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Lung ultrasound in the evaluation of pleural effusion

Ultrassom de pulmdo na avaliacdo de derrame pleural

Elena Prina, Antoni Torres, Carlos Roberto Ribeiro Carvalho

In recent years, there has been an increasing
interest in the use of ultrasound for the evaluation
of chest diseases, especially for the study of
bedridden, critically ill patients. In fact, the
ultrasound method presents various advantages:
it uses no radiation; it is inexpensive; it can
be used at the bedside; it is noninvasive; and
it can be repeated as necessary. In addition,
ultrasound is starting to be a method used by
professionals, other than radiologists, who have
specific clinical questions,” having become an
important tool for the pulmonary physician. In
this context, the utility of ultrasound for the
diagnosis and management of pleural effusion
is well documented.

In the present issue of the Brazilian Journal
of Pulmonology, Perazzo et al.”’) present a
randomized controlled trial aimed at assessing
whether ultrasound-assisted thoracentesis, in
contrast with a blinded method, would reduce the
rate of pneumothorax. The authors also aimed to
assess whether ultrasound improves the efficacy
of the procedure (in terms of the number of
successful fluid removal procedures and the
amount of fluid removed). 1t is of note that, in
that study, experienced operators performed both
methods, following a standardized protocol, in
order to focus attention on the influence of using
ultrasound or not, and removed other factors
that could be responsible for complications. For
these purposes, 160 inpatients and outpatients
with pleural effusion requiring pleural puncture
were randomized into two groups. In the study
group (comprising 80 patients), thoracentesis was
performed with the use of ultrasound, whereas
it was performed without ultrasound in the
control group (also comprising 80 patients). In
comparing the study and control groups, the
authors observed that the former had a significantly
lower pneumothorax rate (1.25% vs. 12.5%; p =
0.009; OR = 0.09), a higher number of patients
with successful drainage (79/80 vs. 72/80), and a
higher amount of fluid drained (mean + SD: 960
+ 500 mL vs. 770 + 480 mL). They concluded
that the use of ultrasound during thoracentesis

reduced the number of cases of pneumothorax
and increased the efficiency of the procedure.

The findings of Perazzo et al.? corroborate data
already described in the literature—thoracentesis
involving the use of ultrasound is safer than is
the blinded approach. Nevertheless, the study
is interesting because it confirms the idea that
ultrasound can provide advantages even to more
experienced operators. In addition, the study is
a randomized controlled trial, which increases
the power of their findings.

Despite its utility, ultrasound presents some
limitations. Soft tissue edema, subcutaneous
emphysema, or obesity can reduce the quality of
the images. We also think that physicians need
adequate training in order to avoid misreading
ultrasound images and, consequently, to avoid
mistakes.

Ultrasound and diagnosis of pleural
effusion

The first step in the evaluation of patients
with suspected pleural effusion is to confirm
the diagnosis, especially in the case of a white
hemithorax on chest X-rays. Ultrasound is a
useful method for these purposes because it
allows the distinction between effusion and lung
consolidations® and has a higher accuracy in
detecting pleural effusion in comparison with
bedside chest X-rays (93% vs. 47%).@ In fact,
chest X-rays can detect the presence of pleural
effusion in patients in the orthostatic position
only if the volume of the effusion is at least 200
mL,"” and the sensitivity of this method decreases
in the supine position, whereas ultrasound can
detect effusions as small as 20 mL.©®

The ultrasound evaluation of a patient in
a sitting position is better because it allows a
more precise quantification of pleural effusion.
In this position, the free fluid will collect in
the dependent space, whereas it will be found
in a posterior location with the patient in the
supine position. In addition, ultrasound allows
the identification of adjacent structures: chest

J Bras Pneumol. 2014;40(1):1-5
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wall, hemidiaphragm (over the liver or spleen),
and visceral pleural surface. This is important,
especially in the case of an invasive procedure,
in order to avoid organ injury (Figure 1).

A second step is the distinction between
transudative and exudative pleural effusions.
The aspect of pleural effusion on ultrasound
can suggest the nature of the fluid, although a
definitive diagnosis requires a thoracentesis in order
to allow physical, chemical, and microbiological
studies. According to the characteristics of the
pleural effusion on ultrasound, it can appear as
anechoic (black), complex nonseptated (black
with white strands), complex septated (black
with white septa), or homogeneously echogenic
(white).” In general, the presence of complex
pleural effusion suggests exudative effusion,
whereas an anechogenic effusion might be
transudative. However, in contrast to what we
expect, transudative effusion can also appear

Figure 1 - Ultrasound identification of pleural effusion
at a specific site (lower image). pe: pleural effusion;
d: diaphragm; and c: chest wall.

as complex nonseptated effusion®; this is due
to the fact that transudates are not pure water,
having various components (i.e., cells, proteins,
and lipids), and exudative effusions can also
appear as anechogenic effusion. Homogeneous
echogenic effusions are the result of hemorrhagic
effusions or empyema (Table 1).

In some cases, ultrasound images other than
those of the effusion can help assess the nature of
the pleural effusion. For example, the presence of
thickened pleura or of a pulmonary consolidation
with dynamic air bronchogram (suggestive of
an infectious origin) is usually indicative of an
exudate. The presence of a diffuse sign of lung
congestion (B lines) suggests transudative effusion
during heart failure.

Laing & Filly® reported that nearly 20% of
the anechogenic images of the pleura revealed a
solid lesion, not the presence of fluid. Therefore,
especially in cases of small or loculated pleural
effusion (Figure 2), or when thoracentesis
is requested, it is important to focus on the
differential diagnosis. One aspect that can
facilitate the diagnosis is that pleural effusions
are associated with a typical movement of the
adjacent structure that determines a change
in the shape of the effusion—the movement of
the collapsed lung into the effusion or that of
particles inside the fluid. The use of the M mode
can help in the visualization of the sinusoidal
movement of the collapsed lung in the fluid
(sinusoid sign)."” However, very dense or loculated
pleural effusions might present no variation in
the shape.

Although various ultrasound methods have been
described for the quantification of the volume
of pleural effusions,'” they all require several
measurements. We believe that knowledge of the
exact amount of fluid has limited usefulness in
clinical practice. Therefore, we prefer a qualitative
approach, which is summarized in Table 2. In
addition, ultrasound can help estimate the effect
of pleural effusion on the lung parenchyma by
enabling the visualization of different degrees

Table 1 - Ultrasound patterns and the nature of pleural effusion.

Pattern Transudative Exudative Hemorrhagic
Anechogenic v v
Complex nonseptated v v
Complex septated v
Echogenic v v

J Bras Pneumol. 2014;40(1):1-5
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of collapse. This information, combined with
clinical judgment, can help physicians in the
decision-making process regarding thoracentesis
(Figure 3).

Ultrasound and thoracentesis

The use of ultrasound in thoracentesis reduces
the rate of complications (i.e., pneumothorax)
and increases the successfulness of fluid removal
when compared with traditional methods."”
Ultrasound is especially useful when the pleural
effusion is small or loculated.

Ultrasound allows the identification of the best
site to perform the puncture and the measurement
of the depth of the adjacent organs in order
to avoid organ injury. For experts, ultrasound
allows the study of the intercostal spaces prior to
needle insertion, in order to identify aberrantly
positioned intercostal vessels, thus avoiding
vascular injury.

On ultrasound images, the appearance of
pleural effusion can also provide clues to the
necessary intervention: for example, a complex
septated effusion could require the use of a larger
catheter. There are two different techniques
employed in thoracentesis with the use of
ultrasound: the landmark-based method, in
which ultrasound is used in order to identify the
best site of the puncture; and the ultrasound-
guided method, in which the procedure is
closely monitored in real time by continuous
visualization of the needle. This second method

requires the involvement of a professional who
is more experienced in the use of ultrasound.

Ultrasound and pneumothorax

The use of ultrasound reduces the risk of
pneumothorax following thoracocentesis from
18% to 39%.". As shown in one retrospective
study,"® that is especially true when the
ultrasound-guided method is used, the rates
of pneumothorax being significantly lower than
when the landmark-based method is used (4% vs.
10%). In addition, Weingardt et al."” demonstrated
that ultrasound can be an effective rescue method
in 88% of cases in which blind thoracocentesis
is unsuccessful. The authors noted that, in 69%
of those cases, the site of puncture chosen in
the blind approach was below the diaphragm.
Interestingly, ultrasound-guided thoracentesis
resulted safe for use in mechanically ventilated
patients as well.("”

Ultrasound is also a more useful method to
detect pneumothorax after thoracentesis than are
chest X-rays using a supine anterior approach.
The sensitivity of these two methods is 78.6%
and 39.8%, respectively, whereas their specificity
is 98.4% and 99.3%, respectively.'®

As shown in Figure 4, the major
ultrasonographic signs for the diagnosis of
pneumothorax are the absence of lung sliding—
movement of the pleura during respiratory
excursion—which is more evident using the M
mode with the stratosphere sign; the absence

Figure 2 - CT (in A) and ultrasound (in B) revealing
loculated pleural effusion. pe: pleural effusion; L:
lung; and r: rib. The thin arrow indicates the parietal
pleural line.

Figure 3 - X-ray (in A) and ultrasound (in B) revealing
pleural effusion and lung collapse. pe: pleural effusion.

Table 2 - Ultrasound quantification of pleural effusion.

Quantification

Ultrasound visualization

Volume estimation, mL

Minimal Costophrenic angle <100
Small Range, one probe 100-500
Moderate Range, two probes 500-1,500
Large or massive Range, three or more probes >1,500

J Bras Pneumol. 2014;40(1):1-5
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Figure 4 - Ultrasound signs of pneumothorax. In A,
normal lung, showing the seashore sign in M mode.
In B, pneumothorax, showing the stratosphere sign in
M mode. In C, subcutaneous emphysema. Arrowheads
indicate the pneumothorax.

of B lines (negative predictive value: 1000%);
and the presence of the lung point (positive
predictive value: 100%) in the absence of massive
pneumothorax.

In summary, ultrasound represents a highly
useful tool for the evaluation of patients with
pleural effusion during the diagnostic phase
and in combination with invasive procedures.
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Crigimal Article

Can ultrasound guidance reduce the risk of
pneumothorax following thoracentesis?***

A ultrassonografia pode reduzir o risco de pneumotorax apos toracocentese?

Alessandro Perazzo, Piergiorgio Gatto, Cornelius Barlascini,
Maura Ferrari-Bravo, Antonello Nicolini

Abstract

Objective: Thoracentesis is one of the bedside procedures most commonly associated with iatrogenic complications,
particularly pneumothorax. Various risk factors for complications associated with thoracentesis have recently
been identified, including an inexperienced operator; an inadequate or inexperienced support team; the lack
of a standardized protocol; and the lack of ultrasound guidance. We sought to determine whether ultrasound-
guided thoracentesis can reduce the risk of pneumothorax and improve outcomes (fewer procedures without
fluid removal and greater volumes of fluid removed during the procedures). In our comparison of thoracentesis
with and without ultrasound guidance, all procedures were performed by a team of expert pulmonologists,
using the same standardized protocol in both conditions. Methods: A total of 160 participants were randomly
allocated to undergo thoracentesis with or without ultrasound guidance (n = 80 per group). The primary outcome
was pneumothorax following thoracentesis. Secondary outcomes included the number of procedures without
fluid removal and the volume of fluid drained during the procedure. Results: Pneumothorax occurred in 1 of
the 80 patients who underwent ultrasound-guided thoracentesis and in 10 of the 80 patients who underwent
thoracentesis without ultrasound guidance, the difference being statistically significant (p = 0.009). Fluid
was removed in 79 of the 80 procedures performed with ultrasound guidance and in 72 of the 80 procedures
performed without it. The mean volume of fluid drained was larger during the former than during the latter (960
+ 500 mL vs. 770 + 480 mL), the difference being statistically significant (p = 0.03). Conclusions: Ultrasound
guidance increases the yield of thoracentesis and reduces the risk of post-procedure pneumothorax.

(Chinese Clinical Trial Registry identifier: ChiCTR-TRC-12002174 [http://www.chictr.org/en/])

Keywords: Pneumothorax; Ultrasonography; Thoracic surgical procedures.

Resumo

Objetivo: Dentre os procedimentos realizados a beira do leito, a toracocentese ¢ um dos mais comumente
associados a complicac¢des iatrogénicas, particularmente pneumotorax. Foram recentemente identificados varios
fatores de risco de complicacOes associadas a toracocentese: a inexperiéncia do operador, a inadequacdo ou
inexperiéncia da equipe de apoio, a auséncia de um protocolo padronizado e a auséncia de ultrassonografia
para guiar o procedimento. Nosso objetivo foi determinar se a toracocentese guiada por ultrassonografia pode
reduzir o risco de pneumotorax e melhorar os desfechos (menos procedimentos sem remogao de liquido e
maior volume de liquido removido durante os procedimentos). Para compararmos a toracocentese guiada por
ultrassonografia a toracocentese sem ultrassonografia, todos os procedimentos foram realizados pela mesma
equipe de pneumologistas especialistas, 0s quais usaram o mesmo protocolo padronizado em ambas as condicdes.
Métodos: Cento e sessenta pacientes foram aleatoriamente divididos em dois grupos: toracocentese guiada por
ultrassonografia e toracocentese sem ultrassonografia (n = 80 por grupo). O desfecho primario foi pneumotorax
apods a toracocentese. Os desfechos secunddrios foram o numero de procedimentos sem remocéo de liquido e
o volume de liquido drenado durante o procedimento. Resultados: Houve pneumotdrax em 1 dos 80 pacientes
submetidos a toracocentese guiada por ultrassonografia e em 10 dos 80 submetidos a toracocentese sem
ultrassonografia; a diferenca foi estatisticamente significante (p = 0,009). Liquido foi removido em 79 dos 80
procedimentos guiados por ultrassonografia e em 72 dos 80 que ndo o foram. A média do volume de liquido
drenado foi maior nos procedimentos guiados por ultrassonografia do que naqueles que nido o foram (960 +
500 mL vs. 770 £ 480 mL); a diferenca foi estatisticamente significante (p = 0,03). Conclusdes: A ultrassonografia
aumenta o rendimento da toracocentese e reduz o risco de pneumotdrax apdés o procedimento.

(Chinese Clinical Trial Registry identifier: ChiCTR-TRC-12002174 [http://www.chictr.org/en/])

Descritores: Pneumotorax; Ultrassonografia; Procedimentos cirtrgicos toracicos.
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Introduction

In the United States, pleural effusion is
diagnosed in approximately 1.5 million patients
each year, and therapeutic thoracentesis is therefore
a common medical procedure.” In addition,
thoracentesis is one of the bedside procedures
most commonly associated with iatrogenic
complications, particularly pneumothorax.? A
systematic review and meta-analysis of 24 studies,
including a total of 6,605 thoracenteses, showed
a 6.0% overall incidence of pneumothorax, one
third of the cases of pneumothorax requiring
chest tube insertion.®

The safety of thoracentesis has been
directly associated with the technical skills of
the operator.”? Within the past several years,
system and procedural variables, including a
lack of real-time ultrasound imaging, operator
inexperience, drainage of large volumes of fluid,
and repeated thoracentesis, have been shown to
increase the likelihood of complications.*¥ An
optimal thoracentesis protocol should include the
use of the best available techniques (in order to
minimize procedural errors and complications)
in combination with a system that improves
the technical skills of the operator."" Various
risk factors for complications associated with
thoracentesis (particularly pneumothorax) were
described in a recent study® and are displayed in
Chart 1. Those risk factors include an inexperienced
or poorly trained operator, an inadequate or
inexperienced support team, nonstandardized
systems, and lack of ultrasound guidance.®”

Chart 1 - Risk factors for complications associated
with thoracentesis.

Patient-related factors
Small effusion (< 250 mL)
Multiloculated effusion
Obesity
Patient position (supine position)
Mechanical ventilation
Procedure-related factors
Inexperienced or poorly trained operator
Lack of ultrasound guidance
Drainage of large volumes (> 1,500 mL) of fluid
System-related factors
Inadequate or inexperienced support team
Nonstandardized system
Lack of standards of quality
Lack of routine review of physician-specific
procedural outcomes

In view of these considerations, we sought to
determine whether ultrasound guidance reduces
the risk of pneumothorax following thoracentesis.

The primary outcome measure of the present
study was to determine whether the incidence of
pneumothorax following thoracentesis differed
between two conditions: thoracentesis performed
under ultrasound guidance by a team of expert
pulmonologists (with 20 years of experience,
specific physician training in the procedure, more
than 500 thoracenteses performed, and training in
chest ultrasound)®® using a standardized protocol
and standard equipment; and thoracentesis
performed without ultrasound guidance by
the same team using the same protocol and
equipment. Secondary outcome measures included
the number of procedures during which no fluid
was removed, the volume of fluid removed during
each procedure, and the need for chest tube
placement.

Methods

This was a prospective randomized study
conducted between May of 2012 and October
of 2012, involving consecutive inpatients and
outpatients with pleural effusion treated in the
Department of Respiratory Diseases (respiratory
monitoring section, respiratory ward, or day
hospital) of the Sestri Levante General Hospital,
in the municipality of Sestri Levante, 1taly. The
inclusion criteria were as follows: presenting
with pleural effusion visible on chest X-rays
and requiring pleural puncture (diagnostic
or therapeutic thoracentesis) on the basis of
previously published criteria”; and being in the
18-85 year age bracket. We enrolled a total
of 197 patients with pleural effusion due to
various causes, including neoplasms, chronic
heart failure, rheumatic diseases, pneumonia, and
tuberculosis. Of those 197 patients, 34 declined
to participate and 3 were excluded for other
reasons (not recorded). Therefore, 160 patients
were randomly allocated to undergo thoracentesis
with ultrasound guidance (ultrasound-guided
thoracentesis group) or without ultrasound
guidance (control group). A flowchart of the
study is shown in Figure 1.

A statistician who was not involved in the
present study devised a randomization plan using
a computerized random number generator. The
randomization plan was given to each recruiting
physician in a sealed envelope. The patients

J Bras Pneumol. 2013;40(1):6-12
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Patients excluded: 37 (34 did

Patients enrolled
(n=197)

not give written informed
consent and 3 were excluded
for reasons that were not

A

recorded)

Patients randomized
(n = 160)

Patients allocated to undergo
thoracentesis with ultrasound
guidance (n = 80)

Patients allocated to undergo
thoracentesis without
ultrasound guidance (n = 80)

Thoracentesis with fluid
removal (n = 79; 960 mL)

Pneumothorax following
thoracentesis (n = 1)

Thoracentesis with fluid
removal (n = 72; 770 mL)

Pneumothorax following
thoracentesis (n = 10)

A

Y

Chest tube insertion
(n=0)

Chest tube insertion
(n=0)

Figure 1 - Flowchart of the study.

underwent thoracentesis with or without ultrasound
guidance on the basis of the randomization
plan. Ultrasound was not used for real-time
guidance; rather, it was used immediately before
the procedure in order to identify the appropriate
site. Thoracentesis was performed immediately
after the site had been marked. We employed
a portable ultrasound system (LOGIQ P5; GE
Healthcare, Chalfont, UK) with a convex probe
(3.5-5.0 MHz).

Thoracentesis was performed by one of three
pulmonologists, with the patient in the sitting
position, following a local protocol written in
accordance with the 2010 British Thoracic Society
Pleural Disease Guideline.®” In addition, we used
a thoracentesis set (Chimed s.r.l., Livorno, ltaly)
consisting of a three-way stopcock, a large (60-mL)
syringe, a 2,000-mL vacuum-free collection bag,
and a 50-mm, 18-G needle. Fluid was drained
either by passive drainage or by active drainage

J Bras Pneumol. 2013;40(1):6-12

with the 60-mL syringe connected to the three-way
stopcock.

Fluid removal was terminated when there was
chest pain, excessive cough, a vasovagal event,
shortness of breath, or air suction. Drainage was
stopped when 1.5 L of pleural fluid had been
removed. Within 60 min after the procedure,
posteroanterior and lateral decubitus chest X-rays
were performed. The occurrence of pneumothorax
was determined on the basis of the British Thoracic
Society guidelines.® The investigators involved
in the analysis of the data were blinded to the
complications. The primary outcome measure of the
present study was the incidence of pneumothorax
following thoracentesis. Secondary outcome
measures included the need for chest tube drainage
and the volume of fluid drained. The study was
conducted in accordance with the Declaration
of Helsinki and was approved by the Research
Ethics Committee of Azienda Sanitaria Locale
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no. 4 Chiavarese, Liguria, Italy. All participating
patients gave written informed consent.

The main objectives of the present study
were to compare the incidence of pneumothorax
following thoracentesis performed under ultrasound
guidance with that of pneumothorax following
thoracentesis performed without ultrasound
guidance and to determine the diagnostic value
(i.e., the number of procedures during which fluid
was removed and the volume of fluid removed) of
ultrasound-guided thoracentesis. We used logistic
regression for categorical variables (incidence
of pneumothorax and secondary outcomes of
thoracentesis) and analysis of covariance for
continuous variables. All data were analyzed
with the R software, version 2.13.2 (The R
Foundation for Statistical Computing, Vienna,
Austria). Values of p < 0.05 were considered
statistically significant.

Results

All 160 patients evaluated (122 males and 38
females) completed the study. All of the patients
were in the 32-84 year age bracket (mean age,
67.8 + 14.9 years).

The causes of pleural effusion were as follows:
pleural mesothelioma, in 11 patients; metastatic
pleural neoplasm, in 90 patients; rheumatic
disease, in 6 patients; chronic heart failure, in
23 patients; pneumonia, in 20 patients; and
tuberculosis, in 10 patients (Table 1). A total of 80
thoracenteses were performed without ultrasound
guidance. Of those, 8 were suspended because of
complications: chest pain (in 4); air suction (in
3); and excessive cough with dyspnea (in 1). Of
the 80 thoracenteses performed under ultrasound
guidance, only 1 was suspended (because of
chest pain and shortness of breath).

Pneumothorax following thoracentesis occurred
in 1 of the 80 patients submitted to the procedure

Table 1 - Causes of pleural effusion in the 160 patients
under study.

Cause Patient
n %
Pleural mesothelioma 11 6.87
Metastatic pleural neoplasm 90 56.25
Rheumatic diseases 6 3.75
Chronic heart failure 23 14.37
Pneumonia 20 12.50
Tuberculosis 10 6.25

performed under ultrasound guidance and in 10
of the 80 patients submitted to the procedure
performed without ultrasound guidance, the
difference being statistically significant (p =
0.009). None of the 11 cases of pneumothorax
required chest tube placement.

As can be seen in Table 2, 79 of the 80
ultrasound-guided procedures were successful, as
were 72 of the 80 procedures performed without
ultrasound guidance. As can be seen in Figure
2, the mean volume of fluid drained during the
former procedures was larger than was that drained
during the latter procedures (960 + 500 mL vs.
770 + 480 mL), the difference being statistically
significant (p = 0.03).

In 8 of the patients in the control group,
no fluid was removed during the procedure. An
ultrasound-guided thoracentesis was performed
in 4 of those 8 patients, pleural fluid being
successfully removed (240 + 30 mL).

The probability of success (i.e., fluid removal)
was approximately nine times higher in the patients
who underwent ultrasound-guided thoracentesis
than in those who underwent thoracentesis without
ultrasound guidance (OR = 8.8). In addition,
the risk of pneumothorax was 90% lower in the
former than in the latter (OR = 0.09). Patient
data and the results are reported in Table 2.

Discussion

The purpose of the present study was to
determine whether the incidence of pneumothorax
following thoracentesis decreases when most
of the risk factors (mechanical ventilation use,
an inexperienced team, and an inexperienced
operator) are absent and ultrasound guidance
is used. We have demonstrated that ultrasound-
guided thoracentesis is a very safe procedure,
which was associated with a very low (1.25%)
incidence of pneumothorax in our sample (1 case
among the 80 patients in the ultrasound-guided
thoracentesis group). In fact, ultrasound guidance
reduced the risk of pneumothorax by 90% (OR =
0.09; 95% Cl: 0.005-0.5; p = 0.009). Although
there was no difference between the two groups
in terms of the need for chest tube drainage,
the amount of fluid drained was significantly
greater in the ultrasound-guided thoracentesis
group than in the control group (p = 0.0014).

The strength of the present study lies in the
fact that it was performed by skilled pulmonologists
using carefully standardized procedures to evaluate

J Bras Pneumol. 2013;40(1):6-12
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Table 2 - Patient data and results (including statistics) in the patients submitted to thoracentesis performed
under ultrasound guidance (the ultrasound-guided thoracentesis group) and in those submitted to thoracentesis
performed without ultrasound guidance (the control group).

Variable Ultrasound-guided

thoracentesis group

Control group Statistics
80
72/80 p > 0.03 (OR = 8.8%)
8/80 p > 0.03*
10/80 p > 0.009 (OR = 0.09)
12.5%
770 mL p > 0.014*

Thoracentesis 80
Successful (fluid removal) 79/80
Unsuccessful (no fluid removal) 1/80
Pneumothorax 1/80
Pneumothorax rate 1.25%
Mean volume of fluid drained 960 mL
*Logistic regression. **Analysis of covariance.
o
(=)
wn
9 R
o
o
<
N
o |
o 1
- : :
o :
o 1
S M
o
o 1
0 :
O . :
T T
ULTRASOUND-GUIDED CONTROL
THORACENTESIS GROUP GROUP

Figure 2 - Mean volume of pleural fluid removed
during thoracentesis in the patients who underwent
the procedure performed under ultrasound guidance
(ultrasound-guided thoracentesis group) and in those
who underwent the procedure performed without
ultrasound guidance (control group). The difference
between the two groups was statistically significant
(p = 0.014).

the benefit of ultrasound guidance without any
bias. To our knowledge, this is the first study of
its kind. We are aware of the limitations of our
study, which include the fact that patients on
mechanical ventilation were not enrolled and the
fact that real-time ultrasound guidance was not
performed (ultrasound being used only to mark
the site before thoracentesis was performed).
Real-time ultrasound guidance allows clinicians
to visualize the needle and important adjacent
structures and therefore avoid accidental punctures,
as well as allowing a further reduction in the
risk of pneumothorax following thoracentesis.
Nevertheless, its routine use at the bedside remains

J Bras Pneumol. 2013;40(1):6-12

low, although it is considered the standard of care
in safely locating, characterizing, and draining
pleural fluid. Ultrasound is highly sensitive for
detecting pleural effusions, even when chest X-rays
are normal. Chest X-rays can miss up to 500 mL
of pleural effusion in cases of interlobar and
loculated pleural effusion. Lung ultrasound can
detect as little as 20 mL of pleural fluid, whereas
an upright posteroanterior chest X-ray cannot
detect blunting of the costophrenic angle unless
there is at least 100 mL of fluid.® Ultrasound-
guided thoracentesis has been associated with
lower total hospital costs and a lower incidence
of pneumothorax and hemorrhage.® The overall
incidence of pneumothorax varies from 4.0% to
30.3%,%™ and chest tube insertion is required
in 1.7% of all thoracenteses, in order to evacuate
symptomatic pneumothoraces; therefore, 20-50%
of all pneumothoraces following thoracentesis
require chest tube insertion.®'" The reported
incidence of pneumothorax is significantly lower
in studies published after 2000 than in earlier
studies (4.6% vs. 8.7%).1""'?

There are four reasons why pneumothorax
develops in patients undergoing thoracentesis.
First, air can flow from the atmosphere into
the pleural space, as occurs when the negative
pressure of the pleural space communicates
freely with the atmosphere. This most often
occurs as the syringe is removed from a needle
or catheter, particularly when the individual
performing the procedure is inexperienced.”
Second, the thoracentesis needle can lacerate
the lung and allow air to enter the pleural
space from the alveoli.'®") Third, the decrease
in pleural pressure can lead to a rupture of the
visceral pleura.'®" Fourth, trapped lung or lung
entrapment develops as a result of transitory
pleuropulmonary fistula."®™ Multiple risk factors
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for pneumothorax following thoracentesis have
been identified, including the type of needle
used,'"13-19) operator inexperience,'®'” the
presence of emphysema,'"'® having previously
undergone thoracentesis,"® being on mechanical
ventilation,?2) and even the lack of ultrasound
guidance.!'*?? The training of chest ultrasound
technicians is task-specific and is aimed at
developing the skill of identifying pleural fluid and
surrounding organs, as well as that of providing an
unobstructed view of the pleural fluid. These simple
and well-defined skills can be readily acquired hy
pulmonologists and can avoid other complications
during most thoracentesis procedures.?>?% In
addition, ultrasound-guided thoracentesis is a
procedure that most pulmonologists can perform
after short-term training.?*-2”» We believe that
meticulous adherence to sonographic criteria
and avoidance of patient movement during the
time elapsed between ultrasound examination
and fluid removal are key factors responsible
for the low rate of pneumothorax following
thoracentesis and the larger volume of fluid
removed during the procedure.(222-29

In conclusion, ultrasound guidance can
increase patient safety and the amount of fluid
removed during thoracentesis. Ultrasonography
is an easily learned technique that not only
enhances the physical examination but also has
the distinct advantage of being a portable imaging
technique for the evaluation of the pleural space.
Ultrasound is currently used in a limited number
of thoracenteses, and the present study provides
evidence supporting the more widespread use
of this technique.?®
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Factors related to the incorrect use of
inhalers by asthma patients®

Fatores relacionados ao uso incorreto dos dispositivos
inalatorios em pacientes asmaticos

Paulo de Tarso Roth Dalcin, Denis Maltz Grutcki, Paola Paganella Laporte,
Paula Borges de Lima, Samuel Millan Menegotto, Rosemary Petrik Pereira

Abstract

Objective: To evaluate inhaler technique in outpatients with asthma and to determine associations between
the correctness of that technique and the level of asthma control. Methods: This was a cross-sectional study
involving patients > 14 years of age with physician-diagnosed asthma. The patients were recruited from the
Asthma Outpatient Clinic of the Hospital de Clinicas de Porto Alegre, in the city of Porto Alegre, Brazil. The
patients completed two questionnaires (a general questionnaire and an asthma control questionnaire based
on the 2011 Global Initiative for Asthma guidelines), demonstrated their inhaler technique, and performed
pulmonary function tests. Incorrect inhaler technique was defined as the incorrect execution of at least two
of the predefined steps. Results: We included 268 patients. Of those, 81 (30.2%) showed incorrect inhaler
technique, which was associated with poor asthma control (p = 0.002). Logistic regression analysis identified the
following factors associated with incorrect inhaler technique: being widowed (OR = 5.01; 95% Cl, 1.74-14.41;
p = 0.003); using metered dose inhalers (OR = 1.58; 95% CI, 1.35-1.85; p < 0.001); having a monthly family
income < 3 times the minimum wage (OR = 2.67; 95% Cl, 1.35-1.85; p = 0.008), and having > 2 comorbidities
(OR = 3.80; 95% CI, 1.03-14.02; p = 0.045). Conclusions: In the sample studied, incorrect inhaler technique
was associated with poor asthma control. Widowhood, use of metered dose inhalers, low socioeconomic level,
and the presence of > 2 comorbidities were associated with incorrect inhaler technique.

Keywords: Metered dose inhalers; Dry powder inhalers; Asthma/therapy.

Resumo

Objetivo: Avaliar a técnica inalatoria em pacientes com asma atendidos ambulatorialmente, estabelecendo
associacdes dessa com o grau de controle da doenca. Métodos: Estudo transversal envolvendo pacientes com
idade > 14 anos e diagnostico médico de asma, recrutados no Ambulatério de Asma do Hospital de Clinicas
de Porto Alegre, na cidade de Porto Alegre (RS). Os pacientes completaram dois questionarios (um geral e um
questiondrio de controle da asma baseado nas diretrizes da Global Initiative for Asthma de 2011). Os pacientes
demonstraram a técnica inalatdria e realizaram testes de fun¢do pulmonar. A técnica inalatoria incorreta foi
definida como a execucdo incorreta de pelo menos duas etapas da avaliacdo. Resultados: Foram incluidos 268
pacientes. Desses, 81 (30,2%) apresentaram técnica inalatoria incorreta, que foi associada com falta de controle
da asma (p = 0,002). A regressio logistica identificou os seguintes fatores associados com a técnica inalatoria
incorreta: ser viavo (OR = 5,01; 1C95%, 1,74-14,41; p = 0,003); utilizar inalador pressurizado (OR = 1,58;
1C95%, 1,35-1,85; p < 0,001); ter renda familiar mensal < 3 salarios minimos (OR = 2,67; 1C95%, 1,35-1,85; p
= 0,008); e ter > 2 comorbidades (OR = 3,80; 1C95%, 1,03-14,02; p = 0,045). Conclusdes: Na amostra estudada,
a técnica inalatdria incorreta se associou com a falta de controle da asma. Viuvez, uso de inalador pressurizado,
baixo nivel socioeconémico e presenca de > 2 comorbidades se associaram a técnica inalatdria incorreta.

Descritores: Inaladores dosimetrados; Inaladores de pd seco; Asma/terapia.

*Study carried out under the auspices of the Graduate Program in Pulmonology, Federal University of Rio Grande do Sul School
of Medicine; and in the Department of Pulmonology, Porto Alegre Hospital de Ciinicas, Porto Alegre, Brazil.

Correspondence to: Paulo de Tarso Roth Dalcin. Rua Hondrio Silveira Dias, 1529/901, Sdo Jodo, CEP: 90540-070, Porto Alegre,
RS, Brasil.

Tel. 55 51 3330-0521. E-mail: pdalcin@terra.com.br

Financial support: This study received financial support from the Fundo de Incentivo a Pesquisa do Hospital de Clinicas de Porto
Alegre (FIPE-HCPA, Research Incentive Fund of the Porto Alegre Hospital de Clinicas). Denis Maltz Grutcki was the recipient of
an extension grant from the Federal University of Rio Grande do Sul Dean’s Office for Extension Grants.

Submitted: 8 May 2013. Accepted, after review: 28 October 2013.

J Bras Pneumol. 2014;40(1):13-20



14 Dalcin PTR, Grutcki DM, Laporte PL, Borges de Lima P, Menegotto SM, Pereira RP

Introduction

Asthma is one of the most common chronic
conditions. Although the results of clinical findings
have shown that asthma control can be achieved in
most patients, epidemiological evidence suggests
that there is a significant gap between treatment
goals and the actual level of control achieved with
treatment in the general population.!” Therefore,
there remains the challenge of identifying the
factors that are related to poor asthma control
and of developing strategies to ensure that asthma
control is achieved and maintained.®

Inhaled drugs are the primary treatment for
asthma.® Incorrect handling of inhalers and
inappropriate inhaler technique result in low
bronchial deposition of the drug and can contribute
to poor asthma control.”” Understanding the
frequency and type of inhaler technique errors,
as well as their associations with the level of
asthma control, may allow the development of
educational strategies to help reduce the morbidity
of the disease.”)

The objective of the present article was to
assess inhaler technique in outpatients with
asthma and to determine associations between
the correctness of that technique and the level
of asthma control.

Methods

This was a cross-sectional study. The study
protocol was approved by the Research Ethics
Committee of the Hospital de Clinicas de Porto
Alegre (HCPA, Porto Alegre Hospital de Clinicas),
located in the city of Porto Alegre, Brazil. Written
informed consent was obtained from all patients
or their legal guardians, in the case of those under
18 years of age. The study population consisted
of patients treated at the HCPA outpatient clinics
specializing in asthma. Individuals aged 18 years
or older who had a previous diagnosis of asthma
were sequentially recruited. A physician who was
a member of the research team confirmed the
diagnosis on the basis of the following criteria®:
symptoms consistent with asthma, accompanied
by reversible airflow obstruction (an increase in
FEV, > 12% and > 200 mL after administration
of an inhaled short-acting B, agonist) or by
hyperresponsiveness to a bronchial challenge
agent. Patients should have made two prior visits
to one of the outpatient clinics mentioned above,
and the pharmacological treatment regimen
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should have already been adjusted to the level
of asthma severity. Patients should be receiving
inhaled corticosteroids alone or in combination
with long-acting 8, agonists.

The exclusion criteria were declining to
participate in the study, having another chronic
lung disease (emphysema, chronic bronchitis, or
bronchiectasis), not using inhaled drugs, and
failing to complete all of the evaluations required
by the study protocol.

The questionnaire used to interview patients
included a checklist for assessing patient handling
of the device used to inhale the corticosteroid.
Prior to the study outset, the principal investigator
trained all members of the research team on the
correct use of each device and on how to score
each stage of the evaluation process. Patients were
asked to demonstrate their inhaler technique, using
placebo. For metered dose inhalers, patients were
assessed for their performance of the following
steps: a) shaking the inhaler before using it; b)
exhaling normally before using the inhaler; c)
holding the inhaler at an appropriate distance
(3-5 cm) from the lips if a spacer is not used
or, if a spacer is used, placing the inhaler in the
mouth and creating an adequate seal with the
lips; d) inhaling slowly and deeply after squeezing
the inhaler; and e) performing a breath-hold of
at least 10 seconds (after inhalation). For dry
powder inhalers, patients were assessed for their
performance of the following steps: a) exhaling
normally before using the inhaler; b) placing the
inhaler in the mouth and creating an adequate
seal with the lips; ¢) inhaling as forcefully and
deeply as possible; and d) performing a breath-
hold of at least 10 seconds (after inhalation).

Asthma severity was categorized on the
basis of the daily medication regimen in use,
as proposed in the Global Initiative for Asthma
(GINA) guidelines.®

The level of asthma control was assessed in
accordance with the classification proposed in
the 2011 GINA guidelines (Chart 1).?)

Pulmonary function was assessed with a
computerized spirometer (MasterScreen v4.31;
Jaeger, Wiirzburg, Germany). We recorded FVC,
FEV,, and the FEVI/FVC ratio. All parameters
are expressed as a percentage of the predicted
value for age, gender, and height.”

Measurements of PEF were performed with
a portable peak flow monitor (Vitalograph;
Boehringer Ingelheim, Ingelheim am Rhein,
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Chart 1 - Criteria for assessing the level of asthma control.?

Level of asthma control
Controlled Partially controlled Uncontrolled
(presence of all criteria) (presence of any criteria in any given (presence of any criteria)
week)
e  Daytime symptoms twice a e  Daytime symptoms twice a ® 3 or more criteria of partially
week or less week or less controlled asthma in any given
e No limitation of activities ¢ Any limitation of activities week
e No nocturnal symptoms/ e Any nocturnal symptom/ e Exacerbation requiring the use
awakenings awakening of oral corticosteroids in any
®  Rescue medication twice a ®  Rescue medication more than given week
week or less twice a week
e Normal pulmonary function e Pulmonary function < 80% of e  Hospitalization/emergency
the predicted value or of the room admission for asthma in
personal best value, if known the last 12 months

In accordance with the Global Initiative for Asthma.®

Germany). The results are expressed as a percentage
of the predicted value for age, gender, and height.®

For the statistical analysis, we used the
Statistical Package for the Social Sciences, version
18.0 (SPSS Inc., Chicago, 1L, USA). Data are
expressed as number (percentage) of cases, mean
+ SD, or median (interquartile range).

For each patient, the number of inhaler
technique errors was recorded. In the present
sample, the association between the number of
errors (dichotomized into one or more errors and
two or more errors) and the level of asthma control
(controlled, partially controlled, and uncontrolled)
was analyzed by the chi-square test. We found
that the cut-off point of one or more errors was
not significantly associated with the level of
asthma control (p = 0.07), whereas the cut-off
point of two or more errors was significantly
associated with the level of asthma control (p =
0.002). Therefore, correct inhaler technique was
defined as making less than two inhaler technique
errors, whereas incorrect inhaler technique was
defined as making two or more errors.

Patients with correct inhaler technique and
patients with incorrect inhaler technique were
compared for categorical variables using the
chi-square test with adjusted standardized residuals
and, when necessary, Yates’ correction or Fisher’s
exact test. Continuous variables were compared
by the independent sample t-test or the Mann-
Whitney U test.

A binary logistic regression model (enter
method) was used to identify characteristics
predictive of incorrect inhaler technique. Variables
with a significance level less than 0.1 in univariate

analysis, adjusted for gender and age, were included
in a logistic regression model.

All statistical tests were two-tailed. The level
of significance was set at 5%.

Results

A total of 334 eligible patients were examined.
Thirty patients declined to participate, 27 patients
were excluded because they had another chronic
lung disease, 7 patients were excluded because
they did not use the prescribed inhaled drug,
and 2 patients were excluded because they failed
to complete all of the evaluations required by
the study protocol. Therefore, 268 individuals
completed the study. Of those, 187 patients
showed correct inhaler technique and 81 (30.2%)
showed incorrect technique.

Table 1 shows the general characteristics of
the study patients. One hundred and ninety-
nine patients (74.3%) were female, and 223
(83.29%) were White. The mean age was 50.9
+ 16.5 years. Most patients (60.1%) had had 8
years of schooling or less, and 186 (69.4%) had
a monthly family income of less than three times
the national minimum wage. Asthma severity was
classified as mild persistent in 37 (13.8%) of the
patients, as moderate persistent in 89 (33.2%),
and as severe persistent in 142 (53.0%). Asthma
was classified as controlled in 47 (17.5%) of the
patients, as partially controlled in 74 (27.6%),
and as uncontrolled in 147 (54.9%).

Table 2 shows the comparison between
groups formed on the basis of inhaler technique
assessment. Statistically significant differences

J Bras Pneumol. 2014;40(1):13-20
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Table 1 - General characteristics of the 268 study
patients.?

Variable Result

Gender

Female 199 (74.3)

Male 69 (25.7)
Age, years 50.9 £ 16.5
Ethnicity

White 223 (83.2)

Non-White 45 (16.8)
Marital status

Married/spouse 142 (53.0)

Divorced/separated 34 (12.7)

Widowed 26 (9.7)

Single 66 (24.6)
Level of education

< 9 years of schooling 161 (60.1)

= 9 years of schooling 88 (32.8)

College 19 (7.1)
Monthly family income, number
of times the national minimum
wage

<3 186 (69.4)

3-10 79 (29.5)

> 10 3 (1.1)
Smoking status

Never smoker 162 (60.4)

Former smoker 97 (36.2)

Smoker 9 (3.4)
Comorbidities

0 160 (59.7)

1 94 (35.1)

>2 14 (5.2)
Level of asthma severity (GINA)

Mild persistent 37 (13.8)

Moderate persistent 89 (33.2)

Severe persistent 142 (53.0)
Level of asthma control (GINA)

Controlled 47 (17.5)

Partially controlled 74 (27.6)

Uncontrolled 147 (54.9)
FVC, 9% of predicted 83.7+21.0
FEV,, % of predicted 68.8 +22.9
FVC/FEV,, % of predicted 80.9 + 14.3

GINA: Global Initiative for Asthma. “Values expressed as n
(%), except where otherwise indicated. "Values expressed
as mean + SD.

were found for the following variables: marital
status (p = 0.002), the proportion of widowed
patients being higher among those with incorrect
inhaler technique; level of education (p = 0.023),
the proportion of patients who had had 8 years
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of schooling or less being higher among those
with incorrect inhaler technique; monthly family
income (p = 0.016), the proportion of patients
with an income of less than three times the
national minimum wage being higher among
those with incorrect inhaler technique; and level
of asthma control (p = 0.007), the proportion of
patients with uncontrolled asthma being higher
among those with incorrect inhaler technique.

Table 3 shows that there was a statistically
significant difference in type of inhaler used (p
< 0.001) between the two groups formed on
the basis of inhaler technique assessment, the
proportion of patients with correct technique
being higher among those using dry powder
inhalers than among those using metered dose
inhalers. In addition, the proportion of patients
with correct inhaler technique differed significantly
among each specific type of inhaler used (p <
0.001), the proportion of patients with correct
inhaler technique being higher among those
using Aerolizer” or Turbuhaler®. In contrast,
we found a higher proportion of patients with
incorrect technique among those using metered
dose inhalers without spacers.

Table 4 shows the logistic regression for
factors related to incorrect inhaler technique.
The following variables were independently
associated with incorrect inhaler technique:
being widowed (OR = 5.01; 95% Cl, 1.74-14.41;
p = 0.003); using metered dose inhalers (OR =
1.58; 95% Cl, 1.35-1.85; p < 0.001); having a
monthly family income of less than three times
the national minimum wage (OR = 2.67; 95%
Cl, 1.35-1.85; p = 0.008), and having two or
more comorbidities (OR = 3.80; 95% Cl, 1.03-
14.02; p = 0.045).

Discussion

The present study showed that the number of
inhaler technique errors has a significant impact
on the level of asthma control. The variables that
were associated with incorrect inhaler technique
were being widowed, using metered dose inhalers,
having a monthly family income of less than
three times the national minimum wage, and
having two or more comorbidities.

Incorrect inhaler technique in asthma treatment
can substantially reduce lung deposition of the
drug, undermining the effectiveness of asthma
treatment. In the present study, incorrect inhaler
technique (i.e., making 2 or more errors) was
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Table 2 - Comparison between groups formed on the basis of inhaler technique assessment.?

Variable Groups® p
Correct technique Incorrect technique
(n=187) (n =81)
Gender 0.474
Female 136 (72.7) 63 (77.8)
Male 51 (27.3) 18 (22.2)
Age, years® 50.4 £ 16.5 52.7+16.8 0.296
Ethnicity 0.971
White 155 (82.9) 68 (84.0)
Non-White 32 (17.1) 13 (16.0)
Age at diagnosis of asthma, years? 26.0 (71.0) 24.0 (40.0) 0.966
Marital status 0.002
Married/spouse 106 (56.7) 36 (44.4)
Divorced/separated 22 (11.8) 12 (14.8)
Widowed 10 (5.3)* 16 (19.8)*
Single 49 (26.2) 17 (21.0)
Level of education 0.023
< 9 years of schooling 105 (56.1)* 56 (69.1)*
= 9 years of schooling 64 (34.2) 24 (29.6)
College 18 (9.6)* 1(1.2)*
Monthly family income, number of 0.016
times the national minimum wage
<3 120 (64.2)* 66 (81.5)*
3-10 65 (34.8)* 14 (17.3)*
> 10 2(1.1) 1(1.2)
Smoking status 0.226
Never smoker 119 (63.6) 43 (53.1)
Former smoker 63 (33.7) 34 (42.0)
Smoker 5(2.7) 4 (4.9)
Comorbidities 0.055
0 117 (62.6) 43 (53.1)
1 64 (34.2) 30 (37.0)
>2 6 (3.2) 8(9.9)
Level of asthma severity (GINA) 0.094
Mild intermittent or persistent 31 (16.6) 6(7.4)
Moderate persistent 63 (33.7) 26 (32.1)
Severe persistent 93 (49.7) 49 (60.5)
Level of asthma control (GINA) 0.007
Controlled 39 (20.9)* 8 (9.9)*
Partially controlled 57 (30.5) 17 (21.0)
Uncontrolled 91 (48.7)* 56 (69.1)*
FVC, % of predicted® 83.5 + 20.8 84.5 + 22.0 0.748
FEV,, % of predicted 68.0 + 23.7 71.2£215 0.337
FVC/FEV], % of predicted® 65.8 £ 13.2 66.8 £ 11.1 0.605
PEF, % of predicted® 64.9 £ 22.9 61.3 + 20.2 0.232

GINA: Global Initiative for Asthma. “Values expressed as n (%), except where otherwise indicated. "Correct technique was
defined as making < 2 inhaler technique errors; incorrect technique was defined as making > 2 inhaler technique errors. ‘Values
expressed as mean + SD. Value expressed as median (interquartile range). *Statistically significant adjusted standardized
residuals (< —1.96 or > 1.96). The independent sample t-test was used for variables with normal distribution; the Mann-
Whitney U test was used for variables without normal distribution; and the chi-square test was used for categorical variables.

associated with poor asthma control. 1t is of more errors, found no association between the
note that a previous study,® in which incorrect correctness of inhaler technique and the level
inhaler technique was defined as making one or  of asthma control.
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Table 3 - Inhaler technique and type of inhaler used.?

Variable Groups® p*
Correct technique Incorrect technique
(n=187) (n = 81)
Type of inhaler
Metered dose inhaler 61 (32.6)* 59 (72.8)* < 0.001
Aerolizer® 89 (47.6)* 18 (22.2)*
Turbuhaler” 20 (10.7)* 1(1.2)
Diskus® 15 (8.0) 3(3.7)
Pulvinal® 2 (1.1) 0 (0.0)

“Values expressed as n (%). "Correct technique was defined as making < 2 inhaler technique errors; incorrect technique
was defined as making > 2 inhaler technique errors. *Statistically significant adjusted standardized residuals (< —1.96

or > 1.96). *Chi-square test.

Table 4 - Binary logistic regression for factors related to incorrect inhaler technique.

Variable b Wald p OR 95% (I

Age 0.003 0.09 0.770 1.00 0.98-1.02
Male gender -0.54 2.12 0.145 0.58 0.28-1.20
Being widowed -1.61 8.93 0.003 5.01 1.74-14.41
Using metered dose inhalers 0.45 31.75 < 0.001 1.58 1.35-1.85
Having had < 9 years of schooling 0.41 1.55 0.213 1.51 0.79-2.90
Having a monthly family income < 3 0.98 7.03 0.008 2.67 1.35-1.85
times the national minimum wage

Having > 2 comorbidities 1.34 4.02 0.045 3.80 1.03-14.02
Constant -4.14 10.33 0.001 0.016 -

Studies have suggested that 32% to 96% of
asthma patients make errors when using their
inhalers, and that, in 28% to 68% of cases, those
errors are important to the point of undermining
the effects of treatment.!'®') In the present study,
30.2% of the patients made two or more inhaler
technique errors, and this cut-off point was
associated with asthma control. In contrast to
these findings, in a study conducted in Brazil,
Coelho et al.!? evaluated handling of inhaler
devices by 467 patients with severe asthma who
were followed at a center in the state of Bahia and
observed that most patients showed appropriate
inhaler technique, a finding that was attributed
to the intense educational intervention that those
patients received at a referral center.

Performing the inhaler technique correctly
depends on the type of inhaler. A systematic
review!" has shown that patients using dry powder
inhalers had lower rates of inhaler technique
errors than did those using metered dose inhalers.
The present study adds to the evidence that the
proportion of patients with inappropriate inhaler
technique is higher among patients using metered
dose inhalers than among those using dry powder
inhalers. This difference is even greater when
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patients using metered dose inhalers without
spacers are considered. Metered dose inhalers
are more difficult to use, because they require
greater motor coordination. The use of a spacer
reduces the need for greater motor coordination,
but, despite that, metered dose inhalers remain
more difficult to use than dry powder inhalers,
which leads to a higher proportion of inhaler
technique errors.!"'? However, one factor to
be considered in the present study is that the
number of inhaler technique steps assessed was
greater for metered dose inhaler use (five steps)
than for dry powder inhaler use (four steps). This
may indicate a bias in the present study, with
the requirement for classifying the technique
as correct being more stringent for individuals
using metered dose inhalers. However, this is
more likely to represent the greater complexity
of performing the inhaler technique with metered
dose inhalers than with dry powder inhalers.
In the present study, a higher proportion
of patients with inappropriate technique were
found among those with a monthly family income
of less than three times the national minimum
wage. A previous study has shown that, to
ensure appropriate treatment and reduce asthma
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morbidity, it is necessary that socioeconomically
disadvantaged patients receive a more intense
educational approach.”

The level of support provided by family
members or caregivers can also contribute to the
appropriate performance of the inhaler technique.
(5 1 our study, we found that inappropriate
inhaler technique was more common among
widowed patients. Widowhood can contribute to
a varying degree of social isolation and loneliness
that can negatively impact the treatment of
chronic diseases.('?

The physical or mental impairment induced
by the presence of other diseases can negatively
impact the use of inhalers. Conditions such as
tremors, vision impairment, hearing impairment,
arthritis, mood disorders, and cognitive disorders
can impair learning of the inhaler technique or its
appropriate performance.('” In the present study,
the presence of two or more comorbidities was
associated with inappropriate inhaler technique.
However, we did not specifically address which
diseases were more prevalent in this association.

Since the present study found a large
proportion of patients with uncontrolled asthma
(69.190), it is important to highlight the fact that
a previous study® conducted in Brazil showed
that the level of asthma control was associated
with asthma severity, access to medication,
and appropriate use of inhaled corticosteroids.
Therefore, since our study was carried out at
a public tertiary care center, it is natural that
cases that are more difficult to control will be
referred there for treatment and that, in contrast,
controlled asthma cases will be sent back for
treatment at public primary care clinics.

The present study has some limitations to
consider. First, it was a cross-sectional study and,
therefore, it does not allow the establishment of
a temporal sequence between the quality of the
patients’ performance of the inhaler technique
and their level of asthma control. Second, the
study was carried out at a single center that
provides care within the public health system.
Consequently, the study population consisted
of individuals who had a low monthly family
income and a low educational level, and this
may limit the generalization of results.

The clinical implications of this study lie
primarily in the demonstration of the fact that
two or more inhaler technique errors affect the
level of asthma control, with 30.2% of the patients

studied showing inappropriate inhaler technique
on the basis of this definition. In addition, our
findings indicate that target group patients such
as widowed patients, patients using metered
dose inhalers, patients with a monthly family
income of less than three times the national
minimum wage, and patients with two or more
comorbidities require special attention in terms
of inhaler technique education. Therefore, it is
important that educational strategies for asthma
patients be developed to improve their performance
of the inhaler technique and increase their level
of asthma control.
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Morbidity, mortality, and categorization of the risk of
perioperative complications in lung cancer patients*®

Mortalidade, morbidade e categorizacdo de risco para complicacdes
perioperatorias em pacientes com cancer de pulméo

Fabiana Stanzani, Denise de Moraes Paisani, Anderson de Oliveira,
Rodrigo Caetano de Souza, Jodo Aléssio Juliano Perfeito,
Sonia Maria Faresin

Abstract

Objective: To determine morbidity and mortality rates by risk category in accordance with the American College
of Chest Physicians guidelines, to determine what role pulmonary function tests play in this categorization
process, and to identify risk factors for perioperative complications (PCs). Methods: This was a historical cohort
study based on preoperative and postoperative data collected for cases of lung cancer diagnosed or suspected
between 2001 and 2010. Results: Of the 239 patients evaluated, only 13 (5.4%) were classified as being at
high risk of PCs. Predicted postoperative FEV, (FEV ppo) was sufficient to define the risk level in 156 patients
(65.3%); however, cardiopulmonary exercise testing (CPET) was necessary for identifying those at high risk. Lung
resection was performed in 145 patients. Overall morbidity and mortality rates were similar to those reported
in other studies. However, morbidity and mortality rates for patients at an acceptable risk of PCs were 31.6%
and 4.3%, respectively, whereas those for patients at high risk were 83.3% and 33.3%. Advanced age, COPD,
lobe resection, and lower FEV, ppo were correlated with PCs. Conclusions: Although spirometry was sufficient
for risk assessment in the majority of the population studied, CPET played a key role in the identification of
high-risk patients, among whom the mortality rate was seven times higher than was that observed for those
at an acceptable risk of PCs. The risk factors related to PCs coincided with those reported in previous studies.

Keywords: Algorithms; Lung neoplasms; Postoperative complications.

Resumo

Objetivo: Determinar as taxas de morbidade e mortalidade por categoria de risco conforme as diretrizes do
American College of Chest Physicians, verificar como exames funcionais participaram dessa categorizacdo e
identificar fatores de risco para complicacées perioperatorias (CPOs). Métodos: Estudo de coorte historica a
partir de avaliacdes pré e pos-operatorias de casos diagnosticados ou suspeitos de cancer de pulmao avaliados
entre 2001 e 2010. Resultados: Dos 239 pacientes avaliados, apenas 13 (5,4%) foram considerados como de alto
risco para CPOs. O calculo do VEF, previsto para o pés-operatério (VEF,ppo) foi suficiente para a estratificacdo
do risco em 156 pacientes (65,3%); entretanto, o teste de exercicio cardiopulmonar (TECP) foi necessario para
a identificacdo de alto risco. Foram operados 145 pacientes, e as taxas globais de morbidade e mortalidade
encontradas foram semelhantes as de outros estudos. Entretanto, as taxas de morbidade e mortalidade para
aqueles com risco aceitdvel foram de 31,6% e 4,3%, respectivamente, enquanto as taxas para aqueles com
alto risco foram de 83,3% e 33,3%. Idade mais avancada, presenca da DPOC, resseccdo de um ou mais lobos
e VEF ppo mais baixo estiveram relacionados a ocorréncia de CPOs. Conclusées: Embora a espirometria tenha
sido suficiente para a determinagfo de risco na maioria da populagio estudada, o TECP teve papel fundamental
na identificacdo de pacientes com risco alto, que apresentaram uma taxa de mortalidade sete vezes maior que
os de risco aceitavel. Os fatores de risco relacionados a CPOs coincidiram aos relatados em outros estudos.

Descritores: Algoritmos; Neoplasias pulmonares; Complicacdes pos-operatdrias.
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Introduction

Functional evaluation of candidates for lung
resection for the treatment of lung cancer can
be guided by various algorithms, of which the
most known are those proposed by the consensus
guidelines of the American College of Chest
Physicians (ACCP)™" and the European Respiratory
Society/European Society of Thoracic Surgeons.”?
Although the use of these tools would potentially
reduce morbidity and mortality rates, their
application is compromised, because tests that
are not readily available for most physicians,
such as DLCO measurement and, especially,
cardiopulmonary exercise testing (CPET), are
required.t

The main difference between the two
algorithms lies in the referral for those tests,
although there have been no studies comparing
the superiority of one over the other. However,
it has been reported that, when no algorithm
was used, evaluation errors were common, with
the highest frequency of these errors occurring
among less experienced physicians.®®

Having been published before the European
algorithm, the ACCP algorithm has been used in
the preoperative evaluation center of the Federal
University of Sdo Paulo in the last 10 years.
The objective of this study was to share our
experience by providing morbidity and mortality
rates by risk category, as well as to report the
role played by DLCO measurement and CPET in
this categorization process and the risk factors
associated with perioperative complications (PCs).

Methods

This was a historical cohort study of a database
of preoperative evaluations of patients diagnosed
with or clinically suspected of having lung cancer,
performed at the Hospital Sdo Paulo, located in
the city of Sdo Paulo, Brazil, between January
1, 2001 and December 31, 2010. The project
was approved by the Research Ethics Committee
of the Federal University of Sio Paulo (Protocol
no. 1487/11).

The evaluation algorithm proposed by the ACCP
consensus guidelines was applied after patients
had achieved their best clinical and functional
status. Figure 1 illustrates the algorithm and the
surgical risk categorization. All patients underwent
spirometry, and referral for DLCO measurement
occurred when there was clinical and radiological
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suspicion of concomitant interstitial disease, when
there was a history of neoadjuvant chemotherapy,
or when the intensity of dyspnea reported was
disproportionate to the measured FEV, as a
percentage of the predicted value. Referral for
CPET occurred when either predicted postoperative
FEV, (FEV, ppo) or predicted postoperative DLCO
(DLCOppo) was less than 40%, or when the
patient was unable to perform acceptable DLCO
measurement maneuvers. Patients who were
unable to perform CPET properly were classified
as being at high risk.

In the post-operative period, patients received
physical therapy and pain management from
specialized teams until they were discharged
from the hospital.

The outcome measures analyzed, i.e., morbidity
and mortality rates, included events occurring
by postoperative day 30. Described in a previous
study,” the definitions of PCs were as follows:
respiratory or cardiovascular events causing
intraoperative instability; lower respiratory tract
infection; atelectasis; acute respiratory failure;
acute myocardial infarction; atrial arrhythmia
requiring treatment; congestive heart failure;
bronchopleural fistula; pleural empyema; air leak
lasting 7 days or longer; hemothorax; reoperation;
and need for oxygen therapy on postoperative
day 30.

In the statistical analysis, morbidity and
mortality rates are expressed as simple percentages.
In order to determine whether the functional
values were associated with PCs, we had to
recalculate them, adjusting them to the extent
of the resection performed rather than maintaining
them in accordance with the planned resection.
The resulting values were called true FEV ppo
and true DLCOppo. In order to identify which
variables were correlated with PCs, we used
Pearson’s chi-square test and the Student’s t-test.

Results

Of the 262 who were eligible for the study,
239 (91.2%) underwent all steps of the ACCP
algorithm, whereas 23 (8.8%) did not. The clinical
and functional characteristics of those 239 patients
are shown in Table 1.

In 156 patients (65.3%), FEV, was > 80% or
FEV ppo was > 40%, and no other tests were
needed to complete the evaluation. However, 8
patients (3.3%) had a FEV ppo < 40% and were
therefore referred for CPET.
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Spirometry / DLCO measurement

FEV, > 80% Any < 80%

Both > 80% /

Calculation of regional pulmonary function

4//\

FEV,ppo e DLCOppo FEV ppo ou DLCOppo FEV ppo < 30% ou
> 40% < 40% % FEV ppo x
l % DLCOppo < 1650

Perform CPET

—

VO, peak > 15 VO,peak between 15-10 VO,peak < 10
mL . Kg'. min' mL . Kg'. min' mL . Kg'. min'

v A/

Acceptable risk High risk High risk

Figure 1 - Algorithm proposed by the American College of Chest Physicians. ppo: predicted postoperative;
CPET: cardiopulmonary exercise testing; and VO,peak: peak oxygen uptake.

Table 1 - Demographic, clinical, and pulmonary function data of the 239 candidates evaluated.?

Variable Result
Age, years® 59.0 £ 12.0
Neoadjuvant chemotherapy 17 (7.1)
COPD 78 (32.6)
Other comorbidities 104 (43.5)
Systemic arterial hypertension 93 (89.4)
Diabetes mellitus 35 (33.6)
Coronary artery disease 7 (6.7)
Chronic renal disease 5(4.8)
Heart failure 2(1.9)
FEV,, % of predicted® 86.2 +20.8
DLCO, % of predicted® 67.6 + 18.3

Values expressed as n (%), except where otherwise indicated. "Values expressed as mean + SD.

Of the 239 patients, 82 (34.3%) were referred  were unable to perform acceptable maneuvers.
for DLCO measurement. However, 6 of those 82  Of the 76 remaining patients, 60 (73.2%) had
did not undergo DLCO measurement because they  FEV ppo and DLCOppo values > 40% predicted
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and were classified, at the end of the preoperative
evaluation, as being at an acceptable risk of PCs.
Of the 14 patients who had a DLCOppo < 40%,
13 had a FEV, ppo > 40%. A total of 23 patients
(9.6%) were referred for CPET, and 13 (56.5%) of
them were classified as being at high risk for the
following reasons: having a peak oxygen uptake
< 15mL e kg™' ® min~' (6 patients); performing
submaximal exercise or being unable to pedal (4
patients); not having undergone CPET because
of an unknown reason (2 patients); and not
having undergone CPET because the machine
was broken (1 patient). Figure 2 illustrates the
application of the algorithm, which classified
13 patients (5.4%) as being at high risk of PCs
and 226 (94.6%) as being at an acceptable risk.

One hundred and fifty-one patients (63.2%)
were operated on. Six of them did not undergo
resection of lung parenchyma and were therefore
disregarded in the remaining analyses. Of the
remainder, 139 and 6 were classified as being
at an acceptable and high risk, respectively.
In 49.6% of those procedures, the amount of
parenchyma resected was smaller than planned; in
most cases, because malignant disease was ruled
out by intraoperative frozen-section analysis. In
9.3%, a greater amount of tissue was resected
because of the progression of cancer. The
following procedures were performed: lobectomy
(in 38.6% of the cases); resection of less than
one segment (in 29.0%); segmentectomy (in
17.9%); pneumonectomy (in 8.3%); bilobectomy
(in 4.8%); and bisegmentectomy (in 1.49%).

Of the 145 patients operated on, 49 had PCs,
the morbidity rate being 33.8% and the overall
mortality rate being 5.5% (8 deaths). There were
101 PCs, the most common being prolonged
air leak (in 19.8%), lower airway respiratory
infection (in 19.8%), and acute respiratory failure
(in 17.8%), followed by cardiac arrhythmia (in
7.9%), need for reoperation (in 5.9%), home
oxygen therapy (in 5.9%), pleural empyema (in
5.9%), atelectasis (in 5.0%), acute myocardial
infarction (in 5.0%), bronchopleural fistula (in
4.0%), and intraoperative events (in 3.0%).

There were no statistically significant differences
between operated and non-operated patients
in terms of age, prevalence of comorbidities,
prevalence of COPD, or FEV, as a percentage of
the predicted value. The most common reasons
preventing surgical treatment were progression
of cancer, treatment discontinuation or dropout,
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and a diagnosis of benign disease by a method
other than the initially planned surgery.

A diagnosis of malignancy was confirmed in
105 operated patients (72.4%), adenocarcinoma
being the most common histological type (in
40.0%). In 27.6% of the patients, the histological
diagnoses were benign, the majority (59.5%)
corresponding to nonspecific benign lesions
and tuberculomas.

Morbidity and mortality rates for patients
classified preoperatively as being at an acceptable
risk of PCs were, respectively, 31.6% and 4.3%
(6 deaths), whereas those for patients at high
risk were 83.3% and 33.3% (2 deaths). In the
reclassification of patients by extent of the
procedure, 4 of the 139 patients classified as
being at an acceptable risk would be referred for
CPET so that the evaluation could be completed.
Of the 6 patients classified as being at high
risk, 4 remained so and 2 were reclassified as
being at an acceptable risk. After recalculation,
morbidity and mortality rates were, respectively,
31.4% and 3.6% for those at an acceptable risk
and 100% and 50.0% for those at high risk.
Table 2 shows the morbidity and mortality rates
of patients classified as being at an acceptable
risk, by tests performed.

In a comparison of patients who had PCs
with those who did not, statistically significant
differences were found in the following variables:
age; lobe resection; true FEV ppo as a percentage
of the predicted value; and COPD (Table 3).

Discussion

The use of the ACCP algorithm showed that,
among patients classified as being at high risk of
PCs, the mortality rate was seven to thirteen times
higher than was that observed for those classified
as being at an acceptable risk. This difference
occurred in the context of overall morbidity
and mortality rates being consistent with those
reported by other health care facilities.®-'9 This
finding revealed that the algorithm provided a
good prediction of patient risk, identifying those
who require more attention and investment both
before and after the procedure.

Whereas only calculation of FEV ppo was
needed in the evaluation of the majority of
the study population, who had a favorable
postoperative course, a DLCOppo value <
40% determined the need for CPET five times
more often than did a FEV ppo value < 40%.
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23 did not undergo all steps of the algorithm

262 eligible patients

| 239 underwent all steps of the algorithm |

!

| 239 underwent spirometry |

/ V\»

8 had a FEV ppo < 40%
Referral for CPET

82 required DLCO measurement

(7 of whom had a FEV,ppo < 40%

156 had an FEV, > 80% or a
FEV ppo > 40%

60 had a FEV ppo and a DLCOppo
> 40%

Evaluation completed
Acceptable risk

Evaluation completed
Acceptable risk

13 had a DLCOppo < 40% com FEV ppo > 40%

6 were unable to undergo DLCO measurement
(4 of whom had a FEV ppo < 40%)

1 had a FEV ppo and a DLCOppo < 40%
2 had a FEV ppo < 40% mas DLCOppo > 40%

,, l

Referral for CPET (8 + 2 + 13 = 23)

/\

10 were at an acceptable: VO,peak > 15 mL.kg™.min"'

13 were at: §6 of whom had a VO,pico < 15 mL.kg™".min"!
7 of whom did not undergo CPET

Figure 2 - Preoperative evaluation of 239 lung resection candidates as per the American College of Chest
Physicians algorithm guidelines. ppo: predicted postoperative; CPET: cardiopulmonary exercise testing; and

VO, peak: peak oxygen uptake.

Table 2 - Morbidity and mortality rates of the 137 patients reclassified as being at an acceptable risk of
perioperative complications after the surgical procedure, by tests performed.

Tests performed Patients Morbidity rate Mortality rate
n (%) (9%) (%)
Spirometry 101 (73.7) 26.7 4.0
Spirometry + DLCO measurement 30 (21.9) 33.3 0.0
Spirometry + DLCO measurement + CPET 6 (4.4) 83.3 16.7

CPET: cardiopulmonary exercise testing.

However, considering the subgroup of patients
who underwent this test, the risk level did not
change in 75% of the cases. This result was
unexpected, given that DLCO has gained much
prominence in postoperative evaluation in recent
years, with several studies demonstrating that
DLCO is more accurate for predicting risk of PCs

than is FEV,.0"-") A likely explanation for this
is loss of discriminatory power of DLCO when
DLCO is included in an algorithm that classifies
patients into only two categories. However, it
should also be considered that, if our sample
was bigger or if all patients had undergone
DLCO measurement, the results could perhaps
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Table 3 - Comparison between the groups of patients with and without perioperative complications in
terms of age, presence of COPD, presence of other comorbidities, size of resection, and pulmonary function

parameters.
Variable Group p*
With PCs Without PCs
Age, years 57.6 £ 11.5 61.8+12.0 0.044
COPD 25.0 54.2 0.001
Other comorbidities 52.1 36.7 0.080
Lobe resection 44.8 65.3 0.003
True FEV ppo 81.4+22.3 67.9 +22.5 0.001

PCs: perioperative complications; and ppo: % of predicted, postoperative. *Pearson’s chi-square test and the Student’s t-test.

be different, allowing even the creation of other
categories, such as the moderate risk category.

Certainly, CPET is the method of choice
for surgical risk stratification even outside the
field of thoracic surgery; however, it is not
widely available.!"#" Qur results showed that,
when CPET is used after a series of tests that
identified a patient as having limited reserve,
which corresponded to only 9.6% of our
population, the risk would be high in 56.6% of
the cases. However, it is necessary to consider
that the observed rates of PCs and mortality
were very high. In our view, the algorithm used
was designed in such a way that the high-risk
category corresponded to “very high risk”, and,
therefore, the algorithm should be improved by
the inclusion of intermediate-risk categories.

According to the European algorithm, CPET
should be performed when the predicted FEV,
or DLCO value is below 809, i.e., in the initial
phase of the evaluation. This recommendation
was based primarily on the studies by Bolliger et
al.,* who had this test available at their facility
and developed an algorithm on the basis of it. In
contrast, the cost-effectiveness of this approach as
compared with that of simpler evaluation strategies,
especially in low-risk patients, is unknown. 1f
we had applied the European algorithm to our
sample, 81.7% of the population should have
undergone CPET. A recent study conducted in
Spain showed that, when six hospitals used that
algorithm, of the 92 patients (53.2%) of the
study sample who had been referred for CPET,
only 68 underwent the test. In most cases, the
test was not performed because of a lack of
technical infrastructure.('?

During the review process of our manuscript,
the third revision of the ACCP guidelines for
the evaluation of lung resection candidates was
published."”” A new algorithm, extrapolated
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from a number of studies, was proposed, but,
unfortunately, it was not validated in a large,
multicenter, prospective study. In comparison with
the 2007 guidelines, these new guidelines agree
with the European algorithm that all resection
candidates should undergo DLCO measurement,
as well as including the use of submaximal
exercise tests before CPET, the development of
new parameters for categorizing low risk, and the
creation of a moderate-risk category. Therefore,
when FEV ppo and DLCOppo were above 60%,
patients would be classified as being at low risk. If
either of these parameters was between 30% and
600, patients would be referred for the shuttle
test or the stair-climbing test. Depending on the
results obtained, patients would undergo CPET,
the results of which would determine whether
the patient would be classified into the low-risk,
moderate-risk, or high-risk category.

In an attempt to simplify the dynamic
evaluation of cardiopulmonary reserve, much
research has been conducted on submaximal
exercise tests, such as the stair-climbing test, the
six-minute walk test (6MWT), and the shuttle
test.(20 Despite the satisfactory findings reported,
some negative points have been observed. The
lack of standardization of the stair-climbing
test, the low level of evidence of the 6MWT,
the variability of effort exerted during the tests,
and, first and foremost, the fact that none of
these tests measure more complex metabolic
and cardiopulmonary parameters reserved for
them the role of ascertaining if the patient really
was at low risk of PCs. The European consensus
guidelines and the ACCP consensus guidelines
agree that patients who perform poorly on these
tests should undergo CPET. 1t is likely that further
studies will discuss whether or not the strategy of
using submaximal exercise tests within the new
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algorithm will prove sufficiently discriminatory
and cost-effective.

Given these findings, we suspect that the major
problem may lie in the proposed algorithms rather
than in the availability of the tests. In an attempt
to verify this suspicion, our suggestion would be
to start the investigative process after determining
which PCs would be considered significant for
this type of procedure, in order to determine the
morbidity rate. Goals would then be set on the
basis of morbidity and mortality rates considered
tolerable for each risk category. Investigations
would identify which tests and which results
would be needed in order to achieve each goal,
determining how much accuracy would be gained
by including more sophisticated tests in each
category. An algorithm designed in such a way
would perhaps give greater assurance to the surgeon
and the patient, as well as resulting in better use
of more complex tests and of multidisciplinary
teams as risk increased. This reasoning results from
the difficulty we face in comparing the rates of
PCs and death found in the present study with
those reported in other studies, as well as from
the hypothesis formulated on the basis of our
findings, i.e., CPET plays a more decisive role in
differentiating between the high-risk and very
high-risk categories and in clinical treatment.

Although CPET is available at our facility, we
will continue to recommend it only for patients
with limited reserve, because, since ours is a public
health care facility, we do not have sufficient
resources or logistics capacity to meet the demand
generated by the use of the European algorithm.
In addition, as seen in Table 2, the morbidity
and mortality rates obtained for the acceptable-
risk category by using spirometry and DLCO
measurement were satisfactory.

The occurrence of PCs is always a cause for
concern. For patients, it means longer hospital
stays, a greater delay in resuming work and
social activities, and higher medical and hospital
expenses, as well as adding to the risk of sequelae
or death. As in recent studies, the rate of observed
cardiac complications was lower than that of
pulmonary complications.®?” One possible
explanation could be care in recognizing and
treating cardiac comorbidities prior to evaluation
for resection, a recommendation made by both
the ACCP algorithm and the European algorithm.
Studies have shown that the implementation
of a preoperative cardiac evaluation algorithm
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contributed to proper use of tests and therapeutic
strategies, reducing cardiac morbidity rates.?>??)
Another contributing factor would be advances
in the diagnosis and treatment of dyslipidemia,
systemic arterial hypertension, diabetes mellitus,
and coronary artery disease, reducing the systemic
inflammatory state.

It remains controversial whether advanced
age alone is a risk factor for PCs®42% or whether
the severity and number of comorbidities that
affect older patients are responsible for these
complications.®?¢-2® The prevalence rate of
comorbidities found in our study was similar to
or lower than those reported in other studies,®??)
as well as being similar between the groups with
and without PCs. The opposite was true for the
presence of COPD and the extent of resection,
which are known to be the two most important
risk factors related to PCs.**2¥

The present study had some limitations.
The first of these limitations was the study’s
retrospective design. Therefore, we prioritized
addressing complications that have the greatest
impact, have established definitions, and had been
used in other studies conducted at out facility,
such as pulmonary infection, acute respiratory
failure, and bronchopleural fistula. The second
limitation was the modest number of patients
studied, which precluded more complex statistical
analysis. However, this is the first report of the
use of the ACCP algorithm in Brazil. The third
limitation was the possibility that critically ill
patients were not referred to our outpatient clinic
because they had previously been considered as
being at very high risk. Therefore, the findings
of the present study should not be generalized.

In conclusion, the use of the ACCP algorithm
allowed the identification of a group of patients
whose morbidity and mortality rates were
considerably higher, requiring more attention
throughout the perioperative period. The majority
of our population was evaluated on the basis of
spirometry alone and had acceptable morbidity
and mortality rates. However, CPET played an
important role in the identification of high-risk
patients. In agreement with published studies,
advanced age, COPD, lobe resection, and poorer
pulmonary function were correlated with PCs.
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Crigimal Article

PLATINQ, a nine-year follow-up study of COPD in the city of
Sdo Paulo, Brazil: the problem of underdiagnosis*®

PLATINO, estudo de seguimento de nove anos sobre DPOC na
cidade de Sdo Paulo: o problema do subdiagndstico

Graciane Laender Moreira, Beatriz Martins Manzano, Mariana Rodrigues Gazzotti,
Oliver Augusto Nascimento, Rogelio Perez-Padilla, Ana Maria Baptista Menezes,
José Roberto Jardim

Abstract

Objective: To determine the underdiagnosis rate in new COPD cases at the end of a nine-year follow-up
period—in the study designated “Projeto Latino-Americano de Investigacdo em Obstrucio Pulmonar” (PLATINO,
Latin-American Pulmonary Obstruction Investigation Project)—and compare that with the underdiagnosis rate
during the initial phase of the study, as well as to identify the clinical features exhibited by the subjects who
were not diagnosed until the end of the follow-up phase. Methods: The study population comprised the 1,000
residents of the city of Sdo Paulo, Brazil, who took part in the PLATINO study. Of those, 613 participated in the
follow-up phase, during which the subjects were assessed with the same instruments and equipment employed
in the initial phase of the study. We used the chi-square test or the independent sample t-test to analyze the
underdiagnosis rate and to identify the characteristics of the subjects who were not diagnosed until the end
of the follow-up phase. Results: The underdiagnosis rate for new COPD cases at the end of the nine-year
follow-up period was 70.0%. The underdiagnosis rate during the follow-up phase was 17.5% lower than that
reported for the initial phase of the study. The subjects who were not diagnosed until the end of the follow-up
phase presented with fewer respiratory symptoms, better pulmonary function, and less severe disease than did
those previously diagnosed with COPD. Conclusions: The underdiagnosis rate for new COPD cases was lower
in the follow-up phase of the study than in the initial phase. The subjects who were not diagnosed until the
end of the follow-up phase of the PLATINO study presented with the same clinical profile as did those who
were not diagnosed in the initial phase. These findings underscore the need for spirometry in order to confirm
the diagnosis of COPD and provide early intervention.

Keywords: Pulmonary disease, chronic obstructive/diagnosis; Pulmonary disease, chronic obstructive/
epidemiology; Spirometry.

Resumo

Objetivo: Determinar a taxa de subdiagndstico em novos casos de DPOC em uma amostra de pacientes apos
nove anos de seguimento do estudo “Projeto Latino-Americano de Investigacdo em Obstru¢do Pulmonar”
(PLATINO) e compara-la a taxa de subdiagnostico obtida na fase inicial do estudo, assim como identificar as
caracteristicas clinicas dos individuos subdiagnosticados na fase de seguimento. Métodos: A populacdo desse
estudo foi composta por 1.000 residentes na cidade de Sdo Paulo que fizeram parte do estudo PLATINO. Desses,
613 individuos participaram da fase de sequimento. Os individuos foram avaliados utilizando-se 0os mesmos
instrumentos e equipamentos na fase inicial do estudo. O teste do qui-quadrado ou o teste t para amostras
independentes foi utilizado para analisar a taxa de subdiagndstico e identificar as caracteristicas dos individuos
subdiagnosticados durante a fase de sequimento. Resultados: A taxa de subdiagndstico para novos casos da DPOC
apds nove anos de acompanhamento foi de 70,0%. A taxa de subdiagnostico na fase de seguimento foi 17,5%
menor que a da fase inicial do estudo. Os individuos subdiagnosticados na fase de seguimento apresentavam
poucos sintomas respiratorios, funcdo pulmonar mais preservada e menor gravidade da doenca do que aqueles
previamente diagnosticados com DPOC. Conclusdes: A taxa de subdiagndstico na fase de seguimento foi menor
que a da fase inicial do estudo. Os individuos subdiagnosticados na fase de sequimento do estudo PLATINO
apresentavam o mesmo perfil clinico daqueles subdiagnosticados na fase inicial. Esses achados reforcam a
necessidade da utilizacdo da espirometria para o diagndstico de DPOC e possibilitar a intervencdo precoce.

Descritores: Doenca pulmonar obstrutiva cronica/diagndstico; Doenca pulmonar obstrutiva cronica/
epidemiologia; Espirometria.

*Study carried out at the Federal University of Sdo Paulo, Sdo Paulo, Brazil.
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Séo Paulo, Brazil: the problem of underdiagnosis

Introduction

The study designated Projeto Latino-
Americano de Investigacdo em Obstrucdo
Pulmonar (PLATINO, Latin-American Pulmonary
Obstruction Investigation Project) is a population-
based epidemiological study in which the main
objective was to investigate the prevalence of
COPD in five major cities in Latin America.("

In the city of Sdo Paulo, Brazil, the prevalence
of COPD was 15.8%.” Despite such high prevalence,
a small proportion of subjects had actually been
diagnosed with the disease. Only 12.5% of the
patients with spirometry-diagnosed COPD already
had an established clinical diagnosis of COPD,
although a significant number of patients had
well-defined symptoms of the disease.”) The main
factor related to underdiagnosis is the infrequent
use of spirometry as a diagnostic tool.®

Misdiagnosis or undiagnosis makes it unlikely
that effective interventions will occur. This becomes
evident when one examines again the findings
from the PLATINO study, in which 83.3% of
the subjects diagnosed with COPD in the city
of Sdo Paulo were found not to receive any
pharmacological treatment. In addition, 47.3%
were not advised to stop smoking, and 72.4%
did not receive the flu vaccine.”

These findings show that COPD is an
underdiagnosed and undertreated disease, which
can have serious consequences for patients, such
as higher morbidity and mortality, and can result
in substantial economic impact on the health care
system. Therefore, accurate, up-to-date information
on COPD underdiagnosis is important in order
to assist authorities and health professionals
in implementing strategies for identifying and
helping subjects with COPD, regardless of their
degree of disease severity.©

The objective of the present study was to
determine the underdiagnosis rate in new COPD
cases at the end of a nine-year follow-up period
and compare that with the underdiagnosis rate in
prevalent COPD cases during the initial phase of
the PLATINO study, as well as to determine the
anthropometric characteristics, clinical features,
and history of exposure to COPD risk factors of
the subjects who went undiagnosed until the
end of the follow-up phase of the PLATINO
study, conducted in the city of Sdo Paulo, Brazil,
and compare them with those of the subjects
previously diagnosed with COPD.

Methods

The present study population comprised the
same subjects who originally took part in the
initial phase of the PLATINO study in the city of
Sao Paulo, Brazil (n = 1,000). Of those, a total
of 613 subjects participated in this follow-up
phase. The present study was approved by the
Research Ethics Committee of the Universidade
Federal de Sdo Paulo (UNIFESP, Federal University
of Sdo Paulo) Hospital Sdo Paulo (Ruling no.
04234/10), and, after being informed of the
study and procedures, all subjects who agreed
to participate gave written informed consent.

The information on the sampling process
for the initial phase of the PLATINO study has
been described in a previous study.”’

All houses in which the subjects were
interviewed in the initial phase of the PLATINO
study were visited. The initial contact was made
by one of four screeners, who confirmed whether
the subjects still lived at those addresses, checked
their telephone number, and informed them of
the interviewers’ visit.

With regard to the subjects who did not live
in the same house (as that of the initial phase
of the PLATINO study) anymore, the screeners
sought to determine their whereabouts through
information from neighbors or through inquiries
in the neighborhood businesses. The names of
those whose whereabouts was unknown were
looked up in the registry of deaths within the
state of Sdo Paulo and other Brazilian states. All
data obtained by the screeners were sent to the
coordinating body responsible for organizing the
files for the subsequent scheduling of interviews.

Before performing the field evaluation, all
interviewers (14 physiotherapy undergraduates
and physiotherapists) attended a training course,
which included administering the questionnaire
and performing spirometry, taught by the Sao
Paulo team. Once the coordinating body was
assured that the interviewers were qualified
to perform the evaluations, a pilot study was
conducted to clarify issues that could arise during
the fieldwork, thereby ending the training phase
for the interviewers. Once the pilot study was
completed, the scheduling of visits (which was
performed by the supervisors) actually began,
and the respondents were subsequently visited
by two interviewers.

At the respondent’s house, the researchers first
required written informed consent from the subject
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and, if the subject agreed to participate in the
study, they proceeded to data collection, according
to the following sequence: anthropometric
assessment; completion of the questionnaire with
exclusion criteria for participation in spirometry!";
pre-bronchodilator spirometry; administration of
a portion of the main questionnaire (in the first
15 minutes after bronchodilator administration);
post-bronchodilator spirometry; administration
of the remainder of the main questionnaire.

The main questionnaire administered in this
follow-up phase was the same as that used in
the initial phase of the PLATINO study (a
combined version of the American Thoracic
Society-Division of Lung Disease questionnaire,”
the European Community Respiratory Health
Survey 11 questionnaire,® and the Lung Health
Study questionnaire) added with new questions
on smoking, diagnosis, asthma, physical activity,
sleep, and depression.

The diagnosis of COPD was confirmed by
spirometry, which was performed before and
after bronchodilator use, in accordance with the
American Thoracic Society/European Respiratory
Society guidelines.” Spirometric measurements
were taken with a portable battery-powered
spirometer and an ultrasound system (EasyOne™;
Medical Technologies, Chelmsparad, MA, USA and
NDD Medizintechnik AG, Zurich, Switzerland),
identical to those used in the initial phase of
the PLATINO study. Participants performed up
to 15 forced expiratory maneuvers in order to
achieve quality-A level, i.e., three acceptable
maneuvers yielding the highest FEV, and FVC
values, without exceeding a difference of 150
L. Subsequently, an inhaled bronchodilator
(albuterol, 200 pg) was administered, with the
use of a 500-mL spacer, and, after 15 minutes,
the test was repeated. All spirometric tests were
performed with the subjects seated and wearing
a nose clip and a disposable mouthpiece. Only
the expiratory phase was recorded.

Disease severity, on the basis of pulmonary
function data, was classified in accordance with
the Global Initiative for Chronic Obstructive Lung
Disease criteria.('?

In order to identify diagnoses of COPD, the
same three questions used in the initial phase of
the PLATINO study were used: “Has your doctor
ever told you that you have emphysema in the
lungs?”; “Has your doctor ever told you that
you have chronic bronchitis?”, “Has your doctor
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ever told you that you have chronic obstructive
pulmonary disease (COPD)?”

A case of underdiagnosis was defined as that
in which the subject answered “no” to the first
three questions and had a post-bronchodilator
FEV, [FVC ratio < 0.7.

The data collected during the follow-up phase
of the PLATINO study were added to the original
database of the initial phase of the study, which
was conducted in 2003, in the city of Sdo Paulo,
Brazil. Data analysis was performed with the
Statistical Package for the Social Sciences, version
17.0 (SPSS 1Inc., Chicago, 1L, USA), and the level
of statistical significance was set at p < 0.05.

The underdiagnosis rate in new cases at the
end of the nine-year follow-up period was assessed
with the chi-square test, which was also used to
compare the characteristics of the subjects who
went undiagnosed until the end of the follow-up
phase of the PLATINO study with those of the
subjects with a prior diagnosis of COPD, when
variables were categorical. For numerical variables,
we used the t-test for independent samples.
The characteristics investigated were as follows:
gender; age; level of education; nutritional status;
pulmonary function; disease severity; symptoms;
quality of life; exposure to COPD risk factors
(burning wood/dung or charcoal; smoking; and
history of respiratory infections in childhood).

For continuous variables, the results are
expressed as mean and standard deviation.
Categorical variables are expressed as absolute
values and as percentages, representing the
number of cases in each category.

Results

The data regarding the follow-up phase of
the PLATINO study in the city of Sdo Paulo,
Brazil, are shown in Figure 1.

Table 1 shows the rates of underdiagnosis
and prior diagnosis of COPD in new (incident)
COPD cases and in all COPD cases during the
follow-up phase of the PLATINO study in the
city of Sdo Paulo, Brazil. 1t can be seen that
70.0% of the incident COPD cases and 62.3%
of all COPD cases during this follow-up phase
had airflow obstruction but had no physician-
diagnosed COPD.

The underdiagnosis rates found for incident
COPD cases (follow-up phase of the PLATINO
study) and for prevalent COPD cases (initial phase
of the PLATINO study), all of which were classified
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1,000 eligible subjects

56 nonlocated subjects

(5.6%)

944 located subjects
(94.49%)

135 deaths 613 interviews performed
(13.5%) (61.3%)

141 declinations to
participate (14.1%)

55 losses to follow-up
(5.5%)

Participation rate

10 declinations to participate
6 unable subjects

(74.8%)

2 out-of-state moves
1 exclusion

performed (96.9%)

594 spirometric tests

Figure 1 - Flowchart of the follow-up phase of the study designated Latin-American Pulmonary Obstruction

Investigation Project in the city of Sdo Paulo, Brazil.

Table 1 - Rates of underdiagnosis and prior diagnosis
of COPD in new (incident) COPD cases and in all
COPD cases during the follow-up phase of the study
designated Latin-American Pulmonary Obstruction
Investigation Project in the city of Sdo Paulo, Brazil.?

Rate New cases All cases
(n=20) (n=53)
Underdiagnosis 14 (70.0) 33(62.3)
Prior diagnosis 6 (30.0) 20 (37.7)

“Values expressed as n (%).

by using an FEV, /FVC ratio < 0.7 as the diagnostic
criterion, are shown in Table 2. There was a
17.5% reduction in the underdiagnosis rate,
with a consequent increase in the proportion
of subjects with a prior diagnosis of COPD for
incident cases as compared with prevalent cases.

The characteristics of the subjects who went
undiagnosed until the end of the follow-up phase
of the study were also evaluated. We describe
the anthropometric and clinical characteristics
of the subjects who went undiagnosed and of
those with a prior diagnosis of COPD during the
follow-up phase of the PLATINO study (Table 3),
as well as their history of exposure to COPD risk
factors (Table 4). 1t can be seen that there were no
statistically significant differences between these

groups in terms of anthropometric characteristics
or exposure to COPD risk factors (Tables 2 and 4);
however, the subjects who went undiagnosed had
better pulmonary function, less severe disease,
and fewer symptoms of phlegm and wheeze,
as well as a higher proportion of one or none
self-reported symptom.

Discussion

The findings of the follow-up phase of the
PLATINO study in the city of Sdo Paulo, Brazil,
show that approximately two thirds of the new
COPD cases and of all COPD cases diagnosed
until the end of the nine-year follow-up period
had not received a prior diagnosis of COPD, and
that these subjects have a clinical profile with
fewer respiratory symptoms, better pulmonary
function, and less severe disease as compared
with those previously diagnosed with COPD.

1t has been predicted that COPD will be the
third leading cause of death in the world by 2020,
and, despite the significant socioeconomic impact
of this disease, the underdiagnosis rates remain
high. In the present study, the underdiagnosis rate
was 70.0% for new COPD cases diagnosed until
the end of the nine-year follow-up period and
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62.3% for all of the participants in the follow-up
phase of the PLATINO study. Similar rates have
been reported in a study involving primary health

Table 2 - Rates of underdiagnosis and prior diagnosis
of COPD in prevalent COPD cases during the initial
phase of the study designated Projeto Latino-Americano
de Investigacdo em Obstrucgo Pulmonar (PLATINO,
Latin-American Pulmonary Obstruction Investigation
Project) and in incident COPD cases during the follow-up
phase of the PLATINO study, on the basis of the use
of a post-bronchodilator FEV]/FVC ratio < 0.7 as the
diagnostic criterion.?

Rate (Prevalent) New (incident)
COPD cases COPD cases
Underdiagnosis 126 (87.5) 14 (70.0)
Prior diagnosis 18 (12.5) 6 (30.0)

“Values expressed as n (%).

Moreira GL, Manzano BM, Gazzotti MR, Nascimento AO, Perez-Padilla R, Menezes AMB, Jardim JR

care clinics in the city of Aparecida de Goiania,
Brazil,"” and in cross-sectional epidemiological
studies conducted in other countries, such as
Spain™ and the USA,"¥-71.4%, 78.2%, and 74.9%,
respectively—which shows that underdiagnosing
COPD is not a problem observed only in developing
countries. This means that spirometry is underused,
a finding that has also been reported in a study
conducted in Spain." Such a finding underscores
the need for raising awareness of the importance
of spirometry and for expanding its use in primary
health care clinics, since spirometry is the best
way to increase the detection of COPD,"® which
prevents underdiagnosis of this disease. In addition,
the adoption of simple and reasonable measures
for use in interpreting spirometry can assist the
health professional to use it to diagnose subjects,
so that they can be properly treated.

Table 3 - Anthropometric and clinical characteristics of the subjects who went undiagnosed and of those with
a prior diagnosis of COPD during the follow-up phase of the study designated Latin-American Pulmonary
Obstruction Investigation Project in the city of Sdo Paulo, Brazil.?

Characteristic Undiagnosed With a prior diagnosis P
(n=133) (n = 20)
Male gender 17 (53.1) 13 (65.0) 0.39
Age, years® 67.2 +10.3 67.7+ 10.3 0.87
Level of education, years® 3.9+ 4.4 42136 0.76
BMI,> kg/m? 26.5 6.4 26.7+t7.9 0.95
Pulmonary function®
Post-BD FE\/W, L 1.84 £ 0.6 1.45 1+ 0.7 0.04
Post-BD FEV , % predicted 75.7 £ 20.7 58.5 + 20.6 0.005
Post-BD FVC, L 2.82 £0.83 2.46 £ 1.1 0.18
Post BD FVC, % predicted 87.0 + 21.6 73.1 £ 20.4 0.026
Post-BD FEVW/FVC 0.64 £ 0.05 0.58 £ 0.10 0.02
GOLD classification
1 (mild; FEV, > 80% predicted) 12 (37.5) 4 (5.0) 0.028
2 (moderate; 50 < FEV, < 80% predicted) 17 (53.1) 8 (40.0)
3/4 (severe/very severe; FEV, < 50% predicted) 3(9.4) 8 (40.0)
Quality of life questionnaire®
Physical domain 46.3 £ 10.5 40.2 £ 13.0 0.07
Mental domain 51.4+11.0 48.0£10.9 0.27
Presence of symptoms
Cough 11 (33.3) 11 (55.0) 0.12
Phlegm 9 (27.3) 13 (65.0) 0.007
Wheeze 13 (39.4) 15 (75.0) 0.01
Dyspnea 17 (53.1) 14 (73.7) 0.14
Grouped symptoms
None 7 (21.8) 1(5.3) 0.021
1 10 (31.3) 2 (10.5)
2 9 (28.1) 5(26.3)
>2 6(18.8) 11 (57.9)

BMI: body mass index; post-BD: post-bronchodilator; and GOLD: Global Initiative for Chronic Obstructive Lung Disease.

“Values expressed as n (%). *Values expressed as mean + SD
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Table 4 - Characteristics of the subjects who went undiagnosed and of those with a prior diagnosis of COPD
during the follow-up phase of the study designated Latin-American Pulmonary Obstruction Investigation
Project in the city of Sdo Paulo, Brazil, by exposure to COPD risk factors.?

Characteristic Undiagnosed With a prior diagnosis P
(n=33) (n =20)

Exposure to burning wood
Yes 24 (72.7) 15 (75.0) 0.94
No 9 (27.3) 5 (25.0)

Exposure to burning charcoal
Yes 8 (24.2) 5 (25.0) 0.86
No 25 (75.8) 15 (75.0)

Exposure to dust
Yes 22 (66.7) 17 (89.5) 0.07
No 11 (33.3) 2 (10.5)

History of respiratory infections in childhood
Yes 1(3.0) 0 (0.0) 0.44
No 32 (97.0) 20 (100.0)

Smoking
Never smokers 11 (33.3) 6 (30.0) 0.89
Former smoker 14 (42.4) 8 (40.0)
Smoker 8 (24.2) 6 (30.0)

“Values expressed as n (%).

However, a comparison of the underdiagnosis
rate in new COPD cases during the follow-up phase
of the PLATINO study with the underdiagnosis
rate in prevalent COPD cases during the initial
phase of the PLATINO study showed that there
was a 17.5% reduction (70% in incident cases vs.
87.5% in prevalent cases), with the proportion
of diagnoses doubling (30.0% in incident cases
vs. 12.5% in prevalent cases). 1t is very likely that
the larger number of current diagnoses is due
to the increased dissemination of information
on the disease by the media, as a result of the
efforts of the medical society. In addition, since
we made our facility available to the subjects who
had abnormal pulmonary function test results
in the initial phase of the PLATINO study for
consultation with a pulmonologist, this might
also have contributed to the reduction in the
underdiagnosis rate. However, special efforts
should be made so that subjects with COPD can
be diagnosed, and, therefore, the costs and impact
of this disease on patients can be minimized.

The subjects who went undiagnosed until
the end of the follow-up phase of the PLATINO
study in the city of Sdo Paulo, Brazil, had fewer
respiratory symptoms, better pulmonary function,
and less severe disease than did those previously
diagnosed with COPD.

Previous epidemiological studies®®'” and
studies conducted in primary health care clinics('®')
have reported these same characteristics in subjects
who went undiagnosed. This shows that, even at
the end of the nine-year follow-up period, the
subjects who went undiagnosed had the same
clinical profile, and the fact that they had few
symptoms draws attention to the need for health
professionals to use spirometry for diagnosis.
It is of note that approximately 90% of the
cases that went undiagnosed in the present
study, considering the new COPD cases, had
mild to moderate disease, showing that most of
the subjects who went undiagnosed are in the
initial stages of the disease, which makes early
intervention possible.

One of the limitations of the present study is
the rate of loss to follow-up, which exceeded 20%.
However, a European multicenter longitudinal
study over a similar follow-up period reported
a participation rate of 63.3%.?% In addition,
the group consisting of losses to follow-up and
declinations to participate had the same clinical
and pulmonary function characteristics as those
of the participants in the follow-up phase of the
PLATINO study. Another limitation might be due
to the fact that the diagnosis of COPD was based
on the Global Initiative for Chronic Obstructive
Lung Disease criterion (FEV /FVC < 0.7), because
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the use of this criterion can increase the rates
of false-positive results in older subjects and
might not detect the disease in younger subjects
(false-positive results)?"; therefore, the use of
the Tower limit of normality is recommended by
some authors.?>?) 1t has recently been suggested
that in disputed cases of airflow obstruction;
i.e., cases with an FEV]/FVC ratio < 0.7 and an
FEV [FVC > the lower limit of normality, subjects
would not have clinically significant obstruction
but would have a clinical profile characterized
by important comorbidities, indicating that they
could be at risk of developing COPD and should,
therefore, be carefully followed.?¥ However,
the best criterion for the diagnosis of airflow
obstruction remains in dispute in the literature,?>2%
and will continue so, since a recent longitudinal
epidemiological study® has suggested the use
of FEVJFEV6 as a criterion, because FVC varies
with expiratory time during forced maneuvers
required for spirometry.

We conclude that the underdiagnosis rate in
new COPD cases identified during the follow-up
phase of the PLATINO study in the city of Sdo
Paulo, Brazil, was 70.0%. There was a 17.5%
reduction in the underdiagnosis rate when we
compared incident cases (follow-up phase of the
PLATINO study) with prevalent cases (initial phase
of the PLATINO study), and, even at the end of
the nine-year follow-up period, the subjects who
went undiagnosed continued to have the same
clinical profile (better pulmonary function, less
severe disease, and fewer symptoms).

The underdiagnosis rate of COPD identified in
this population-based longitudinal epidemiological
study was high, underscoring the need for raising
awareness and expanding the use of spirometry
in primary health care clinics.
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Incidence of pulmonary embolism during COPD exacerbation®**

Incidéncia de embolia pulmonar durante exacerbacido da DPOC

Evrim Eylem Akpinar, Derya Hosgiin, Serdar Akpmar,
Gokce Kaan Atag, Beyza Doganay, Meral Giilhan

Abstract

Objective: Because pulmonary embolism (PE) and COPD exacerbation have similar presentations and symptoms,
PE can be overlooked in COPD patients. Our objective was to determine the prevalence of PE during COPD
exacerbation and to describe the clinical aspects in COPD patients diagnosed with PE. Methods: This was
a prospective study conducted at a university hospital in the city of Ankara, Turkey. We included all COPD
patients who were hospitalized due to acute exacerbation of COPD between May of 2011 and May of 2013.
All patients underwent clinical risk assessment, arterial blood gas analysis, chest CT angiography, and Doppler
ultrasonography of the lower extremities. In addition, we measured D-dimer levels and N-terminal pro-brain
natriuretic peptide (NT-pro-BNP) levels. Results: We included 172 patients with COPD. The prevalence of PE
was 29.1%. The patients with pleuritic chest pain, lower limb asymmetry, and high NT-pro-BNP levels were
more likely to develop PE, as were those who were obese or immobile. Obesity and lower limb asymmetry were
independent predictors of PE during COPD exacerbation (OR = 4.97; 95% Cl, 1.775-13.931 and OR = 2.329;
95% Cl, 1.127-7.105, respectively). Conclusions: The prevalence of PE in patients with COPD exacerbation was
higher than expected. The association between PE and COPD exacerbation should be considered, especially in
patients who are immobile or obese.

Keywords: Pulmonary disease, chronic obstructive; Pulmonary embolism; Risk factors.

Resumo

Objetivo: Visto que a embolia pulmonar (EP) e a exacerbacdo da DPOC tém apresentacio e sintomas comuns,
o diagndstico de EP pode ser negligenciado nesses pacientes. Nosso objetivo foi determinar a prevaléncia de
EP durante a exacerbacdo da DPOC e descrever os aspectos clinicos em portadores de DPOC diagnosticados
com EP. Métodos: Estudo prospectivo conduzido em um hospital universitario na cidade de Ancara, Turquia.
Entre maio de 2011 e maio de 2013, todos os pacientes hospitalizados por exacerbacdo aguda da DPOC foram
incluidos no estudo. Todos os pacientes foram submetidos a avaliacdo de risco clinico, gasometria arterial,
angiotomografia de toérax e ultrassonografia Doppler de membros inferiores. Além disso, foram medidos os
niveis de dimero-D e de N-terminal pro-brain natriuretic peptide (NT-pro-BNP). Resultados: Foram incluidos
172 pacientes com DPOC. A prevaléncia de EP foi de 29,1 %. Os pacientes com DPOC e dor tordcica pleuritica,
assimetria de membros inferiores e altos niveis de NT-pro-BNP, assim como aqueles que estavam obesos ou
imobilizados, apresentavam maior probabilidade de desenvolver EP. Obesidade e assimetria de membros inferiores
foram preditores independentes de EP nos pacientes com exacerbacido da DPOC (OR = 4,97; 1C95%, 1,775-
13,931 e OR = 2,329; 1C95% Cl, 1,127-7,105, respectivamente). Conclusdes: A prevaléncia de EP em pacientes
com exacerbacdo da DPOC foi maior que a esperada. A associacdo entre EP e exacerbacdo da DPOC deve ser
considerada nesses pacientes, especialmente naqueles imobilizados ou obesos.

Descritores: Doenca pulmonar obstrutiva cronica; Embolia pulmonar; Fatores de risco.
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Introduction

Not only is COPD a significant cause of
morbidity worldwide, but it is also the fourth-
leading cause of mortality today and is estimated
to be the third-leading cause of death by 2020.
Exacerbations of COPD are the episodic periods
of the disease, characterized by deterioration of
respiratory function. Most deaths caused by COPD
appear to occur during exacerbations. Respiratory
infections are responsible for 50-70% of COPD
exacerbations, and environmental pollution
causes another 10%. Nearly 30% of all COPD
exacerbations have unknown etiology.!? Although
a meta-analysis found that the prevalence of
pulmonary embolism (PE) was 20% among patients
who were in a period of exacerbation of COPD,?
that prevalence was found to be 13.7% in a recent
study.® The prevalence of PE in post-mortem
studies ranges from 28% to 510."9

The presentation of common symptoms
of COPD exacerbations, such as dyspnea and
cough, might cause the diagnosis of acute PE
to be overlooked. Patients with COPD are at
risk of developing PE due to various reasons,
such as immobility, systemic inflammation,
and polycythemia. In addition, COPD has been
recently defined as an independent risk factor for
PE.” Mortality and delay in diagnosis of PE are
higher in patients with COPD.® The prevalence
of PE in a highly specific group of patients who
were hospitalized for severe exacerbation with
unknown origin was reported to be 25%.® Gunen
et al. reported that venous thromboembolism
(VTE) was three times more prevalent in patients
with an exacerbation of unknown origin than in
patients with an exacerbation of known origin.
@ The exact prevalence of PE in patients who
are in a period of an acute exacerbation of
COPD and the clinical features of those patients
are as yet unclear. The objective of the present
study was to determine the prevalence of PE
in patients during COPD exacerbation and to
describe the clinical aspects in those patients
diagnosed with PE.

Methods

This was a prospective study conducted in a
university hospital in the city of Ankara, Turkey.
All COPD patients who were hospitalized due
to acute exacerbation of COPD between May
of 2011 and May of 2013 were included in the

study. The study protocol was approved by the
Research Ethics Committee of Ufuk University,
located in Ankara, Turkey. All participating patients
gave written informed consent. Exclusion criteria
were having a history of hypersensitivity after the
injection of contrast material; having chronic renal
disease, pneumonia, or congestive heart failure;
having been under anticoagulant treatment; and
being unable to give written informed consent
because of confusion or dementia. Patients with
an inconclusive diagnosis of COPD were also
excluded. As a result, a total of 172 patients
were included in the study. Figure 1 shows the
design of the study.

The diagnosis of COPD was confirmed by
medical history and previous medical records
(chest X-rays and pulmonary function testing).
The severity of COPD was determined by using
the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) criteria. Acute exacerbation was
diagnosed when the patient with COPD had
a worsening in respiratory symptoms beyond
the normal day-to-day variations that led to a
change in medication.!"”

Detailed clinical evaluations were performed
for all participants by medical history, physical
examination, and chest X-rays. Blood samples
were taken immediately for the evaluation
of D-dimer, blood workup, arterial blood gas
analysis, and N-terminal pro-brain natriuretic
peptide (NT-pro-BNP) levels. D-dimer levels were
measured with the Tina-quant® D-dimer assay
system (Boehringer, Mannheim, Germany), which
is a particle-enhanced immunoturbidimetric assay.
We used Roche Elecsys ProBNP assay (Roche
Diagnostics, Mannheim, Germany) in order to
determine NT-pro-BNP levels.

Risk factors for developing VTE, such as surgery,
malignancy, immobility (bed rest > 48 h), and
previous VTE, were noted while recording the
history of the patient. We used the simplified
version of the revised Geneva score,'") Well’s
score," and the clinical classification proposed
by Miniati et al.'® in all patients who were
included in the study.

Chest CT angiography (CTA) was performed
with a 16-section multidetector CT scanner
(GE Light Speed 16; GE Healthcare, Milwaukee,
Wisconsin, USA) within 24 h of admission. The
patients were injected 100 mL of non-ionic
contrast media (lohexol Omnipaque 300/100;
GE Healthcare, Milwaukee, W1, USA) via an 18G
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(n = 282)

Preliminary patient selection

Y

Y

Exclusion after initial evaluation
(n=102)

Contrast hypersensitivity (n = 5)
Chronic renal disease (n = 8)

Oral anticoagulant use (n = 5)
Pneumonia (n = 48)

Congestive heart failure (n = 22)
Confusion or dementia (consent not
obtained; n = 14)

Figure 1 - Study design.

needle into the antecubital vein at a rate of 4
mL/s using a power injector (Medrad Stellant
Dual; Medrad, Indianola, PA, USA). Chest CTA
was carried out using a dedicated workstation
(Advanced Workstation 4.0; GE Healthcare). The
diagnosis of PE was reached when an intraluminal
filling defect surrounded by intravascular contrast
or total occlusion of the pulmonary arterial lumen
was detected at any level of the pulmonary arteries.
The localization of the thrombi was noted.

Doppler ultrasonography of the deep veins
of the lower extremities was performed by an
experienced radiologist who was blinded about
the angiographic results. A standard method was
used with a dedicated ultrasound unit (Logiq 7%;
GE Healthcare) and a 10L linear array transducer
(bandwidth, 6-10 MHz) in order to investigate
the presence/absence of intravenous thrombi.

Arterial blood gas analyses were performed
with a GEM Premier™ 3000 blood gas/electrolyte
analyzer (model 570; Instrumentation Laboratory,
Lexington, MA, USA). Interpretation of the results
was as follows: acidosis, pH < 7.35; alkalosis,
pH > 7.45; hypercapnia, PaCO, > 45 mmHg;
hypocapnia, PaCO, < 35 mmHg; and hypoxemia,
Pa0, < 80 mmHg. Hypoxemia was further graded
as mild (60-80 mmHg); moderate (40-59 mmHg);
or severe (< 40 mmHg).!"

Patients were considered obese with a body
mass index (BM1) > 30 kg/m2," whereas a
diagnosis of cachexia was given to male patients
with a BM1 < 16 kg/m? and to female patients
with a BMI < 15 kg/m?.0®)

A diagnosis of hypertension was confirmed
when blood pressure was > 140/90 mmHg on three
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Inclusion after initial evaluation
(n=180)

Y

Further exclusions
COPD not confirmed (n = 8)

Y
Final sample
(n=172)
Clinical risk assessment
Chest CT angiography
Doppler ultrasound of lower
limbs

separate occasions after hospital admission.('” A
diagnosis of diabetes mellitus was based on the
American Diabetes Association criteria.'® The
participants on antihypertensive or antidiabetic
treatment were considered to have hypertension
or diabetes mellitus. A diagnosis of coronary
artery disease was based on previous medical
records (echocardiogram and CTA) of the patients.
Anemia was diagnosed based on hemoglobin
levels (< 13.5 g/dL in males > 18 years of age
and < 12.0 g/dL in females > 18 years of age).'?

The data was analyzed using the Statistical
Package for the Social Sciences 11.5 pocket
program (SPSS Inc., Chicago, 1L, USA). Categorical
variables were expressed as absolute and relative
frequencies, whereas continuous variables were
expressed as means, standard deviations, medians,
minimum values, and maximum values. The
chi-square test was used in order to compare
two independent groups of categorical variables.
The Mann-Whitney U test was used in order to
compare two independent groups of continuous
variables. Statistical significance was set at a
value of p < 0.05. Variables with p < 0.1 in the
univariate analysis were evaluated by multiple
logistic regression analysis in order to define
independent risk factors of outcome variables.

Results

A total of 172 patients were enrolled in the
study. The mean age was 71.31 = 9.62 years;
142 patients (82.6%) were male, and 30 patients
(17.49%) were female. The distribution of patients
according to GOLD stages (GOLD 1-1V) were



Incidence of pulmonary embolism during COPD exacerbation 41

as follows: 7.0%, 37.29%, 28.5%, and 27.3%,
respectively. Most of the patients (73.8%) had
comorbidities accompanying COPD. Demographic
properties and basic clinical characteristics of
the COPD patients who were included in the
study are shown in Table 1.

The prevalence of PE was 29.1%, and all of
the patients who had PE based on CTA results
also had deep vein thrombosis. The prevalence
of PE did not differ between GOLD stages (p >
0.05). The localization of thrombi in patients
who had PE and the results of the Doppler
ultrasonography are shown in Table 2.

The ratios of low probability according to
the revised Geneva score,"" Well’s score,'? and
the clinical classification by Miniati et al." in
patients who had a confirmed diagnosis of PE
was 18%, 24%, and 449, respectively. The clinical
probabilities of the patients who were diagnosed
with PE (positive results on CTA) according to
the three abovementioned scores are shown in
Table 3.

There was no statistically significant difference
between the groups of patients with PE and
without PE in terms of age, gender distribution,

Table 1 - Demographic properties and general clinical
characteristics of the study population.?

Variable Result

Age, years® 71.31 + 9.62
Gender

Male 142 (82.6)

Female 30 (17.4)
FEV,, mLP 1,502.82 + 359.86
FEV,, % of predicted® 55.8 + 19.4
mMRCP 1.39 + 1.02
Exacerbations/year” 1.26 £0.71
GOLD stage

1 12 (7.0)

1 64 (37.2)

1 49 (28.5)

v 47 (27.3)
Comorbidities

Obesity 24 (13.9)

Cachexia 6 (3.5)

Hypertension 35 (20.3)

Diabetes mellitus 26 (15.1)

Coronary artery disease 30 (17.4)

Anemia 17 (9.9)

mMRC: modified Medical Research Council scale; and GOLD:
Global Initiative for Chronic Obstructive Lung Disease.
Values expressed as n (%), except where otherwise indicated.
"Values expressed as mean + SD.

and presence/number of accompanying
comorbidities (p > 0.05 for all). The prevalence
of obesity was significantly higher among the
patients with PE (p = 0.033). The prevalence
of other comorbidities (cachexia, hypertension,
diabetes mellitus, coronary artery disease, and
anemia) was not different between the groups
with or without PE (p > 0.05). However, the
prevalence of immobility was significantly higher
among those with PE (p = 0.024). Risk factors
for VTE (trauma, malignancy, surgery, congestive
heart failure, or previous history of VTE) did not
significantly differ between the two groups (p
> 0.05). In addition, the presence of symptoms,
such as cough, sputum, hemoptysis, dyspnea,
tachycardia, fever, etc., did not significantly differ
between the two groups (p > 0.05). Pleuritic chest
pain and lower limb asymmetry were significantly
more prevalent among those diagnosed with PE
(p = 0.038, and p = 0.002, respectively).
Levels of D-dimers and NT-pro-BNP were
significantly higher among the patients with PE
than among those without (p < 0.001 vs. p =
0.006). Arterial blood gas analyses revealed that
the patients with PE had higher pH values and

Table 2 - Localization of the thrombi on chest CT
angiography and Doppler ultrasonography of the
lower limbs in the 172 patients studied.?

Localization Patients

Chest CT angiography®

Main pulmonary artery 10 (5.8)

Segmental 8 (4.7)

Subsegmental 32 (18.6)

Unilateral 45 (26.2)

Bilateral 5(2.9)
Doppler ultrasonography®

Proximal deep vein 10 (5.8)

Distal deep vein 18 (10.5)

Distal superficial vein 22 (12.8)

“Values expressed as n (%). "Thrombi detected in 50 patients
(29.19%).

Table 3 - Clinical probabilities of the 50 patients
diagnosed with pulmonary embolism according to
the scoring systems used in the study.?

Scoring system Probability
Low Moderate High
Revised Geneva'" 9 (18) 32 (64) 9(18)
Well's(? 12 (24) 34 (68) 4(8)
Miniati et al."” 22 (44)  6(12) 22 (44)

“Values expressed as n (%).
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lower PaCO, levels than did those without (p <
0.01 and p < 0.05, respectively). The length of
hospitalization was longer in the patients with
PE than in those without (p = 0.001). However,
the three-month mortality rate and the need
for intensive care did not differ between the
groups (p > 0.05). The clinical and laboratory
findings in the patients with and without PE
are compared in Table 4.

Multiple logistic regression analysis revealed
that obesity and lower limb asymmetry were
the independent variables that predicted the
presence of PE in the patients with COPD (OR
= 4.97; 95% Cl, 1.775-13.931 and OR = 2.329;
95% Cl, 1.127-7.105, respectively).

Discussion

The present study showed that PE was present
in 29.1% of the patients who were hospitalized
due to an exacerbation of COPD. Patients with
pleuritic chest pain, lower limb asymmetry,
and high NT-pro-BNP levels were more likely

to develop PE, as were those who were obese
or immobile. Obesity and lower limb asymmetry
were independent predictors of PE in the patients
with COPD exacerbation.

Most deaths caused by COPD occur during
the periods of exacerbation. The course of
the disease can be worsened by PE. Because
clinical features of PE are nonspecific (e.g.,
dyspnea and pleuritic chest pain), it might be
underdiagnosed in patients with COPD during
periods of exacerbation. Visual confirmation of
the clot with an imaging technique is required
in order to warrant anticoagulation therapy in
appropriate dose and duration. The prevalence
of PE in COPD exacerbations is not precisely
known, but a recent meta-analysis reported that
the prevalence of PE in COPD exacerbation with
an unknown cause was 20%. The prevalence
was higher (24.7%) in four studies that included
hospitalized COPD patients.®) However, Tillie-
Leblond et al. found the prevalence of PE to be
25% in COPD patients with severe exacerbation of

Table 4 - Clinical and laboratory characteristics of the patients with and without pulmonary embolism.?

Characteristic Pulmonary embolism P
Yes No
Age, years 72.08 = 10.89 71.00 +9.08 > 0.05
Gender
Male 38 (76.0) 104 (85.2) > 0.05
Female 12 (24.0) 18 (14.8)
Comorbidities
Cachexia 11 (22.0) 12 (9.8) > 0.05
Obesity 5 (4.1) 1(2.0) 0.033
Hypertension 18 (36.0) 42 (34.4) > 0.05
Diabetes mellitus 13 (26.0) 21(17.2) > 0.05
Coronary artery disease 20 (40.0) 46 (37.7) > 0.05
Anemia 8 (16.0) 19 (15.6) > 0.05
D-dimer, pg/mL? 2.38 + 2.80 1.06 + 1.51 < 0.001
Hematocrit, %" 40.20 £ 6.77 41.70 £ 6.15 > 0.05
Pleuritic chest pain 12 (24.0) 14 (11.5) 0.038
Lower limb asymmetry 11 (22.0) 7 (5.7) 0.002
Hemoptysis 1(2.0) 1(0.8) > 0.05
NT-pro-BNP, pg/L’ 1,664 + 3,247 1,188 + 3,233 0.006
Arterial blood gas®
pH 7.470 = 0.072 7.400 + 0.039 < 0.01
PaCOZ, mmHg 34.0 £ 20.0 37.5 £ 10.1 < 0.05
PaO2Y mmHg 57.0 + 14.9 60.0 + 13.3 > 0.05
Length of hospital stay, days 11.42 £ 5.69 8.89 + 4.05 0.001
1CU need 5(10.0) 5 (4.1) > 0.05
Three-month mortality rate, % 12.0 6.6 > 0.05

NT-pro-BNP: N-terminal pro-brain natriuretic peptide. *Values expressed as n (%), except where otherwise indicated.

"Values expressed as mean + SD.

J Bras Pneumol. 2014;40(1):38-45



Incidence of pulmonary embolism during COPD exacerbation 43

unknown origin.”) In our study, we also evaluated
the prevalence of PE among hospitalized patients
with COPD exacerbation, and it was even higher
(29.1%).

Gunen et al. found the prevalence of PE
among patients who were hospitalized due
to COPD exacerbation to be 13.7%,“ which
was lower than that in our study. They found
that being female, having chest pain, having
hypotension, and having syncope to be predictors
of PE in patients with COPD exacerbation. Our
study did not reveal a significant relationship
between the genders. Similarly, we found positive
relationships of pleuritic chest pain and lower
limb asymmetry with the occurrence of PE.
Gunen et al. found that none of the patients with
low-tisk determination and 20.7% of those with
moderate-risk determination had PE. In contrast,
our study showed that, among the patients with
PE, 24% had a low clinical probability, and 68%
had a moderate clinical probability according
to the Well’s score. Fernandez et al. reported
that patients with PE and COPD had a lower
pre-test probability for PE than the patients with
PE but without COPD.® In the present study,
a low probability according to all three scoring
systems (revised Geneva, Well’s and Miniati et
al.)"-% could not rule out PE in the patients
with COPD exacerbation. These results showed
that the clinical risk assessment of patients with
COPD exacerbation for PE can mislead clinicians.
The presence of common symptoms in COPD
exacerbation and PE might be the reason that
causes a high incidence of low-risk probability in
these patients. COPD has been recently defined
as an independent risk factor for PE.”) Further
studies are necessary to evaluate the inclusion of
COPD to the criteria for the clinical risk assessment
for PE in order to overcome this problem.

The variation in the prevalence of PE is thought
to be the result of differences in study populations
and study design. The prevalence of PE in COPD
patients who were admitted to the emergency
department was reported to be 3.3% in a study.
29 The low prevalence in that study might result
from the evaluation of patients admitted to the
emergency department. Additionally, the authors
did not further evaluate the COPD patients who
did not have a clinical suspicion of PE and had
low D-dimer levels (< 0.5 pg/mL). We evaluated
all hospitalized patients with COPD exacerbation
using imaging methods without considering their

clinical probabilities for PE and D-dimer levels.
In a recent study by Choi et al., the prevalence
of PE among hospitalized patients with COPD
exacerbation was distinctly lower than that in
our study (5% vs. 29.19%), despite the similarities
in the selected population and the design of the
two studies.?” In contrast to their study, however,
the location of PE in most of our patients was
peripheral. In both studies, NT-pro-BNP levels
were significantly higher in COPD patients with
PE. Although the length of hospital stay was
longer in the COPD patients with PE in our
study, that study did not reveal a difference
between the two groups in terms of length of
hospital stay.

In contrast to the study by Gunen et al., which
reported no difference in PaCO, levels in COPD
patients with or without PE, the present study
showed that respiratory alkalosis and hypocapnia
were more common in patients with COPD
exacerbation accompanying PE. Tillie-Leblond
et al. found lower PaCO, levels in patients with
COPD exacerbation and PE.® Similarly, previous
reports showed that a decrease in PaCO, during
COPD exacerbation might indicate PE.?>?»)

It is known that BNP is released from the heart
into the circulation. Levels of BNP increase in
patients with congestive heart failure and acute
myocardial infarction; BNP is also a marker of right
ventricular dysfunction in acute PE¥ and correlates
with pulmonary arterial pressure.” Gunen et al.
showed that indicators of acute right heart failure
on echocardiogram were more prevalent in COPD
patients with PE.® In our study, we excluded the
patients with congestive heart failure on their initial
evaluation. NT-pro-BNP levels were significantly
higher in COPD patients with PE than in those
without PE. Echocardiograms require expertise
and cannot be performed at all medical centers.
However, NT-pro-BNP measurements might be
more accessible for the evaluation of right heart
failure and pulmonary arterial pressure in COPD
patients without congestive heart failure who
are being investigated for PE.

A few symptoms are closely related to the
localization of the thrombus in patients with PE.
Hypotension and syncope were more common
symptoms in the study by Gunen et al., which can
be explained based on the location of the thrombi
(half of the patients with PE had a centrally
located thrombus).” In the present study, the
thrombi in patients with COPD exacerbation and
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PE were most commonly peripheral (segmental and
subsegmental) in 80% of the patients, and pleuritic
chest pain was the most common symptom. In
our study population, the peripheral location
of most of the thrombi might be the reason of
the similar mortality rates in the COPD patients
with and without PE. However, it is important to
detect and properly treat a peripherally located
thrombus in order to prevent recurrence, which
might cause death.

Our study had some limitations. Although this
was the largest study to evaluate the prevalence
and the characteristics of patients with COPD
exacerbation associated with PE, it was a single
center study. In addition, the present study only
investigated the prevalence of PE and the clinical
conditions in which PE was suspected in the
patients with COPD exacerbation.

In conclusion, the prevalence of PE in the
patients with COPD exacerbation was higher
than expected in our study. Exacerbation of
COPD and PE can be associated. Because of
that, PE should be considered in patients with
COPD exacerbation, especially in those who are
immobile, have pleuritic chest pain, and present
high D-dimer, NT-pro-BNP, and pH levels, as
well as presenting low PaCO, levels. Obesity
and lower limb asymmetry were independent
predictors of the presence of PE in our patients.
Larger studies are necessary in order to evaluate
the prevalence of PE in patients with COPD
exacerbation in a more precise fashion and to
provide understanding about the factors and
mechanisms that influence the development of
PE in this population.
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A new experimental model of cigarette
smoke-induced emphysema in Wistar rats

* %%

Um novo modelo experimental de enfisema induzido
por fumaca de cigarro em ratos Wistar

Rodrigo de las Heras Kozma, Edson Marcelino Alves, Valter Abrado Barbosa-de-Oliveira,
Fernanda Degobbi Tenorio Quirino dos Santos Lopes, Renan Cenize Guardia,
Henrique Vivi Buzo, Carolina Arruda de Faria, Camila Yamashita,

Manzelio Cavazzana Junior, Fernando Frei, Maria José de Oliveira Ribeiro-Paes,
Jodo Tadeu Ribeiro-Paes

Abstract

Objective: To describe a new murine model of cigarette smoke-induced emphysema. Methods: Twenty-four male
Wistar rats were divided into two groups: the cigarette smoke group, comprising 12 rats exposed to smoke from
12 commercial filter cigarettes three times a day (a total of 36 cigarettes per day) every day for 30 weeks; and the
control group, comprising 12 rats exposed to room air three times a day every day for 30 weeks. Lung function
was assessed by mechanical ventilation, and emphysema was morphometrically assessed by measurement of the
mean linear intercept (Lm). Results: The mean weight gain was significantly (approximately ten times) lower in
the cigarette smoke group than in the control group. The Lm was 25.0% higher in the cigarette smoke group.
There was a trend toward worsening of lung function parameters in the cigarette smoke group. Conclusions:
The new murine model of cigarette smoke-induced emphysema and the methodology employed in the present
study are effective and reproducible, representing a promising and economically viable option for use in studies
investigating the pathophysiology of and therapeutic approaches to COPD.

Keywords: Tobacco smoke pollution; Emphysema; Disease models, animal; Equipment and supplies.

Resumo

Objetivo: Descrever um novo modelo murino de enfisema induzido pela fumaca de cigarro. Métodos: Vinte
e quatro ratos Wistar foram divididos em dois grupos: o grupo fumaca de cigarro, com 12 ratos expostos a
fumaca de 12 cigarros comerciais com filtro trés vezes ao dia (um total de 36 cigarros por dia), sete dias por
semana, durante 30 semanas e o grupo controle, com 12 animais expostos ao ar ambiente trés vezes ao dia,
sete dias por semana, durante 30 semanas. A funcdo pulmonar foi avaliada por meio de ventilacdo mecénica, e
o enfisema foi morfometricamente avaliado por meio do didmetro alveolar médio (Lm). Resultados: A média de
ganho de peso foi significativamente menor (aproximadamente dez vezes menor) no grupo fumaga de cigarro do
que no grupo controle. O Lm foi 25.0% maior no grupo fumaca de cigarro. Os parametros de func¢do pulmonar
tenderam a ser piores no grupo fumaca de cigarro. Conclusdes: O novo modelo murino de enfisema induzido
pela fumaca de cigarro e a metodologia empregada neste estudo sdo eficazes e reproduziveis; sdo, portanto,
uma opg¢ao promissora e economicamente viavel para estudos sobre a fisiopatologia e o tratamento da DPOC.

Descritores: Poluicdo por fumaca de tabaco; Enfisema; Modelos animais de doengas; Equipamentos e
provisdes.
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Introduction

Worldwide, COPD is an important public
health problem, having a high prevalence and
carrying high socioeconomic costs. 1t is currently
the fourth leading cause of death worldwide,
and estimates indicate that it will be the third
by 2020.012

Within the COPD spectrum, emphysema
is defined as airspace enlargement distal to
terminal bronchioles, accompanied by alveolar
wall destruction, without significant fibrosis.
Oxidative lung injury and inflammation in response
to irritants (such as air pollution and cigarette
smoke) speed up functional and morphological
changes, gradually limiting gas exchange.®

Given that treatment is limited to palliative care,
animal models are central to studies investigating
the pathophysiology of COPD and new therapeutic
approaches to the disease. Emphysema can be
experimentally induced by the use of proteases,
by exposure to cigarette smoke, and by genetic
manipulation.®?

Although animal models of enzyme-
induced emphysema constitute an interesting
methodological approach, they do not accurately
reproduce the mechanisms of alveolar destruction
resulting from smoke inhalation in human
patients. Proteolytic activity leads to a significant
increase in airspace size, not reproducing the
sequence of pathological events characteristic
of emphysema in humans.©®'? Animal models of
cigarette smoke-induced emphysema are used
in an attempt to reproduce human disease,
especially the pathophysiological mechanisms
involved in the natural history of emphysema.®'
However, the duration of smoke exposure and
the number of cigarettes used vary widely across
models. In general, the most effective results
are obtained with chronic exposure periods (>
6 months).®'2

The objective of the present study was to
describe a new experimental model of cigarette
smoke-induced emphysema. The model involves
Wistar rats and an apparatus developed in the
Laboratory of Genetics and Cell Therapy of the
Julio de Mesquita Filho Sdo Paulo State University
at Assis School of Sciences and Languages,
located in the city of Assis, Brazil. The model
can contribute to a better understanding of the
pathophysiological processes in COPD, as well as
to the development of new treatment strategies.

Methods

A total of 24 male Wistar rats (age, 12 weeks;
weight, 400-450 g) were divided into two groups:
the cigarette smoke group, comprising 12 rats
exposed to smoke from 12 commercial filter
cigarettes (Derby Vibrante; Souza Cruz SA,
Rio de Janeiro, Brazil)—containing 0.8 mg of
nicotine, 10 mg of tar, and 10 mg of carbon
monoxide (CO)—for three 1-h exposure periods
(from 8:00 a.m. to 9:00 a.m., from 12:00 p.m.
to 1:00 p.m., and from 6:00 p.m. to 7:00 p.m.)
every day for 30 weeks; and the control group,
comprising 12 rats exposed to room air for three
1-h exposure periods every day for 30 weeks.
During each exposure period, the rats in the
cigarette smoke group were exposed to smoke
from 4 cigarettes for 15 min, followed by a 5-min
rest period (during which room air was delivered
to prevent hypoxia). During each 15-min period
of exposure, the smoking apparatus was set to
cycle with cigarette-suction periods of 10 s and
rest periods of 15 s.

The apparatus consists of an animal
containment system and a cigarette smoking
device (Figure 1). The animal containment system
comprises four metal cages (24 cm x 17 cm
x 15 cm) closed at the top. The four cages
are placed equidistant from each other inside
a hermetically sealed acrylic box (70 cm x 70
cm x 20 cm). Four large rats or 16 mice can be
placed in each cage. Two apparatuses were used
in the present study: one for the animals in the
cigarette smoke group and one for the animals
in the control group. Each apparatus was placed
in a separate room. The cigarette smoke delivery
system consists of an external cigarette holder
connected to a dynamic suction pump by a flexible
hose. The pump can be programmed to alternate
between periods of cigarette suction and periods
of clean air suction, to prevent asphyxia. The
pump generates negative pressure, which forces
the air through a lit-up cigarette, generating
cigarette smoke and pushing it toward the hose
and into the acrylic box. The concentration of CO
in the containment system was assessed by means
of a CO meter (ToxiPro” Single Gas Detector;
Honeywell Analytics Distribution Inc., Lincolnshire,
1L, USA) and was found to be 350-400 ppm
during the exposure periods.

All animals were weighed weekly on an
analytical scale. For standardization purposes,
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1 - Exhaust 5 - Suction pump 9 - Power
2 - Cages 6 - Valve 1 10 - Timer
3 - Dispenser 7 - Valve 2

4 - Clean air 8 - Cigarette

Figure 1 - In A, schematic illustration of the smoking apparatus. In B, upper view of the smoking apparatus.

all animals were weighed on the same day of
the week and at the same time of day.

Lung function was assessed by means of a
ventilator for small animals (flexiVent™; SCIREQ,
Montreal, QC, Canada). After 30 weeks of daily
exposure to mainstream cigarette smoke or room
air, the animals were anesthetized by intraperitoneal
injection of 250 mg/kg of Thiopentax® (Cristalia
- Produtos Quimicos Farmacéuticos Ltda., Itapira,
Brazil) and tracheostomized with a 20-G catheter
connected to the ventilator, which was set to a tidal
volume of 10 mL/kg, an RR of 120 breaths/min,
and a positive end-expiratory pressure of 3 emH,0.
Muscle paralysis was induced by intraperitoneal
injection of pancuronium bromide (1 mg/kg).
Lung function was expressed as airway resistance
(Raw), respiratory system resistance, respiratory
system compliance (Crs), tissue damping, and
tissue elastance.

After mechanical evaluation of the respiratory
system, the animals were euthanized and the
lungs were removed. The trachea was cannulated
and attached to the perfusion apparatus, the
lungs being incubated in 4% paraformaldehyde
solution for 24 h and kept inflated with sustained
positive pressure (20 cmH,0). The lung tissue
was cut into 5-pm sections and stained with
H&E for histological evaluation.

Emphysema was assessed by measurement
of the mean linear intercept (Lm), in pm, as
proposed by Weibel.") After fixation, each lung
was cut into four sagittal sections. The sections
were embedded in a single paraffin block, and
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each block was cut into three 5-pm sections,
three slides being therefore prepared for each
block. For each slide, ten randomly selected
nonoverlapping fields were examined under
light microscopy (magnification, x400).

The results were analyzed by means of the
Student’s t-test and one-way ANOVA. In order
to test the assumptions of normal distribution
and homogeneity of variance, we performed
the Shapiro-Wilk test and Levene’s test. When
the assumptions were not met, we used the
Mann-Whitney test and Kruskal-Wallis ANOVA.
For all tests, values of p < 0.05 were considered
significant. The study project was approved by the
Animal Research Ethics Committee of the Julio
de Mesquita Filho Sdo Paulo State University at
Assis School of Sciences and Languages (Protocol
no. 001/2011).

Results

As can be seen in Figure 2, there were no
significant differences between the rats in the
cigarette smoke group and those in the control
group in terms of their initial weight. From the
second week of exposure onward, the mean
weight gain was lower in the cigarette smoke
group than in the control group. There was a
significant difference (p < 0.05) between the
two groups regarding weight gain after the third
week of exposure. After 30 weeks of exposure,
the mean weight gain was 212.00 £ 83.40 g in
the control group and 44.92 + 43.40 g in the
cigarette smoke group, the mean weight gain
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in the cigarette smoke group corresponding to
21.2% of that in the control group.

As can be seen in Table 1, the values of Raw,
tissue damping, respiratory system resistance, Crs,
and tissue elastance were higher in the cigarette
smoke group than in the control group. However,
there was no significant difference between the
two groups in terms of the respiratory parameters
analyzed, which is probably due to the high
variation among subjects in the same group (as
evidenced by the high SD values).

Figure 3A shows the Lm for the right and
left lungs in combination (for each group),
and Figure 3B shows the Lm for the right and
left lungs in isolation (for each group). As can
be seen in Figure 3, there was a statistically
significant difference in the Lm between the
cigarette smoke group and the control group.
When we analyzed the right and left Tungs in
combination, we found that the Lm was 25.0%
higher in the cigarette smoke group than in the
control group (Figure 3A). When the right and
left lungs were analyzed separately, the Lm for
the left lung was found to be 15.8% higher in the
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Figure 2 - Mean weight gain in the Wistar rats in
the cigarette smoke (CS) group and in those in the
control group. *p < 0.05.

cigarette smoke group than in the control group
(Figure 3B). Similarly, the Lm for the right lung
was found to be 32.3% higher in the cigarette
smoke group than in the control group (Figure 3B).
These results suggest a difference in the degree
of airspace enlargement between the right and
left Tungs in the cigarette smoke group. Alveolar
septal destruction was significantly greater in the
cigarette smoke group than in the control group,
showing airspace enlargement resulting from
increased lung parenchymal destruction in the
cigarette smoke group, as assessed qualitatively by
H&E staining of histological sections (Figure 4).

Discussion

Cigarette smoke-induced emphysema has
been studied under various experimental
conditions.>&1121419 Although some questions
remain regarding the duration of exposure and
the number of cigarettes used, animal models
of cigarette smoke-induced emphysema are the
experimental models that best mimic the clinical
features of pulmonary emphysema in human
patients and constitute an important tool in
the study of the pathophysiological aspects of
the disease.®

Although animal models of cigarette smoke-
induced emphysema have been used in several
studies, only a few smoke exposure systems are
commercially available, including the Cigarette
Smoke Generator” (TSE Systems, Inc., Chesterfield,
MO, USA), the TE-2 Smoking Machine® (Teague
Enterprises, Woodland, CA, USA), and the
inExpose™ (SCIREQ). All have similar characteristics,
consisting of a cigarette smoke generator and
an animal exposure chamber, where animals are
confined and exposed to cigarette smoke (via
whole-body or nose-only exposure).!"121>19 They
all cost approximately US$ 75,000.00), which
is approximately twenty times the final cost of
our apparatus (i.e., US$ 3,000.00).

Table 1 - Airway resistance, respiratory system resistance, tissue damping, tissue elastance, and respiratory
system compliance in Wistar rats exposed to cigarette smoke (the cigarette smoke group) and in those

exposed to room air (the control group).

Groups Raw? Rrs? GP H® Crsb
cS 0.09 £ 0.07 0.15 £+ 0.07 0.35+0.10 1.21 £ 0.24 1.37 £ 0.24
Control 0.04 £ 0.02 0.12 £ 0.07 0.22 £0.18 0.96 + 0.89 1.14 £ 0.25

Raw: airway resistance; Rrs: respiratory system resistance; G: tissue damping; H: tissue elastance; Crs: respiratory system
compliance; and CS: cigarette smoke. “Values expressed in mean + SD (cmH20 e mL-' @ s'). ®Values expressed in mean

£5SD (emH,0 ® mL~" o 5702,
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Figure 3 - In A, mean linear intercept values (in pm) for the right (R) and left (L) lungs in combination in
the control and cigarette smoke (CS) groups. In B, mean linear intercept values (in pm) for the R and L lungs
in isolation in the control and CS groups. Different symbols indicate a statistically significant difference (p

< 0.05) between medians.

Several features of our apparatus are similar to
those of commercially available systems used in
previous studies.!""115'9 One interesting feature
is that animals are exposed to cigarette smoke via
whole-body exposure. Another feature is that the
smoke that is pumped into the exposure chamber
is generated by the puffing of a cigarette, as
occurs during actual smoking. Like other systems
on the market, our apparatus allows us to regulate
the suction power and the time of cigarette
suction, alternating with periods of air suction,
by means of a timer. The main advantages of our
apparatus over commercially available devices
include its low cost, simple design, and ease of
installation, as well as the fact that it can be
assembled from commercially available parts,
such as a suction pump and a timer (to regulate
the cigarette-suction and air-suction times, as
described in the Methods section). In addition,
the cost of our apparatus is 20 times lower than
is that of commercially available devices.

The 30-week period of exposure employed
in our study was based on a search for a model
that offers greater reproducibility with respect to
time. Previous studies of cigarette smoke-induced
emphysema (employing different apparatuses) have
reported exposure periods of 8-36 weeks. Although
exposure periods of 6 months are common in
animal model studies,>'>'8) exposure periods
of up to 9 months have also been used.!'>'?

In some protocols, animals are exposed to
cigarette smoke 3-5 days a week, which is not
enough to simulate daily smoking.(%%'8-29 The
duration of daily exposure varies widely across
studies.'>?'?2 1j et al. adopted a two-step exposure
protocol whereby animals were initially exposed to
smoke from 8 cigarettes twice a day for 2 weeks
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(weeks 1 and 2) and subsequently exposed to
smoke from 15 cigarettes three times a day for
another 10 weeks (weeks 3-12).2¥ The animal
model used in the present study simulates the
pathophysiological conditions of active smoking,
animals having been exposed to mainstream
cigarette smoke daily (7 days a week) for 30 weeks.

There are no studies involving a comparative
morphometric analysis of alveolar damage in the
right and left lungs. Comparative morphometric
analysis is relevant because it allows the
demonstration of the heterogeneity of parenchymal
destruction in experimentally induced emphysema.
Anatomical differences between the right and left
lungs of rats provide a possible explanation for
the results obtained. According to Cataneo and
Reibscheid,? the rat trachea shows a deviation
to the right, and the rat bronchi are similar to
the human bronchi (i.e., short and large). The
right bronchus appears to be a continuation of
the trachea, whereas the left bronchus looks like
a branch.? Therefore, it is possible that the right
lung was more consistently exposed to cigarette
smoke, which resulted in intense neutrophil and
macrophage activation and increased secretion
of proteases responsible for lung parenchymal
destruction. These anatomical differences can
explain why the Lm was higher in the right
lung than in the left lung in the group of rats
exposed to cigarette smoke.

Although functional testing is a valuable tool
for assessing the development of emphysema
in experimental models, it is less sensitive than
morphometric analysis, which is more accurate in
the assessment of parenchymal damage. Animals
with moderate emphysema usually have normal
functional values when compared with healthy
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Figure 4 - Photomicrographs of rat lung tissue stained with H&E (magnification: x100 [A and B]; x200 [C
and DJ; and x400 [E and F]). In A, C, and E, lung tissue from rats exposed to room air (control group). In
B, D, and F, lung tissue from rats exposed to mainstream cigarette smoke. Double arrows indicate merged
alveoli resulting in airspace enlargement. Scale bars: 20 pm.

animals, whereas animals with severe disease show
significant changes in respiratory parameters.©
This has been reported by other research groups.
Foronjy et al.”® exposed two strains of C57
mice to cigarette smoke for 6 months or 12
months and observed a significant increase in
the Lm in comparison with the respective control
groups. Nevertheless, there were no significant

differences between the exposed animals and
the respective control groups regarding the
respiratory parameters. According to Wright et
al.,’® animals with moderate emphysema usually
show borderline or normal functional values when
compared with healthy animals; animals with
advanced disease are the only ones that show
significant changes in the respiratory parameters.
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The results of the present study showed no
significant differences in Raw or Crs between the
animals in the cigarette smoke group and those
in the control group. However, there was a trend
toward increased Raw in the cigarette smoke group.
The species under study plays a relevant role in
the results of mechanical ventilation. Although
Wistar rats allow researchers to perform a series of
functional analyses, they are more resistant to the
development of emphysema than are other rodent
species.® From a pathophysiological standpoint, the
disease can be milder in rats; this can complicate
the comparison of functional parameters between
animals that were exposed and unexposed to
cigarette smoke.® This empirical finding can
explain the results of the present study, which
showed no statistically significant differences
between the two groups of rats regarding the
functional parameters assessed (Table 1), despite
the morphometric evidence of emphysema (i.e.,
the Lm), as shown in Figure 3.

COPD can be considered a systemic disease,
being characterized by skeletal changes, weakness,
muscle dysfunction, and weight loss, which is
due to oxidative stress and reduced caloric
intake. @227 In smokers with COPD, nicotine
increases satiety and reduces food intake,®®
smoking therefore contributing to weight loss,
worsening emphysema, and generating a feedback
circuit. Previous studies have shown that cigarette
smoke can change hypothalamic appetite regulation
in the central nervous system.!'>?%2% Mineur et
al.?® demonstrated that nicotine decreases food
intake and body weight.

The inflammatory process is a fundamental
component of the pathophysiology of COPD.
Inflammation and other systemic effects of
emphysema were not assessed in the present study,
given that our main objective was to evaluate the
feasibility of a new murine model of cigarette
smoke-induced pulmonary emphysema. Other
studies are currently under way in our laboratory,
involving analysis of the lung for the presence
of metalloproteinases 9 and 12, which play an
important role in the inflammatory process,®
and assessment of inflammatory cells in BAL
fluid from animals exposed and unexposed to
cigarette smoke.

The sharp weight loss observed in the present
study was not due to the exposure period, given
the statistically significant difference between
the cigarette smoke group and the control group
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as of the third week of exposure (Figure 2).
The animals in the control group showed a
mean weight gain of 212.0 + 83.40 g, whereas
those in the cigarette smoke group showed a
mean weight gain of 44.92 + 43.40 g, which
corresponded to 21.2% of that in the control
group. Our results also showed a large standard
deviation regarding the mean weight gain of the
exposed animals after 30 weeks (44.92 + 43.40
g). These results might be due to the intensity
of exposure to cigarette smoke in the present
study, which resulted in pulmonary changes
and widespread pathophysiological changes.
As noted above, COPD should be considered a
systemic disease, as in a feedback circuit in which
the side effects of smoke exposure determine
morphological and functional changes in the
lung. These changes reflect and are aggravated
by the systemic effects of nicotine and the large
number of toxic substances in cigarette smoke
and other air pollutants.

The results of the present study indicate that
mainstream cigarette smoke leads to decreased
weight gain and development of emphysema in
exposed animals, as assessed by morphometric
analysis (i.e., the Lm). The methodology employed in
the present study is feasible, and the new apparatus
is effective for use in animal models of cigarette
smoke-induced emphysema. This new murine
model of cigarette smoke-induced emphysema is
a promising and economically viable option for
use in studies investigating the pathophysiology
of and therapeutic approaches to COPD.
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Chest compression with a higher level of pressure support
ventilation: effects on secretion removal, hemodynamics, and
respiratory mechanics in patients on mechanical ventilation*®

Compressio tordcica com incremento da pressdo em ventilacdo com
pressdo de suporte: efeitos na remocdo de secrecdes, hemodindmica e
mecanica pulmonar em pacientes em ventilacdo mecanica

Wagner da Silva Naue, Luiz Alberto Forgiarini Junior,
Alexandre Simdes Dias, Silvia Regina Rios Vieira

Abstract

Objective: To determine the efficacy of chest compression accompanied by a 10-cmH,0 increase in baseline
inspiratory pressure on pressure support ventilation, in comparison with that of aspiration alone, in removing
secretions, normalizing hemodynamics, and improving respiratory mechanics in patients on mechanical ventilation.
Methods: This was a randomized crossover clinical trial involving patients on mechanical ventilation for more
than 48 h in the ICU of the Porto Alegre Hospital de Ciinicas, in the city of Porto Alegre, Brazil. Patients were
randomized to receive aspiration alone (control group) or compression accompanied by a 10-cmH,0 increase in
baseline inspiratory pressure on pressure support ventilation (intervention group). We measured hemodynamic
parameters, respiratory mechanics parameters, and the amount of secretions collected. Results: We included 34
patients. The mean age was 64.2 £ 14.6 years. In comparison with the control group, the intervention group
showed a higher median amount of secretions collected (1.9 g vs. 2.3 g; p = 0.004), a greater increase in mean
expiratory tidal volume (16 + 69 mL vs. 56 = 69 mL; p = 0.018), and a greater increase in mean dynamic
compliance (0.1 + 4.9 cmH,0 vs. 2.8 + 4.5 cmH,0; p = 0.005). Conclusions: In this sample, chest compression
accompanied by an increase in pressure support significantly increased the amount of secretions removed, the
expiratory tidal volume, and dynamic compliance.

(ClinicalTrials.gov Identifier:NCT01155648 [http://www.clinicaltrials.gov/])

Keywords: Physical therapy modalities; Respiration, Artificial; Intensive care units; Respiratory therapy.

Resumo

Objetivo: Determinar a eficacia da manobra de compressao toracica, associada ao acréscimo de 10 cmH,0 na
pressdo inspiratdria basal em modo ventilatorio com pressdo de suporte, em comparagdo com a da aspiracdo
isolada, em relacdo a remocédo de secrecoes, normalizacdo da hemodinamica e melhora da mecénica pulmonar
em pacientes em ventilacdo mecanica. Métodos: Ensaio clinico randomizado cruzado incluindo pacientes em
ventilacdo mecédnica por mais de 48 h internados no CT1 do Hospital de Clinicas de Porto Alegre, em Porto
Alegre, RS. Os pacientes foram randomizados para receber aspiragio isolada (grupo controle) ou compressio
torédcica associada ao acréscimo de 10 cmH,0 na pressdo inspiratoria basal em modo ventilatorio com pressdo
de suporte (grupo intervencio). Foram mensurados parametros hemodinamicos e de mecénica respiratoria, assim
como a quantidade de secrecdo aspirada. Resultados: Foram incluidos 34 pacientes. A idade média foi de 64,2
+ 14,6 anos. Na comparacdo com o grupo controle, o grupo intervencdo apresentou uma maior mediana da
quantidade de secrecdo aspirada (1,9 g vs. 2,3 g; p = 0,004), maior aumento da variacio da média do volume
corrente expirado (16 £ 69 mL vs. 56 + 69 mL; p = 0,018) e maior aumento da varia¢do da média da complacéncia
dinamica (0,1 + 4,9 cmH,0 vs. 2,8 £ 4,5 cmH,0; p = 0,005). Conclusdes: Na amostra estudada, a compressio
toracica associada ao aumento da pressdo de suporte aumentou significativamente a quantidade de secrecdo
aspirada, o volume corrente expirado e a complacéncia dindmica.

(ClinicalTrials.gov Identifier:NCT0O1155648 [http://www.clinicaltrials.gov/])

Descritores: Modalidades de fisioterapia; Respiracdo artificial; Unidades de terapia intensiva; Terapia
respiratoria.
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Introduction

Most 1CU patients require invasive ventilatory
support and are therefore subject not only to
the benefits gained from the institution of that
support, such as maintenance of gas exchange
and decreased work of breathing, but also to
the deleterious effects associated with it, such
as the impairment of the mucociliary transport
and mucociliary clearance mechanisms.("?
This impairment, in turn, can lead to stasis
of secretions in the airways and consequently
result in bronchial obstruction,® which, in the
long term, can cause atelectasis and episodes
of hypoxemia. In addition, accumulation of
bronchial secretions favors the multiplication
of microorganisms in unventilated areas, leading
to the establishment of respiratory infections,
such as ventilator-associated pneumonia.“®

Some physiotherapy techniques aim to enhance
mucociliary clearance and thus prevent bronchial
obstruction caused by accumulation of secretions.
Chief among these techniques is manual expiratory
passive therapy, which is defined as compression
of the patient’s chest during the expiratory phase
with the aim of accelerating expiratory flow and
moving secretions from peripheral to central
airways, thereby facilitating their expectoration.”®

The technique of chest compression alone
is not always efficient. This is because patients
on mechanical ventilation (MV) have impaired
mucociliary clearance, which, combined with
reduced expiratory flow, results in accumulation
of secretions. The combination of techniques that
are routinely used by physiotherapists in the 1CU,
together with adjustment of ventilator settings,
can result in greater effectiveness in removing
secretions. Therefore, MV can be combined with
techniques that increase inspiratory flow, such as
ventilator hyperinflation. This technique aims to
increase alveolar ventilation and thus facilitate the
cough mechanism, assisting in mucus transport.'?
One way to perform ventilator hyperinflation is
to increase pressure support (PS) progressively
until a peak airway pressure of 40 cmH_0 is
reached. The application of this technique has
resulted in a trend toward an increase in static
compliance and in the amount of secretions
collected.(?

The objective of the present study was to
compare the efficacy of chest compression
combined with a 10-cmH, 0 increase in baseline
inspiratory pressure on PS ventilation with that

J Bras Pneumol. 2014;40(1):55-60

of aspiration alone in terms of the amount of
secretions removed, hemodynamic effects, and
respiratory mechanics.

Methods

This was a randomized crossover clinical trial
conducted in the 1CU of the Hospital de Clinicas
de Porto Alegre (HCPA, Porto Alegre Hospital de
Clinicas), in the city of Porto Alegre, Brazil, between
May of 2008 and May of 2010. The research
project was approved by the HCPA Research
Ethics Committee (Protocol no. 07504/2007).
Written informed consent was completed by
and obtained from the legal guardian of each
study participant. Randomization was performed
with an online Research Randomizer, version
4.0 (Social Psychology Network, http://www.
randomizer.org/), through which patients were
allocated to undergo one of two techniques,
and then, in the subsequent period, patients
underwent the other technique.

We included patients who had been on MV
for more than 48 h, had not been diagnosed
with ventilator-associated pneumonia, had a
positive end-expiratory pressure < 10 cmH, 0, had
an adequate respiratory drive, had undergone
aspiration 2 h prior to the protocol being applied,
and were hemodynamically stable (mean arterial
pressure > 60 cmHZO]. The exclusion criteria
were having contraindications to increasing
positive pressure (undrained pneumothorax and
hemothorax or subcutaneous emphysema), having
been diagnosed with osteoporosis, having a peak
pressure > 40 ecmH, 0, being a neurosurgical patient,
or having declined to participate in the study.

Following inclusion, all participants were
placed in the supine position, with the head of
the bed elevated 30°, and underwent a single
aspiration (number 12 tube; MarkMed Ind. e Com.
Ltda, Sdo Paulo, Brazil) with vacuum set at —40
cmH,0 of pressure. All participants underwent
aspiration 2 h prior to the application of both
techniques—this procedure was performed to
equate the groups in terms of secretion volume.
After that period, hemodynamic and pulmonary
parameters were assessed, the results of which
corresponded to the patient’s baseline evaluation.

Patients randomized to the control group were
ventilated with 100% FiO, for 1 min. Subsequently,
each patient was disconnected from the ventilator
and underwent aspiration for 15 s, three times.
The secretion collected was stored in a collection
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vial (Intermedical®; Intermedical-Setmed, So
Paulo, Brazil). Hemodynamic and pulmonary
parameters were reassessed for variations 1 min
after the aspirations, characterizing the control
group.

When patients were randomized to the
intervention group, they equally underwent
aspiration 2 h prior to the procedure, in accordance
with the previously described sequence. They were
placed in the supine position and received chest
compression combined with a 10-cmH, O increase
in baseline inspiratory pressure on PS ventilation.
Subsequently, they underwent aspiration, and
secretion was collected in the same way as for
the control group patients. Hemodynamic and
pulmonary parameters were reassessed 1 min
after the technique was applied, and the results
were recorded on a data collection sheet. The
secretions collected were then weighed in the
same way as for the control group, and weight
values were recorded on a data collection sheet.

The secretions collected were weighed on a
Cubis® scale (Sartorius, Bohemia, NY, USA) in the
HCPA Microbiology Laboratory. All measurements
were performed by a blinded collaborator who
was not part of the study team, and weight
values were recorded on a data collection sheet.

We assessed hemodynamic parameters, such
as HR, RR, mean arterial pressure, and SpO,
(IntelliVue MP60 monitor; Philips Medizin Systeme
Boblingen GmbH, Boblingen, Germany). Respiratory
assessment involved measuring peak inspiratory
pressure, expiratory tidal volume (VTeXp], and
dynamic compliance (Cdyn), and these parameters
were assessed prior to and after the techniques
were applied. Delta values were defined as the
difference between baseline and post-treatment
values.

The sample size required to obtain a difference
of 0.7 + 1.0 g of secretion collected or more
between the groups for a p value < 0.05 and
a study power of 80% was calculated to be 32
patients. We used the Statistical Package for the
Social Sciences, version 18.0 (SPSS Inc., Chicago,
1L, USA). Quantitative data are expressed as mean
and standard deviation, whereas categorical data
are expressed as absolute and relative frequencies.
The groups were compared with the t-test for
paired and independent samples and by using
the general linear model analysis of variance for
variables with normal distribution (as confirmed
by the Kolmogorov-Smirnov test). The Wilcoxon

test was used for variables with nonparametric
distribution, whereas the chi-square test and
Fisher’s exact test were used for categorical
variables.

Results

Between May of 2008 and May of 2010, 34
individuals were included in the study. There was
a predominance of male patients, the mean age
of the patients was 64.2 + 14.6 years, and the
most common pathology was sepsis (in (41.2%).
The other characteristics of the sample are shown
in Table 1.

Assessment of variations in HR revealed
that, in comparison with the control group, the
intervention group showed an increase in HR
after the intervention. However, this increase was
not clinically relevant. Assessment of variations
in RR revealed no significant differences between
the groups. In contrast, assessment of variations
in Ve revealed that the intervention group
showed a significant increase in View after chest
compression combined with hyperinflation, and
the same was true for the assessment of variations
in Cdyn, i.e., the intervention group showed a
significant increase in Cdyn when compared
with the control group. Assessment of the other
parameters analyzed revealed no significant
differences between the groups (Table 2).

When the mean amount of secretions collected
was evaluated, we found that, in comparison
with the control group, the intervention group
showed a significant increase in the amount of
secretions collected (p = 0.004; Figure 1).

Table 1 - Clinical characteristics of the sample of 34
study participants.?

Variable Result

Age, years 64.2 £ 14.6
APACHE 11, score 25.5+6.6
Female gender 15 (44.1)
Duration of MV, days 82149
Pathology

COPD 7 (20.6)

Bronchopneumonia 9 (25.6)

Congestive heart failure 6(17.6)

Stroke 8 (23.5)

Sepsis 14 (41.2)

Others 18 (52.9)

APACHE 11: Acute Physiology and Chronic Health Evaluation 11;
MV: mechanical ventilation; and Others: immunosuppression,
AIDS, or neoplasms. n + SD or n (%).
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Discussion

In the present study, we found that the
use of chest compression combined with an
increase in PS caused an increase in the amount
of secretions collected. In addition, it caused
significant increases in V, _and Cdyn.

Some authors have shown that hyperinflation
techniques can prevent lung collapse, reexpand
areas of atelectasis, improve oxygenation and
lung compliance, and increase the movement of
secretions from small to central airways.!"7:12-14)
This is due to the increase in tidal volume
caused by hyperinflation, which expands the
normal alveoli and thus, through the mechanism
of interdependence, ultimately reexpands the
collapsed alveoli.!™

We showed that chest compression combined
with an increase in PS increases the amount of
secretions collected, which was similarly reported
by Lemes et al., who, in a randomized crossover
study, found a trend toward an increase in the
amount of secretions collected after hyperinflation,
with increases in PS, in patients on MV.® In
contrast, Unoki et al. showed that, in comparison
with tracheal aspiration, chest compression alone
resulted in no increases in the amount of secretions
collected."® 1t is possible that chest compression
has greater effectiveness when combined with
strategies of increasing tidal volume in patients
on MV.

The fact that there was a significant increase
in VTEXp in the intervention group (i.e., those who
received chest compression combined with an
increase in PS) as compared with the control group
is an expected finding, because it is known that
increases in inspiratory pressures cause increases
in lung volumes. In addition, the increase in peak

Naue WS, Forgiarini Junior, LA, Dias AS, Vieira SRR

inspiratory flow caused by hyperinflation can
assist in moving secretions from smaller to larger
airways, assisting the mucociliary mechanism,
reducing airway resistance, and thus contributing
to an increase in lung volumes.!'7-'9)

Likewise, there was a significant increase in
Cdyn in the intervention group as compared
with the control group. This result corroborates
the findings of Berney et al., who reported a
significant increase in lung compliance after
ventilator hyperinflation.® Savian et al. presented
similar findings, attributing the increase in lung
compliance to the fact that hyperinflation leads to
better airflow distribution, resulting in re-expansion
of collapsed lung units.”

One alternative to ventilator hyperinflation
accomplished by increasing PS is manual
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Figure 1 - Amount of secretion collected in the control
and intervention groups, in median * standard error
(SE). p = 0.004.

Table 2 - Comparison of the variation in hemodynamic and pulmonary parameters in the groups studied.

Parameter Control group Intervention group P
Baseline Post- A Baseline Post- A
treatment treatment
HR, bpm 97.4+226 90.5+23.0 -69+7.8 091.6+20.6 959+19.7 43+£95 0.001
RR, breaths/min ~ 20.8 +5.2 21.6+£5.1 0.7x£45 22.1£6.2  22.2+53 0.1 £5.6 0.592
MAP, mmHg 90.6 +20.1 86.8+189 -38+11.4 93.2+188 91+17.7 -22+11.6 0.515
PIP, cmH,0 20.7+4.1 205+36 -02%12 209%4.1 21.2+45 03£09 0.066
Cdyn, cmHZO 34+103 34.1£10.7 0.1£4.9 3119+9.2 348=%10.2 29=x45 0.018
VTEXP, mL 478 £ 147 496 + 121 16 £ 69 465 £ 88 521+ 120 56 £ 69 0.005
Sp0,, % 97.4+23 96.8+x3.1 -05+21 969x25 96.9+3.0 0.0 £ 2.0 0.170

MAP: mean arterial pressure; PIP: peak inspiratory pressure; Viep: €XPpiTatory tidal volume; Cdyn: dynamic compliance.

#Values expressed as mean + SD.
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hyperinflation, which has the same therapeutic
goals, with a manual resuscitation bag.??
Comparison of the two techniques reveals similar
results in terms of secretion volume, improvement
in respiratory mechanics, and hemodynamic
stability.?"2? However, ventilator hyperinflation
has a significant advantage in that it enables
monitoring of the pressures, volumes, and flows
used during its performance, thereby allowing fine
tuning of the technique.?” Another important
factor is evident in the study by Ortiz et al., who
evaluated the efficacy of manual hyperinflation
in a lung model and showed that, although the
technique yields safe values of alveolar pressure,
it may not promote secretion removal because
peak inspiratory flow exceeds peak expiratory
flow.24

We conclude that, in comparison with
aspiration alone, chest compression combined
with an increase in PS significantly increased
the amount of secretions collected. In addition,
it significantly increased V. and Cdyn.

Texp
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The burden of disease due to tuberculosis in
the state of Santa Catarina, Brazil***

A carga de doenca por tuberculose no estado de Santa Catarina

Glénio César Nunes Ferrer, Rosemeri Maurici da Silva,
Kelian Tenfen Ferrer, Jefferson Traebert

Abstract

Objective: To estimate the burden of disease due to tuberculosis in the state of Santa Catarina, Brazil, in 2009.
Methods: This was an epidemiological study with an ecological design. Data on tuberculosis incidence and
mortality were collected from specific Brazilian National Ministry of Health databases. The burden of disease due
to tuberculosis was based on the calculation of disability-adjusted life years (DALYs). The DALYs were estimated
by adding the years of life lost (YLLs) and years lived with disability (YLDs). Absolute values were transformed
into rates per 100,000 population. The rates were calculated by gender, age group, and health care macroregion.
Results: The burden of disease due to tuberculosis was 5,644.27 DALYs (92.25 DALYs/100,000 population),
YLLs and YLDs respectively accounting for 78.77% and 21.23% of that total. The highest rates were found in
males in the 30-44 and 45-59 year age brackets, although that was not true in every health care macroregion.
Overall, the highest estimated burden was in the Planalto Norte macroregion (179.56 DALYs/100,000 population),
followed by the Nordeste macroregion (167.07 DALYs/100,000 population). Conclusions: In the majority of
the health care macroregions of Santa Catarina, the burden of disease due to tuberculosis was concentrated in
adult males, the level of that concentration varying among the various macroregions.

Keywords: Tuberculosis/epidemiology; Life expectancy; Cost of illness.

Resumo

Objetivo: Estimar a carga de doenca por tuberculose no estado de Santa Catarina em 2009. Métodos: Estudo
epidemioldgico de delineamento ecolégico. Dados sobre a incidéncia e mortalidade de tuberculose foram coletados
de bancos de dados especificos do Ministério da Saude do Brasil. A carga de doenca por tuberculose baseou-se
no calculo de disability-adjusted life years (DALYs, anos de vida perdidos ajustados por incapacidade). Os DALYs
foram estimados pela soma de years of /ife Jost (YLLs, anos de vida perdidos) e years lived with disability (YLDs,
anos vividos com incapacidade). Os valores absolutos foram transformados em taxas por 100 mil habitantes.
As taxas foram calculadas por sexo, faixa etaria e macrorregido de saude. Resultados: A carga de doenga por
tuberculose foi de 5.644,27 DALYs (92,25 DALYs/100 mil habitantes), dos quais 78,77% foram YLLs e 21,23%
foram YLDs. As maiores taxas foram encontradas no sexo masculino nas faixas etarias de 30-44 e 45-59 anos,
com distribuicdo desigual por macrorregido de saude. A maior carga foi estimada na macrorregido do Planalto
Norte (179,56 DALYs/100 mil habitantes), seguida pela do Nordeste (167,07 DALYs/100 mil habitantes).
Conclusoes: A carga de doenca por tuberculose concentrou-se em homens adultos, com distribuicdo desigual
nas macrorregides de saude de Santa Catarina.

Descritores: Tuberculose/epidemiologia; Expectativa de vida; Efeitos psicossociais da doenga.
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Introduction

Although tuberculosis is an ancient, well-
known infectious disease and is vulnerable to
drug treatment for more than half a century, it
remains one of the main global health concerns.
Tuberculosis is one of the most significant causes
of mortality in the developing world, especially in
males in the 45-59 year age bracket, which places
Mycobacterium tuberculosis as the single most
important etiologic factor in terms of mortality
among infectious diseases.?

Brazil currently ranks 19th in number of
cases of tuberculosis among the 22 countries
prioritized by the World Health Organization
(WHO) that collectively account for 80% of the
global burden of the disease.”’ However, Brazil
ranked 14th in 2004.%

Guimardes et al.,® in a recent study of a 20-year
historical time series, reported a reduction in the
incidence of tuberculosis of 11.4% worldwide,
of 50% in the Americas, and of 48.8% in Brazil.
That same study also highlighted a decrease in
the mortality rates of 40.0%, 70.7%, and 70.8%,
respectively.

The tuberculosis/HIV co-infection reflects
mortality trends due to tuberculosis in Brazil.® The
Brazilian Ministry of Health recommends strategies
to actively search for new cases of tuberculosis,
aiming at the early diagnosis, especially in
high-risk groups, such as those who live with
HIV and other immunosuppressive conditions.
Individuals infected with M. tuberculosis have a
10% chance of developing tuberculosis in their
lifetime, whereas individuals with HIV have an
8-10% chance per year.?

There are no studies in the state of Santa
Catarina that include, in a single index, morbidity
and mortality data regarding tuberculosis in
order to estimate the burden of the disease. The
proposed index to measure burden of disease
is the disability-adjusted life years (DALYs).”)
One DALY is equivalent to one year of healthy
life Tost or lived with disability due to a disease.
The 2002 Burden of Disease Project in Brazil®
reported the burden of disease due to tuberculosis
in the country. Tuberculosis was found to be
the 19th cause of early death in both sexes, and
the 17th among men.

Between 1992 and 2002, in a study performed
in Serbia®, a higher burden was observed among
men than among women, with a progressive
increase with advancing age. The rate found was
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1.38 DALYs/100,000 population in the 55-64
year age group. In a recent publication, Murray
et al.'"” showed that tuberculosis accounted for
2.0% of all DALYs worldwide in 2010. However,
when comparing data from 1990 with those
from 2010, the authors reported a decrease of
19.49% in the total number of DALYs due to
tuberculosis.

The objective of the present study was to
estimate the burden of disease due to tuberculosis
in the state of Santa Catarina, Brazil, in 2009.

Methods

This was an epidemiological study with an
ecological design using data on morbidity and
mortality due to tuberculosis in the nine health
macroregions in the state of Santa Catarina in
2009.

The mortality data were obtained from the
Brazilian Mortality Database, whereas the incidence
data were obtained from the National Case Registry
Database as cases of tuberculosis (International
Classification of Diseases, 10th revision: from
A15 to A19). For the purpose of compensating
for occasional underreporting of the tuberculosis/
HIV co-infection and of tuberculosis alone, a
rate of 17.7%" and of 60% was respectively
added to the data.'? These rates were added
following the same parameters for the distribution
of tuberculosis according to sex, age group, and
health macroregions obtained from the National
Case Registry Database in 2009.

The estimation of DALYs was carried out by
adding the years of life lost (YLLs) and the years
lived with disability (YLDs). The estimation of
YLLs was based on the difference between the
age at death and the life expectancy at birth.
In the present study, the standardized values of
80 years of age for men and of 82.5 years of
age for women® were used in order to allow
for comparisons of the results with intermational
studies. A 3% discount rate per year was applied
in relation to the future years lost in order to
estimate the YLLs in the present.®) The YLD rate
was calculated as the product of the tuberculosis
weight by the mean duration of the disease.
Studies of burden of disease define a measurement
designated disease weight, which attributes a
numerical value to the time lived with a specific
nonfatal ailment designated disease weight. In
2004, according to a WHO report,™® the attributed
tuberculosis weight was 0.271. According to the
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Global Burden of Disease Study,” the median
survival period after diagnosis for Latin America is
18 months for HIV-negative tuberculosis patients
and 12 months for HIV-positive individuals. These
values were used in order to define the duration
of the disease.

In summary, the equations used in order to
calculate YLLs, YLDs, and DALYs were:

YLLs (males) = (80 years — age at death) x
(=3% by year)

YLLs (females) = (82.5 years — age at death)
x (3% by year)

YLDs (HIV-negative patients) = 0.271 x 18
months

YLDs (HIV-positive patients) = 0.271 x 12
months

DALYs = YLLs + YLDs

The data were saved in electronic format
(Microsoft Excel), and we used the Statistical
Package for the Social Sciences, version 16.0
(SPSS 1Inc., Chicago, 1L, USA) for descriptive
analyses. The rates were calculated per 100,000
population, using the estimated population in
July of 2009, distributed by sex and age groups,
as a reference.

In the present study, anonymous secondary data
from official public domain health information
systems were used, and therefore there was neither
risk of losses to individuals or institutions nor
ethical principle violations.

Results

In 2009, 223 deaths were related to
tuberculosis, and 2,138 patients were diagnosed
with the disease in the state of Santa Catarina.
Among the 2,138 patients, 563 were co-infected
with HIV.

The total number of YLLs was 4,446.29, which
generated a rate of 72.67 YLLs/100,000 population.
For males, it was 2,947.97 YLLs (66.3%), with
a rate of 96.98 YLLs/100,000 population. For
females, it was 1,498.32 YLLs (33.7%), generating
a rate of 48.66 YLLs/100,000 population.

Regarding the age groups, the highest YLL
rate was found in the 30-44 year age bracket
(153.74 YLLs/100,000 population), followed by
the 45-59 year age bracket (112.43 YLLs/100,000

population) and the 60-69 year age bracket (103.4
YLLs/100,000 population). The health macroregions
with the highest rates were Nordeste, Planalto
Norte and Planalto Serrano (Figure 1).

The total number of YLDs was 1,197.98,
which generated a rate of 19.58 YLDs/100,000
population. For males, it was 809.49 YLDs (67.6%),
with a rate of 26.63 YLDs/100,000 population. For
females, it was 388.49 YLDs (32.4%), generating
a rate of 12.62 YLDs/100,000 population.

The highest YLD rates were encountered in
the 45-59 year age bracket (30.20 YLDs/100,000
population), followed by the 30-44 year age
bracket (28.71 YLDs/100,000 population) and
the 15-29 year age bracket (21.03 YLDs/100,000
population). The health macroregions with the
highest rates were Planalto Norte, Nordeste and
Grande Floriandpolis (Figure 1).

The total number of DALYs due to tuberculosis
in Santa Catarina was 5,644.27, which generated
a rate of 92.25 DALYs/100,000 population. The
rates for males and females were, respectively,
123.62 DALYs/100,000 population (66.6%) and
61.28 DALYs/100,000 population (33.4%). The
DALY rates according to the age groups are
shown in Figure 2, whereas those by age groups
and gender are shown in Figure 3.

The highest burden of disease was found
in the macroregion Planalto Norte (179.56
DALYs/100,000 population), followed by Nordeste
(167.07 DALYs/100,000 population), and Grande
Floriandpolis (133.14 DALYs/ 100,000 population),
whereas the lowest rates were seen in Foz do Rio
Jtgjai (16.65 DALYs/100,000 population), Extreno
Oeste (28.58 DALYs/100,000 population), and
Meio Oeste (42.18 DALYs/100,000 population;
Table 1 and Figure 4).

Overall, the male-to-female ratio was 2.02
in the state of Santa Catarina. The health
macroregions with the highest and lowest male-
to-female ratios were, respectively, Foz do Rio
Itajai (7.58) and Extremo Oeste (0.77; Table 1).

In terms of the ratio between the rates observed
in the macroregions in relation to that found
in the state, Planalto Norte showed the highest
ratio (1.95) followed by Nordeste (1.81), whereas
the lowest ratios were found in Foz do Rio Itajar
(0.18) and Extremo Oeste (0.31; Table 1).

Discussion

The decrease in tuberculosis mortality rates is
a global trend. The WHO reports that the absolute

J Bras Pneumol. 2013;40(1):61-68



64 Ferrer GCN, Silva RM, Ferrer KT, Traebert J

Sul

Grande Floriandpolis
Nordeste

Planalto Norte
Planalto Serrano
Foz do Rio Itajai
Vale do Itai

Meio Oeste

Extremo Oeste

T T
0.00 20.00 40.00

T
60.00

T T T T 1
20.00 100.00 120.00 140.00 160.00

YLLs/ 100,000 population

Sul

Grande Floriandpolis

Nordeste

Planalto Norte

Planalto Serrano

Foz do Rio Itajai

Vale do Itai

Meio Oeste

Extremo Oeste

0.00 10.00 20.00

T T T 1
30.00 40.00 50.00 60.00

YLDs/ 100,000 population

Figure 1 - Years of life lost (YLLs) and years lived with disability (YLDs) per 100,000 population according
to the health macroregions in the state of Santa Catarina, Brazil, 2009.

number of cases has been falling since 2006, as
has its incidence since 2002. Mortality fell by 8.6%
per annum between 1990 and 2010.'Y This trend
is also observed in various studies in Brazil.>'")

One aspect that might have positively
influenced the mortality and incidence rates
since 1999 was the implementation of the directly
observed treatment, short-course (DOTS) in Brazil,
which resulted in a 32% drop in mortality by
2007.>Y This strategy increases cure rates by 1%
a year and drastically reduces noncompliance with
the treatment, which is directly related to poor
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disease outcomes.'® However, since the present
study had an ecological design, the proportion
of individuals in which the DOTS strategy was
applied was unavailable. Nevertheless, with the
implementation of this strategy as a government
policy, being an integral part of the Brazilian
National Tuberculosis Control Program, it could
be inferred that the great majority of individuals
have been offered DOTS. The decrease in morbidity
and mortality could also be attributed to the
free and universal access to treatment, as well
as to improvements in primary health care.®'¥
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Figure 3 - Disability-adjusted life years (DALYs)/ 100,000 population rates according to sex and age groups

in the state of Santa Catarina, Brazil, 2009.

As previously mentioned, the epidemiology
of tuberculosis has been tirelessly investigated,
using different methodologies, in order to provide
a clearer understanding of its behavior in the
country. The present study, however, sheds new
light on the matter, since no previous studies
have reported both morbidity and mortality by
tuberculosis in the same index.

The 2002 Disease Burden Project in Brazil®
revealed that tuberculosis ranked 19th among the
major causes of premature deaths, which translated
into 1.1% of the total number of deaths in the

country. However, that study did not present
YLL, YLD and DALY values specifically related
to tuberculosis, which prevents any comparisons
with the current study.

As expected, the burden of disease due to
tuberculosis in Santa Catarina was higher in
males. Classic epidemiological indices had already
suggested that reality.>'*" In the present study,
the burden rate was estimated to be twice as high
among males. A similar scenario was observed in
a study carried out in Serbia.® According to the
authors, those rates for men and women were,
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Table 1 - Disability-adjusted life years/100,000 population rates by health macroregions in the state of

Santa Catarina, Brazil, 2009.

Macroregion DALYs/100,000 YLLs, YLDs, MS MF Most affected age brackets
population % % ratio ratio Males Females
1st 2nd 1st 2nd
Extremo Oeste 28.58 78.61 2139  0.31 0.77  70-79 30-44 30-44 15-29
Meio Oeste 42.18 84.96  15.04 0.46 2.51 45-59  30-44 70-79 30-44
Vale do Itgjar 45.99 75.92  24.08 0.50 4.63 30-44 70-79 45-59 15-29
Foz do Rio Itajar 16.65 60.78  39.22 0.18 7.58 30-44 15-29 60-69 45-59
Planalto Serrano 126.30 87.52 12.48 1.37 1.94 60-69 15-29 60-69 30-44
Planalto Norte 179.56 69.70  30.30  1.95 1.09  45-59 15-29 30-44 15-29
Nordeste 167.07 81.58  18.42 1.81 2.02  45-59 60-69 60-69 30-44
Grande Floriandpolis 133.14 78.13  21.87 1.44 2.20 30-44 45-59 60-69 45-59
Sul 94.94 79.59  20.41 1.03 2.41 30-44 60-69 45-59 30-44
Santa Catarina state 92.25 78.78  21.22 - 2.02 30-44 45-59 30-44 60-69

DALYs: disability-adjusted life years; YLLs: years of life lost; YLDs: years lived with disability; MS: macroregion to state;

and MF: male to female.
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Figure 4 - Disability-adjusted life years (DALYs)/100,000 population rates according to the health macroregions

in the state of Santa Catarina, Brazil, 2009.

respectively, 36.7 DALYs/100,000 population
and 21.4 DALYs/100,000 population.

The YLL rate was found to be considerably
high due to the fact that mortality by tuberculosis
is associated with HIV infection, which is highly
prevalent in the state of Santa Catarina. Even
with antiretroviral therapy, individuals living
with HIV have a high incidence of tuberculosis,
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showing low AFB counts in sputum and a high
incidence of multidrug-resistant tuberculosis.?”

The 30-44 year age bracket was the age group
most affected for both sexes, whereas the 45-59
and the 60-69 year age brackets were more
prevalent for males and females, respectively.
Similar age brackets have also been reported in
other studies. In developing countries, 80% of
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the infected individuals are between 15 and 59
years of age—mostly men in the economically
active age group—causing a negative impact on
economic growth and, consequently, on social
development, generating more poverty and social
exclusion.??

The distribution of the burden of disease has
unearthed heterogeneous realities throughout
the health macroregions of the state. Planalto
Norte, Nordeste, Grande Florianopolis, and
Planalto Serrano showed rates higher than 100
DALYs/100,000 population, whereas Extremo
Oeste and Foz do Rio Itajai had rates lower than
30 DALYs/100,000 population. The heterogeneous
distribution could be explained by the analysis
of various aspects, including the quality of the
health care facilities in each macroregion. The
gap between the demand for medical services and
the diagnosis, with the consequent notification
of tuberculosis cases, might have contributed
to the increased morbidity and mortality rates.

One should take into consideration the
likely underreporting of tuberculosis cases when
measuring the burden of disease. Another possible
limitation of the present study was the use of
parameters defined by the WHO that reflected
the tuberculosis trends in Latin America in the
2000s. Such parameters might have had a limiting
impact on the estimation of the current burden,
despite being the best available parameters to
date, permitting comparisons between both
national and international studies.

In conclusion, despite the need for a degree of
caution when interpreting the present results, the
use of DALYs is recommended as a helpful tool
to assess priorities in terms of specific profiles
regarding tuberculosis in the state of Santa
Catarina. Further studies regarding the burden
of disease due to tuberculosis are necessary in
order to generate parameters for comparisons
in the state and in Brazil as a whole, as well as
to identify impact trends.
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Empiema e pneumonia pneumococica bacterémica
em menores de cinco anos de idade
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Abstract

We compared bacteremic pneumococcal pneumonia (BPP) and pneumococcal empyema (PE), in terms of clinical,
radiological, and laboratory findings, in under-fives. A cross-sectional nested cohort study, involving under-fives
(102 with PE and 128 with BPP), was conducted at 12 centers in Argentina, Brazil, and the Dominican Republic.
Among those with PE, mean age was higher; disease duration was longer; and tachypnea, dyspnea, and high
leukocyte counts were more common. Among those with BPP, fever and lethargy were more common. 1t seems
that children with PE can be distinguished from those with BPP on the basis of clinical and laboratory findings.
Because both conditions are associated with high rates of morbidity and mortality, prompt diagnosis is crucial.

Keywords: Empyema, pleural; Pneumonia, pneumococcal; Pneumococcal infections.

Resumo

Comparamos criangas menores de cinco anos com pneumonia pneumococica bacterémica (PPB) aquelas com
empiema pneumocacico (EP) quanto aos achados clinicos, radioldgicos e laboratoriais. Um estudo de coorte
aninhado transversal, com 102 criancas com EP e 128 com PPB, foi realizado em 12 centros na Argentina, no
Brasil e na Republica Dominicana. Nas criancas com EP, a média de idade e a duracdo da doenca foram maiores.
Taquipneia, dispneia e contagem de leucdcitos alta foram mais comuns nas criancas com EP; febre e letargia
foram mais comuns naquelas com PPB. Parece possivel distinguir criangas com EP de criancas com PPB a partir
de achados clinicos e laboratoriais. Como essas duas doengas estdo associadas a altas taxas de morbidade e
mortalidade, o diagnostico rapido ¢ crucial.

Descritores: Empiema pleural; Pneumonia pneumocdcica; Infeccées pneumocdcicas.

Streptococcus pneumoniae is widely recognized complicated pneumococcal CAP (CP-CAP) has
as the leading cause of community-acquired been reported to be increasing worldwide.!" In
pneumonia (CAP)-related mortality during Scottish children in the 1-4 year age bracket, there
hospitalization, as well as being the most common  was a tenfold increase in empyema admissions
cause of empyema in children. The incidence of in the period between the 1980s and the year
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2005.? This increase might be related to host
susceptibility, individual characteristics, and
pathogen virulence.

Few studies have investigated the characteristics
of CP-CAP, especially those of CP-CAP associated
with pleural empyema or bacteremia—although few
cases of pneumococcal pneumonia are bacteremic—
in children under 5 years of age, who are at
the highest risk of death from CAP. Bacteremic
pneumococcal pneumonia (BPP) is considered
an advanced stage of severe pneumococcal
pneumonia, in which early recognition and
appropriate management can have a favorable
impact on the outcome.® Given that pleural
empyema and BPP are potentially severe, it is
important to recognize their clinical peculiarities
in order to provide early and appropriate
management.

In a recent study of hospitalized CAP patients,
the prevalence rates of pleural effusion and
empyema were reported to be 27% and 17%,
respectively.® In another study, empyema was
found in 83 (11%) of 767 children hospitalized with
CAP; in comparison with the children with CAP
without empyema, those with empyema were older,
had longer symptomatic periods, and were more
likely to receive nonsteroidal anti-inflammatory
drugs.® The objective of the present study was
to compare children under 5 years of age with
BPP and those with pneumococcal empyema
(PE) in terms of their clinical, radiological, and
laboratory features.

A cross-sectional nested cohort study was
conducted at 12 centers in Argentina, Brazil,
and the Dominican Republic and included 2,536
children 3-59 months of age hospitalized with
severe CAP, the results having been published
elsewhere.® On admission, blood cultures and,
when appropriate, pleural fluid cultures were
performed. S. pneumoniae was isolated from
283 children by standard procedures used in
local referral laboratories. Most (90%) of the
children lived in urban settings, and none had
received the conjugate pneumococcal vaccine or
steroidal/nonsteroidal anti-inflammatory drugs.
Cases of BPP were defined as those in which S.
pneumoniae was isolated from blood culture.
Cases of PE were defined as those in which
S. pneumoniae was isolated from pleural fluid
culture.

The exclusion criteria were as follows: showing
signs of very severe pneumonia (including
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severe malnutrition, stridor in a calm child,
unconsciousness, convulsions, nasal flaring, and
central cyanosis); and presenting with concurrent
infections. Patients with concomitant PE and
BPP (n = 3) and those with pleural effusion of
unknown cause (n = 50) were also excluded.

A favorable response to the initial treatment
(i.e., conventional doses of intravenous ampicillin
or penicillin G for BPP and PE patients alike)
was defined as unequivocal clinical improvement
within the first 48 h after hospital admission;
conversely, treatment failure was defined as no
improvement (persistent fever—body temperature
being measured at least every 6 h—tachypnea,
difficulty breathing, or hypoxemia) after at least
48 h of antibiotic therapy or deterioration during
antimicrobial therapy.® Demographic, clinical,
radiological, and laboratory data were obtained
on admission. In addition, the length of hospital
stay and the treatment outcome were recorded.
Descriptive statistics were calculated, and two
multiple logistic regression models were used,
both of which were controlled for age. One of the
models included variables obtained on admission
and the other included variables obtained during
hospitalization.

The present study included 230 children under
5 years of age (102 children with PE and 128
children with BPP). There was no significant
difference between the two groups in terms of
antibiotic use prior to hospital admission (p =
0.23). Table 1 displays the frequency distribution
and the comparison (multivariate analysis) of
the two groups of children on admission and
during hospitalization.

In brief, our logistic regression analysis
showed that, on hospital admission, children
with PE were older and presented with a longer
symptomatic period before hospitalization. In
addition, tachypnea, difficulty breathing, and a
leukocyte count > 15,000 cells/mm’ were more
common in those children. Persistent fever was
one of the most common findings during the
first days of hospitalization, requiring further
investigation (chest X-ray, chest ultrasound, or
both). Fever (axillary temperature > 37.5°C) and
lethargy at diagnosis/baseline tended to be more
common in the children with BPP. The hospital
stay tended to be longer for the children with
PE (p < 0.001; data not shown).

In the children with PE, the most common
serotypes were 14, 1, 6B, 3, 9V, 19A, and 5,
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Table 1 - Comparison (multivariate analysis) of children with pneumococcal empyema and those with
bacteremic pneumococcal pneumonia on admission and during hospitalization.

Characteristic PE BPP Adjusted OR P
(n=102) (n=128) (95% (1)
On admission
Age (months)? 19 (12-33) 13 (9-22) 1.03 (1.00-1.05) 0.01
Duration of disease®
< 3 days 17.7 34.4 1 0.013
4-6 days 39.2 35.1 2.84 (1.23-6.58)
> 7 days 43.1 30.5 3.12 (1.35-7.20)
TachypneaP* 91.2 75.6 4.16 (1.54-11.22)  0.005
Difficulty breathing® 87.9 70.9 3.61 (1.51-8.63) 0.004
Body temperature > 37.5°C on admission® 42.4 68.2 0.32(0.17-0.63)  0.001
Lethargy” 53.5 67.7 0.35 (0.17-0.71) 0.004
Leukocyte count > 15,000 cells/mm* 48.5 29.8 2.13 (1.10-4.13)  0.02
During hospitalization
Difficulty breathing on the 3rd day® 57.6 27.0 2.9 (1.52-5.56) 0.001
Body temperature (°C) on the 3rd day* 37.6 (37.0-38.8)  37.0 (36.6-38.0) 1.65 (1.05-2.59)  0.028
Treatment failure® 17.6 12.5 0.39 (0.14-1.07)  0.06
Length of hospitalization® 11 (7-15) 7 (5-10.5) 1.09 (1.02-1.17)  0.004

PE: pneumococcal empyema; and BPP: bacteremic pneumococcal pneumonia. “Values expressed as median (interquartile
range). "Values expressed as %. ‘RR > 50 breaths/min in the children 3-11 months of age and > 40 breaths/min in

those > 12 months of age.

accounting for 92.4% of all serotypes in those
children. In the children with BPP, the most
common serotypes were 14, 6B, 5, 1, 6A, 9V,
and 19F, accounting for 84.9% of all serotypes
in those children. In other words, serotypes 1,
5, 6B, and 14 were found in both PE and BPP,
whereas serotypes 6A, 9V, 19A, and 19F were
found in either PE or BPP. It is of note that
serotypes 6A and 19A are not included in the
10-valent pneumococcal conjugate vaccine
currently used in Brazil.

To the best of our knowledge, the present
study is the first to have focused specifically on
BPP and PE in children under 5 years of age.
Therefore, the results presented herein cannot
be compared with those of other studies. In
fact, our analyses showed that demographic
characteristics, clinical features, and hematologic
findings (i.e., leukocyte counts) are likely to be
quite different between children with BPP and
those with PE.

Although our objectives and methods were
different from those of Francois et al.,® some of
the results were similar between the two studies.
Francois et al. studied 767 children with CAP and
found that 83 (11%) had empyema.” The children
with CAP and empyema were older and had a
longer symptomatic period in comparison with

those with CAP without empyema.® Interestingly,
the length of hospital stay found in the present
study was quite similar to that reported in a study
involving 33 Brazilian children with empyema
(i.e., 12 days).® In addition, serotype 1 was one
of four serotypes found in both PE and BPP (i.e.,
14, 1, 6B, and 5), a finding that is consistent
with those of the study by Francois et al.,®
which was conducted in a developed country.

In conclusion, our study investigated CAP
patients under 5 years of age and showed clinical
and laboratory findings at admission and during
the first three days of hospitalization. Our findings
can help clinicians and pediatricians to distinguish
children with PE from those with BPP. Because
these two critical conditions are associated with
high rates of morbidity and mortality, prompt
clinical, laboratory, and radiological diagnosis
is crucial for appropriate management.
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Assessment of 1CU readmission risk with the Stability and
Workload Index for Transfer score®

Avaliacio de riscos de readmissdo em UTI através do escore
Stability and Workload Index for Transfer
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Luiz Alberto Forgiarini Junior, Marcelo de Mello Rieder

Abstract

Patient discharge from the 1CU is indicated on the basis of clinical evidence and the result of strategies aimed
at improving health care. Nevertheless, some patients might be discharged too early. We attempted to identify
risk factors for unplanned 1CU readmission, using a score for risk assessment, designated the Stability and
Workload Index for Transfer (SWIFT) score. We evaluated 100 patients discharged from an 1CU and found that
the SWIFT score can be used as a tool for improving the assessment of 1CU patients and the appropriateness
of 1CU discharge, thus preventing readmission.

Keywords: Intensive care units; Risk factors; Patient readmission.

Resumo

A alta da UTI ¢ indicada com base em evidéncias clinicas e resultados de estratégias que objetivam melhorar o
atendimento. No entanto, os pacientes podem ser submetidos a alta precoce. Objetivamos identificar fatores de
risco para a readmissdo ndo planejada na UTI, através de um escore de avalia¢do dos riscos denominado Stability
and Workload Index for Transfer SWIFT). Foram avaliados 100 pacientes com alta de uma UTI e verificamos
que o escore SWIFT pode ser uma possivel ferramenta para uma melhor avaliacdo do paciente e adequacéo da
alta da UTI, evitando sua readmisséo.

Descritores: Unidades de terapia intensiva; Fatores de risco; Readmissdo do paciente.

Introduction

The best timing for 1CU discharge is determined
on the basis of clinical evidence that is usually
subjective. The process of discharging a patient
from the 1CU involves careful evaluation of disease
severity and patient clinical status. Therefore,
there is a need to evaluate tools for assessing
the risk of 1CU readmission.!"?

In many critically ill patients, clinical status
deterioration or death occurs shortly after 1CU
discharge.® Studies have shown that the decision

The objective of the present study was to
identify risk factors for unplanned 1CU readmission
by using a risk assessment scale designated the
Stability and Workload Index for Transfer (SWIFT)
score.

This was a prospective cohort study conducted
in the Central 1CU of the Santa Clara Hospital,
which is part of the Santa Casa Hospital Complex,
located in the city of Porto Alegre, Brazil. Between

regarding patient discharge from the 1CU also
depends on organizational factors, such as
workload and the number of beds available.*”
In addition, early discharge accounts for 22-440%
of all cases of 1CU readmission, mortality being
higher in such cases.®

September of 2008 and January of 2009, we
evaluated 156 patients who had been discharged
from the 1CU, who met the inclusion criteria, and
who agreed to participate in the present study.

The inclusion criteria were as follows: being
over 18 years of age; having stayed in the 1CU for

*Study carried out at the Methodist University Center, Porto Alegre Institute, Porto Alegre, Brazil.
Correspondence to: Marcelo de Mello Rieder. Centro Universitario Metodista — TPA, Curso de Fisioterapia, Rua Cel. Joaquim Pedro
Salgado, 80, Rio Branco, CEP 90420-060, Porto Alegre, RS, Brasil.

Tel. 55 51 3331-7639. E-mail: mdrieder@brturbo.com.br
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more than 24 h; and having been followed during
the 1CU stay, at discharge, and at readmission (when
applicable). Clinical features, clinical diagnosis,
length of 1CU stay, and time to readmission were
analyzed. Acute Physiology and Chronic Health
Evaluation 11 (APACHE 11) and SWIFT scores were
calculated. The values of SWIFT score variables
Pa0,, PaCO,, FiO,, and PaO, /FiO, were those
obtained in the most recent arterial blood gas
analysis. Patients who died during their 1CU
stay and those who were transferred from the
hospital in which the study was conducted were
excluded.

The SWIFT score is a risk assessment score that
measures the extent to which the conditions for
ICU discharge are appropriate. It ranges from 0 to
64, a higher score translating to a higher risk of
1CU readmission. The SWIFT score is practical and
easy to use.” The 1CU patients investigated in the
present study were divided into two groups: the
readmission group, comprising those who were
readmitted to the 1CU; and the non-readmission
group, comprising those who were not.

The present study was approved by the
Research Ethics Committees of the Santa Casa
Hospital Complex and the Porto Alegre Institute
Methodist University Center. All patients or their
legal guardians gave written informed consent.

Quantitative variables were expressed as mean
and standard deviation, whereas qualitative
variables were expressed as absolute and
relative frequencies. In order to compare the
variables between the two groups, we used the
Mann-Whitney U test. For all tests, the level of
significance was set at 5%. In order to determine
the risk of readmission, we calculated the area
under the ROC curve for the SWIFT score. We used
the Statistical Package for the Social Sciences,
version 16.0 (SPSS Inc., Chicago, 1L, USA).

During the data collection period, 156 patients
were included in the initial sample. However,
56 patients were excluded because they died
during their 1CU stay. The final study sample
consisted of 100 patients who stayed in the 1CU
for more than 24 h and then were discharged.
Of those 100 patients, 9 were readmitted. The
general characteristics of the sample are shown
in Table 1.

The SWIFT score was significantly higher in the
readmission group than in the non-readmission
group (p = 0.001). With the objective of predicting
1CU readmission, we calculated the area under the
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ROC curve for the SWIFT score and found an area
of 0.76 (95% CI: 0.619-0.918). We also found a
significant difference between the non-readmission
and readmission groups in terms of the Glasgow
Coma Scale score (p = 0.001; Table 2).

Nine patients (9%) were readmitted to the
1CU. The mean time to readmission was 5.3 £
5.5 days. Of the readmitted patients, 5 (55.6%)
were readmitted in less than 48 h. Five patients
died after having been readmitted to the 1CU,
2 (22.2%) were transferred to other hospitals,
and only 2 (22.2%) were discharged.

The hospital stay was longer in the readmission
group (17 £ 24 days) than in the non-readmission
group (13 = 21 days), the difference being
statistically significant (p = 0.007).

The main finding of the present study was that
the SWIFT score was higher and the hospital stay
was longer in the patients who were readmitted
to the ICU than in those who were not.

We used the SWIFT score, previously validated
by Gajic et al.”? The SWIFT score assesses Pa0,,
Fi0,, and PaCO,, among other parameters. When

Table 1 - General characteristics of the patients
included in the present study.?
Characteristics ~ Non-readmission Readmission

group group

Age, years® 59.36 + 16.88  78.8 £9.79
Gender

Male 48 (52.7) 3 (33.3)

Female 43 (47.3) 6 (66.7)
Type of health insurance

Public 58 (64.4) 4 (44.4)

Private 33 (35.6) 5 (55.6)
Race

White 77 (84.6) 9 (100)

Black 12 (13.2) -

Mulatto 2 (2.2) -
Physical therapy

Yes 65 (71.4) 9 (100)

No 26 (28.6) -
APACHE 11 score® 20.91 + 6.81 20.77 £ 5.95
Reason for readmission

Acute respiratory - 4 (44.4)

failure

Cardiopulmonary - 3(33.3)

arrest

Sepsis - 2(22.2)
Length of 1CU stay, 11 £21 7£25
days”

APACHE 11: Acute Physiology and Chronic Health Evaluation 11.
Values expressed as n (%), except where otherwise indicated.
"Values expressed as mean + SD.
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Table 2 - Comparison of the study variables between the two groups of patients under study.’

Variable Non-readmission group Readmission group
Patient referral source

Hospital ward 35 (38.5) 4 (44.4)

Emergency room 23 (25.3) 1(11.1)

Surgical ward 21 (23.1) 2 (22.2)

Another hospital 12 (13.2) 2(22.2)
Reason for hospitalization

Acute respiratory failure 22 (24.4) 3(33.3

Immediate postoperative period 21(23.3) 2(22.2

Sepsis 12 (13.3) -

Stroke 8 (8.9) -

Decompensated congestive heart 5 (5.6) 1(11.7)

failure

Hypovolemic shock 5 (5.6) 1(11.1)

Renal failure 4 (4.4) 1(11.1)

Bronchopneumonia 3(3.3) -

Other reasons 10 (11.1) 1(11.1)
Glasgow Coma Scale score® 13.60 £ 1.03 11.66 + 1.32%
FiOzb 0.48 £ 0.29 0.23 £ 0.35
Pa0,, mmHg" 112,42 + 41.43 86.28 £ 35.24
Pa0,/Fi0," 489.44 + 188.44 373.28 £ 118.72
PaCOZ, mmHg® 37.77 £ 10.16 36.82 + 2.77
SWIFT score® 13.81 £ 7.85 23.50 + 8.75*

SWIFT: Stability and Workload Index for Transfer. ?Values expressed as n (%), except where otherwise indicated. "Values

expressed as mean + SD. *p = 0.001.

we analyzed those variables in isolation, we
found no significant differences between the
two groups of patients.

Several studies have shown that mortality
is significantly higher and hospital stays are
significantly longer in patients who are readmitted
to the 1CU.%'9 In our study, the hospital stay
was longer for the patients who were readmitted
to the 1CU than for those who were not.

Nishi et al. evaluated 10,840 ICU patients and
found that 97 had been readmitted to the 1CU;
of those 97 patients, 5% had been readmitted
because of early discharge. In our study, 5 patients
were readmitted to the 1CU for that reason.!"

Kastrup et al. attempted to validate the
use of the SWIFT score in heterogeneous 1CU
populations (a total of 7,175 patients) and found
that the SWIFT score is poor at predicting 1CU
readmission, having found an area under the ROC
curve of 0.581.1? Unlike Kastrup et al., we found
an area under the ROC curve of 0.76, showing
that the SWIFT score was good at predicting I1CU
readmission in our study population.

Ounes et al. sought to evaluate independent
predictors of 1CU readmission and develop an
analytical model of mortality and readmission

after discharge. The authors evaluated 3,462
patients and found that independent risk factors
for 1CU readmission included disease severity
and 1CU discharge at night; the authors also
found that the rate of 1CU readmission within
7 days after discharge was 3%.? In the present
study, there was no difference between the two
groups of patients regarding disease severity as
measured by APACHE 11 scores.

As shown in the present study, the SWIFT
score can be used as a tool for improving the
assessment of 1CU patients and the appropriateness
of 1CU discharge, thus preventing readmission.
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Adalimumab-induced acute interstitial lung disease in a
patient with rheumatoid arthritis*

Doenca pulmonar intersticial aguda induzida por
adalimumabe em paciente com artrite reumatoide

Olivia Meira Dias, Daniel Antunes Silva Pereira, Bruno Guedes Baldi,
André Nathan Costa, Rodrigo Abensur Athanazio, Ronaldo Adib Kairalla,
Carlos Roberto Ribeiro Carvalho

Abstract

The use of immunobiological agents for the treatment of autoimmune diseases is increasing in medical practice.
Anti-TNF therapies have been increasingly used in refractory autoimmune diseases, especially rheumatoid arthritis,
with promising results. However, the use of such therapies has been associated with an increased risk of developing
other autoimmune diseases. In addition, the use of anti-TNF agents can cause pulmonary complications, such
as reactivation of mycobacterial and fungal infections, as well as sarcoidosis and other interstitial lung diseases
(ILDs). There is evidence of an association between 1LD and the use of anti-TNF agents, etanercept and infliximab
in particular. Adalimumab is the newest drug in this class, and some authors have suggested that its use might
induce or exacerbate preexisting ILDs. In this study, we report the first case of acute ILD secondary to the use
of adalimumab in Brazil, in a patient with rheumatoid arthritis and without a history of ILD.

Keywords: Lung diseases, interstitial; Arthritis, rheumatoid; Antirheumatic agents; Antibodies, monoclonal,
humanized/adverse effects.

Resumo

0 uso de imunobioldgicos no tratamento das doencas autoimunes ¢ cada vez mais frequente na pratica médica.
Terapias anti-TNF tém sido cada vez mais utilizadas nas doencas autoimunes refratarias, especialmente na artrite
reumatoide, com resultados promissores. Entretanto, o uso dessas terapias esta relacionado ao aumento do risco
do desenvolvimento de outras doencas autoimunes. Adicionalmente, o uso de agentes anti-TNF pode determinar
repercussdes pulmonares, como a reativacdo de infeccdes por micobactérias e fungos e o desenvolvimento de
sarcoidose e de outras doencas pulmonares intersticiais (DPIs). A associaciio de DPI e uso dos agentes anti-TNF,
em especial infliximabe e etanercepte, ja foi descrita. O adalimumabe ¢ a mais nova droga dessa classe, e algumas
publicacdes sugerem que seu uso pode determinar a indu¢do ou mesmo a exacerbacdo de DPls preexistentes.
Neste estudo, relatamos o primeiro caso de DP1 aguda secunddria a utilizacdo de adalimumabe, em uma paciente
portadora de artrite reumatoide sem DPI prévia no Brasil.

Descritores: Doencas pulmonares intersticiais; Artrite reumatoide; Antirreumaticos; Anticorpos monoclonais
humanizados/efeitos adversos.

Introduction

The use of immunobiological agents for the
treatment of autoimmune diseases is increasing
in medical practice. Anti-TNF therapies and
therapies with B-cell-depleting agents (rituximab)
have been increasingly used in refractory
autoimmune diseases, especially rheumatoid
arthritis (RA), systemic sclerosis, and systemic lupus
erythematosus, with promising results. The TNF is

an interleukin secreted by activated macrophages
and T cells as a common pathway in a series
of inflammatory, autoimmune, or neoplastic
responses; its blockade, whether in the form
of blockade of its receptors or in the form of
soluble antibodies, decreases adhesion molecule
expression on the endothelial surface, decreases
leukocyte migration, and inhibits the production

* Study carried out in the Department of Pulmonology, Heart Institute, University of Sdo Paulo School of Medicine Hospital das

Clinicas, Séo Paulo, Brazil.

Correspondence to: Olivia Meira Dias. Rua Capote Valente, 671, apto. 1401, Pinheiros, CEP 05409-002, Sdo Paulo, SP, Brasil.

Tel. 55 11 3069-5000. E-mail: meiradias@yahoo.com.br
Financial support: None.

Submitted: 9 November 2012. Accepted, after review: 25 January 2013.

J Bras Pneumol. 2013;40(1):77-81



78 Dias OM, Pereira DAS, Baldi BG, Costa NA, Athanazio RA, Kairalla RA, Carvalho CRR

of other inflammatory cytokines. However, the
use of such therapies has been associated with an
increased risk of developing other autoimmune
diseases, such as systemic lupus erythematosus,
autoimmune hepatitis, thyroiditis, and cutaneous
vasculitis. According to the literature, the use of
anti-TNF agents particularly in the lung is little
effective in controlling interstitial lung disease
(ILD) secondary to collagenosis, and can lead
to other complications, such as reactivation of
mycobacterial and fungal infections, as well as
sarcoidosis and other 1LDs."

There is evidence of an association between
ILD and the use of anti-TNF agents, etanercept
and infliximab in particular.’??. Adalimumab is
the newest drug in this class, and, because it
is a humanized monoclonal antibody, it would
have the potential advantage of being less
immunogenic than its precursors. However,
although adalimumab is infrequently used, some
authors have suggested that its use might induce
or exacerbate preexisting 1LDs.>

The objective of the present study was to
report the first case of acute 1LD secondary to
the use of adalimumab in Brazil, in a patient
with RA and without a history of 1LD.

Case report

A 62-year-old female patient with a 20-year
history of RA had been on methotrexate,
leflunomide, and prednisone. Because the
articular inflammatory process persisted, we
decided to start the patient on adalimumab,

continuing her on methotrexate. A chest X-ray
showed no changes suggestive of previous
tuberculosis or signs of incipient 1LD; and the
intradermal (PPD) test for tuberculosis was
negative (0 mm). One week after receiving the
second dose of adalimumab (40 mg weekly), the
patient started experiencing dry cough, dyspnea
on moderate exertion, and daily fever (38°C). At
that point, the results of chest X-ray, physical
examination, and laboratory tests, including
blood workup, were normal—hemoglobin, 13.1
g/dL; hematocrit, 39.2%; 8,380 leukocytes (75%
neutrophils, 0.4% eosinophil, 9.8% lymphocytes);
and 355,000 platelets, except for an increase in
inflammatory markers (C-reactive protein, 326
mg/dL; reference value < 3 mg/dL) and in ESR
(67 mm, reference value < 20.2 mm). Sputum
smears for AFB and blood cultures were negative.
The patient was started on empiric treatment
with levofloxacin; however, she continued to
have fever and dyspnea. A HRCT scan of the
chest, performed two weeks after symptom onset,
revealed ground-glass opacities, predominantly in
the upper and middle lung fields, associated with
areas of smooth interlobular septal thickening
(Figure 1). Therefore, a presumptive diagnosis
of ILD secondary to the use of adalimumab was
made. We decided to discontinue the patient
from the anti-TNF agent and methotrexate and
to continue her on low-dose prednisone (5 mg/
day). The patient showed progressive reduction
in dyspnea, remission of fever, and normalization
of inflammatory markers, without reactivation of
the articular inflammatory process. Three weeks

Figure 1 - HRCT scan of the chest showing pulmonary ground-glass opacities, predominantly in the upper
lobes, in A, and in the central regions, in B, associated with areas of smooth interlobular septal thickening

(arrows).
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after the onset of the condition, the results of
physical examination and spirometry were normal,
with an SpO, of 98% on room air. A second
HRCT, performed three weeks after symptom
onset, showed near-complete resolution of the
ground-glass areas (Figure 2).

Discussion

The pathogenesis of anti-TNF-agent-induced
lung injury remains unknown; TNF is believed to
exert a pro-fibrotic action by stimulating collagen
synthesis by fibroblasts and myofibroblasts.('?
In addition, an increased Th2-type lymphocyte
response,” the action of IFN-y unopposed by
TNF,? and the synergistic action of methotrexate
are speculated to play a role in the development
of lung injury.®112)

Clinical findings are nonspecific, and
include dry cough, fever, and dyspnea,® which
can be progressive or more intense after each
administration of the medication.®” Symptoms
can appear from one month® to three and a
half years after treatment initiation.” Findings
on HRCT can include ground-glass opacities,
foci of consolidation, reticulated patterns, and
traction bronchiectasis.®

Attributing lung injury to drugs and, in the
present case, to anti-TNF agents is a challenge. The
diagnosis is usually presumptive, and the causal
connection is determined by temporal association
between drug initiation and symptom onset
and by improvement after drug discontinuation,
always after excluding other etiologies. In such

patients, in the context of immunosuppression,
infection should be considered as an important
differential." 1t should be borne in mind that
the use of adalimumab has been associated
with cases of pulmonary cryptococcosis' and
disseminated mycobacteriosis." In this clinical
context, diffuse ground-glass opacities associated
with intralobular septal thickening should also
lead to the exclusion of other etiologies, such as
viral infections or infections with Pneumocystis
Jiroveci'® alveolar hemorrhage, pulmonary
congestion, and drug toxicity due to concomitant
treatment with methotrexate. Bronchoscopy and
bronchoalveolar lavage aid in the differential
diagnosis.

In the largest sample of patients with lung
injury secondary to anti-TNF therapy, 122 cases
were reported (3 of which were secondary to
adalimumab). The mean time to symptom onset
was 26 weeks. The most common histological
patterns were usual interstitial pneumonia,
organizing pneumonia, diffuse alveolar damage,
and even lymphocytic interstitial pneumonia. Of
the cases that were followed up until the outcome
was known, 40% experienced improvement in ILD,
25% had partial resolution of 1LD, and 35% had
no resolution of ILD, with death occurring in 29%
of the patients. Predictors of poor prognosis were
age > 65 years, late onset of symptoms, frequent
use of other immunosuppressants (especially
methotrexate), and a previous diagnosis of 1LD.
@ Despite an isolated report of improvement in
1LD with the use of this medication for RA,? it
is currently recommended that adalimumab and

Figure 2 - HRCT scan of the chest performed three weeks after the onset of the condition. A comparative
analysis of the slices shows significant spontaneous improvement in the ground-glass opacities, in relation
to the first scan, in the upper lung fields, in A, and at the level of the main carina, in B. There remain faint
ground-glass opacities together with slight reticular infiltrates in the subpleural regions, predominantly in

the right hemithorax, especially in the middle lobe.
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other anti-TNF drugs should not be contraindicated
in patients with preexisting 1LD or other lung
diseases but that caution should be exerted.('>10

The course of cases of adalimumab-
induced 1LD can vary from complete remission
after drug discontinuation alone to treatment
refractoriness,>® with rapid progression to
death.” The use of corticosteroids or intravenous
immunoglobulin, or both, should be considered
in selected cases. Because of the potential severity
of the patient’s condition, we decided in favor
of CT follow-up, with scans being performed
within a short interval of each other despite the
resulting radiation load.

Once it is confirmed that drug reaction has
occurred, it is not recommended that the drug
be reintroduced or even replaced with another
drug belonging to the same class of anti-TNF
agents.>'” Therefore, adalimumab, like other
anti-TNF drugs, should always be considered in
the list of drugs potentially causing lung injury.
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Add-on treatment with nebulized hypertonic saline in a child
with plastic bronchitis after the Glenn procedure***

Tratamento adjuvante com nebulizacdo de salina hipertonica em
uma crianca com bronquite pldstica apos operacio de Glenn

Grzegorz Lis, Ewa Cichocka-Jarosz, Urszula Jedynak-Wasowicz, Edyta Glowacka

Abstract

Plastic bronchitis (PB), although a rare cause of airway obstruction, has mortality rates up to 50% in children
after Fontan-type cardiac surgery. We present the case of an 18-month-old female patient with PB following
pneumonia. At 6 months of age, the patient underwent the Glenn procedure due to functionally univentricular
heart. Fiberoptic bronchoscopy revealed complete blockage of the left bronchus by mucoid casts. Pharmacotherapy
consisted of glucocorticosteroids, azithromycin, and enalapril maleate. The child also received nebulized 3%
NaCl solution, which proved to be beneficial. In children submitted to Fontan-type procedures, physicians must
be alert for PB, which can be triggered by respiratory tract infection.

Keywords: Bronchitis; Heart defects, congenital; Saline solution, hypertonic.

Resumo

A bronquite plastica (BP), embora uma causa rara de obstrucio de vias aéreas, apresenta taxas de mortalidade
de até 50% em criangas submetidas a cirurgia cardiaca do tipo Fontan. Apresentamos o caso de uma menina
de 18 meses de idade com BP secunddria a pneumonia. Aos 6 meses de idade, a paciente havia sido submetida
a operacdo de Glenn devido a coracdo funcionalmente univentricular. A fibrobroncoscopia revelou obstrucédo
completa do bronco esquerdo por moldes mucoides. A farmacoterapia consistiu em glicocorticosteroides,
azitromicina e maleate de enalapril. Adicionalmente, a crianca recebeu nebulizacdo de solucdo de NaCl a 3%,
que provou ser benéfica. Em criancas submetidas a operagdes do tipo Fontan, devemos nos manter alerta quanto
a BP, que pode ser desencadeada por infeccdo do trato respiratdrio.

Descritores: Bronquite; Cardiopatias congénitas; Solugéo salina hipertonica.

Introduction

Plastic bronchitis (PB), despite being a rare
cause of airway obstruction, has a high mortality
rate (up to 50%). Therefore, physicians should
maintain a high level of clinical suspicion of
PB, which is most often seen in children with
congenital heart disease (CHD) after Fontan-type
procedures. However, PB can also affect adults.!) In
addition, PB can occur due to pulmonary lymphatic
abnormalities, respiratory tract allergies, infectious
diseases, or acute chest syndrome in sickle cell
disease.”?) Anecdotally, PB has been reported in
cystic fibrosis patients and postoperatively in
heart transplant patients.#

In the pathophysiology of PB due to CHD,
Fontan circulation predisposes to dysfunction of
membranes, leading to leakage of proteinaceous

material into the airways. This can cause significant
obstruction by the formation of branching
gelatinous casts in the tracheobronchial tree. The
casts might be either spontaneously expectorated
or require bronchoscopy for their removal as a life-
saving procedure. Death due to airway obstruction
from a cast is not uncommon.? Clinical symptoms
and X-ray findings are nonspecific and might
mimic foreign body aspiration or severe asthma
exacerbation. There are two known types of casts,
differing histologically and in their composition®:
type 1—inflammatory, associated with underlying
inflammatory disease of the lung—consisting
of fibrin with eosinophilic, neutrophilic, and
lymphocytic infiltration; and type 2—acellular,
associated with pulmonary hypertension and heart
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insufficiency due to CHD—consisting of mucin,
with no infiltration. Because PB is rare, there
are no specific recommendations for treatment,
and therapeutic options are mainly based on
individual experience.

Case report

We present the case of an 18-month-old
female patient with PB following pneumonia.
At 2 months of age, the patient was hospitalized
due to pneumonia. At 6 months of age, she
underwent a palliative bidirectional Glenn
procedure (Fontan-type) due to CHD (double-
inlet and double-outlet ventricle with common
atrioventricular canal). The perioperative period
was uneventful. Echocardiography at 12 and 18
months of age showed proper heart function
(ejection fraction, 67%). At 18 months of age,
she was again hospitalized due to pneumonia
that remained unresolved after three courses
of antibiotics in the home setting. Infiltration
and atelectasis of the left upper lobe had been
clinically suspected (because of dullness and
diminished breath sounds over that region) and
was confirmed by a chest X-ray. Blood pressure
was normal. However, SpO, was approximately
50% (having previously been at 70-800%). In
addition, hypogammaglobulinemia was detected.
In the differential diagnosis, we excluded atopy,
cystic fibrosis, immunodeficiency disorders, viral
infections (with cytomegalovirus, Epstein-Barr virus,
and pneumotropic viruses), and fungal infections
(Aspergillus sp. and Candida sp.). Within a few
days, her coughs were more productive and there
was expectoration of small mucoid casts. Despite
antibiotic treatment, gamma-globulin replacement
therapy, oxygen therapy, and intensive chest
physiotherapy, as well as the use of nebulized
bronchodilators and mucolytics, there was no
clinical improvement. On post-admission day 17,
fiberoptic bronchoscopy (FB) revealed complete
obliteration of the left bronchus. Application
of suction allowed to remove bronchial casts,
followed by bronchial lavage of that region (Figure
1). Cultures of the bronchial lavage fluid were
negative for fungi and bacteria. Microscopic
analysis of the material collected revealed type-1
bronchial casts. After the bronchoscopy, the
inflammation of the left lobes was resolved.
Treatment with azithromycin, systemic and
inhaled steroids, © and enalapril maleate was
initiated, as was the use of nebulized 3% NaCl
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solution plus a bronchodilator. One week after
treatment initiation, a control FB revealed only
small fragments of casts, which were removed
easily and completely. On post-admission day
33, the patient was discharged.

Discussion

In children, PB is uncommon. In one study,
Madsen et al. reviewed 56 well-documented cases
of PB after cardiac surgery conducted prior to
2005.2 Thereafter, two groups of authors described
the cases of 32 adults and 22 children, respectively,
in China.”® In addition, two studies on PB were
carried out in Poland.®'9 To our knowledge, this
is the first reported case of PB in a child with
CHD in Poland. Our patient was 18 months old at
admission, with moderately severe symptoms of
PB, which differs from the two fatal cases of PB
after a Glenn procedure cited by Madsen et al.?
Patients with PB due to CHD tend to be younger
and have a poorer prognosis than do those with
PB due to other comorbidities. In our patient,
PB occurred 9 months after the Glenn procedure
and was triggered by a respiratory infection,
which is in agreement with other reports.?). The
present case highlights the fact that PB should
be considered in cyanotic children presenting with
asymmetry on chest examination, a history of
cardiac surgery, and moderately severe infectious
respiratory symptoms. Spontaneously expectorated
bronchial casts, as were those observed in the case
reported here, usually substantiate the diagnosis.
Hypothetically, the incidence of PB in children
is likely to be underdiagnosed because of the
difficulty in productive expectoration at this
age. Bronchoscopy could be a diagnostic and
treatment option in PB.? In our patient, we
managed to remove the bronchial casts during the
FB procedure. However, massive casts might require
rigid bronchoscopy. Histological examination is
important, although not always clinically relevant.
In cases of overlapping infection after cardiac
surgery, inflammatory casts might be present,
as was exemplified in our patient. This is also in
line with other reports, because respiratory tract
infection in children might be coincidental or
causative.!? In the present case, the results of
microscopic examination of the bronchial cast
justified the modification of the treatment to
the well-known options of azithromycin and
systemic corticosteroids. Our patient benefited
from the use of nebulized hypertonic saline (3%
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Figure 1 - Branching cast from the left bronchus.

NaCl), which, to our knowledge, was an empirical
treatment reported for the first time in a patient
with PB. Improvement in expectoration, lack of
cast recurrence, and a positive outcome were
observed. Other attempts, including the use
of aerosolized urokinase, tissue plasminogen
activator, and recombinant human DNase, as
well as extracorporeal membrane oxygenation,
have been reported anecdotally.® We did not
introduce sildenafil citrate, which has been reported
to be used successfully in combination with
epoprostenol.!™

In summary, children with a functionally
univentricular heart after a Fontan-type procedure
require constant vigilance on the part of physicians
for PB, which can be triggered by respiratory tract
infection. In some cases, FB might be suitable
for the removal of casts. Because of the vast
spectrum of underlying comorbidities, therapy
should be individualized, and the use of nebulized

hypertonic saline might be beneficial.
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Letier o the 18chitor

Tiotropium use and pulmonary function in
patients with constrictive bronchiolitis

Uso de tiotropio e funcdo pulmonar em
portadores de bronquiolite constritiva

Alexandre Melo Kawassaki, Leticia Kawano-Dourado, Ronaldo Adib Kairalla

To the Editor:

Tiotropium, a long-acting muscarinic
antagonist bronchodilator with well-established
use in COPD, has recognized activity in reducing
lung hyperinflation, as well as in relieving dyspnea
and improving exercise capacity in this population
of patients.!” In a recently published article,®
tiotropium was shown to be able to attenuate
TGF-B-induced airway remodeling. In addition,
the combination of albuterol and tiotropium has
been shown to elicit an acute response in patients
with constrictive bronchiolitis (CB) secondary
to graft-versus-host disease after bone marrow
transplantation, there being a significant variation
in FEV,, FVC, or both, in 7 of 17 patients tested.
®) Therefore, smooth muscle plays a significant
role in CB, and tiotropium might have an
inhibitory activity on bronchoconstriction and
airway remodeling.

Between January of 2004 and September of
2009, tiotropium was offered (HandiHaler, 18
pg; once a day for 30 days) to 11 consecutive
patients with CB. The diagnosis of these patients
is described below. Simple spirometric tests were
performed before and after tiotropium use, in
accordance with the Brazilian guidelines for
pulmonary function testing,” and 6 patients
underwent pre-treatment plethysmography.

Eight patients were female, with the mean
age at diagnosis being 49 + 11.6 years and the
mean age at initiation of tiotropium therapy
being 54.9 £ 11.0 years. Six patients had a history
of smoking, but only 2 had a history of greater
than 5 pack-years.

Nine patients had a history of significant
exposure (mold, metallurgical material, birds,
herbicides, paints, seeds, and plaster). Three
patients had a collagen disease (rheumatoid
arthritis, in 1; Sjogren’s syndrome, in 1; and both,
in 1); for these three patients, collagen disease
was considered the major etiological factor.
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All patients underwent chest CT, which revealed
direct signs of small airway disease (bronchial
wall thickening, bronchiectasis, bronchiolectasis,
centrilobular micronodules or opacities with a
tree-in-bud pattern) in 9 patients and an indirect
sign of small airway disease (mosaic attenuation)
in 2 patients.®

Seven biopsies (six surgical biopsies and one
transbronchial biopsy) were performed, all of
which showed the presence of CB. The 3 patients
with theumatic disease did not undergo lung
biopsy because their clinical, functional, and CT
findings were consistent with small airway disease,
whereas 1 patient did not undergo biopsy because
of his severe clinical status, but this patient had
clinical, functional, and CT findings of CB.

The treatments instituted before the initiation
of tiotropium therapy were as follows: systemic
corticosteroid therapy, in 8 patients; inhaled
corticosteroid therapy, in 7; long-acting B,
agonist therapy, in 4; methotrexate therapy, in 4;
macrolide therapy, in 3; azathioprine therapy, in 2;
chloroquine therapy, in 2; and cyclophosphamide
therapy, in 1. Two patients had transient clinical
and functional improvement, 1 of whom used
methotrexate and 1 of whom used a combination
of azathioprine, prednisone, and acetylcysteine.

We analyzed 22 simple spirometric tests (2
per patient; Table 1). The median duration of
tiotropium therapy was 21 days (interquartile range,
17.5-42.0), with a minimum of 14 days. The FVC
and FEV, values before and after tiotropium use
are shown in Figure 1. Six patients underwent
plethysmography at baseline, and all had normal
or increased TLC and increased RV, suggesting air
trapping, consistent with the clinical diagnosis
of CB. After the initiation of tiotropium therapy,
FEV, increased from 870 + 310 mL to 1,060 +
350 mL (18.7 + 9.2%; p = 0.0002) and FVC
increased from 1,520 = 500 mL to 1,800 + 420



Tiotropium use and pulmonary function in patients with constrictive bronchiolitis

87

Table 1 - FVC and FEV, before and after the initiation of tiotropium therapy in the patients studied and

percent change.?

Patient Pre-therapy  Post-therapy A, % Pre-therapy  Post-therapy A, %
FEV, L FEV, L FVG L FVG, L
1 0.99 (39) 1.41 (56) 30 1.69 (57) 2.06 (70) 18
2 1.09 (55) 1.35 (68) 19 1.39 (56) 1.72 (70) 19
3 0.46 (22) 0.51 (24) 10 1.10 (42) 1.18 (45) 7
4 1.13 (46) 1.22 (50) 7 2.53 (88) 2.51 (88) -1
5 0.54 (17) 0.77 (23) 30 0.89 (22) 1.61 (40) 45
6 0.98 (27) 1.19 (37) 18 1.85 (42) 2.25 (57) 18
7 1.21 (63) 1.43 (74) 15 1.85 (79) 2.11 (89) 12
8 0.75 (39) 0.88 (46) 15 1.33 (58) 1.45 (63) 8
9 1.29 (60) 1.42 (66) 9 1.88 (72) 1.98 (76) 5
10 0.42 (13) 0.51 (16) 18 0.92 (24) 1.24 (33) 26
1 0.66 (26) 1.02 (37) 35 1.24 (41) 1.64 (51) 24
Mean 0.87 (37) 1.06" (45) 19 1.52 (53) 1.80" (62) 17
“Values expressed as n (%). *p = 0.0002. **p = 0.0011.
FVC (1) @ FEV] L)
3.0 1.6
1.4
2.5 . /
2.0 — p = 0.0011 1.0 = .p=0000
/ /
1.5 — 0.8
1.0 e 0.6 _7/—
0.4
0.5 0.2
0 0

Pre-tiotropium Post-tiotropium

Pre-tiotropium Post-tiotropium

Figure 1 - Variation in FEV, (in A) and in FVC (in B) before and after tiotropium use. The darker lines

represent the mean values.

mL (16.5 £ 12.6%; p = 0.0011), whereas the
FEV /FVC showed no significant change (from
0.57 £ 0.11 to 0.58 + 0.12; p = 0.46). Figure
1 shows the change in FVC and FEV, for each
patient, as well as the mean values for the group.

The mean functional gain was 280 mL or
16.5% for FVC and 190 mL or 18.7% for FEV,,
values that are similar to those reported in patients
with COPD." Only 2 of the 11 patients did not
show improvement of greater than 100 mL in
FEV,, FVC, or both, and it was impossible to
predict the presence of response solely on the
basis of clinical characteristics.

Our findings show that patients with CB have
prolonged functional improvement with the use
of a drug with a recognized anticholinergic effect,
suggesting that acetylcholine plays a role in
the pathophysiology of CB through bronchial
smooth muscle contraction. To our knowledge,
this is the first case series showing spirometric

improvement with tiotropium use in patients
with CB of different etiologies, which justifies
the need for larger and longer studies to evaluate
the impact of tiotropium bromide use on the
progression of CB.>®
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Interstitial pneumonia following exposure to
fluorocarbon polymers

Pneumonia intersticial apds exposicdo a polimeros fluorocarbonados

Eduardo Algranti, Thais Mauad

To the Editor:

Perfluoroalkyl resins are compounds containing
hydrophobic alkyl chains, which are partially or
fully fluorinated. These resins are heat-resistant
(up to 260°C) thermoplastics used as coatings
in the metallurgical industry (because of their
mechanical and anti-adhesive resistance), as
waterproofing agents for coating fabric, in papers
used in the food industry, and in surface-active
products, waxes, and insecticide formulations.
As waterproofing agents, these resins are applied
by manually-compressed or motorized spraying
systems or by sprays. Reports of respiratory
symptoms or epidemics in countries in Europe,
Asia, and North America, totaling a few hundred
cases, are summarized in a 2009 document by
the Public Health Agency of Switzerland."” The
cases include patients with varying degrees of
clinical impairment. We report the first case of
interstitial pneumonia caused by exposure to
fluorocarbon resins in Brazil.

A 21-year-old male nonsmoker with interstitial
pneumonia and no history of respiratory disease
was evaluated at our facility. One year earlier,
the patient was employed at a furniture factory
specializing in the manufacture of sofas and
armchairs. He worked as a sofa assembler for
three months. Subsequently, he was transferred
to an adjacent room, where he filled cushions
with synthetic flakes and foams. In that same
room, a coworker performed the waterproofing
of the fabrics by using a manually-compressed
spraying system (Figure 1). The work area was a
rectangular enclosure of 30 m?, with no ventilation/
exhaust system, where there were waterproofing
product mists. One week later, he had flu-like
symptoms that resolved with withdrawal from
the workplace. When he returned to work, he
developed progressive dyspnea and cough, followed
by limitation of physical activities, such as playing
soccer and climbing stairs. One month later, he
sought treatment from a cardiologist, who started
clinical investigation. He continued to work, and
the symptoms gradually worsened. Three months

later, he had sudden pain in the left hemithorax
with worsening dyspnea, a pneumothorax was
diagnosed, and there was a finding of diffuse
ground-glass infiltration (Figure 2A). Twelve days
later, drainage resulted in unsatisfactory lung
expansion, and the patient underwent thoracotomy
and lung biopsy, which revealed desquamative
interstitial pneumonia (Figures 2B and 2C). One
month later, he was asymptomatic. A follow-up
CT scan showed apical and subpleural bullae
and a band in the left hemithorax, which was
associated with the area of previous surgical
manipulation. His alpha-1-antitrypsin level was
normal (183 mg/dL). The patient was started
on a 45-day course of prednisone. Spirometry
showed that FVC increased from 43%, before the
pneumothorax episode, to 72%, twelve months
later.

The onset of the condition occurred when the
patient was indirectly exposed to waterproofing
product mists, the waterproofing agent (Teximper”;
Teximper Comércio Importacdo e Exportacio Ltda,
Sio Paulo, Brazil) being composed of perfluoroalkyl
resin in a solvent. The parenchymal inflammation
was only identified after the pneumothorax. The
patient’s history included acute, short-term,
flu-like symptoms, which started a few days after
the change of sectors, followed by progressive
dyspnea and cough, which lasted for weeks prior
to hospitalization.

Exposure to fumes from fluorocarbon polymers
was first described as a cause of flu-like symptoms
related to products of thermal degradation of
polytetrafluoroethylene (PTFE or Teflon®), being
designated “polymer fume fever”® Subsequently,
cases of respiratory symptoms related to industrial
or household exposure to fluorocarbon polymers
were described.") Waterproofing agents contain
fluorocarbon resins, silicones, or waxes as active
elements. They are used in the form of sprays—
the main use of which is to waterproof shoes.
These sprays contain a propellant gas, a resin,
and a solvent. When they are applied, the solvent

J Bras Pneumol. 2014;40(1):89-91
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evaporates and the resin adheres to the fabric.
Heinzer et al.?) reported 6 cases of patients
hospitalized for respiratory failure following
household exposure between January and March
of 2003 in Switzerland. The products used were
of different brands; however, a little earlier, the
resin supplier had changed the solvent to heptane.
During the months in which the new formulation
was used, 153 cases of respiratory symptoms
were reported in Switzerland.

The mechanism of pulmonary toxicity is
unknown. An experimental study raised the
hypothesis of a direct effect on the surfactant,
because of polymer deposition on the alveolar
wall, increasing the surface tension and leading
to collapse.” A retrospective study evaluated 102
cases of individuals who had respiratory symptoms
following household exposure to sprays of acrylic
fluorocarbon resins.® Those authors concluded
that the findings could not be attributed to the
solvent present in the formulation because of
the high volatility of that solvent, and that the
clinical repercussions showed no association with
the magnitude of the exposure, or with personal
histories of smoking, atopy, and chronic lung
disease. Apparently, there is an association between
resin toxicity and resin particle diameter.© This
diameter is a function of the spray generation
mechanism (spray systems generate a greater
mass of particulate matter < 10 pm than do
pump systems) and the solvent (fast-evaporating
solvents, such as heptane, generate a greater
amount of small-sized particulate matter)."

Figure 1 - Manually-compressed resin spraying
system with a discharge valve. Note the presence of
droplets on the lens of the camera as a result of the
product spray.
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The CT images described in other case reports®”
are similar to the findings of the present case.
Histology showed extensive areas of alveolar
collapse, without a significant accumulation
of intra-alveolar macrophages, and with strong
staining of pneumocytes. Wallace & Brown” and
Ota et al.® reported similar findings in cases of
patients who underwent transbronchial biopsy.

Most of the cases reported or registered in
centers for the treatment of intoxication were
cured, either spontaneously or with corticosteroid
therapy. There have been few reports of cases
in which the DLCO remained abnormal and
fibrosis was established.”® Three deaths have
been reported.®®19

L” wOF AN
Figure 2 - In A, an HRCT scan showing left pneumothorax
and extensive bilateral areas of ground-glass attenuation.
In B, findings of desquamative interstitial pneumonitis
on histology of an open lung biopsy sample, revealing
that the architecture of the lung parenchyma and small
airways is intact, with mild interstitial thickening. There are
areas of alveolar filling with pooled alveolar macrophages,
without granuloma formation (H&E; scale bar, 200 pm).
In C, detail of Figure 2B showing alveolar septa with
reactive pneumocytes and intra-alveolar macrophage
accumulation (H&E; scale bar, 20 pm).
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In Brazil, waterproofing sprays for shoes
are sold in shoe stores, and the practice of
waterproofing upholstered chairs and sofas
is common. Ttems containing Teflon® are also
present in households. Little is said about the
toxicity of these products, toxicity that might be
associated with chemical pneumonias caused by
inhalation of aerosols containing fluorocarbon
polymers.
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Mixed pneumoconiosis due to silicates and hard metals
associated with primary Sjogren’s syndrome due to silica

Pneumoconiose mista por silicatos e metais duros associada a
sindrome de Sjogren primaria por silicatos

Pedro Gongalo de Silva Ferreira, Anténio Jorge Correia Gouveia Ferreira,
Lina Maria Rodrigues de Carvalho, Antonio Segorbe Luis

To the Editor:

Here, we describe the case of a 75-year-old
man who presented with a 3-year history of
progressive dyspnea on exertion (classified as grade
11/ on the modified Medical Research Council
scale) and persistent dry cough. He had worked
as a professional welder for 35 years, welding
alloys, polishing weldments by sandblasting and
steel blasting, and regularly performing isolation
of fixed appliances with asbestos fibers.

Treated in the primary care setting in the first
year, the patient developed recurrent scaly skin
lesions (exhibiting a lichenified/desquamative
pattern) on the limbs, Raynaud’s phenomenon,
sicca syndrome, and weight loss (5 kg). Physical
examination revealed that he was breathing
normally, with an SpO, of 95% and auscultatory
findings of basal inspiratory crackles, and that
there was no digital clubbing.

A chest X-ray showed reticular interstitial
changes. A CT scan of the chest showed
calcified mediastinal adenopathy exhibiting
an “eggshell” pattern, interlobular reticulation,
traction bronchiectasis, and septal thickening,
as well as areas of ground-glass opacity, alveolar
consolidation with a peribronchovascular
distribution, and areas of pleural thickening
(Figure 1).

The patient underwent a skin biopsy, which
showed non-specific lichenoid changes. A BAL,
performed at the level of the middle lobe (right
bronchus, 4a), revealed a total cell count of
130,000 cells/mL, with 40% lymphocytes and 16%
neutrophils, as well as negative microbiological
and cytological findings. Immunophenotyping
showed a predominance of CD8 T lymphocytes
(CD4/CD8 ratio = 0.68) and B lymphocytes (20%).
The inorganic fraction showed no asbestos bodies
and was sent for determination of the levels of
hard metals and silicates by inductively coupled
plasma-atomic emission spectrometry. This study
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showed high levels of silica, copper, cobalt,
chromium, rubidium, molybdenum, and zinc.

Laboratory testing revealed that the patient
had a hemoglobin level of 11.6 g/dL, normal
inflammatory markers, a creatinine level of 1.0
mg/dL, and an inactive urinary sediment, as well
as having a beta-2 microglobulin level of 6.56
mg/L and a serum angiotensin-converting enzyme
level of 127 U/L. In addition, he had polyclonal
hypergammaglobulinemia (1gG and 1gA) and
positive antinuclear antibodies (anti-SSA60 and
anti-SSB antibodies) at high titers. Schirmer’s
test confirmed xerophthalmia (right eye, 9 mm;
left eye, 7 mm).

Functionally, the patient had a moderate
restrictive pattern (Tiffeneau index, 80; FEV,,
70.9%; FVC, 66.8%; TLC, 64.6%; and RV,
68.4%), moderately reduced DLCO (51.2% of
predicted), and a short six-minute walk distance
with desaturation of 5%.

A surgical lung biopsy showed foci of fibroblast
proliferation, macrophages with anthracotic
pigmentation and birefringent particles suggestive
of silicates, multinucleated giant cells along the
bronchoalveolar axes and interlobular septa, as
well as alveolar macrophage desquamation and
diffuse pleural fibrosis (Figure 2).

A diagnosis of mixed pneumoconiosis due
to silica, hard metals, and asbestos, associated
with primary Sjogren’s syndrome (SS) with
possible pulmonary parenchymal involvement,
was established. The patient was started on a
four-month course of 0.5 mg/kg prednisolone,
which resulted in decreased dyspnea on exertion
and complete resolution of the skin lesions,
although there was only slight improvement in
radiological findings and in DLCO.

The concomitant diagnosis of late-onset
primary SS, established in accordance with the
criteria proposed by the European American
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Figure 1 - Initial radiological findings. In A, chest X-ray showing a reticular interstitial pattern predominantly in

the lower lung fields, already denoting some loss of volume. In B-E, CT scan showing septal thickening patterns,
traction bronchiectasis, small areas of ground-glass opacity, and consolidation with a peribronchovascular

distribution.

Consensus Group, may be related to the long-
term exposure to silica, which is in agreement
with the few existing reports in the literature.
(-3 In fact, it has been shown that intense
exposure to silica can lead to the development
of autoimmune processes, namely systemic
sclerosis,” rheumatoid arthritis,” and primary
SS,U- in a proportion of exposed workers. In
this context, alveolar lymphocytosis has been
correlated with pulmonary involvement in SS and
with unfavorable prognosis.®) In the present case,
the finding of peribronchovascular lymphocytic
infiltration with a significant proportion of B
lymphocytes may be related to parenchymal
infiltration attributable to SS. The correct exclusion
of lymphoma was essential.

The pneumoconiotic component, radiologically
expressed by inflammatory changes and fibrotic
involvement, manifests histologically as a periseptal
and peribronchovascular fibroblastic reaction, as
well as by the presence of macrophages with
anthracotic pigmentation and birefringent particles.
The observed patterns of alveolar desquamation
and giant cell reaction are the ones that are
typically seen in hard metal lung disease.®® The
areas of diffuse pleural fibrosis are relatable to
exposure to asbestos.

Typical histology of parenchymal disease due
to hard metals corresponds to the pattern of
interstitial fibrosis with giant cell reaction and
foci of desquamative interstitial pneumonia with
or without bronchiolitis obliterans.©® In some
cases, there can be sarcoid features or only a
mixed-dust pneumoconiosis pattern.

Lung mineralogical analysis is useful in the
etiological detection of particles in pneumoconiosis.”
In the present case, the BAL fluid levels of silicates
and hard metals were determined by inductively
coupled plasma-atomic emission spectrometry.
This type of information makes it possible to
document occupational exposure, which is often
mixed in nature, several decades after exposure was
discontinued, assisting in the etiological identification
of some occupational respiratory diseases.” Although
direct analysis of lung biopsy/autopsy specimens
is the most direct marker to determine particle
accumulation, BAL fluid analysis is simpler and
yields results that show good agreement with those
obtained from tissue specimens.”” However, biopsy is
essential in cases in which the differential diagnosis
with sarcoidosis is required.

The hard metals most widely used in industry
are tungsten carbide, molybdenum carbide, and
chromium carbide—cobalt and nickel being
alloying elements—and they can induce antigen-
specific immune responses in the lung as well
as innate immune responses characterized by
inflammation and triggered by oxidative injury.
® Of the elements detected in patient BAL fluid
samples, silica, chromium, molybdenum, cobalt,
and zinc have all been associated with Tung fibrosis
or pneumoconiosis." 1t is known, however, that
high concentrations of particles in tissues or
body fluids indicate significant exposure but not
necessarily disease. Nevertheless, when used in
cases of heavy exposure and suggestive clinical,
radiological, and histological findings, such as the
present case, determination of the levels of hard
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Figure 2 - Photomicrographs of histological sections of surgical lung biopsy specimens. In A, chronic
inflammatory infiltrate and septal fibrosing reaction (H&E; magnification, x40). In B, active fibroblastic
foci (HHF35; magnification, x100). In C, macrophages with anthracotic pigmentation and birefringent
silica particles, as well as multinucleated giant cells along the bronchoalveolar axes and interlobular septa
(HPX; magnification, x400). In D, lymphocytic inflammatory infiltrate with T cells (CD3; magnification,
x100). In E, foci of B cells (CD20+) in the chronic inflammatory infiltrate (CD20; magnification, x40). In
F, predominance of T cells with a CD8 immunophenotype (CD8; magnification, x200).

metals is a valuable element in the diagnosis of Given the large number of workers involved, a
less common types of pneumoconiosis, as well  better understanding of the impacts of exposure
as in the understanding of their pathogenesis.”  to welding fumes on pulmonary function will

J Bras Pneumol. 2014;40(1):92-95



Mixed pneumoconiosis due to silicates and hard metals associated 95

with primary Sjégren’s syndrome due to silica

be important for the development of better
prevention strategies.
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Mounier-Kuhn syndrome: a rare and often overlooked cause
of bronchial dilation and recurrent respiratory tract infections

Sindrome de Mounier-Kuhn: uma causa rara e muitas vezes negligenciada
de dilatacdo bronquica e de infeccoes recorrentes do trato respiratorio

Shailendra Kapoor

To the Editor:

1 read with great interest the recent article
by Garcia et al.!" 1t should be noted that one
rare, often overlooked and underrecognized,
cause of respiratory tract infections and bronchial
dilation is Mounier-Kuhn syndrome (MKS).
The primary feature of MKS, also known as
“tracheobronchopathia malacia”, is congenital
tracheal dilation accompanied by dilation of the
main bronchi.” The dilation occurs secondary to
muscular layer degeneration of the trachea and
bronchi. Tracheal dilations as large as 36 mm
have been reported in MKS. The syndrome most
often affects adults between 30 and 40 years of
age, predominantly males.”) 1t is rarely diagnosed
in pediatric patients and usually accompanies
disorders such as cutis laxa. There are numerous
presentations of MKS. For instance, Randak et al.
recently reported the case of a patient with MKS
who developed concurrent tracheal diverticula.”

Patients with MKS typically develop recurrent
lower respiratory tract infections. Such patients
can also develop rare forms of bacterial infections.
For instance, Arroyo-Cdzar et al. recently described
the case of a 75-year-old male with MKS who
developed a respiratory infection with Alcaljgenes
xylosoxidans.” Recurrent bronchiectasis and
pneumonia are frequently seen. Patients might
also present with intermittent dyspnea. Cough-
induced syncope is often seen. Hemoptysis is
rare but has been reported. Pulmonary fibrosis
can further complicate the course of the disease,
as can emphysema. Rapid progression of the
disease can result in respiratory failure. Although
recently reported by Dincer et al.,© vocal cord
paralysis is rarely seen in MKS patients.

Imaging with CT goes a long way toward
confirming the diagnosis of MKS.” Such imaging,
especially HRCT scans, typically reveal widening
of the trachea and main bronchi. When the
tracheal diameter exceeds 30 mm, a formal
diagnosis of MKS can be made.® Other diagnostic
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criteria include a right main bronchus diameter
greater than 24 mm or a left main bronchus
diameter greater than 23 mm. The widening
is accompanied by marked bronchiectasis.®
A few patients develop pneumothorax. Some
patients initially present with a pneumothorax
that reveals the underlying MKS. For instance,
in a recent report of the case of a 54-year-old
patient presenting with left-sided pneumothorax,
further evaluation revealed the underlying cause
to be MKS.® Significantly dilated airways are
typically seen on bronchoscopic evaluation.
The results of pulmonary function tests can be
normal or abnormal.

The management of MKS primarily involves
the institution of supportive measures. Antibiotics
need to be started immediately in patients with
respiratory tract infections.” Chest physiotherapy
is advised in most patients. Laser therapy is
another emerging alternative. Dutau et al. recently
reported the successful management of a patient
with MKS by the use of yttrium-aluminum-garnet
laser endoscopically."? Collapse of the tracheal
airway might necessitate endobronchial stenting.
Odell et al. recently reported considerable success
with such stenting.!"” Another surgical procedure
that can be considered in patients with severe
forms of MKS is tracheobronchoplasty.

1t is obvious that MKS is a rare yet significant
cause of respiratory tract infections. 1t should
be included in the differential diagnosis of
patients with lower respiratory tract infections
and concurrent tracheal dilation on imaging.

Shailendra Kapoor
Physician, Private Practice,
Chicago, 1L, USA
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Respuesta de los autores:

Luego de leer la interesante descripcion del
sindrome de Mounier-Kuhn, en la cual cita

el articulo de las diferencias tomograficas y
funcionales entre la EPOC severa relacionada
con humo de lefia y con cigarrillo, es importante
aclarar que hay diferencias significativas en el
compromiso de la via aérea entre los pacientes
con este sindrome y la EPOC por humo de
lefia. Aunque las dilataciones y engrosamiento
bronquial son frecuentes en la EPOC por
exposicion a humo de lefia, no encontramos
en las imagenes tomograficas dilatacion de la
traquea y los bronquios principales," que es la
principal caracteristica del sindrome de Mounier-
Kuhn. Los hallazgos en nuestras pacientes de
compromiso bronquial y atelectasias, sin dafio
aparente de traquea o bronquios fuente, estan
de acuerdo a la descripcion realizada por Moreira
et al.?) en otro articulo del mismo numero de la
revista. Adicionalmente, los pacientes con EPOC
relacionada con el humo de la lefia comparten
algunas caracteristicas clinicas con la EPOC por
tabaquismo e infrecuentemente se presentan
infecciones bacterianas por gérmenes inusuales.
Por la presentacidn de bronquiectasias tanto
en la EPOC por lefia como en el sindrome de
Mounier-Kuhn, las dos entidades deben tenerse
en cuenta en el diagndstico diferencial del adulto
con enfermedad bronquial cronica.

Mauricio Gonzalez-Garcia
Médico, Fundacion Neumoldgica
Colombiana, Bogota, Colombia
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This corrects the article “The chest and aging: radiological findings” published in 2012 n38v5;
p. 656-65.

In J Bras Pneumol. 2012;38(5):656-65, Hochhegger B, Meireles GP, Irion K, Zanetti G, Garcia E, Moreira J, Marchiori
E. “The chest and aging: radiological findings”, the names of the authors are Bruno Hochhegger, Gustavo Souza
Portes Meirelles, Klaus Irion, Glaucia Zanetti, Eduardo Garcia, José Moreira e Edson Marchiori (Hochhegger B,
Meirelles GS, Trion K, Zanetti G, Garcia E, Moreira J, Marchiori E).
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only at the request of the Editors or after the authors have
consulted and been granted permission by the Editorial
Board. The text accompanying such essays should not
exceed 3000 words, excluding the references and tables.
No more than 12 illustrations (figures and tables) may be
used, and the number of references may not exceed 30.

Case Reports: Case Reports should not exceed 1500
words, excluding title page, abstract, references and illus-
trations. The text should be composed of: Introduction,
Case Report, Discussion and References. 1t is recommended
that any and all information that might identify the patient
be withheld, and that only those laboratory exams that are
important for the diagnosis and discussion be presented.
The total number of illustrations (figures or tables) should
not exceed three, and the number of references should be
limited to 20. When the number of cases presented exceeds
three, the manuscript will be classified as a Case Series,
and the same rules applicable to an original article will be
applied.

Brief Communications: Brief communications should
not exceed 1500 words, excluding references and tables.
The total number of tables and figures should not exceed
two, and the references should be limited to 20. The text
should be unstructured.

Letters to the Editor: Letters to the Editor should be
succinct original contributions, not exceeding 800 words
and containing a maximum of 6 references. Comments
and suggestions related to previously published materials
or to any medical theme of interest will be considered for
publication.

Tables and Figures: All tables and figures should
be in black and white, on separate pages, with legends
and captions appearing at the foot of each. All tables
and figures should be submitted as files in their original
format. Tables should be submitted as Microsoft Word
files, whereas figures should be submitted as Microsoft
Excel, TIFF or JPG files. Photographs depicting surgical
procedures, as well as those showing the results of exams
or biopsies, in which staining and special techniques were
used will be considered for publication in color, at no addi-
tional cost to the authors. Dimensions, units and symbols
should be based on the corresponding guidelines set forth
by the Associagdo Brasileira de Normas Técnicas (ABNT,
Brazilian Association for the Establishment of Technical
Norms), available at: http://www.abnt.org.br.

Legends: Legends should accompany the respec-
tive figures (graphs, photographs and illustrations)
and tables. Each legend should be numbered with an
Arabic numeral corresponding to its citation in the text.
In addition, all abbreviations, acronyms, and symbols
should be defined below each table or figure in which they
appear.

References: References should be listed in order of their
appearance in the text and should be numbered consecu-
tively with Arabic numerals. The presentation should follow
the Vancouver style, updated in October of 2004, according
to the examples below. The titles of the journals listed
should be abbreviated according to the style presented
by the List of Journals Indexed in the Index Medicus of
the National Library of Medicine, available at: http://
www.ncbi.nlm.nih.gov/entrez/journals/loftext.noprov.html.
A total of six authors may be listed. For works with more
than six authors, list the first six, followed by ‘et al.’

Examples:

Journal Articles

1. Neder JA, Nery LE, Castelo A, Andreoni S, Lerario MC,
Sachs AC et al. Prediction of metabolic and cardio-
pulmonary responses to maximum cycle ergometry: a
randomized study. Eur Respir J. 1999;14(6):1204-13.

Abstracts

2. Singer M, Lefort J, Lapa e Silva JR, Vargaftig BB.
Failure of granulocyte depletion to suppress mucin
production in a murine model of allergy [abstract]. Am
J Respir Crit Care Med. 2000;161:A863.

Chapter in a Book

3. Queluz T, Andres G. Goodpasture’s syndrome. In: Roitt
1M, Delves PJ, editors. Encyclopedia of Immunology.
1st ed. London: Academic Press; 1992. p. 621-3.

Official Publications

4. World Health Organization. Guidelines for surveillance

of drug resistance in tuberculosis. WHO/Tb,
1994;178:1-24.
Theses

5. Martinez TY. Impacto da dispnéia e pardmetros
funcionais respiratorios em medidas de qualidade de
vida relacionada a saude de pacientes com fibrose
pulmonar idiopatica [thesis]. Sdo Paulo: Universidade
Federal de Sdo Paulo; 1998.

Electronic publications

6. Abood S. Quality improvement initiative in nursing
homes: the ANA acts in an advisory role. Am J Nurs
[serial on the Internet]. 2002 Jun [cited 2002 Aug
12]; 102(6): [about 3 p.]. Available from: http://www.
nursingworld.org/AJN/2002/june/Wawatch.htm

Homepages/URLs

7. Cancer-Pain.org [homepage on the Internet]. New
York: Association of Cancer Online Resources, Inc.;
€2000-01 [updated 2002 May 16; cited 2002 Jul 9].
Available from: http://www.cancer-pain.org/

Other situations:

In other situations not mentioned in these author
instructions, authors should follow the recommendations
given by the International Committee of Medical Journal
Editors. Uniform requirements for manuscripts submitted
to biomedical journals. Updated October 2004. Available at
http://www.icmje.org]/.

All correspondence to the Jornal Brasileiro de
Pneumologia should be addressed to:

Prof. Dr. Carlos Roberto Ribeiro de Carvalho
Editor-Chefe do Jornal Brasileiro de Pneumologia
SCS Quadra 01, Bloco K, Salas 203/204 - Ed. Denasa.
CEP: 70.398-900 - Brasilia - DF, Brazil
Telefones/Fax: 0xx61-3245-1030, Oxx61-3245-6218

Jornal Brasileiro de Pneumologia e-mail address:

jpneumo@jornaldepneumologia.com.br
(Editorial assistant: Luana Campos)

Online submission of articles:
www.jornaldepneumologia.com.br



SBPT2014

XXXVII Congresso Brasileiro de Pneumologia e Tisiologia
Xl Congresso Brasileiro de Endoscopia Respiratéria

De 07 a 11 de outubro de 2014 - Expogramado

Gramado — RS

Nosso Proximo grande encontro Realizacao
ja tem data marcada...

Nos vemos em Gramado!



Estaduais da Sociedade Brasileira de Pneumologia e Tisiologia

SOCIEDADE DE PNEUMOLOGIA E TISIOLOGIA DO MATO GROSSO DO SUL

ASSOCIAGAO CATARINENSE DE PNEUMOLOGIA E TISIOLOGIA

Presidente:
Secretario:
Endereco:

Tel:
E-mail:

Alberto Chterpensque

Camilo Fernandes

Rodovia SC 401, km 04, 3854 — Saco Grande —
Floriandpolis- SC - CEP-88032-005.

(48) 3206-5404

acapti@yahoo.com.br

ASSOCIAGAO DE PNEUMOLOGIA E CIRUGIA TORACICA DO ESTADO DO

RIO GRANDE DO NORTE
Presidente:
Secretario:
Enderego:

CEP:
Telefone:
E-mail:

Sérvulo Azevedo Dias Junior

Felipe Costa de Andrade Marinho

Rua Coronel Auris Coelho, 235 - 2° ANDAR —
Hospital do Coragao

59.020-090 - Natal - RN

(84)4009-2030 - (84) 9196-4800
sopern.sbpt@gmail.com

ASSOCIAGAO MARANHENSE DE PNEUMOLOGIA E CIRURGIA TORACICA

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

Maria do Rosario da Silva Ramos Costa
Denise Maria Costa Haidar

Travessa do Pimenta, 46 - Olho D'Agua
65.065-340 - S&o Luis — MA

(98) 3226-4074 Fax: (98) 3231-1161
rrcosta29@hotmail.com

ASSOCIAGAO PARAENSE DE PNEUMOLOGIA E TISIOLOGIA

Presidente:
Secretario:
Endereco:

CEP:
Tel:
E-mail:

Carlos Augusto Abreu Albério

Méarcia Cristina Corréa Vasconcelos

Faculdade de Medicina - Praga Camilo Salgado - 1 -
Umarizal

66050-060 - Belém — PA

(91)8115-5048

ca.alberio@uol.com.br

SOCIEDADE ALAGOANA DE PNEUMOLOGIA

Presidente:
Secretaria:
Enderego:
CEP:
Telefone:
Email:

Anatercia Passos Cavalcanti

Seli Aimeida

Rua Walfrido Rocha 225 - Jatiuca
57.036-800 - Maceid — AL

(82) 33266618 Fax: (82)3235-3647
sociedadealagoana.dt@gmail.com

SOCIEDADE AMAZONENSE DE PNEUMOLOGIA E CIRURGIA TORACICA

Presidente:
Secretario:
Enderego:

CEP:
Telefone:
E-mail:

Edson de Oliveira Andrade

Mario Sérgio Monteiro Fonseca

Rua Paraiba Conj. Abilio Nery, 2 quadra H -
Adrianépolis

69057-021- Manaus — AM

(92)3642-3864
dredsonandrade@gmail.com

SOCIEDADE BRASILIENSE DE DOENGAS TORACICAS

Presidente:
Secretario:
Enderego:
CEP:
Tel/fax:
E-mail:

Eduardo Felipe Barbosa Silva
Benedito Francisco Cabral Jr

Setor de Clubes Sul, Trecho 3, Conj. 6
70.200-003 - Brasilia — DF

(61) 3245-8001

sbdt@ambr.org.br

SOCIEDADE CEARENSE DE PNEUMOLOGIA E TISIOLOGIA

Presidente:
Secretaria:
Enderego:
CEP:
Telefone:
E-mail:

Filadélfia Passos Rodrigues Martins

Micheline Aquino de Paiva

Av. Dom Luis, 300, sala 1122, Aldeota
60160-230 - Fortaleza — CE

(85) 3087-6261 - 3092-0401
assessoria@scpt.org.br — site: www.scpt.org.br

SOCIEDADE DE PNEUMOLOGIA DA BAHIA

Presidente:
Secretaria:
Endereco:

CEP:
Tel/fax:
E-mail:

Margarida Célia Lima Costa Neves

Nélia Claudia Araujo

Av. Oceanica, 551 - Ed. Barra Center - sala 112 -
Barra

40.160-010 - Salvador — BA

(71) 3264-2427

spba@terra.com.br site: www.pneumobahia.com.br

SOCIEDADE DE PNEUMOLOGIA DO ESPIRITO SANTO

Presidente:
Secretaria:
Endereco:

CEP:
Telefone:
E-mail:

Firmino Braga Neto

Cilea Aparecida Victoria Martins

Rua Eurico de Aguiar, 130, Sala 514 —Ed. Blue Chip
- Praia do Campo

29.055-280 - Vitoria — ES

(27) 3345-0564 Fax: (27) 3345-1948
firminobn@yahoo.com.br

SOCIEDADE DE PNEUMOLOGIA E TISIOLOGIA DO MATO GROSSO

Presidente:
Secretario:
Endereco:

CEP:
Telefone:
E-mail:

Ayrdes Benedita Duarte dos Anjos Pivetta
Paulo Cesar da Silva Neves

Avenida Erico Preza, 1275 Res. Alphaville
- Rua Das Mangabas 1440 - Jardim Italia
78060-758- Cuiaba — MT

(65)99779367

dpivetta@terra.com.br

Presidente:
Secretaria:
Enderego:

CEP:
Telefone:
E-mail:

Angela Maria Dias de Queiroz
Lilian Andries

Rua Dr. Arthur Jorge n°® 2117 - 902,
Bairro Sao Francisco

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

SOCIEDADE DE PNEUMOLOGIA E TISIOLOGIA DO RIO DE JANEIRO

Presidente:
Secretario:
Enderego:

CEP:
Tel/fax:
E-mail:

Domenico Capone

Thiago Thomaz Mafort

Rua da Lapa, 120 - 3° andar -

salas 301/302 - Lapa

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:

Marcelo Tadday Rodrigues

Paulo Roberto Goldenfun

Av. Ipiranga, 5.311, sala 403

90.610-001 - Porto Alegre — RS

(51) 3384-2889 Fax: (51) 3339-2998
sptrs@sptrs.org.br site: www.sptrs.org.br

SOCIEDADE GOIANA DE PNEUMOLOGIA E TISIOLOGIA

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

Paulo Menzel Galvao

Adriana Resplande

Av. T 12, Quadra 123, Lote 19, n° 65 - Setor Bueno
74.223-040 - Goiania — GO

(62) 3087-5844

sgpt2007 @gmail.com

SOCIEDADE MINEIRA DE PNEUMOLOGIA E CIRURGIA TORACICA

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

Flavio Mendonga Andrade da Silva
Munira Martins de Oliveira

Av. Jodo Pinheiro, 161 - sala 203 - Centro
30.130-180 - Belo Horizonte — MG

(31) 3213-3197

smpct@smpct.org.br

SOCIEDADE PARAIBANA DE PNEUMOLOGIA E CIRURGIA TORACICA

Presidente:
Secretario:
Enderego:
CEP:
Telefone:
E-mail:

Geraldo Antonio de Medeiros

Paulo Roberto de Farias Braga
Dr.Severino Cruz,277-Centro
58400258 - Campina Grande-Paraiba
(83)33214498 e 99715554
gadmedeiros@hotmail.com

SOCIEDADE PARANAENSE DE TISIOLOGIA E DOENGAS TORACICAS

Presidente:
Secretario:
Enderego:

CEP:
Tel/fax:
E-mail:

Carlos Eduardo do Valle Ribeiro

Mariane Gongalves Martynychen Canan

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

80240-000 - Curitiba — PR

(41) 3342-8889

contato@pneumopr.org.br site: www.pneumopr.org.br

SOCIEDADE PAULISTA DE PNEUMOLOGIA E TISIOLOGIA

Presidente:
Secretario:
Enderego:

CEP:
Telefone:
E-mail:

Oliver Augusto Nascimento

Bruno Guedes Baldi

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

04.044-000 Sao Paulo — SP

0800 17 1618

sppt@sppt.org.br site: 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 Jo&o 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

R. Areolino de Abreu, 1674. Centro
64000-180 - Teresina — Pl

(86) 3226-1054
cromwellmelo@hotmail.com

SOCIEDADE SERGIPANA DE PNEUMOLOGIA E TISIOLOGIA

Presidente:
Secretario:
Endereco:

CEP:
Telefone:
E-mail:

José Barreto Neto

Almiro Oliva Sobrinho

Av. Gongalo Prado Rollemberg, 211, Sala 206,
Bairro Sao José

49010-410 - Aracaju - SE

(79) 3213-7352

j-barreto@uol.com.br



Eventos 2014

NACIONAIS

Curso de Ventilagfio e Sono
Data: 27 a 29 de marco de 2014 Local: Hotel Novotel,
S3o Paulo/SP
Informacdes: Secretaria da SBPT
Portal: www.sbpt.org.br / Telefone: 0800616218

Curso de Atualizaglio 2014
Data: 24 a 26 de abril de 2014 Local: Hotel Atlantico
Buzios, Buzios/RJ.
Informacoes: Secretaria da SBPT
Portal: www.sbpt.org.br / Telefone: 0800616218

XXXVI Congresso Brasileiro de Pneumologia e

Data: 07 a 11 de outubro de 2014 Local:
Expogramado, Gramado/RS
Informacoes: Secretaria da SBPT

Portal: www.sbpt.org.br / Telefone: 0800616218

TESTES DE FUNCAO PULMONAR?
Easy

EasyOne PRO

- ESPIROMETRO DIGITAL

- ULTRASSONICO

- CALIBRACAO ANUAL GRATUITA .

- NAO PRECISA DE SERINGA DE CALIBRACAO

Portatil, pesa 300 gramas, cabe no bolso, uso independe do computador.
400 exames com 2 pilhas alcalinas tamanho AA.

4 tipos de testes pulmonares: capacidade vital forcada (FVC), FVC com
alca inspiratéria (FVL), capacidade vital lenta (SVC) e ventilagao voluntaria
maxima (MWV).

Programa EasyWare com atualizacao gratuita vitalicia.

Gera relatorios em qualquer impressora.

Memoriza mais de 500 exames no easyone e memdria ilimitada no PC.
Exames em tempo real com visualizacao do sopro no pc.

© FLEXIIMED

COMERCIO E SERVICOS DE PRODUTOS MEDICOS HOSPITALARES LTDA

INTERNACIONAIS

CHEST World Congress
Data: 21 a 24 de marco de 2014 Local: Madrid/
Espanha
Informacées: www.chestnet.org

ATS 2014
Data: 16 a 21/05/2014
Local: San Diego/CA
Informacgées: www.thoracic.org

ERS 2014
Data: 06 a 10 de setembro de 2014
Local: Munique/Alemanha
Informagdes: www.ersnet.org

Chest 2014
Data: 25 a 30 de outubro de 2014
Local: Austin/Texas
Informacées: www.chestnet.org

- SISTEMA PORTATIL DE ANALISES
RESPIRATORIAS

- INCLUI ESPIROMETRIA E TESTES DE _
CAPACIDADE PULMONAR POR DIFUSAO
DE MONOXIDO DE CARBONO (DLCO)

Segue as diretrizes da ATS, simples, eficiente, rapido e confiavel.
Nao necessita de gases de calibragao.

Realiza um teste completo de DLCO em apenas 3 minutos.

Sem manutencao preventiva, limpeza de sensores, troca de gases,
tempo aquecimento e problemas de qualidade.

Tela colorida sensivel ao toque.

Manual de operacdo em portugués acessivel pela tela do aparelho.
Preparado para possivel modulo de expansao com a medicéo da
capacidade residual funcional (FRC).

Rua Padre Chico, 85 - Cj84 - Perdizes - Sao Paulo/SP
Tel.: (11) 3864-6923 / 3864-2666 - Fax: (11)3864-4875
www.fleximed.com.br -

e-mail: vendas@fleximed.com.br



3

fumarato de formoter

diidratado/budeson ; 0NICO SPRAY

formoterol/budesonida’

@ Controle RAPIDO e SUSTENTADO da Asma.?

ALCANCE DAS PEQUENAS VIAS AEREAS,
50% a 70% de particulas finas.®

O programa de satide e bem-estar

0800 014 5578 (opsio2)

www.programafazbem.com.br

e @ NAO PRECISA ser conservado em geladeira.

Referéncias bibliograficas: 1. Morice AH, Peterson S, Beckman 0, Kukova Z. Efficacy and safety of a new pressurised metered-dose inhaler formulation of budesonide/formoterol in children with asthma: a superiority and
therapeutic equivalence study. Pulm Pharmacol Ther.2008;21(1):152-9. 2. Noonan M, Rosenwasser LJ, Martin P, 0'Brien CD, 0’Dowd L. Efficacy and safety of budesonide and formoterol in one pressurised metered-dose inhaler
in adults and adolescents with moderate to severe asthma: a randomised clinical trial. Drugs.2006;66(17):2235-54. 3. Chambers F, Ludzik A. In vitro drug delivery performance of a new budesonide/formoterol pressurized
metereddose inhaler. Journal of aerosol medicine and pulmonary drug delivery. 2009 Jun;22(2):113-20.

VANNAIR® 6/100 mcg/inalagao e VANNAIR® 6/200 mcg/inalacéo (fumarato de formoterol di-hidratado/budesonida) VANNAIR®
(fumarato de formoterol di-hidratado/budesonida) é composto por substancias que possuem diferentes modos de agéo e que apresentam
efeitos aditivos em termos de reducéo da asma do que outros produtos isoladamente. A budesonida é um glicocorticosterdide que tem uma
rapida (dentro de horas) e dose-dependente acéo antiinflamatoria nas vias aéreas e o formoterol & um agonista beta-2-adrenérgico seletivo
de inicio de ago réapido (1-3 minutos) e de longa durago (pelo menos 12 horas). Indicagées: VANNAIR esta indicado no tratamento da
asma nos casos em que 0 uso de uma associagao (corticosterdide inalatorio com um beta-2 agonista de agdo prolongada) é apropriado.
Contra-indicagdes: Hipersensibilidade a budesonida, ao formoterol ou a outros componentes da formula. Cuidados e Adverténcias:
Adverténcias: E recomendado que a dose seja titulada quando o tratamento de longo prazo é descontinuado e este ndo deve ser interrompido
abruptamente. Para minimizar o risco de candidiase orofaringea, o paciente deve ser instruido a lavar a boca com agua apds administrar
as inalacdes de VANNAIR. Uma deterioracdo stbita e progressiva do controle da asma é um risco potencial e o paciente deve procurar
suporte médico.Pacientes que necessitaram de terapia corticosterdide de alta dose emergencial ou tratamento prolongado de altas doses
recomendadas de corticosterdides inalatorios podem exibir sinais e sintomas de insuficiéncia adrenal quando expostos a situacdes de
estresse grave. Administragao de corticosterdide sistémico adicional deve ser considerada durante situacdes de estresse ou cirurgia eletiva.
VANNAIR deve ser administrado com cautela em pacientes com graves alteragdes cardiovasculares (incluindo anomalias do ritmo cardiaco),
diabetes mellitus, hipocalemia ndo tratada ou tireotoxicose. Pacientes com prolongamento do intervalo QTc devem ser cuidadosamente
observados (para maiores informagdes vide bula completa do produto). Uso durante a gravidez e a lactagéo: categoria C de risco de gravidez.
Este medicamento ndo deve ser utilizado por mulheres gravidas sem orientagdo médica ou do cirurgido-dentista. A administracdo de
VANNAIR em mulheres lactantes deve ser apenas considerada se os beneficios esperados para a mae superarem qualquer possivel risco
para a crianga (para maiores informacoes vide bula completa do produto). Interacoes medicamentosas: 0 metabolismo da budesonida é
mediado principalmente pela CYP3A4, uma subfamilia do citocromo P450. Portanto, inibidores desta enzima, como o cetoconazol ou suco de
grapefruit(pomelo), podem aumentar a exposicao sistémica a budesonida. A cimetidina apresenta um leve efeito inibidor sobre 0 metabolismo
hepéatico da budesonida. Farmacos como a procainamida, fenotiazina, agentes antihistaminicos (terfenadina), inibidor da monoaminooxidase
(MAO) e antidepressivos triciclicos foram relacionados com um intervalo QTc prolongado e um aumento do risco de arritmia ventricular. Os
bloqueadores beta-adrenérgicos (incluindo os colirios oftalmicos) podem atenuar ou inibir o efeito do formoterol (para maiores
informac@es vide bula completa do produto). Reagdes adversas: as reagoes adversas que foram associadas a budesonida ou ao formoterol
sdo apresentadas a seguir. Comur: palpitagdes, candidiase na orofaringe, cefaléia, tremor, leve irritagdo na garganta, tosse, rouquiddo.
Incomun: taquicardia, ndusea, caibras musculares, tontura, agitacdo, ansiedade, nervosismo eperturbacdes do sono. (para outras reacdes
adversas, vide bula completa do produto). Posologia: a dose de VANNAIR deve ser individualizada conforme a gravidade da doenga. Quando
for obtido o controle da asma, a dose deve ser titulada para a menor dose que permita manter um controle eficaz dos sintomas. VANNAIR®
6/100 mcg/inalacgao: Adultos (a partir de 18 anos de idade): 2 inalagbes uma ou duas vezes ao dia. Em alguns casos, uma dose maxima
de 4 inalacoes duas vezes ao dia pode ser requerida como dose temporaria de manutengdo durante a piora da asma. Adolescentes (12-17
anos): 2 inalagdes uma ou duas vezes ao dia. Durante a piora da asma a dose pode temporariamente ser aumentada para 0 maximo de
4 inalagdes duas vezes ao dia. Criangas (6-11 anos): 2 inalagdes duas vezes ao dia. Dose maxima diaria: 4 inalagbes. VANNAIR® 6/200
mcg/inalacéo: Adulfos (a partir de 18 anos de idade): 2 inalagbes uma ou duas vezes ao dia. Em alguns casos, uma dose méxima de 4
inalagdes duas vezes ao dia pode ser requerida como dose temporaria de manutengdo durante a piora da asma. Adolescentes (12-17 anos):
2 inalagbes uma ou duas vezes ao dia. Durante a piora da asma a dose pode temporariamente ser aumentada para 0 maximo de 4 inalagdes
duas vezes ao dia. Instrugdes de Uso: vide bula completa do produto. Superdose: A superdosagem de formoterol ird provavelmente provocar
efeitos tipicos dos agonistas beta-2-adrenérgicos: tremor, cefaléia, palpitacoes e taquicardia. Podera igualmente ocorrer hipotenséo, acidose
metabdlica, hipocalemia e hiperglicemia. Pode ser indicado um tratamento de suporte e sintomatico. A administracéo de uma dose de 90
mcg durante trés horas em pacientes com obstrugdo bronquica aguda e quando administrada trés vezes ao dia como um total de 54 mcg/
dia por 3 dias para a estabilidade asmatica ndo suscitou quaisquer problemas de seguranca. Nao é esperado que uma superdosagem aguda
da budesonida, mesmo em doses excessivas, constitua um problema clinico. Quando utilizado cronicamente em doses excessivas, podem
ocorrer efeitos glicocorticosteroides sistémicos (para informacdes de superdosagem grave vide bula completa do produto). Apresentacoes:

VANNAIR® 6/100 mcg/inalagao: Aerossol bucal 6/100 mcg/inalacdo em embalagem com 1 tubo contendo 120 doses. USO ADULTO E
PEDIATRICO. VANNAIR® 6/200 mcg/inalagéo: Aerossol bucal 6/200 mcg/inalagéo em embalagem com 1 tubo contendo 120 doses. USO
ADULTO. USO POR INALAGAO ORAL. VENDA SOB PRESCRIGAO MEDICA. Para maiores informagdes, consulte a bula completa do produto.

(VAN0O5). AstraZeneca do Brasil Ltda., Rod. Raposo Tavares, Km 26,9 - Cotia - SP - CEP 06707-000 Tel.: 0800-0145578. www.astrazeneca.

com.br Vannair. MS - 1.1618.0234

AstraZeneca do Brasil Ltda.

Servicode tQ;/ Rod. Raposo Tavares km 26,9 Access Astrazeneca

il 06707-000 Cotia SP Brasil : " . .
Atendimento oo ot SAG 0800 014 55 78 0800 014 5577 Material destinado ao profissional da sadde. RESPIRATORIA

0800 014 5578 www.astrazeneca.com.br access @astrazeneca.com

VAN.13.J.214 - Produzido em Outubro/2013
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