose or the nose and
mouth (oronasal interface) are the most commonly used;
however, they are more likely to cause skin breakdown,
gastric distension, conjunctivitis, and claustrophobia.®
Sometimes the presence of deep cutaneous lesions
precludes the use of NIV. The NIV interface, however,
should be comfortable and reasonably airtight. Although
there are various types of interfaces nowadays, the
physiognomy of the patient often makes the choice of a
suitable interface difficult. The most common drawbacks
can be avoided by using mouthpiece NIV (MPV) interfaces,

and, in recent years, MPV modes have been introduced
to some of the portable ventilators available.

METHODS

The Monaldi Hospital Review Board approved the study.
Patients were studied in our respiratory department
between January of 2015 and April of 2015. We evaluated
four young patients with DMD, with a mean of 18.5 years
of age (Table 1). Three patients (labeled as patients 1,
2, and 3) showed reductions in FVC (< 50% than the
previous control measurement) and progressive decreases
in Pa0,. The four patients presented withan FVC < 11,
and patients 1 and 4 presented with hypercapnia and
nocturnal respiratory failure. Patient 1 presented with
obstructive sleep-disordered breathing (SDB), and sleep
monitoring demonstrated an apnea-hypopnea index = 20
events/h. Patient 4 presented with sleep hypoventilation
syndrome; sleep monitoring demonstrated an increase
in PaCO, > 10 mmHg at waking in the morning (when
compared with awake supine values) and sustained
hypoxemia not related to apnea or hypopnea (Sa0, <
90% over 30% of the monitoring period during sleep;
T90 > 30%), demonstrating SDB.

The patients had previously refused to use NIV due
to claustrophobia, fear of being unable to communicate
with family members while using it, and annoying leaks.
Each patient was reassessed and proposed to try using
MPV. All patients initiating NIV/MPV were treated in a
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day hospital. No patient was excluded from MPV as a
result of bulbar impairment.

The subjects were submitted to NIV using a mechanical
ventilator (Trilogy; Philips Respironics, Murrysville,
PA, USA) that has a dedicated particular function
designated “kiss trigger” MPV and an arm dedicated
to support the mouthpiece in order to facilitate its use
and allow the patient to stay on a wheelchair (Figure
1). During the adaptation phase, we presented the
mouthpiece interface to the patients and selected
the most comfortable position of the support arm
according to the postural impairment of the patient.
The preferred mode in the initial phase was pressure
control, with a support of 8-10 cmH,0, which was
gradually increased until a suitable tidal volume, an
optimal SpO, (confirmed by blood gas analysis), a
stable HR, and good chest expansion (measured by
electrical impedance tomography—PulmoVista 500;
Drager Medical GmbH, Liibeck, Germany) were reached.
Inspiratory time was set at 1.2 s (for patients 1, 2,
and 3), and 1.4 s (for patient 4). For all patients, the
expiratory positive airway pressure (EPAP) was set to
0 cmH,0; the rise time amounted to 3 s (for patients
1, 2, and 3) and 4 s (for patient 4). Respiratory rate
(RR) was set to 0 breaths/min. Time of disconnection
alarm was set at 15 min (Table 1). All patients tolerated
this new ventilation mode well, with good compliance
to the interface. All patients accepted the treatment,
and they continued NIV at home. At this writing, none
of the DMD patients had been unable to retain the
mouthpiece as a result of weakness.

In our practice, patients are submitted to chest X-rays
prior to treatment. The results for patients 2 and 3
showed dilated bowel loops and upward displacement
of the diaphragm (Figure 2).

After an initial phase of adaptation to MPV during
daytime hours, thanks to a greater feeling of security,
patients 1 and 4 also accepted NIV with a nasal mask
during the night. Patient 1 was adapted to spontane-
ous-timed average volume assured pressure support
(ST-AVAPS) ventilation mode; maximum inspiratory
positive airway pressure (IPAP) = 14 and 10 cmH,0;
minimum IPAP = 10 cmH,0O; EPAP = 6 cmH,0; AVAPS
rate = 1 cmH,0/min; tidal volume = 650 mL; trigger

% Mouthpiece ventilation in Duchenne muscular dystrophy: a rescue strategy for noncompliant patients

flow = 4.0 L; cycle = 25%; rise time = 3 s; RR =
10 breaths/min; and inspiratory time = 1.2 s in a
simple circuit configuration. Patient 4 was adapted
to assist-control ventilation (ACV) mode; VC = 750
mL; RR = 12 breaths/min; inspiratory time = 1.2's;
decelerated flow; and EPAP = 4 cmH,0 (Table 2).

Oxyhemoglobin saturation was measured using
pulse oximetry (PalmSAT 2500A; Nonin Medical,
Plymouth, MN, USA), and PaCO, was measured using
a transcutaneous blood gas monitor (Linde MicroGas
7650; Linde Medical Sensors AG, Basel, Switzerland) or
arterial blood gases when the transcutaneous monitor
was unavailable while the patient was awake. Adequate
ventilatory support was assessed using a combination
of clinical assessment, normal overnight oximetry,
serial daytime measures of PaCO,, and downloaded
data from the devices.

RESULTS

All of the patients had previously refused to use NIV,
but accepted treatment with MPV. The preferred mode
was pressure control (Table 1). IPAP was set between 10
and 14 cmH,0, which ensured an optimal tidal volume
(8-10 mL/kg). No back-up rate was needed during

Figure 1. A patient during mouthpiece ventilation.

Table 1. Characteristics of the patients and noninvasive ventilation settings.

Patient Age, FVC, PaO, PaCO, SDB Cause of NIV Mode IPAP, EPAP, 1IT,s RT,s RR,
years L refusal c¢cmH,0 cmH,0 cycles/
1 21 1,07 89 47 Yes Fear and MPV/ 12 0 1,2 3 0
anxiety PC
2 16 0,91 69 45 No Claustrophobia ~ MPV/ 14 0 1,2 3 0
PC
3 18 0,96 70 44 No Skin MPV/ 14 0 1,2 3 0
intolerance PC
4 19 1,02 81 51 Yes Fear and MPV/ 15 0 1,4 4 0
anxiety PC
SDB: sleep-disordered breathing; NIV: noninvasive ventilation; IPAP: inspiratory positive airway pressure;

EPAP: expiratory positive airway pressure; IT: inspiratory time; RT: rise time; RR: respiratory rate; and MPV/PC:

mouthpiece ventilation/pressure control.
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daytime, so no air blew into the face of the patients. In
this configuration, the equipment could be set without
EPAP. Alarms for apnea, minimum pressure, and minimum
volume could be easily shut off in order to avoid their
unnecessary activation. In most home volume-controlled
ventilators, the minimum pressure alarm cannot be
deactivated; therefore, it is necessary to set up positive
end-expiratory pressure (often at 2 cmH,0), which, thanks
to the resistance to the airflow created from the angle
of the mouthpiece, creates a pressure that prevents the
continuous activation of the alarms.

Patient 1 presented with sleep apnea syndrome.
During night time, he was treated using ST-AVAPS
mode, which allowed greater comfort and better fit.
The use of EPAP = 6 cmH,0 helped to reduce apnea. A
brief expiratory cycle was more physiological. A trigger
with an average sensitivity was better tolerated than
a more sensitive trigger, which was initially set. The
patient had good peak inspiratory flow and a great
number of triggered cycles. Patient 2 presented with
sleep hypoventilation syndrome and adapted to the ACV
mode well, reducing respiratory effort and improving
nocturnal breathing pattern.

DISCUSSION

Respiratory disease is a nearly inevitable complication
in patients with DMD and represents the underlying
cause of death in 70% of the patients with less than
25 years of age.”’ It has been widely demonstrated
that mechanical ventilation corrects respiratory failure
and can prolong the life of those patients.® It is known

Figure 2. A chest X-ray showing dilated bowel loops and
upward displacement of the diaphragm.

Patient Mode IPAP_ . IPAP__,

cmH,0 cmH,0 cmH,0 rate

1 ST-AVAPS 10 14 6 1
4 AC 4

Table 2. Mouthpiece ventilation settings for patients 1 and 2.

that NIV improves gas exchange, relieves shortness of
breath, allows inspiratory muscles to rest, and reduces
the incidence of nosocomial infections. In addition,
mortality and hospitalizations due to respiratory
failure decrease.® In our experience, the selection of
an appropriate interface is crucial for successful NIV.
Nasal and oronasal masks are the most practical (and
most commonly used) for NIV.(:®) The main limitations
to the use of these interfaces are claustrophobia,
discomfort, and skin lesions.**'?) The application of an
oronasal interface can worsen social interaction, since
it impairs eating, drinking, and talking. This type of
mask changes the patient’s perception of himself and
may have negative psychological consequences.*® The
preferable and more comfortable alternative is MPV via
a 15- or 22-mm mouthpiece device; however, more
active participation of the patient is necessary than
with the use of traditional masks. We preferred the
“kiss trigger” MPV function of the ventilator, because
the patient has only to touch it for air delivery. Patients
easily trigger the ventilator with mouth pressure. The
open-circuit MPV is safe and comfortable to patients
confined to wheelchairs. There is a system in which
the mouthpiece should be placed close to the mouth
by the adjustable arm, and the patient can grab the
mouthpiece as desired. It should be removable for
talking, eating, or breathing independently. The most
significant advantages of MPV when compared with
the use of a nasal or an oronasal mask are that the
mouthpiece interferes with speech to a lesser degree,
improves appearance, reduces the negative impact on the
patient, and eliminates the risk of skin breakdown and
claustrophobia.** Additionally, it is safer than the other
interfaces since it permits the use of glossopharyngeal
breathing in the event of a sudden ventilator failure or
an accidental disconnection from the ventilator.

A recent comparative study on the performance
of different home ventilators showed that MPV and
the use of a whisper valve were associated with a
reduction in the number of alarms when compared
with the other configurations available in the Trilogy
(Philips Respironics) ventilator. The authors emphasized
that the “kiss trigger” function in that ventilator is
not comparable with functions in classical ventilators,
since it is based on a flow signal technology that
detects an alteration in the flow-by mode generated
by the ventilator due to any reason, such as a partial
obstruction via the mouth connection.*

All of the patients in the present study had previously
rejected the application of NIV due to the tightness

EPAP, AVAPS V_,L TG Cycle RT,s RR, IT, s Interface
breaths/
min
650 4 25% 3 10 1,2 Nasal
750 1,2 Nasal

IPAP .. minimum inspiratory positive airway pressure; IPAP__ : maximum inspiratory positive airway pressure; EPAP:

min*

expiratory positive airway pressure; AVAPS: average volume assured pressure support; V.: tidal volume; TG: trigger
flow; RT: rise time; RR: respiratory rate; IT: inspiratory time; ST: spontaneous-timed; and AC: assist-control
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of the interface and claustrophobia, resulting in poor
compliance. The patients who required overnight NIV
subsequently accepted the treatment via a nasal mask
during the night hours. This was probably due to the
fact that the use of MPV during daytime hours made
the patients feel safe, gradually being confident enough
for using NIV at night. The use of the nasal mask
and MPV with that specific ventilator (Trilogy; Philips
Respironics) allowed us to treat the patients who had
previously refused nasal, oral, or oronasal interfaces.

The use of a mouthpiece interface should be always
considered for patients with DMD who need to start
NIV; it is useful to promote a positive approach and a
rapid acceptance of the new condition. As time goes
by, patients with DMD develop constant hypoventilation
and need respiratory support 24 h a day; MPV can
be valuable, particularly in patients who undergo NIV
various hours a day and who present with skin lesions,
gastric distension, or eye irritation. The use of a nasal
or an oronasal mask may be alternated as well.
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The role of physical exercise in obstructive
sleep apnea

Flavio Maciel Dias de Andrade'?, Rodrigo Pinto Pedrosa’?

1. Laboratorio do Sono e Coracao, Prontoo ~ ABSTRACT

Socorro Cardiologico de Pernambuco . . _ e . .
—PROCAPE—Ur?iversidade de Obstructive sleep apnea (OSA) is a common clinical condition, with a variable and

Pernambuco, Recife (PE) Brasil. underestimated prevalence. OSA is the main condition associated with secondary
2. Hospital Metropolitano Sul Dom Helder ~ systemic arterial hypertension, as well as with atrial fibrillation, stroke, and coronary
Camara, Instituto de Medicina Integral  artery disease, greatly increasing cardiovascular morbidity and mortality. Treatment
Egg;:grF_eg;i?fio(;gugrl;i”i|M|P with continuous positive airway pressure is not tolerated by all OSA patients and is
often not suitable in cases of mild OSA. Hence, alternative methods to treat OSA and

Submitted: 23 May 2016. its cardiovascular consequences are needed. In OSA patients, regular physical exercise
Accepted: 31 October 2016. has beneficial effects other than weight loss, although the mechanisms of those effects
Study carried out in the Laboratorio remain unclear. In this population, physiological adaptations due to physical exercise
do Sono e Coragao, Pronto-Socorro include increases in upper airway dilator muscle tone and in slow-wave sleep time; and

Cardiologico de Pernambuco - PROCAPE  decreases in fluid accumulation in the neck, systemic inflammatory response, and body
- Universidade de Pernambuco, and atthe - \yaight. The major benefits of exercise programs for OSA patients include reducing the
Hospital Metropolitano Sul Dom Helder . . ) . . . -
Camara, Instituto de Mediicina Integral severity Qf the condition and daytllme sleepiness, as well as increasing sleep efficiency
Professor Fernando Figueira - IMIP and maximum oxygen consumption. There are few studies that evaluated the role of
Hospitalar - Recife (PE) Brasil. physical exercise alone for OSA treatment, and their protocols are quite diverse. However,
aerobic exercise, alone or combined with resistance training, is a common point among the
studies. In this review, the major studies and mechanisms involved in OSA treatment by
means of physical exercise are presented. In addition to systemic clinical benefits provided
by physical exercise, OSA patients involved in a regular, predominantly aerobic, exercise
program have shown a reduction in disease severity and in daytime sleepiness, as well as
an increase in sleep efficiency and in peak oxygen consumption, regardless of weight loss.

Keywords: Exercise therapy; Sleep apnea, obstructive; Cardiovascular diseases.

INTRODUCTION OSA; 15-30 events/h, moderate OSA; and > 30 events/h,

Obstructive sleep apnea (OSA) is a very common but severe OSA.(%
underdiagnosed clinical condition and is associated with The etiology of OSA is multifactorial, including ana-
the development or worsening of a number of clinical ~ tomical changes, neuromuscular factors, and genetic
conditions.*”) In a study conducted by Tufik et al. inthe ~ predisposition. The major risk factors for OSA are shown
city of Sdo Paulo, Brazil, in 2010, the prevalence of  in Chart 1.(512
OSA in a general population in the 20- to 80-year age

bracket was found to be 32.8%, being 40.6% in males CLINICAL MANIFESTATIONS OF OSA

and 26.2% in females. . .
Recurrent apnea, hypoxia, and hypercapnia, as well

as sleep fragmentation (microarousals), together with
increased negative intrathoracic pressure—which results
from increased inspiratory muscle work in order to
reopen the collapsed airways—result in impaired central
nervous system, cardiovascular system, and metabolic

OSA DEFINITION, CLASSIFICATION, AND function.®°1-13) Excessive daytime sleepiness, nocturia,
RISK FACTORS morning headache, decreased libido, attention deficit,
impaired concentration, neurocognitive impairment,
irritability, and depression are common in patients with
arousals. 1 It is diagnosed by polysomnography, which OSA and greatly reduce their work efficiency and quality

is a test that allows the calculation of the apnea-hypopnea of life.t0:1

index (AHI), i.e., the ratio of the total number of apneas OSA is associated with a variety of cardiovascular
and hypopneas to total sleep time.28° The severity of  disorders, including systemic arterial hypertension (SAH),
OSA is determined by the AHI: 5.0-14.9 events/h, mild  myocardial ischemia, cardiac arrhythmia, stroke, and

Epidemiological data suggest that regular physical
exercise has beneficial effects other than weight loss in
OSA patients; however, the mechanisms of those effects
remain unclear.

OSA is characterized by upper airway obstruction during
sleep, resulting in recurrent hypoxia, hypercapnia, and
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Chart 1. Risk factors for obstructive sleep apnea.®!?

Snoring
Male gender
Age > 50 years
Menopause
Obesity
Increased neck circumference

Retrognathia or micrognathia
Nasal obstruction
Hyperplasia of the tonsils and adenoids
Macroglossia
Collapse of the soft palate

increased arterial stiffness.(*) In patients with OSA,
the most common cardiovascular comorbidity is SAH,
and the relationship between SAH and OSA was first
described 30 years ago. The prevalence and severity of
SAH increase linearly with the increase in OSA severity.
OSA treatment can reduce blood pressure.(®2:11-13,15)

Recently, OSA has been associated with a systemic
inflammatory response, resulting in atherosclerosis,
insulin resistance, type 2 diabetes, and lipid profile
changes, thus greatly increasing morbidity and
mortality in patients with untreated OSA. Figure 1
shows the pathophysiology of the effects of OSA on
the cardiovascular system.(®

THERAPEUTIC STRATEGIES FOR OSA

Continuous positive airway pressure (CPAP) is typically
the treatment of choice for OSA. It maintains a positive
pharyngeal transmural pressure and increases end-ex-
piratory lung volume, contributing to the maintenance
of an open airway.*!® The aforementioned benefits
were first reported by Sullivan et al. in 1981.¢

According to the American Academy of Sleep
Medicine, CPAP should be the first-line treatment
for moderate to severe OSA (AHI > 15 events/h).
The clinical decision to prescribe CPAP is based on
the possibility of symptom relief and cardiovascular
protection. Although CPAP is effective, it might not
be tolerated by some patients. Adherence to CPAP
therapy is highest in patients who snore heavily and
have excessive daytime sleepiness. 724

Sleep hygiene and changes in lifestyle habits,
including weight loss, discontinuation or replacement of
drugs that directly interfere with upper airway muscle
function (benzodiazepines, barbiturates, and narcotics),
reducing alcohol consumption (especially during the
evening), smoking cessation, regular physical activity,
and changing body position during sleep (avoiding the
supine position) should always be encouraged in the
treatment of OSA. 21724

The use of oral appliances is recommended in order
to prevent the oropharynx and base of the tongue
from collapsing during sleep. Mandibular repositioning
or mandibular advancement splints are currently the
most commonly used devices. They are indicated for
the treatment of mild OSA and primary snoring. They
can also be used in individuals who do not tolerate or
would rather not use CPAP. Their use is contraindicated
in patients with a predominance of central apneas, in
those with active periodontal disease, and in those with
temporomandibular joint dysfunction.(®17-24

J Bras Pneumol. 2016;42(6):457-464

Although surgical procedures were widely used in
the treatment of OSA in the recent past, they are no
longer used, because of symptom recurrence after
a few months. In addition to being used in cases of
significant facial changes and in young individuals with
significant tonsillar hypertrophy, surgery has been
used in order to improve nasal breathing for the use
of a CPAP mask.17-24)

EXERCISE-RELATED PHYSIOLOGICAL
ADAPTATIONS IN OSA PATIENTS

Recent studies have focused on exercise programs for
patients with OSA because they constitute a low-cost,
easy-to-use treatment modality and have been shown to
be effective in mitigating several harmful consequences
of OSA, including cardiovascular disorders, glucose
intolerance, and fatigue.(>2”

The mechanisms whereby physical exercise attenuates
OSA have yet to be well defined. It was long believed
that the beneficial effects of physical exercise on
patients with OSA were related to a reduction in body
weight; however, experimental and clinical studies have
shown that the benefits of exercise are independent
of weight loss.(?0:27-2%) Several hypotheses have been
proposed to explain the beneficial effects of physical
exercise on patients with OSA.

Increased upper airway dilator muscle tone

Maintenance of airway patency requires the coordi-
nated activity of upper airway and thoracic respiratory
muscles.%31) Inspiratory muscle contraction results
in a subatmospheric pressure gradient that allows the
air to enter the respiratory system and predisposes
to pharyngeal collapse. This trend toward pharyngeal
collapse is compensated by the activation and
contraction of several upper airway dilator muscles,
such as the sternohyoid and omohyoid muscles, and
pharyngeal lumen regulators, such as the genioglossus
and digastric muscles.?

The effects of exercise on the characteristics and
activity of the aforementioned muscles remain unclear.
During physical activity, the respiratory muscles,
particularly the diaphragm, work at an increased rate.
This leads to metabolic and structural adaptations
that improve fatigue resistance. On the basis of
the knowledge that exercise increases respiratory
muscle recruitment, it seems plausible that endurance
exercise might result in increased upper airway muscle
activation to increase upper airway diameter, reduce
airway resistance, and oppose pharyngeal collapse
during sleep.?
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Figure 1. Pathophysiology of the effects of obstructive sleep apnea on the cardiovascular system. Adapted from Bradley
& Floras, 2009.*9 BP: blood pressure; and LV: left ventricular.

Haxhiu et al.*® and Hussain et al.®* used similar
methods for electrically stimulating the gastrocnemius
muscle nerve of anesthetized dogs and noted an
acute and significant increase in the tone and peak
electromyographic activity of the genioglossus muscle,
suggesting that greater activation of the lower limb
muscles, such as occurs during physical activity,
can result in greater activation of the upper airway
dilator muscles, thus counterbalancing the increase
in transpulmonary pressure gradient resulting from
increased respiratory muscle activity.

Subsequently, Vincent et al.G? evaluated 32 rats,
which were divided into three groups: one group of
sedentary rats (n = 10); one group of rats undergoing
endurance exercise (n = 10); and one group of rats
undergoing acute exercise (n = 12). The authors
found that a 12-week treadmill exercise protocol (4
days/week, 90 min/day, at approximately 75% of
maximal oxygen consumption) increased oxidative
capacity, antioxidant activity, and type I muscle fiber
content, as well as decreasing lipid peroxidation and
type IIb muscle fiber content of the digastric and
sternohyoid muscles. No such changes were noted in
the genioglossus and omohyoid muscles.

In light of the current literature, the true role of
physical exercise in improving upper airway dilator
muscle performance in humans remains unclear. In this
sense, this physiological effect of exercise on patients
with OSA has yet to be confirmed.

Reduced fluid accumulation in the neck

Sedentary lifestyle and decreased ambulation are
associated with fluid retention in the legs, given the
central role of leg muscles in venous fluid dynamics.
During sleep, the recumbent position contributes to
fluid displacement to and accumulation in the neck,
which increases laryngeal compression. This mechanism
can increase the severity of OSA, given that most

OSA patients have excessive daytime sleepiness and
a sedentary lifestyle.>-39

Redolfi et al.(“? evaluated the relationship between
overnight rostral fluid shift from the legs and OSA
severity in 23 nonobese males. Associations were
found between reduced leg fluid volume and increased
neck circumference (r = —=0.792; p = 0.001), between
increased overnight rostral fluid shift from the legs and
increased AHI (r? = 0.643; p = 0.001), and between
increased time spent sitting daily and increased rostral
fluid shift (r> = 0.346; p = 0.003). This last finding
emphasizes the role of sedentary behavior in fluid
accumulation in the neck during sleep.

The role that fluid accumulation in the neck plays in
the development and worsening of OSA is more evident
in patients with hypervolemia, especially those with
chronic kidney disease, heart failure, and resistant
hypertension, which are clinical conditions that are
independently associated with reduced cardiorespiratory
efficiency and muscular endurance,®” resulting in a
vicious cycle of sorts in the genesis of OSA (Figure 2).

White et al.“Y evaluated the effect of compression
stockings on OSA severity in 22 individuals with leg
edema, who were compared with a control group (n
= 23). The AHI decreased significantly in the group
of patients who wore compression stockings, in
association with reduced nocturnal fluid shift from the
legs and a significant increase in morning upper-airway
cross-sectional area, neck fluid volume having remained
unchanged overnight.

The real role of regular physical exercise in improving
leg fluid dynamics and, consequently, OSA has yet
to be clarified. Mendelson et al.(“? evaluated the
effect of physical exercise on OSA and central sleep
apnea in 34 individuals with coronary artery disease
undergoing 4 weeks of aerobic exercise training,
those 34 individuals being compared with a group of
controls. All participants underwent polysomnography
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at baseline and follow-up, the following being measured
before and after sleep: leg fluid volume; neck fluid
volume; thoracic fluid volume; and upper-airway
cross-sectional area. The AHI decreased significantly
in the exercise group, in association with a significant
reduction in the overnight change in leg fluid volume
and a significant increase in the overnight change in
upper-airway cross-sectional area.

In another study, physical activity was found to have
improved OSA severity in patients with heart failure;
however, patients with fluid overload, as is the case
of heart failure patients, are more likely to benefit
from exercise than are those without hypervolemia.*

Increased slow-wave sleep

Normal sleep is divided into rapid eye movement
(REM) sleep and non-rapid eye movement (NREM)
sleep. Physiologically, REM sleep accounts for approx-
imately 25% of total sleep time, being characterized
by rapid, low-amplitude brain activity; episodes of
REM; ventilatory instability; and hypotonic muscles,
including those responsible for upper airway patency.
Currently, NREM sleep is divided into stages 1, 2, and
3, stage 3 being designated slow-wave sleep and being
characterized by a deeper sleep and an increased
arousal threshold. 3

Ratnavadivel et al.““*) evaluated 253 individuals and
found that it took those with OSA longer to achieve
slow-wave sleep, OSA patients also having decreased
slow-wave sleep, increased daytime sleepiness, and
an increased AHI. McSharry et al.> found increased
genioglossus single motor unit activity during slow-wave
sleep and proposed that this increased activity makes
the airway more stable and resistant to collapse.

The first reports of the effects of exercise on sleep
patterns date from 1970. Heinzelmann and Bagley“®)
reported that individuals who participated in an
18-month exercise program during which they exercised
for 1 h three times a week had a more relaxing and
restorative sleep.

chronic kidney disease
heart failure
resistant hypertension

[ reduced endurance |

Y
physical inactivity

excessive daytime
sleepiness

™~

worsening of
obstructive <
sleep apnea

peripheral fluid
accumulation

overnight rostral fluid
shift and fluid
accumulation in the neck

Figure 2. Interrelationship between chronic diseases
resulting in hypervolemia and worsening of obstructive
sleep apnea.
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Exercise increases body temperature and can therefore
facilitate the onset of sleep by activating heat-dissipating
processes and hypothalamus-controlled sleep-inducing
mechanisms. The theories of body energy conservation
and organ function restoration indicate that there is
a relationship between increased energy expenditure
and increased stage 3 NREM sleep.*”

Previous studies have shown sleep pattern changes
in individuals undergoing exercise programs, including
increased slow-wave sleep, decreased REM sleep, and
increased latency to REM sleep. (#4849

Ueno et al.®® evaluated patients with functional
class I-III heart failure and OSA, central sleep apnea,
or no sleep apnea. The patients underwent a 4-month
exercise program consisting of three 60-min sessions
per week divided into muscle stretching and cycle
ergometry, the intensity of which was set at 10%
below the respiratory compensation point obtained by
cardiopulmonary exercise testing. The authors found
an increase in stage 3 NREM sleep.?®

Recently, Kredlow et al.*®) performed a meta-analysis of
the effects of acute and regular exercise on sleep quality
and found that exercise can improve subjective perception
and objective parameters of sleep (including total sleep
time, sleep efficiency, and duration of slow-wave sleep).

Reduced body weight

Physical exercise can reduce OSA severity by
reducing body weight and abdominal fat. Previous
data have shown that a 10% reduction in the body
mass index (BMI) is associated with a 30% reduction
in the AHI.%>V Dobrosielski et al.>? found a reduced
AHI associated with a reduced BMI in OSA patients
undergoing an aerobic exercise program and following
a calorie-restricted diet.

Barnes et al.>* evaluated 21 OSA patients undergoing
a program combining a very-low-energy diet and
aerobic and resistance exercise and found a significant
reduction in the BMI and Epworth Sleepiness Scale
score in those with mild to moderate OSA, but no
significant changes in the AHI. These results suggest
that there is a need for randomized controlled studies
aimed at determining the relationship among physical
exercise, body weight reduction, and OSA severity.

Reduced systemic inflammatory response

Adipose tissue, particularly abdominal fat, is rich
in inflammatory cytokines. OSA can modulate the
expression and release of inflammatory mediators
from visceral fat and other tissues. Independently
of obesity, OSA patients have been found to have
elevated levels of C-reactive protein, TNF, and IL-6,
which are associated with sleepiness, fatigue, and
various metabolic and cardiovascular complications.*%

Adiponectin is a protein that is secreted exclusively
by white adipose tissue and has anti-inflammatory and
antiatherosclerotic effects; in patients with OSA, serum
adiponectin concentrations are reduced, increasing
their risk of cardiovascular disease.®%



Chart 2. Characteristics of the exercise programs.

Authors

Norman
et al.®®

Participants

9 patients
with mild to
moderate OSA

Characteristics of the exercise program

supervised exercise at months 1-4 and only one supervised

session at months 5 and 6

duration: 24 weeks

« aerobic exercise

3 days a week; 30-45 min/session

treadmill/cycle ergometer at 60-85% of HRR

« resistance exercise: participants were instructed on
how to perform resistance exercises that they could
incorporate into their routine
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Results

reduced AHI and BMI;
improved aerobic
capacity and quality of
life

supervised exercise at weeks 1-8; from week 9 onward, only
one supervised session

12. resistance exercise

- duration: 16 weeks

- 3 days/week at 80% of maximal resistance

reduced body weight
and daytime sleepiness;
improved cardiometabolic
outcomes (MAP,

moderate OSA

21 patients - 7 different muscle groups; dumbbells; 8-12
- . - - cholesterol levels,
Barnes et al.®®  with mild to repetitions X .
. . triglyceride levels,
severe AHI 13. aerobic exercise : :
- . . C-reactive protein levels,
- beginning at week 5 of the resistance exercise . X
program insulin levels, GGT levels,
= duration: 24 weeks R Volpg;)l?fgd ey
= 5 days/week; 40 min/session
= walking, cycling, and jogging at 80% of VO, ..
supervised exercise
duration: 12 weeks
14. aerobic exercise
. 150 min/week; 4 days/week
. & .43 PPN treadmill/elliptical trainer/cycle ergometer at reduced AI.-" apd °XYge”
Kline et al.®” with moderate desaturation index; no
60% of HRR .
OSA . . changes in the BMI
15. resistance exercise
= 2 days/week after aerobic training
= 8 different muscle groups; dumbbells; 10-12
repetitions
supervised exercise
duration: 12 weeks Reduced AHI; improved
20 patients  16. aerobic exercise exercise capacity, sleep
Sengul et al.®  with mildto - 3 days/week; 60-90 min/session quality, and quality of

- treadmill/cycle ergometer at 60-70% of VO
17. breathing exercises
= 3 days/week; 15-30 min/session

2peak

life; no changes in the
BMI

The first 3 sessions were supervised; the remaining sessions
were performed at home.
duration: 12 weeks; patients divided into two groups

and ESS score

group |
18. aerobic exercise
- 3 days/week (weeks 1-8)
= 4 days/week (weeks 9-12)
50 patients - 30-45 min/session at AT increased exercise
Servantes with heart  group Il capacity, muscle
et al.®® failure and  19. aerobic exercise strength, and muscle
0OSA - 3 days/week (weeks 1-8) resistance; reduced AHI
- 4 days/week (weeks 9-12)
= 30-45 min/session at AT
20. resistance exercise
- 3 days/week (weeks 1-8)
- 4 days/week (weeks 9-12)
- 1 series; 7 different muscle groups; 12-16
repetitions
32 patients  supervised exercise reduced sleepiness
Ackel-D’elia with moderate duration: 2 months o —— fatigue"
et al.© to severe OSA « aerobic exercise increa,s ed physical ’

= 3 days/week; 40 min/session

functioning and vitality

Schiitz et al.©"

>9 = treadmill at 85% of AT
supervised exercise
25 patients  aerobic and resistance exercise reduced daytime

with moderate
to severe OSA

duration: 2 months
3 days/week; 60 min/session
The exercise protocol was not described.

sleepiness, LDL levels,
and triglyceride levels

OSA: obstructive sleep apnea; HRR: heart rate reserve; AHI: apnea-hypopnea index; BMI: body mass index;
MAP: mean arterial pressure; VO : peak oxygen consumption; GGT: gamma-glutamyltransferase; AT: anaerobic

2peak*

threshold; and ESS: Epworth Sleepiness Scale.
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Studies have shown that regular exercise has an
anti-inflammatory effect, especially in obese patients;
however, the impact of this treatment modality on
the inflammatory response of individuals with OSA
remains unclear.**) In a recent study, Cavagnolli et al.>>
evaluated the effects of a 2-month aerobic exercise
program on 20 nonobese adult males, 10 of whom
had OSA; the authors found that C-reactive protein
levels were similar between the control group and the
OSA group, as well as finding a less than significant
reduction in C-reactive protein levels and the AHI after
the exercise program.

CLINICAL BENEFITS OF EXERCISE IN THE
TREATMENT OF OSA

In a recent meta-analysis of five studies, Iftikhar et
al.” found significant reductions in the AHI and daytime
sleepiness, as well as increases in sleep efficiency and
peak oxygen consumption (vozpeak), in adult patients
with OSA.2856-58) The authors!”) found that OSA patients
undergoing regular exercise had a 32% reduction in
the AHI (a reduction of 6.27 events/h) and a 28%
reduction in daytime sleepiness, as well as a 5.8%
increase in sleep efficiency and a 17.65% increase in
VO, having found no significant reduction in the BMI
(VO,,. = —1.37; 95% CI: —2.81 to 0.07; p = 0.06,
I? = 76.92%). Another important point is that even
if exercise has no significant impact on OSA severity,
indirect benefits of exercise include decreased blood
pressure, improved metabolic profile, and reduced
overall cardiovascular risk. More recently, Aiello et
al.*? performed a meta-analysis of nine studies and
confirmed the findings of Iftikhar et al.,”” having found

a reduction in the AHI and in daytime sleepiness after
exercise as the sole treatment for OSA.

There is a lack of studies evaluating the role of
exercise as the sole treatment for OSA. In addition,
there are differences across studies regarding exercise
protocols; however, aerobic exercise (either in isolation
or in combination with resistance exercise) has been
used in all studies. The main characteristics of the
exercise programs used in seven randomized controlled
studies are shown in Chart 2.(2853,56-58,60,61)

FINAL CONSIDERATIONS

A condition that affects several organ systems, OSA
significantly increases morbidity and mortality. The
most common therapeutic strategies (i.e., CPAP, oral
appliances, and corrective upper airway surgery) are
sometimes not tolerated by patients. In this context,
physical exercise is a therapeutic alternative for patients
with OSA, because it is simple and inexpensive, as
well as having systemic benefits.

Exercise-related physiological adaptations in OSA
patients include increased upper airway dilator muscle
tone, reduced fluid accumulation in the neck, increased
slow-wave sleep (stage 3 NREM sleep), reduced body
weight, and reduced systemic inflammatory response.

In addition to conferring systemic clinical benefits,
regular, predominantly aerobic, exercise results in
reduced OSA severity (a reduced AHI), reduced daytime
sleepiness, increased sleep efficiency, and increased
VO, e independently of weight loss. Although these
findings are encouraging, further studies are needed
in order to clarify the true role of physical exercise in
the treatment of OSA and its complications.
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IMAGING IN PULMONARY MEDICINE

Figure 1. Axial (in A), coronal (in B), and sagittal (in C) chest
CT scans showing left pleural effusion and a high-density
collapsed lung containing a round hypodense mass (arrows).
Note also small right pleural effusion and liver hyperdensity
(the liver is denser than the heart).

An uncommon tomographic association:
amiodarone pulmonary toxicity and
adenocarcinoma

Arthur Soares Souza Jr'2, Glaucia Zanetti®, Edson Marchiori?

A 73-year-old woman, a current smoker, presented
with progressive dyspnea. She had a history of ven-
tricular tachyarrhythmia treated with amiodarone. A
chest X-ray demonstrated diffuse opacification of the
left hemithorax. Chest CT showed left pleural effusion
and a high-density collapsed lung containing a round
hypodense mass (arrows). There was also small right
pleural effusion and liver hyperdensity (the liver was
denser than the heart; Figure 1). Percutaneous fine-needle
aspiration biopsy of the mass revealed adenocarcinoma.
The histopathological findings of the dense pulmonary
parenchyma were compatible with amiodarone-induced
pulmonary toxicity (APT). The patient died one month
after the examination. Amiodarone is associated with
a wide range of adverse effects, including APT.*"3) The
diagnosis of APT can be suggested on the basis of a
combination of clinical, radiological, and pathological
findings, and is confirmed by improvement after dis-
continuation of amiodarone therapy.® The high iodine
content of the medication enables the detection of
amiodarone deposits in the lung by CT as high-attenuation
parenchymal opacities. The association of dense lung
consolidations with high liver density is characteristic
of amiodarone impregnation.(?3 In the case described
here, the dense pulmonary parenchyma caused by
amiodarone impregnation allowed the tomographic
identification of the tumor.
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TO THE EDITOR:

We report the case of a 67-year-old female patient
who had hypertension and diabetes and had recently
been diagnosed with a right renal mass. Abdominal CT
and magnetic resonance imaging (MRI) showed that
the renal mass, which measured approximately 7.5 cm
along its longest axis, was predominantly exophytic,
was located in the upper half of the right kidney, and
had areas suggestive of intratumoral fat; in addition, the
signal of the lesion extended to the ipsilateral renal vein
and the inferior vena cava (Figure 1A). Histopathological
examination of a CT-guided percutaneous biopsy sample
revealed the presence of clear cells and oxyphilic cells
that were probably malignant, with a moderately elevated
proliferative index; a diagnosis of malignant primary
renal neoplasm was therefore made.

Shortly thereafter, the patient presented to the emer-
gency room with respiratory complaints. A CT scan of

Pulmonary fat embolism of neoplastic origin
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the chest revealed the presence of negative (fat) density
in a branch of the left pulmonary artery (Figure 1B).
A chest CT angiography was subsequently performed
and confirmed the presence of pulmonary fat embolism
(Figures 1C and 1D). Therefore, a diagnosis of pulmonary
embolism secondary to renal cell carcinoma was made.

It is important to emphasize that the diagnosis of
pulmonary tumor embolism was based on CT and MRI
findings. Abdominal CT showed that the embolus had
negative density values, which are characteristic of fat.
Contrast-enhanced MRI of the thorax was also performed,
showing a signal drop in the thrombus on the fat-saturated
and out-of-phase T1-weighted images, thus confirming
the presence of pulmonary fat embolism. The same
was found for the renal tumor and its extensions to the
ipsilateral renal vein and the inferior vena cava.

An imaging finding of fat in a renal tumor is highly
suggestive of angiomyolipoma. Fat is rarely associated

Figure 1. In A, coronal contrast-enhanced fat-saturated T1-weighted magnetic resonance image showing a renal tumor in
the renal sinus (arrows), invading the right renal vein and extending into the inferior vena cava (arrowheads). In B, axial
CT scan without contrast enhancement, showing a filling defect with fat density in a branch of the left pulmonary artery
(arrow). Axial and coronal CT angiography scans of the chest in C and D, respectively, showing a fatty embolus partially
obstructing the pulmonary artery branch to the left lower lobe (arrows). Density values for the tumor embolus ranged from

—30 to —60 Hounsfield units.
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with other renal neoplasms, such as renal cell carci-
nomas.) Cases of pulmonary embolism secondary
to renal tumors have been reported in the literature,
most of which were cases of pulmonary fat embolism
secondary to angiomyolipoma.>* To our knowledge,
there has been only one reported case of pulmonary
embolism secondary to renal cell carcinoma,® albeit
without fatty emboli. Therefore, in addition to the
known association between renal angiomyolipoma
and fatty emboli in the pulmonary arteries, there is
an association between renal cell carcinoma and fatty
emboli, as demonstrated by the case reported herein.

Autores

Renal cell carcinoma is the most common type of kidney
cancer, with metastatic disease at diagnosis in 20-25%
of cases.® The association between renal tumors and
pulmonary fat embolism is of note because, given the
signal intensity and density characteristics on MRI
and CT, respectively—which are relatively specific to
fat—a presumptive diagnosis can be made without
contrast-enhanced imaging, as was the case here.

In conclusion, it is important to evaluate fat density
thrombi in the pulmonary vessels of patients with renal
neoplasms with or without respiratory symptoms for
a diagnosis of pulmonary tumor embolism.
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CEP: 78040-400
Cidade: Cuiaba - MT
Telefone: (65) 99681445
E-mail: cfggarcia@yahoo.com.br

Presidente:
Secretaria:
Enderego:

CEP:
Telefone:
E-mail:

Angela Maria Dias de Queiroz
Lilian Andries

Rua Dr. Arthur Jorge n°® 2117 - 902,
Bairro S&o Francisco

79010-210 - Campo Grande - MS
(67) 33252955 / (67) 99853782
diasqueiroz@hotmail.com

SOCIEDADE DE PNEUMOLOGIA E TISIOLOGIA DO ESTADO DO

RIO DE JANEIRO
Presidente:
Secretaria:
Enderego:

CEP:
Tel/fax:
E-mail:

Gilmar Alves Zonzin

Ménica Flores Rick

Rua da Lapa, 120 - 3° andar -

salas 301/302 - Centro

20.021-180 - Rio de Janeiro — RJ

(21) 3852-3677

sopterj@sopterj.com.br | site: www.sopterj.com.br

SOCIEDADE DE PNEUMOLOGIA E TISIOLOGIA DO RIO GRANDE DO SUL

Presidente:
Vice:
Endereco:
CEP:
Telefone:
E-mail:

Paulo Roberto Goldenfum

Adalberto Sperb Rubin

Av. Ipiranga, 5.311, sala 403

90.610-001 - Porto Alegre — RS

(51) 3384-2889 Fax: (51) 3339-2998
sptrs.secretaria@gmail.com | www.sptrs.org.br

SOCIEDADE GOIANA DE PNEUMOLOGIA E TISIOLOGIA

Presidente:
Secretaria:
Enderego:
Setor Oeste
CEP:
Telefone:

Karla Cristina de Moraes Arantes Curado
Roseliane de Souza Araujo
Galeria Patio 22 - Rua 22, n° 69, Sala 17 —

74.120-130 - Goiania — GO
(62) 3251-1202 / (62) 3214-1010

E-mail: sgpt2007@gmail.com - karlacurado1@hotmail.com
SOCIEDADE MINEIRA DE PNEUMOLOGIA E CIRURGIA TORACICA

Presidente:
Secretaria:
Endereco:
CEP:
Telffax:
E-mail:
Site:

David Vogel Koza

Ana Cristina De Carvalho Fernandez Fonseca
Av. Joao Pinheiro, 161 - sala 203 - Centro
30.130-180 - Belo Horizonte — MG

(31) 3213-3197

smpct@smpct.org.br

www.smpct.org.br

SOCIEDADE PARAIBANA DE PNEUMOLOGIA E CIRURGIA TORACICA

Presidente:
Secretario:
Endereco:

CEP:
Telefone:
E-mail:

José George Cunha Carneiro Braga

José Gerson Gadelha

Rua Maria Caetano Fernandes de Lima, 225 -
Tambauzinho

58042-050 — Jodo Pessoa - PB

(83) 93020555

georgecbraga@hotmail.com

SOCIEDADE PARANAENSE DE TISIOLOGIA E DOENGAS TORACICAS

Presidente:
Secretaria Geral:
Enderego:

CEP:
Tel/fax:
E-mail:

Léda Maria Rabelo

Daniella Porfirio Nunes

Av. Sete de Setembro, 5402 - Conj. 105, 10? andar
Batel

80240-000 - Curitiba — PR

(41) 3342-8889

contato@pneumopr.org.br | www.pneumopr.org.br

SOCIEDADE PAULISTA DE PNEUMOLOGIA E TISIOLOGIA

Presidente:
Secretaria:
Endereco:

CEP:
Telefone:
E-mail:

Regina Maria de Carvalho Pinto

Silvia Carla Sousa Rodrigues

Rua Machado Bittencourt, 205, 8° andar, con;.
83 - Vila Clementino

04.044-000 S&o Paulo — SP

0800 17 1618

sppt@sppt.org.br | www.sppt.org.br

SOCIEDADE PERNAMBUCANA DE PNEUMOLOGIA E TISIOLOGIA

Presidente:
Secretaria:
Endereco:
CEP:
Tel/fax:
E-mail:

Adriana Velozo Gongalves

Ana Lucia Pereira Lima Alves Dias

Rua Jodo Eugénio de Lima, 235 - Boa Viagem
51030-360 - Recife — PE

(81) 3326-7098
pneumopernambuco@gmail.com

SOCIEDADE PIAUIENSE DE PNEUMOLOGIA E TISIOLOGIA

Presidente:
Secretaria:
Endereco:

CEP:
Telefone:
E-mail:

Cromwell Barbosa de Carvalho Melo
Tatiana Santos Malheiros Nunes

Avenida Jose dos Santos e Silva, 1903
Nucleo de Cirurgia Toracica

64001-300- Teresina — PI

(86) 32215068
cromwellmelo.cirurgiatoracica@gmail.com

SOCIEDADE SERGIPANA DE PNEUMOLOGIA E TISIOLOGIA

Presidente:
Secretario:
Enderego:

CEP:
Telefone:
E-mail:

Anaelze Siqueira Tavares Tojal

Ostilio Fonseca do Vale

Av. Gongalo Prado Rollemberg, 211, Sala 11
Bairro S&o José

49050-370- Aracaju - SE

(79) 21071412

anaelze.tojal@gmail.com



12.000 PACIENTES TRATADOS NO MUNDO
25.000 VALVULAS IMPLANTADAS
1.000 PACIENTES TRATADOS EM ESTUDOS

A valvula Zephyr® esta aprovada
para o tratamento da hiperinsuflagao
pulmonar associada ao enfisema.

Através de um procedimento minimamente
invasivo e reversivel, promove melhorias
significativas na fungao pulmonar,
capacidade de exercicio e qualidade de vida
aos pacientes com DPOC."234,

Reduz significativamente o volume pulmonar
impedindo a entrada do ar nas regides mais
afetadas pelo enfisema, ao mesmo tempo
facilita a saida do ar aprisionado.

7 Periodo de Melhorias Melhorias Teste Melhorias Qualidade
E R
studos Randomizados - gyow Up VEF, Caminhada (BMWT)  de Vida (SGRQ)
IMPACT! 3 meses 17.0% 40 metros - 9.7 pontos
STELVIO? 6 meses 17.8% 74 metros -14.7 pontos
BeLieVer-HIFi? 3 meses 20.9% 33 metros - 5.1 pontos
VENT (Us + ous)* 6 meses 24.7% 28 metros - 8.4 pontos

1. Eberhardt R. et al. A Multicenter, Prospective, Randomized, Controlled Trial of Endobronchial Valve Therapy vs Standard of Care in Homogeneous Emphysema (IMPACT), Abstract; ERJ. 2016; 2. Klooster K. et al. N Engl J Med.
2015; 373: 2325-36 + Supplementary Appendix; 3. Zoumot Z. et al. Lancet. 2015; 386 (9998): 1066-73 + Supplementary Appendix; 4. Scuirba F.C. et al. N Engl J Med. 2010; 363(13): 1233-44/ Herth F. J. et al. Eur. Respir. J.
2012; 39(6): 1334-42/ Ad hoc analysis on le at Pulmonx.

ACESSE A CALCULADORA ZEPHYR
X A calculadora permite conhecer se 0 seu paciente é elegivel ao tratamento
com as valvulas Zephyr. Acesse pelo link abaixo e obtenha o resultado em segundos:

www.zephyr.ciclomed.com.br

ulmonX c@d

Interventional Pulmonology




Symbicort’

Cheggu Eficacia com rapido inicio de acdo
para o tratamento de manutencdo

SYMBICORT® SPRAY. FFVYI T s

Spray

Symbicort® Spray
fumarato de formoterol
di-hidratado / budesonida
6/100 meg por inalagzo

Suspenséo Aerossol

USO ADULTO E PEDIATRICO ACI
DE 6 ANOS g

TRIUNFO SUDLER BRASIL

1 tubo com 120 doses

CONTEUDO: 8mL/10,7 mg

AstraZeneca
AstraZeneca

VENDA SOB
PRESCRIGAO MEDICA VENDA SOB
PRESCRICAO MEDICA

Referéncias:
1. Lindberg A, Szalai Z, Pullerits T, et al. Fast onset of effect of budesonide/formoaterol versus salmeterol fltticasone and salbutamolin patients with chronic obstructive puimonary disease and reversible airway obstruction. Respirology 2007 Sep;12(5): 732-
9.2, Tashkin DP, Rennard S, Martin P, etal. Efficacy and safety of budesonide-+/formoterol in one pressurized metered dose inhaler in patients with moderate to very severe chronic obstructive puimonary disease. Results of a 6-month randomized clinical
trial. Drugs 2008,68(14): 1975-2000. 3. Rennard S, Tashkin DP, McElhattan J, et al. Efficacy and tolerability of budesonide/formoterol in one hydrofluoroalkane pressurized metered-dose inhaler in patients with chronic obstructive pumonary disease:
resuts from a 1-year randomized controlled clinical trial [supplementary material]. Drugs. 2009;69(5):549-65. doi: 10.2165/00003495-200969050-00004. 4. Hampel F C, Martin P. Mezzanotte W S. Early bronchodilatory effects of budesonide/
formoterol pMDI compared with fluicasone/saimeterol DP| and albiterol pMDI: 2 randomized controlled trials in aduts with persistent asthma previously treated with inhaled corticosteroids. Journal of Asthma 2008; 45: 265-272.5. Bula do prodtto.

SYMBICORT® SPRAY 6/100 mcg/inalagéo e SYMBICORT® SPRAY 6/200 meg/inalagéo (fumarato de formoterol di-hidratado/budesonida) suspenséo aerossal. Indicagoes: SYMBICORT® SPRAY esté indicado no tratamento da asma nos
€as0s em que 0 Uso de uma associagéo (corticosteroide indlatdrio com um beta-2 agon\sta de agao prolongada) é apropriado e no tratamento regular de pacientes adultos com Doenga Pulmonar Obstrutiva Cronica (DPOC) de moderada a grave,
com sintomas frequentes e histérico de exacerbagdes. Contraindicagoes: Hip fade & budesonida, ao formoterol ou a outros componentes da formula. Cuidados e Adverténcias: Adverténcias: £ recomendado que a
dose seja fitulada quando o tratamento de longo prazo é descontinuado e este néo deve ser interrompido abruptamente. Para minimizar o risco de candidiase orofaringea, o paciente deve ser instruido a lavar a boca com agua apos administrar as
inalagdes de SYMBICORT® SPRAY. Uma deterioragéo stbita e progressiva do controle da asma é um risco potencial e o paciente deve procurar suporte médico. Pacientes que necessitaram de terapia corticosteride de alta dose emergencial ou
tratamento prolongado de altas doses recomendadas de corticosteroides inalatérios podem exibir sinais e sintornas de insuficiéncia adrenal quando expostos a situagdes de estresse grave. Administragéo de corticosteroide sistémico adicional deve ser
considerada durante situagdes de estresse ou cirurgia eletiva. SYMBICORT® SPRAY deve ser administrado com cautela em pacientes com graves alteragdes cardiovasculares (incluindo anomalias do ritmo cardiaco), diabetes melltus, hipocalemia néo
tratada ou tireotoxicose. Pacientes com prolongamento do intervalo QTc devem ser cuidadosamente observados (para maiores informages vide bula completa do produto). Estudos cinicos e meta-andlises indicaram que o tratamento da DPOC com
corticosteroides pode levar a um risco aumentado de pneumonia. No entanto, o risco absoluto para a budesonida é pequeno. Nao foi estabelecida uma relaggo causal com os produtos contendo budesonida. Gravidez: categoria C de risco de gravidez.
Este medicamento néo deve ser utiizado por muheres grévidas sem orientagéo médica ou do cirurgido-dentista. A administragéo de SYMBICORT® SPRAY em mulheres lactantes deve ser apenas considerada se os beneficios esperados para a mée
superarem qualquer possive! risco para a crianga (para maiores informagGes vide bula completa do produto). Interagoes medicamentosas: o metabolismo da budesonida é mediado principalmente pela CYP3A4, uma subfamilia do citocromo PA50.
Portanto, inbidores desta enzima, como o cetoconazol ou suco de grapefrit (pomelo), podem aumentar a exposicéo sistémica a budesonida. A cimetidina apresenta um leve efeito inibidor sobre 0 metabolismo hepético da budesonida. Farmacos como
aprocainamida, fenotiazina, agentes antihistaminicos (terfenadina), inibidor da monoaminooxidase (MAQ) e antidepressivos triciclicos foram relacionados com um intervalo Qe prolongado e um aumento do risco de arritria ventricular. Os blogueadores
beta-adrenérgicos (incluindo os colirios oftélmicos) podem atenuar ou inibir o efeito do formoterol (para maiores informagBes vide bula completa do produto). Reagoes adversas: as reagdes adversas que foram associadas & budesonida ou ao formoterol
sé0 apresentadas a seguir. Comum: palpitagdes, candidiase na orofaringe, cefaléia, tremor, leve imitagéo na garganta, tosse, rouquidéo. Incomum: taguicardia, néusea, caibras musculares, tontura, agitagéo, ansiedade, nervosismo e perturbacdes do
S0N0 (para outras reagdes adversas, vide bula completa do produto). Posologia: a dose de SYMBICORT® SPRAY deve ser individualizada conforme a gravidade da doenga. Quando for obtido o controle da asma, a dose deve ser fitulada para a menor
dose que permita manter um controle eficaz dos sintomas. ASMA: SYMBICORT® SPRAY 6/100 meg/inalagéo: Adultos (a partir de 18 anos de idade): 2 inalagbes uma ou duas vezes ao dia. Em alguns casos, uma dose méxima de 4 inalagtes
duas vezes ao dia pode ser requerida como dose temporéria de manutengao durante a piora da asma. Adolescentes (12-17 anos): 2 inalages uma ou duas vezes ao dia. Durante a piora da asma a dose pode temporariamente ser aumentada para o
méximo de 4 inalagdes duas vezes ao dia. Criangas (6-11 anos): 2 inalagdes duas vezes ao dia. Dose méxima didria: 4 indlagdes. SYMBICORT® SPRAY 6/200 mcg/inalagéo: Adutios (a partir de 18 anos de idade): 2 inalages uma ou duas vezes
ao dia. Em alguns casos, uma dose méxima de 4 inalagdes duas vezes ao dia pode ser requerida como dose temporéria de manuteng&o durante a piora da asma. Adolescentes (12-17 anos): 2 inalagGes uma ou duas vezes ao dia. Durante a piora da
asma a dose pode temporariamente ser aumentada para 0 méaximo de 4 inalagdes duas vezes ao dia. DPOC; SYMBICORT® SPRAY 6/200 meg/inalagao: Aduitos (a partir de 18 anos de idade): 2 inalagdes duas vezes ao dia. Dose méxima diéria: 4
inalagBes. Nao foram estabelecidas a seguranca e eficiciade SYMBICORT® SPRAY 6/100 mog/inalagéo para o tratamento de DPOC. Instrugbes de Uso: vide bula completa do produto. Superdose: Asuperdosagem de formoterol ird provavelmente
provocar efeitos tipicos dos agonistas beta-2-adrenérgicos: tremor, cefaléia, palpitagbes e taquicardia. Podera igualmente ocorrer hipotenséo, acidose metabolica, hipocalemia e hiperglicemia. Pode serindicado um tratamento de suporte e sintomnatico.
Aadministragéo de uma dose de 90 meg durante trés horas em pacientes com obstrugéo brénquica aguda e quando administrada trés vezes ao dia como um total de 54 meg/dia por 3 dias para a estabilidade asmética néo suscitou quaisquer problemas
de seguranca. Néo é esperado que uma superdosagem aguda da budesonida, mesmo em doses excessivas, constitua um problema clinico. Quando utiizado cronicamente em doses excessivas, podem ocorrer efeitos glicocorticosteroides sistémicos
(parainformagdes de superdosagem grave vide bula completa do produto). Apresentacoes: SYMBICORT® SPRAY 6/100 meg/inalagdo: Suspensao aerossol 6/100 meg/inalagao em embalager com 1 tubo contendo 120 doses. SYMBICORT®
SPRAY 6/200 mog/inalagio: Suspenséo aerossol 6/200 mog/inalagio em embalagem com 1 tubo contendo 120 doses. USO ADULTO E PEDIATRICO (vide posologia e bula completa). VIA INALATORIA. VENDA SOB PRESCRIGAO MEDICA. SE
PERSISTIRAVI0S SNTOMAS, OMEDICO DEVERASER CONSULTADO. Paramioresirfomagges, constitea bua completa o produio, Tel, SAC: 0800-0145678, wwniastrazenecacombr SYMBICORT® SPRAY. MS — 11618.0250 (SYM_SPRO02_rir).

CONTRAINDICAQ()ES: HIPERSENSIBILIDADE A BUDESONIDA, A FORMOTEROL OU A OUTROS COMPONENTES DA FORMULA. INTERAQ()ES MEDICAMENTOSAS:

| SE PERSISTIREM 0S SINTOMAS, 0 MEDICO DEVERA SER CONSULTADO.

MATERIAL DESTINADO AOS PROFISSIONAIS DE SAUDE.
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