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Bchitorial

Interstitial lung disease in suggestive
forms of connective tissue disease

Doenca intersticial pulmonar em formas sugestivas
de doenca do tecido conectivo

Aryeh Fischer

Patients with the characterizable forms of
connective tissue disease (CTD) are at risk for
developing interstitial lung disease (ILD), and
there is a growing appreciation that ILD can be
the first or only clinically relevant manifestation
of an underlying CTD.""-» Less is understood—
and there is far greater controversy—about 1LD
associated with suggestive or “undifferentiated”
forms of CTD.>?

In the present issue of the Brazilian Journal
of Pulmonology, Pereira et al. review the clinical
scenario of autoantibody positivity in LD
and discuss how these serologic tests may be
interpreted.® In addition, they provide useful
insights into the evaluation of patients with 1LD
suspected of having occult forms of CTD. Finally,
the authors argue in favor of implementing the
concepts that have been put forth in a recent
commentary on “lung-dominant CTD"®: a
proposed, provisional category that describes
1LD patients with an autoimmune flavor that
fall short of meeting established criteria of any
of the characterizable forms of CTD.

Identifying occult CTD in patients presenting
with what is initially considered to be an idiopathic
interstitial pneumonia (11P) can be challenging.
Sometimes patients that subsequently develop
a classifiable CTD cannot be identified before
the specific systemic manifestations of the
CTD appear. There is no universally accepted
approach to these evaluations, and current
practice includes an assessment for extrathoracic
features of CTD, testing of a broad array of
circulating autoantibodies, and consideration
of specific radiographic and histopathologic
features.®® Various centers have also found
that a multidisciplinary evaluation—including
rheumatologic consultation—can be useful.”-"

A number of recent studies have shown that
patients with 11P often have subtle extrathoracic
or other clinical features suggestive of an
underlying autoimmune process and yet do
not meet established criteria for any of the
characterizable forms of CTD.®'” Sometimes

these subtle symptoms or signs occur in the
absence of serologic abnormalities, or a serum
autoantibody known to be highly specific for
a certain CTD (e.g. anti-Jo-1 with the anti-
synthetase syndrome) may be present without
typical systemic or extrathoracic features. Other
scenarios exist whereby specific radiologic or
histopathologic features are suggestive of
an underlying CTD and yet the absence of
extrathoracic or serologic findings precludes
reliable classification as CTD-1LD.

In an area without consensus regarding
terminology, the terms “undifferentiated CTD”
(ucTtp),le1®  “lung-dominant CTD”® and
“autoimmune-featured 1LD”"” have been used
to describe such patients with suggestive forms of
CTD-1LD. Each of these categories has a unique
set of proposed criteria, represent the ideas of
investigative teams from distinct 1LD referral
centers, and have yet to be prospectively validated.

UCTD

The first descriptions of “undifferentiated
diseases” were made in the late 1960’s by Sabo.!'?
In 1980, LeRoy et al. proposed the concept of
“undifferentiated connective tissue syndromes” to
define early rheumatic disease mainly manifested
by the presence of Raynaud’s phenomenon and
digital edema.!" Subsequently, UCTD has been
defined as symptoms and signs suggestive of
a CTD (e.g., arthralgias or arthritis, Raynaud’s
phenomenon, leukopenia, anemia, and dry eyes or
dry mouth) with antinuclear antibody positivity,
but not fulfilling existing classification criteria
for a specific CTD.?® Approximately 60% of the
patients with UCTD will remain “undifferentiated,”
and, in the minority that develops a classifiable
CTD, it usually does so within the first 5 years
after the UCTD diagnosis.?® Although UCTD
may evolve into any CTD, it most often evolves
into systemic lupus erythematosus. An important
distinguishing characteristic of UCTD is the absence
of major organ involvement or damage.?® In 2007,

J Bras Pneumol. 2013;39(6):641-643



642 Aryeh Fischer

a broader set of UCTD criteria were proposed and
retrospectively applied to a cohort of patients with
1P evaluated at an ILD referral center.'® Those
defined as having UCTD were more likely to be
female, younger, non-smokers and more likely to
have radiographic and histopathologic evidence
of non-specific interstitial pneumonia (NSIP).
As nearly 90% of those with NSIP were defined
as UCTD-ILD, the authors suggested that most
patients with “idiopathic” NSIP might actually
have an autoimmune disease and that idiopathic
NSIP may be the Tung manifestation of UCTD."®
Corte et al. explored the clinical relevance of
these broader UCTD criteria in a cohort of 1P
patients from their 1LD referral center.'” In their
retrospective study, CTD features were found to
be quite common; 31% of NSIP cases and 13%
of patients with idiopathic pulmonary fibrosis
(IPF) fulfilled the traditional UCTD criteria, and
an astounding 71% of NSIP cases and 36% of 1PF
patients fulfilled the broader, less specific UCTD
set of criteria. The clinical relevance of these
classification schemes was called into question,
as the diagnosis of UCTD by either set of criteria
had no prognostic significance.!'?

Autoimmune-featured 1LD

Vij et al. described a cohort of UIP-predominant
ILD patients retrospectively identified as having
a suggestive form of CTD-1LD."” Among 200
patients evaluated in an 1LD referral center, 63
were considered to have “autoimmune-featured
ILD”. A classification of autoimmune-featured
ILD required the presence of a sign or symptom
suggestive of a CTD and a serologic test reflective
of an autoimmune process. The cohort that met
their case definition of autoimmune-featured
ILD had a demographic profile resembling that
of 1PF: most were older (mean age of 66 years)
and male. The most common clinical symptoms
were dry eyes, dry mouth, or gastroesophageal
reflux disease. In that cohort, 75% of the patients
with autoimmune-featured 1LD had a lung injury
pattern of UIP and similar overall survival to that
of 1PF patients and worse than in patients with
classifiable forms of CTD-1LD.!"”

Lung-dominant CTD

In 2010, Fischer et al. proposed the provisional
classification of “lung-dominant CTD"”.® The
concept—and this classification—was meant to
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be applied to patients with 1LD who fail to meet
criteria for a characterizable CTD, yet have an
“autoimmune flavor” to their disease as manifested
by specific autoantibodies or histopathologic
features. The presence of objective extrathoracic
features is important, but their absence should not
preclude a classification of lung-dominant CTD.®
Benefits of such a classification scheme include: 1)
objective and measurable criteria; 2) exclusion of
non-specific symptoms (such as dry eyes, myalgia,
arthralgia, or gastroesophageal reflux disease),
non-specific inflammatory markers, and low-titer,
less specific autoantibodies; 3) a notion that
surveillance for the development of characterizable
CTD is warranted; and 4) an emphasis that such
a classification provides a framework by which
natural history, pathobiology, treatment, and
prognostic studies can be implemented.®

Statement of the problem

Because of the generally improved outcomes
associated with CTD-ILD and because different
treatment approaches are often implemented
in patients with CTD-1LD, determining whether
these suggestive forms of CTD-1LD represent
a spectrum of CTD-1LD—rather than 11P—is
important. In essence, it is important to know
whether these suggestive forms of CTD-ILD
have a similar natural history as the classifiable
forms of CTD-1LD and whether the approach
to their management should be similar to that
of CTD-ILD or to that of 11P. Current strategies
for identifying and classifying these patients are
controversial and inadequate, there is far too little
interdisciplinary dialogue in this arena, and the
advancement of this field would be well served
by efforts to bridge these divides. Furthermore,
the lack of consensus regarding terminology
and the varying sets of existing classification
criteria limit the ability to conduct multicenter
and multidisciplinary prospective studies needed
to answer the many fundamental questions about
this 1LD subgroup.

A path forward

In an effort to move beyond the current
impasses and address these areas of controversy, the
American Thoracic Society/European Respiratory
Society Task Force—“An International Working
Group on Undifferentiated Forms of CTD-ILD"—
has been recently formed. This Task Force is
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comprised of an international, multidisciplinary
panel of CTD-ILD experts, including investigators
from the centers that have put forth the differing
existing criteria for UCTD, lung-dominant CTD, and
autoimmune-featured 1LD. The primary objective
of the Task Force is to develop consensus regarding
the nomenclature and criteria for the classification
of suggestive forms of CTD-ILD. The Task Force
will also identify key areas of uncertainty that
are worthy of further research in this cohort.
Once there is international and multidisciplinary
consensus surrounding the nomenclature and
classification criteria of these suggestive forms
of CTD-ILD, the requisite platform will be in
place to enable the much-needed prospective,
multicenter, and multidisciplinary studies to
further our understanding of this subgroup of ILD.

Aryeh Fischer
Associate Professor of Medicine,
National Jewish Health, Denver, CO,
USA
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Metformin synergistically enhances antiproliferative effects of
cisplatin and etoposide in NC1-H460 human lung cancer cells*

Metformina sinergicamente potencializa os efeitos antiproliferativos de
cisplatina e etoposideo em linhagem de células de cancer humano de
pulmio NCI-H460

Sarah Fernandes Teixeira, 1sabella dos Santos Guimaries, Klesia Pirola Madeira,
Renata Dalmaschio Daltoé, lan Victor Silva, Leticia Batista Azevedo Rangel

Abstract

Objective: To test the effectiveness of combining conventional antineoplastic drugs (cisplatin and etoposide)
with metformin in the treatment of non-small cell lung cancer in the NCI-H460 cell line, in order to develop
new therapeutic options with high efficacy and low toxicity. Methods: We used the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assay and calculated the combination index for the drugs studied.
Results: We found that the use of metformin as monotherapy reduced the metabolic viability of the cell line
studied. Combining metformin with cisplatin or etoposide produced a synergistic effect and was more effective
than was the use of cisplatin or etoposide as monotherapy. Conclusions: Metformin, due to its independent
effects on liver kinase B1, had antiproliferative effects on the NCI-H460 cell line. When metformin was combined
with cisplatin or etoposide, the cell death rate was even higher.

Keywords: Carcinoma, non-small-cell lung; Drug therapy, combination; Metformin.

Resumo

Objetivo: Testar a eficdcia da combinacéo terapéutica de antineopldsicos convencionais (cisplatina e etoposideo)
com metformina em linhagem celular NCI-H460 de cancer de pulméo ndo pequenas células, a fim de desenvolver
novas possibilidades terapéuticas com eficacia superior e reduzida toxicidade. Métodos: Foi utilizado o ensaio
de brometo de 3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazélio (MTT) e calculado o indice de combinacdo dos
farmacos estudados. Resultados: Observamos que o uso de metformina em monoterapia reduziu a viabilidade
celular metabdlica da linhagem de células estudada. O uso de metformina em combinagdo com cisplatina ou
etoposideo foi sinérgico e superior a monoterapia com cisplatina ou etoposideo. Conclusdes: A metformina,
devido as suas acdes independentes em /iver kinase B1, apresentou atividade antiproliferativa na linhagem
NCI-H460 e, em combinacdo com cisplatina ou etoposideo, ampliou a taxa de morte celular.

Descritores: Carcinoma pulmonar de células ndo pequenas; Quimioterapia combinada; Metformina.

Introduction

Lung cancer (LC) is the most common and cancer types that are different in histology, such

most deadly cancer worldwide."” In Brazil, LC
is one of the five most common cancer types,
according to estimates for 2012, and it is the
cancer type that took the most lives in 2010.@
With this data, it is evident that LC is a health
challenge in Brazil and worldwide. 1t is known
that 85% of all cases of LC are classified as
non-small cell LC (NSCLC), a group composed of

as adenocarcinoma, squamous cell carcinoma,
and large cell carcinoma, but that have similar
clinical and pathological characteristics.®*
Chemotherapy is used in patients staged as
M or 1V, in order to extend survival, control
the disease, and improve quality of life.®) In
general, platinum derivatives, such as cisplatin
and carboplatin, fulfill this role when combined

*Study carried out in the Laboratory of Cellular and Molecular Biology of Human Cancer, Universidade Federal do Espirito Santo

- UFES, Federal University of Espirito Santo - Vitdria, Brazil.
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Metformin synergistically enhances antiproliferative effects of cisplatin

and etoposide in NCI-H460 human lung cancer cells

with third-generation antineoplastic agents, such
as etoposide.® Unquestionably, combination
therapy is advantageous in cancer treatment,
because it makes it possible to attack multiple
molecular targets, with an increase in therapeutic
efficacy, a reduction in dosage, and a consequent
reduction in toxicity, as well as with a reduction
or delay in resistance phenotype acquisition.”

In this scenario, there is metformin, a biguanide
that is widely used as the first-line treatment for
patients with type 2 diabetes mellitus.® However,
since the 1970s, Dilman has suggested the use
of antidiabetic biguanides as anti-aging and
antineoplastic agents.®

In this context, the objective of the present
study was to determine whether there was
summation, synergism, or antagonism between
antineoplastic agents used in the treatment of
NSCLC and metformin, in the NC1-H460 cell line,
in order to evaluate new therapeutic options for
the treatment of NSCLC.

Methods

Initially, the NSCLC cell line NCI-H460, which
is a representative of the histologic group of large
cell carcinoma, was grown to subconfluence at
37°C and 5% CO, in RPMI 1640 medium (Sigma-
Aldrich, St. Louis, MO, USA) supplemented with
10% (v/v) bovine fetal serum (Gibco/Invitrogen,
Grand Island, NY, USA) and a stabilized solution
of penicillin (100 TU/mL), streptomycin (100 pg/
mL), and 0.5% (w/v) amphotericin B (Gibco/
Invitrogen). Provided through donations from
collaborators, cisplatin ((Incel, 1 mg/mL injectable
solution; Laboratdrio Darrow, Areal, Brazil),
etoposide (Posidon, 20 mg/mL injectable solution;
Piére, Buenos Aires, Argentina), and metformin
hydrochloride (Pharma Nostra, Rio de Janeiro,
Brazil) were diluted in 1x PBS.

In the in vitro cell metabolic viability test,
cells were grown at a density of 7.5 x 10* cells/
well in 96-well plates, and, after 24 h, they were
treated with each drug, in a dose-dependent
manner, for 24 h. Subsequently, the medium
was removed, 15 pL of 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT;
Sigma-Aldrich) were added to 5 mg/mL in each
well, and the plates were incubated for 4 h.
Finally, 100 pL of analytical grade DMSO (Vetec,
Rio de Janeiro, Brazil) were added in order to
dissolve the formazan crystals. Therefore, the
production of formazan by mitochondrial succinate
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dehydrogenase activity reflects the proportion of
live cells undergoing oxidative stress caused hy the
drugs under investigation." In this experiment,
the absorbance values obtained from the wells of
untreated cells, i.e., cells exposed only to RPMI
1640 medium, represent 100% cell viability.
In vitro cytotoxicity was determined by the
estimate calculation of the values for inhibitory
concentration of 50% for cell proliferation (IC, )
on the basis of the dose-response curve for each
drug, after calculation of metabolic viability,
evaluated with the MTT assay (absorbance at 570
nm), by using a spectrophotometer. 1t is of note
that the experiments to obtain the dose-response
curves for each drug as monotherapy and estimate
the 1C,  values were performed in quadruplicate
in three independent experiments, whereas the
experiments to determine the combination index
were performed in triplicate in three independent
experiments. In addition, drug interaction was
assessed by analysis of the combination index,
the value of which was calculated by the classical
isobologram equation described by Chou & Talalay,
with the use of the CompuSyn software program,
version 1.0 (ComboSyn, Paragon, NJ, USA).t" In
this context, combination index values greater
than 1.1 indicate antagonistic interactions, values
between 0.9 and 1.1 indicate additive interactions,
and values lower than 0.9 indicate synergistic
interactions. Regarding the statistical analysis, the
mean and standard deviation of the absorbances
were calculated on the basis of the results of the
MTT assay, whereas the estimated 1C,  values
were calculated by the Prism software program,
version 5 (GraphPad Inc., San Diego, CA, USA).
All data on combination therapy are expressed
as mean + SD and were analyzed by one-way
ANOVA followed by the Bonferroni test, with
the use of the same software program.

Results

Initially, we performed the cell viability
experiments to determine the 1C, concentrations
for metformin, cisplatin, and etoposide in the
large cell carcinoma cell line NCI-H460, which
are shown in Table 1.

Subsequently, once these data were obtained,
each drug was diluted to achieve concentrations
in the 1C_ range, as well as below and above
this range, and in vitro experiments combining
metformin with cisplatin and combining metformin
with etoposide were performed to allow the
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construction of dose-response plots with the
software program. However, only the most relevant
data will be discussed. The data from the plots
were statistically analyzed and are shown in Figures
1 and 2. Finally, the effects of the combinations
were used to calculate the combination index,
the values of which are shown in Table 2.

The results show that combining metformin
(60.58 mM) with cisplatin (0.19 mM) produced
greater antiproliferative effects than did the use
of metformin (60.58 and 30.29 mM) or cisplatin
(0.09 mM) as monotherapy. In addition, combining
metformin (60.58 and 30.29 mM) with cisplatin
(0.19 mM) produced synergy. Combining metformin
(30.39 mM) with etoposide (0.18 mM) was more
effective in reducing the metabolic viability of the
cell line tested than was the use of etoposide (0.18
and 0.09 mM) or metformin (30.29 and 15.14
mM) as monotherapy. Furthermore, combining
metformin with etoposide (30.39 mM and 0.18
mM, respectively, and 15.14 mM and 0.09 mM,
respectively) produced a synergistic effect.

Table 1 - Inhibitory concentration of viability at
50% (IC,;) values in the NCI-H460 cell line with the
drugs tested.

Drug 1C,,, mM
Cisplatin 0.19
Etoposide 0.37
Metformin 60.58
Cisplatin + Metformin
100
5 50 +
=
0

Teixeira SF, Guimaréaes 1S, Madeira KP, Daltoé RD, Silva 1V, Rangel LBA

Discussion

Various epidemiological studies have reported
the effects of metformin on the prevention and
treatment of cancer.'>" There have also been
studies reporting that metformin can improve
treatment and thus survival in patients with NSCLC
and diabetes who undergo chemotherapy.('®
Because the safety and use of metformin has been
well established since it first underwent a clinical
trial in 1957, its use as a potential anticancer
agent is certainly an interesting strategy.!"”

Although in the present study the cytotoxic
activity of metformin was found to be up to
200 times lower than that of etoposide or
cisplatin, as determined by the 1C_ values, the
use of metformin as monotherapy reduced the
metabolic viability of large cell carcinoma cells.
However, in polytherapy regimens, metformin
(60.58 and 30.29 mM) combined with cisplatin at
0.19 mM produced a synergistic effect and was
more effective than was metformin combined
with half the 1C, value for cisplatin (0.09 mM).
Combining metformin (30.39 mM) with etoposide
(0.18 mM) produced a synergistic effect and was
more effective in reducing the metabolic viability
of the NCI-H460 cell line than was the use of
etoposide (0.18 and 0.09 mM) or metformin
(30.29 and 15.14 mM) as monotherapy. In line
with our findings, preclinical studies have reported
that oral administration of metformin combined
with chemotherapy can block tumor growth

Il Control

I 0.199 mM cisplatin
[ 0.0995 mM cisplatin
[ 60.58 mM metformin
[ 30.29 mM metformin

* [ 0.0995 mM cisplatin + 30.29 mM metformin

|_| [1 0.199 mM cisplatin + 60.58 mM metformin

(p < 0,001) vs. control

*(p < 0.05) vs. 60.58 mM metformin

**(p < 0.05) vs. 0.199 mM cisplatin + 60.58 mM metformin

Figure 1 - Evaluation of the effects of metformin and cisplatin (used as monotherapy or in combination
therapy, at different concentrations) on the reduction in metabolic cell viability (MCV) in the NCI-H460 cell line.
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Etoposide + Metformin

100 4
2
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Il Control

I 0.1852 mM etoposide

[ 0.0926 mM etoposide

[ 30.29 mM metformin

[ 15.145 mM metformin

[] 0.1852 mM etoposide + 30.29 mM metformin

[] 0.0926 mM etoposide + 15.145 mM metformin

(p < 0.0001) vs. control
*(p < 0.05) vs. 30.29 mM metformin

**(p < 0.05) vs. 0.1852 mM etoposide

Figure 2 - Evaluation of the effects of metformin and etoposide (used as monotherapy or in combination
therapy, at different concentrations) on the reduction in metabolic cell viability (MCV) in the NCI-H460 cell line.

Table 2 - Combination index for metformin plus
cisplatin or etoposide in the NCI-H460 cell line.

Concentration, mM Combination
Metformin  Cisplatin ~ Etoposide index
60.58 0.19 0.00 0.70
30.29 0.19 0.00 0.90
30.29 0.00 0.18 0.81
15.14 0.00 0.09 0.90

and prevent recurrence, as well as making it
possible to reduce the doxorubicin doses used
in the treatment.('?

Although the use of metformin is well
established in the treatment of diabetes, the
mechanism through which metformin can act
in tumor suppression still needs to be further
elucidated. The major mechanism of action of
biguanides might be related to their capacity to
inhibit mitochondrial complex 1 and consequently
cause energy imbalance, triggering liver kinase
B1 (LKB1)-dependent phosphorylation of the
enzyme AMP kinase (AMPK).(229 Under conditions
of energy stress, LKB1 is the primary regulator
of AMPK, which, under conditions of reduction
of intracellular ATP, modulates cell growth and
metabolism.?"2?

Allelic loss at LKB7 occurs in various types
of cancer—such as NSCLCs—especially in lung
adenocarcinoma. In addition, it is believed that
most mutations in ZKB7in NSCLC lead to loss of
function of the encoded protein.?*?¥ The large

cell carcinoma cell line used in the present study
(NCI-H460) has a nonsense mutation in LKB/,
which results in lack expression of its protein
product.®¥ 1t is therefore possible to attest that
the mechanisms of action of metformin in these
cells are independent of LKB1 activity. Shackelford
et al. showed that phenformin, a member of
the biguanide class of drugs, can be used as
an anticancer agent in LKB1-deficient tumors
because it induces apoptosis possibly in response
to metabolic stress.? 1t has thus been suggested
that a possible mechanism of action of metformin
and other biguanides in LKB1-defficient tumor
cells is mitochondrial complex 1 inhibition, which
induces the production of reactive oxygen species
and consequent apoptosis, because these species
cannot be effectively neutralized.??

Another plausible reason for the antiproliferative
and synergistic effects of metformin is its
preferential activity against tumor stem cells, a
group of cells within the tumor mass that can be
related to tumor formation, maintenance of the
tumor mass, recurrence, and metastasis. Because
of these characteristics, drugs that selectively
target these cells are extremely promising, since, in
combination with conventional chemotherapy, they
could make treatment more effective and prevent
disease recurrence.?” Hirsch et al. found that,
in xenographic models, metformin preferentially
inhibits proliferation of tumor cells expressing
a stem cell phenotype.?®
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the

Teixeira SF, Guimaréaes 1S, Madeira KP, Daltoé RD, Silva 1V, Rangel LBA

In summary, the present study has shown for
first time that metformin has antiproliferative

effects in a large cell carcinoma cell line (NCI-
H460) and that, when combined with cisplatin
or etoposide, it acts synergistically, increasing

the
still

cell death rate. However, larger studies are
needed to elucidate further the mechanisms

involved.
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Descriptive analysis of and overall survival after
surgical treatment of lung metastases®

Analise descritiva e sobrevida global do tratamento
cirargico das metastases pulmonares

Giana Balestro Poletti, Ivan Felizardo Contrera Toro, Thais Ferreira Alves,
Eliana Cristina Martins Miranda, José Claudio Teixeira Seabra, Ricardo Kalaf Mussi

Abstract

Objective: To describe demographic characteristics, surgical results, postoperative complications, and overall
survival rates in surgically treated patients with lung metastases. Methods: This was a retrospective analysis of
119 patients who underwent a total of 154 lung metastasis resections between 1997 and 2011. Results: Among
the 119 patients, 68 (57.1%) were male and 108 (90.8%) were White. The median age was 52 years (range, 15-75
years). In this sample, 63 patients (52.9%) presented with comorbidities, the most common being systemic arterial
hypertension (69.8%) and diabetes (19.0%). Primary colorectal tumors (47.9%) and musculoskeletal tumors
(21.8%) were the main sites of origin of the metastases. Approximately 24% of the patients underwent more
than one resection of the lesions, and 71% had adjuvant treatment prior to metastasectomy. The rate of lung
metastasis recurrence was 19.3%, and the median disease-free interval was 23 months. The main surgical access
used was thoracotomy (78%), and the most common approach was wedge resection with segmentectomy (51%).
The rate of postoperative complications was 229%, and perioperative mortality was 1.9%. The overall survival
rates at 12, 36, 60, and 120 months were 96%, 77%, 56%, and 39%, respectively. A Cox analysis confirmed
that complications within the first 30 postoperative days were associated with poor prognosis (hazard ratio =
1.81; 95% Cl: 1.09-3.06; p = 0.02). Conclusions: Surgical treatment of lung metastases is safe and effective,
with good overall survival, especially in patients with fewer metastases.

Keywords: Neoplasm metastasis; Survival analysis; Thoracic surgery; Metastasectomy.

Resumo

Objetivo: Descrever caracteristicas demograficas, resultados operatdrios, complicacdes pos-operatorias e taxa
de sobrevida global em pacientes com metastases pulmonares tratados cirurgicamente. Métodos: Analise
retrospectiva de 119 pacientes submetidos a um total de 154 cirurgias de ressec¢do de metastase pulmonar
entre 1997 e 2011. Resultados: Do total de 119 pacientes, 68 (57,1%) eram do sexo masculino, e 108 (90,8%)
eram brancos. A mediana de idade foi de 52 anos (variacdo, 15-75 anos). Nessa amostra, 63 pacientes (52,9%)
apresentaram comorbidades, sendo as mais frequentes hipertensdo arterial sistémica (69,8%) e diabetes (19,0%).
Tumores primarios colorretais (47,9%) e musculoesqueléticos (21,8%) foram os principais sitios de origem das
metdstases. Aproximadamente 24% dos pacientes foram submetidos a mais de uma ressec¢do das lesdes, e
71% fizeram tratamento adjuvante prévio a metastasectomia. A taxa de recidiva de metastase pulmonar foi de
19,3%. A mediana do intervalo livre de doenca foi de 23 meses. A principal via de acesso usada foi toracotomia
(78%), e o tipo de resseccdo mais frequente foi em cunha e segmentectomia (51%). O indice de complicacoes
pos-operatdrias foi de 22% e o de mortalidade perioperatoria foi de 1,9%. As taxas de sobrevida global em
12, 36, 60 e 120 meses foram, respectivamente, de 96%, 77%, 56% e 39%. A analise de Cox confirmou que
complicacdes nos primeiros 30 dias pos-operatdrios associaram-se a pior progndstico (hazard ratio = 1,81;
1C95%: 1,09-3,06; p = 0,02). Conclusdes: O tratamento cirdrgico das metastases pulmonares oriundas de
diferentes sitios tumorais ¢ efetivo e seguro, com boa sobrevida global, especialmente nos casos com um menor
numero de lesdes pulmonares.

Descritores: Metdstase neopldsica; Andlise de sobrevida; Cirurgia toracica; Metastasectomia.
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Introduction

For many years, the diagnosis of Tung metastasis
was considered the end stage of the disease course
in patients with malignant neoplasms. Initially, the
treatment proposed consisted of chemotherapy
and hormone therapy, and unsatisfactory responses
were seen in more than 70% of cases In 1882,
Weinlechner incidentally performed the first
lung metastasis resection during the resection
of a primary tumor, a procedure in which the
metastasis was removed en7 bloc with the surgical
specimen.?® Since then, various other cases of
metastasectomy have been reported, many with
positive results.

In 1951, Ehrenhaft started selecting candidates
for lung metastasis resection,” and, subsequently,
it was possible to establish well-defined criteria.

Surgical treatment evolved over the 20th
century because of greater knowledge about tumors
that gave rise to lung metastases only. Surgical
treatment of lung metastases has been given a
boost in the last 15 years, as has been shown in
the literature, and some of the major prognostic
factors for this condition, such as disease-free
interval and type of resection performed, have
been identified,.*” However, in comparison with
major centers worldwide, there have been few
studies of Brazilian patients and this treatment
modality in Brazil.

Therefore, the objective of the present study
was to evaluate the results of surgical treatment
of lung metastases at a university hospital in
the city of Campinas, Brazil.

Methods

This was a retrospective study using surgical
records of the Department of Thoracic Surgery
of the State University at Campinas Hospital de
Clinicas, located in the city of Campinas, Brazil.
We reviewed all records of resection of lung lesions
performed in patients with a previous diagnosis
of primary cancer in other organs, as well as all
records of complete resection of all lesions and
pathological confirmation of metastatic disease,
between January 1, 1997 and December 31, 2011.

We included all patients with lung lesions
who were selected for surgery on the basis of the
Thomford et. al. criteria for surgical treatment
of metastatic lung lesions,® namely: a) complete
resection of all metastatic disease should be
possible; b) the patient should have sufficient
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pulmonary function to withstand the risk of
surgery and survive the postoperative period;
¢) the primary tumor should be (or can be)
controlled; d) there should be no evidence of
extrapulmonary metastases, except for colon
tumors; and e) there should be no effective
treatment other than surgery.

Pulmonary function was assessed on the
basis of arterial blood gas analysis results and
pulmonary function test results. If the pulmonary
function test was not technically possible, the
six-minute walk test, which has been proven to
be well tolerated and safe in the assessment of
patient functional capacity, was used.”

In addition, the records were reviewed for the
postoperative presence of systemic inflammatory
response syndrome (SIRS), which was defined
by the presence of at least two of the following
parameters, on the same day, within three days
after surgery: an axillary temperature above 38°C;
an RR > 24 breaths/min; an HR > 90 bpm; and
a leukocyte count greater than 10,000 cells/
mm? or less than 5,000 cells/mm?3.

Overall survival was defined as the date of
first surgery to the last follow-up visit or to
death (from any cause). To determine disease-free
intervals, we used the dates of primary cancer
treatment and the date of referral for thoracic
surgery for treatment of lung metastasis.

We designed a data collection form that was
used by two trained physicians to obtain the
patient medical record information needed to
meet the objectives of the present study. This form
contained the following fields: patient initials;
medical record number; gender; race; date of birth;
date of surgery of the primary tumor; date of
referral for thoracic surgery; symptoms at diagnosis
of metastasis (dyspnea, cough, hemoptysis, and
chest pain); smoking; anatomical site of the
primary tumor (breast, head, neck, colorectum,
kidney, musculoskeletal system, gonads, etc.);
presence and type of comorbidity; history of
resection for liver metastasis; neoadjuvant or
adjuvant therapy to treatment of lung metastasis;
number of lung resections; number and location of
nodules found intraoperatively; date of resection
of the metastasis; type of resection performed
(segmentectomy, wedge resection, nodule resection,
lobectomy, bilobectomy, and pneumonectomy);
use of a stapler; extubation in the operating room;
number of chest tubes and side of placement;
unilateral or bilateral approach; surgical access
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(thoracotomy, bilateral sequential thoracotomy,
sternotomy, and video-assisted surgery); need
for blood transfusion; postoperative recovery in
the 1CU; development of SIRS; length of hospital
stay; presence and type of complication within
30 days after surgery; postoperative day of onset
of the complication; current status of the patient
(alive/dead); date of the last follow-up visit to our
facility; and whether follow-up was conducted
at another facility.

Data on postoperative complications, defined
as any type of event experienced by patients
within 30 days after surgery, were extracted
from patient medical records. These data were
grouped by major system or pathology involved,
listed by frequency, and stratified as a variable
in the overall survival curve.

The present study was approved by the
Research Ethics Committee of the State University
at Campinas School of Medical Sciences (Protocol
no. 001/2013).

For categorical variables, we conducted an
exploratory descriptive analysis and, subsequently,
we used Pearson’s, Spearman’s, and Fisher’s tests,
whereas, for continuous variables, we used the
t-test (two groups) or the Kruskal-Wallis test
(more than two groups). In cases with missing
data, the valid percent of variables was calculated.
The Kaplan-Meier method was used for survival
analyses, and the log-rank test was used for
survival comparisons. Cox regression analysis (by
Wald’s backward stepwise method) was performed
to identify the predictive variables over time. For
univariate and multivariate analyses, the level of
significance was set at p < 0.10 and p < 0.05,
respectively. The analyses were performed with
the Statistical Package for the Social Sciences,
version 14.0 (SPSS Inc., Chicago, 1L, USA).

Results

During the study period, 119 patients
underwent a total of 154 surgical procedures.
Among those patients, 68 (57.1%) were male and
108 (90.8%) were White. The median age was
52 years (range, 15-75 years). The main sites of
origin of the primary tumor were the colorectum,
in 47.9% of the patients; the musculoskeletal
system, in 21.8%; the head and neck, in 7.5%;
and the gonads, in 5.9%. Comorbidities were
found in 63 patients (52.9%), and the most
common were systemic arterial hypertension, in
69.8%; diabetes, in 19.0%; asthma/COPD, in 7.9%;
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dyslipidemia, in 7.9%; hyperthyroidism, in 6.3%,
and heart disease, in 6.3%. Some patients had
more than one comorbidity. A total of one, two,
three, and four surgical procedures, respectively,
were performed on 91 (76.5%), 24 (20.2%); 3
(2.5%), and 1 (0.8%) of the patients. Ten patients
(8.4%) underwent resection for liver metastasis
before the diagnosis of lung metastasis. Likewise,
85 patients (71.4%) underwent chemotherapy
and/or radiotherapy before lung metastasis
resection. After resection, 88 patients (75.9%)
underwent adjuvant chemotherapy (Table 1). The
rate of lung metastasis recurrence was 19.3%.
The median disease-free interval was 23 months
(range, 1-172 months).

The mean length of hospital stay was 8 days
(range, 3-40 days) for the 154 surgical procedures.

The preferential location of the resected lesions
was the left lower lobe (in 24.8%), followed by
the left upper lobe (in 24.4%) and the right
lower lobe (in 21.5%). A total of 511 lesions
were described.

In 25 surgical procedures (16.3%), bilateral
lesions were resected during the same surgical
session, whereas, in 129 procedures (83.7%),
only one of the lungs was treated. Of those 129
surgical procedures, 20 (in 10 patients) were
performed on average 2 months apart in order
to treat bilateral disease, which was present in 35
patients (29.4%) at diagnosis of lung metastasis.

The most common surgical access was
thoracotomy, in 78.6% of the cases, followed
by sternotomy, in 9.19%:; bilateral sequential
thoracotomy, in 8.5%; and video-assisted surgery,
in 3.8%. Bilateral thoracotomy, despite consisting
of two different access routes, was considered
as a single surgical procedure.

The types of resection performed were wedge
resection or segmentectomy, in 51.3% of the
cases; nodule resection, in 29.9%; lobectomy
or bilobectomy, in 15.6%; and pneumonectomy,
in 3.2%.

In 107 (69.5%) of a total of 154 surgical
procedures, a linear stapler was used to assist
in suturing the lung parenchyma.

In 10 procedures (6.5%), the patients were
not extubated in the operating room, and, in
12 (7.8%), the patients did not recover from
the immediate postoperative period in the 1CU
environment.
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Table 1 - Demographic and clinical characteristics
of the 119 study patients.

Variable n  Valid
%
Gender
Male 51 57.1
Female 68 429
Race
White 108 90.8
Non-White 11 9.2
Symptoms at diagnosis of metastasis
Yes 36  30.3
No 83 69.7
Smoking
Yes 35 297
No 83 70.3
Origin of the primary tumor®
Colorectum 57 479
Musculoskeletal system 26 21.8
Head - neck 09 7.5
Gonads 07 5.9
Kidney 04 3.4
Breast 04 3.4
Melanomas 04 3.4
Others 08 6.7
Surgical procedures
1 91 76.5
2 24 20.2
3 03 2.5
4 01 0.8
History or resection for liver metastasis
Yes 10 8.4
No 109 91.6
CHT/RT before resection
Yes 85 714
No 34 28.6
CHT/RT after resection
Yes 88 75.9
No 28 24.1
Comorbidities
Yes 63  52.9
No 56 47.1

CHT/RT: chemotherapy and/or radiotherapy. *Eight missing
cases: endometrial tumor (3 cases); ovary tumor (1 case);
lung tumor (1 case); pancreas tumor (1 case); liver tumor
(1 case); and stomach tumor (1 case).

After the surgical procedures, 28 patients
(18.29%) developed SIRS, and 9 of those patients
had some type of perioperative complication.

In the perioperative period, 34 patients
(22.1%) had some type of complication, the
most common being pulmonary conditions
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(pneumonia, respiratory failure, prolonged
mechanical ventilation, retained clot, pulmonary
edema, persistent air fistula) in 25 (16.2%)
and extrapulmonary conditions (heart failure,
arrhythmia, urinary tract/urinary tract wall
infection, and thromboembolism in 12 (7.8%). In 3
cases, concomitant pulmonary and extrapulmonary
complications were found.

Perioperative mortality was 3 patients (1.9%),
1 of whom died from an irreversible arrhythmia
during the procedure and 2 of whom died from
pulmonary complications (Table 2).

Of the 119 patients studied, 64 (53.8%)
continued with follow-up treatment, whereas
22 (18.5%) lost contact with the facility for more
than 1 year, and 33 (27.7%) died.

Table 3 shows the overall survival rates of the
patients at 12, 36, 60, and 120 months, which
were 96%, 77%, 56%, and 39%, respectively.
Overall survival for the groups of patients
who underwent and who did not undergo
chemotherapy/radiotherapy before surgery (48%
and 729%) and after surgery (51% and 729%)
showed a significant difference (p = 0.02) in favor
of those who did not undergo chemotherapy/
radiotherapy, but this was not confirmed in the
multivariate analysis. A Cox analysis in which
patients with and without complications within
the first 30 days after surgery were compared
(67% vs. 24%; p < 0.0001) confirmed that the
former had poor prognosis (hazard ratio = 1.81;
95% Cl: 1.09-3.06; p = 0.02; Figure 1).

Survival stratification by anatomical site of
the primary tumor showed that overall survival
at 60 months was 68% for colorectal carcinoma,
269% for musculoskeletal carcinoma, and 56%
for the other types of tumor (which are less
common than the former two; Figure 2).

Survival at 60 months in the patients who
had up to 6 lesions resected ranged from 60%
to 76%, whereas, in those who had more than 7
nodules resected, survival at 60 months dropped
to 13%. In the patients with bilateral disease at
diagnosis, overall survival was 63%, and, in those
with unilateral disease, overall survival was 55%.
This difference was not statistically significant.

Discussion

The present study showed that the population
analyzed had characteristics similar to those
reported in major studies: there was a slight
predominance of males; the histology of the
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Table 2 - Characteristics of the 154 surgical procedures
performed during the study period.

Variable n Valid
%

Type of approach

Unilateral 129 837

Bilateral 25 16.3
Preferential location of the nodules

LLL 126 24.8

LUL 125 24.4

RLL 110 21.5

RUL 97 19.0
Surgical access

Thoracotomy 121 78.6

Bilateral thoracotomy 13 8.5

Sternotomy 14 9.1

Video-assisted surgery 06 3.8
Most common resection performed

Wedge resection + segmentectomy 79 51.3

Nodule resection 46 29.9

Lobectomy + bilobectomy 24 15.6

Pneumonectomy 05 3.2
Mechanical suture or linear stapler

Yes 107 69.5

No 47 30.5
Extubation in the operating room

Yes 144 93.5

No 10 6.5
Recovery in the 1CU

Yes 142 922

No 12 7.8

SIRS

Yes 28 18.2

No 126 81.8
Complication within the first 30 days after surgery

Yes 34 22.1

No 120 77.9

LLL: left lower lobe; LUL: left upper lobe; RLL: right
lower lobe; RUL: right upper lobe; and SIRS: systemic
inflammatory response syndrome.

primary tumor was predominantly colorectal
adenocarcinoma; and there was approximately
30% of bilaterality of disease at diagnosis of
lung metastasis.®

The most common surgical access in all
studies is thoracotomy, and there have been
few reports of treatment of the two lungs during
the same surgical procedure.®'? In such cases,
we preferentially choose sternotomy; however,
depending on the location of the lesion, bilateral
thoracotomy may be the best alternative. The
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Table 3 - Overall survival data.

Survival time, months  Survival % 9500 Cl
12 96 94-98
36 77 69-85
60 56 48-64
120 39 29-49

choice to use video-assisted surgery as access for
resection of metastatic lesions remains controversial
in the literature, even in single lesion cases,
because careful palpation of the entire lung
parenchyma is impossible and imaging methods
are limited in the preoperative evaluation of
such lesions. With the increasing sensitivity of
imaging methods, especially in cases in which
the lesions are located peripherally, we believe
that minimally invasive accesses will be more
widely in the near future.

The surgical treatment of lung metastases
in major studies has followed the principle that
all lesions should be completely resected and
disease-free margins should be obtained and
that resection of lung parenchyma should be
as conservative as possible. Among the surgical
techniques for excision of lesions, wedge resection
and segmentectomy were the most commonly used
in various studies, followed, in smaller numbers,
by lobectomy and pneumonectomy.>' All these
data were extensively reviewed in a recent meta-
analysis conducted by Pfannschmidt et al. (2007),
in which 20 large studies of surgical treatment
of lung metastases from colorectal cancer were
compared."™

Currently, surgery is a significant component
of the treatment of lung metastatic disease, and
its practice is widely accepted worldwide, resulting
in low mortality rates and increased five-year
survival rates. In the study by Pfannschmidt et
al.,"™ the perioperative mortality rate ranged from
0% to 2.02%, whereas, in the study conducted
in Brazil by Younes et al.,’® the rate was 0.4%.
These results are in good agreement with the
value of 1.9% found in the present study, showing
the safety of the method.

The overall survival rate at 60 months in our
sample, which was approximately 56%, was found
to be similar to those reported in the meta-
analysis by Pfannschmidt et al., which were as
high as 62.7% also at five years.!'">'® However,
since we calculated survival from treatment of
the primary tumor, we observed that various
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Figure 1 - In A, overall survival in the groups of patients who underwent and who did not undergo
chemotherapy/radiotherapy (CHT/RT) before surgery (n = 119). In B, overall survival in the groups of patients
who underwent and who did not undergo CHT/RT after surgery (n = 116). In C, overall survival in the groups
of patients who had and who did not have complications within 30 postoperative days (n = 119).
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Figure 2 - Overall survival by type of primary tumor.

studies reported much lower results, given that,
in them, survival was calculated from resection
of the metastasis. For instance, in the study by

Younes et al.,® survival at 60 months ranged
from 10% to 40%, depending on the primary
tumor site.

The prevalence of colorectal cancer as the site
of origin of the lung metastases (47.9% in our
study) led us to perform a separate analysis of
overall survival in the patients with this type of
cancer as compared with those with musculoskeletal
cancer and those with cancer in other anatomical
sites. We found that the patients with colorectal
cancer had the best survival at 60 months (68%),
whereas those with musculoskeletal cancer had the
worst survival (26%). The vast majority of studies
have investigated disease secondary to colorectal
cancer only and reported rates of overall survival
at 60 months that range from 24.0% to 62.7%.
(.18 Therefore, we believe that further studies
comparing treatment of lung metastases from
colorectal cancer with that of lung metastases
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from cancer in other anatomical sites that are
less common are needed in order to determine
with accuracy the true impact and benefits of
this treatment option for specific groups.

In our study, survival at 60 months in the
patients who had up to 6 lesions resected ranged
from 60% to 76%, whereas, in those who had
more than 7 nodules resected, survival at 60
months dropped to 13%. Most studies have
evaluated survival by stratifying patients based
on the presence of one resected lesion or multiple
resected lesions, with better results being found
in patients with single lesions.® 'Y However,
those same authors reviewed controversial results
from various studies that did not find significant
differences in the survival of patients with multiple
nodules,!'"”'® and the difference in results may lie
in the heterogeneity of the biological behavior
of the different histological types of tumors
studied, suggesting the need for larger, specific
studies of this variable.

Few studies have addressed laterality of
lesions at diagnosis of metastasis and the need
for more than one surgical procedure to resect
the lesions. In our study, we found that 35
patients (29.4%) were diagnosed with bilateral
disease and that 28 underwent more than one
surgical procedure (1 of whom underwent four
surgical procedures). According to the literature,
patients undergoing repeat resection of new
pulmonary metastatic lesions have increased
survival in comparison with those treated with
a single surgery (48% vs. 349%),' which leads
us to believe in the benefits of and to continue
to recommend surgical treatment of recurrent
lesions as long as the patient is clinically fit to
undergo the surgical procedure. With regard to
the treatment of bilateral lesions, we found that
overall survival was 63% in the patients with
bilateral disease at diagnosis and 55% in those
with unilateral disease, i.e., the difference was
not statistically significant, which is in agreement
with the findings of the few studies that have
addressed this issue and highlights the importance
of resection in bilateral disease.®

Another factor that stood out in the analyses
of overall survival was the poorer survival of
the patients who underwent chemotherapy/
radiotherapy as compared with those who did
not. We understand this finding to mean that
the need for neoadjuvant and adjuvant treatment
indicates disease in more advanced stages and
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weakness associated with sequential multimodal
treatment. However, this finding is in disagreement
with the results reported by Younes et al.,®» who
found a significant improvement in survival in the
group of patients who underwent chemotherapy/
radiotherapy, as well as with the finding of an
absence of significant differences between these
two groups in the main studies®*-?? reviewed in
the meta-analysis by Pfannschmidt,"® which leads
us to agree with the opinion of those authors
who claim that the different protocols for the
different types of primary tumor may hinder
the understanding of the true impact on the
survival of patients undergoing complementary
treatment.

There have been few studies addressing
perioperative complications and survival in this
specific group. The study by Younes et al.®
found an overall rate of complications of 3.2%.
However, there was no definition of the parameters
used for classifying these events, nor was there
an analysis of survival in this group only. In
the present study sample, the rate of (minor
and major) complications was 22%, and a Cox
analysis confirmed a poor prognosis for this
group of patients. Therefore, by considering even
minor events (such as air leaks for more than five
days) as a potential morbidity, we emphasize the
importance of the fact that even these events,
alone or in combination, can be predictive of a
poor prognosis for the patient.

In conclusion, surgical treatment of lung
metastases from different tumor sites is safe
and effective, with significant overall survival,
especially in patients with a smaller number of
lung lesions. Survival was found to be poor in
the patients with metastases from sarcomas and
in those who underwent neoadjuvant or adjuvant
chemotherapy/radiotherapy. Large multicenter
prospective studies using better biological and
molecular classification should provide a more
refined understanding of and new prognostic
parameters for these systemic malignant neoplasms.
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Levels of physical activity and predictors of mortality in COPD*

Niveis de atividade fisica e preditores de mortalidade na DPOC

Samantha Maria Nyssen, Julia Gianjoppe dos Santos, Marina Sallum Barusso,
Antonio Delfino de Oliveira Junior, Valéria Amorim Pires Di Lorenzo,
Mauricio Jamami

Abstract

Objective: To compare the Body mass index, airway Obstruction, Dyspnea, and Exercise capacity (BODE) index
scores and its individual components between COPD patients with and without severe physical inactivity, as
well as to correlate the number of steps/day with scores of physical activity questionnaires, age, and the BODE
index (including its components). Methods: We included 30 patients, who were evaluated for body composition,
pulmonary function (FEV,), perception of dyspnea (modified Medical Research Council scale), and exercise
capacity (six-minute walk distance [eMWD]). The patients also completed the International Physical Activity
Questionnaire (IPAQ), short version, and the modified Baecke questionnaire (mBQ). The level of physical activity
was assessed by the number of steps/day (as determined by pedometer), using the cut-off of 4,580 steps/day
to form two groups: no severe physical inactivity (SP1-) and severe physical inactivity (SP1+). We used the
Mann-Whitney test or t-test, as well as Pearson’s or Spearman’s correlation tests, in the statistical analysis.
Results: In comparison with the SPI- group, the SPI1+ group showed more advanced age, higher mBQ scores
(leisure domain), lower 6MWD (in m and % of predicted), and lower 1PAQ scores (metabolic equivalent-walk/
week domain and total). The TPAQ scores showed weak correlations with steps/day (r = 0.399), age (r = -0.459),
and 6MWD—in m (r = 0.446) and in % of predicted (r = 0.422). Conclusions: In our sample, the cut-off of
4,580 steps/day was not sensitive enough to identify differences between the groups when compared with the
predictors of mortality. The TPAQ, short version score correlated with steps/day.

Keywords: Pulmonary disease, chronic obstructive/mortality; Pulmonary disease, chronic obstructive/
prevention and control; Motor activity.

Resumo

Objetivo: Comparar a pontuacdo do indice Body mass index, airway Obstruction, Dyspnea, and Exercise capacity
(BODE) e seus componentes individuais em pacientes com DPOC com grave inatividade fisica ou néo, assim
como correlacionar o numero de passos didrios com pontuacdes de questiondrios de atividade fisica, idade,
indice BODE e seus componentes. Métodos: Foram incluidos 30 pacientes, os quais foram avaliados quanto a
sua composigdo corporal, fungdo pulmonar (VEF ), percepcio de dispneia (escala modified Medical Research
Counci)) e capacidade de exercicio distdncia percorrida no teste de caminhada de seis minutos (DTC6). Além
disso, os participantes responderam ao /nternational Physical Activity Questionnaire (IPAQ) versdo curta e
questionario de Baecke modificado (QBm). O nivel de atividade desses pacientes foi avaliado pelo numero de
passos diarios por peddmetro, utilizando-se o ponto de corte de 4.580 passos para a formacdo de dois grupos:
grupo sem grave inatividade fisica (GIF-) e grupo com grave inatividade fisica (GIF+). Foram utilizados os
testes de Mann-Whitney ou t ndo pareado, assim como os testes de correlagdo de Spearman ou de Pearson, na
analise estatistica. Resultados: 1dade mais avancada, maiores escores no QBm (dominio lazer), menor DTC6 (em
m e em % do previsto) e menores escores no IPAQ (dominios equivalentes metabdlicos em caminhada e total
por semana) foram encontrados no grupo GIF+ do que no grupo GIF-. Houve correlacdes fracas dos escores
do TPAQ com o numero de passos diarios (r =0,399), idade (r = -0,459), DTC6 em m (r = 0,446) e em % do
previsto (r = 0,422). Conclusdes: Na amostra estudada, o ponto de corte de 4.580 passos didrios nio foi sensivel
para identificar diferencas entre os grupos estudados quando comparado com os preditores de mortalidade. O
questionario TPAQ versdo curta correlacionou-se com o numero de passos didrios.

Descritores: Doenca pulmonar obstrutiva cronica/mortalidade; Doenca pulmonar obstrutiva cronica/
prevencédo e controle; Atividade motora.
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Introduction

Currently, COPD is considered the leading
cause of morbidity and the fourth leading cause
of mortality worldwide.™" 1ts prevalence has been
increasing substantially because of the aging of
the population, and it is estimated that, in 2020,
COPD will be the third most common cause of
death in the world.?

In addition to pulmonary involvement, which
leads to airflow limitation that is not fully
reversible and dyspnea,® COPD is characterized
by extrapulmonary impairment, such as skeletal
muscle dysfunction, which is related to decreased
exercise capacity, which, together with dyspnea,
leads to physical inactivity in these patients,
establishing a vicious cycle or downward spiral.”

Because COPD is multisystemic in nature, with
various factors contributing to the severity of the
condition, the risk of mortality in patients with
COPD began to be evaluated not only by using
the Global Initiative for Chronic Obstructive Lung
Disease staging system, which is based on the
degree of obstruction (FEV,),” but also by using
the Body mass index, airway Obstruction, Dyspnea,
and Exercise capacity (BODE) index. The BODE
index is a multi-grading system consisting of the
body mass index (BM1); FEV,, for determination
of the degree of airway obstruction; the modified
Medical Research Council (mMMRC) scale, for
assessment of the degree of dyspnea; and the
six-minute walk test (6MWT), for assessment of
exercise capacity. The BODE index is considered
a better predictor of mortality.”

However, physical inactivity in patients with
COPD has now been implicated as a factor directly
related to an increased risk of exacerbations and as
the best predictor of early mortality in COPD.©®)
A prospective observational study® involving
169 patients with COPD showed that four-year
mortality was strongly associated with a physical
activity level (PAL) < 1.4 in these patients. The
PAL is an index calculated by dividing total daily
energy expenditure (kcal/day) by resting energy
expenditure.®?

In a recent study, pedometers were considered
the most feasible way to monitor physical
activity in clinical practice.('” In addition to
being objective, they may serve as a surrogate
for higher-cost options, such as accelerometers,
and for questionnaires for physical activity
assessment, such as the International Physical
Activity Questionnaire (IPAQ),""" short version,
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and the modified Baecke questionnaire,'>") both
of which have been translated and validated for
use in Brazil; however, these questionnaires are
considered inaccurate, especially when administered
to older populations.'

An association had yet to be established
between a given number of steps/day and a
PAL value of 1.40 (related to marked physical
inactivity) in patients with COPD®; however,
in a study published by Depew et al.,l'? this
value was associated with a minimum number
of 4,580 steps/day, i.e., lower numbers than that
correspond to COPD patients with severe physical
inactivity and, consequently, at increased risk
of early mortality.

Therefore the primary objective of the present
study was to compare the scores on the BODE
index, which is a predictor of mortality, in patients
with COPD divided into two groups: those who
achieved the recommended minimal number of
4,580 steps/day and those who did not achieve
this value. The secondary objective of the study
was to correlate pedometer-determined steps/
day with age, the BODE index (including its
individual components), and scores of instruments
that assess the level of physical activity in these
patients.

The present study tested the hypothesis
that patients who do not achieve the minimum
recommended number of steps/day have higher
scores on the BODE index, i.e., shorter six-minute
walk distances (6MWDs), higher BM1 values, a
greater degree of pulmonary obstruction, and
a stronger sensation of dyspnea during daily
activities, reflecting a poorer prognosis.

Methods

This was a cross-sectional study involving 38
participants recruited from a convenience sample
of male and female COPD patients with moderate
to very severe obstruction (FEV,/FVC < 70%
and FEV, < 80% of predicted),” as diagnosed
by spirometry, which had been requested by the
attending pulmonologist. The patients included in
the study were former smokers or nonsmokers, were
oxygen-dependent or non-oxygen-dependent, and
had been clinically stable in the two months prior
to the study (without respiratory system infections
or exacerbations). Patients with exacerbated lung
disease, decompensated cardiovascular disease,
rheumatic diseases, neuromuscular diseases, or
orthopedic diseases that prevented them from
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performing the proposed tests or affected their
performance on those tests were excluded, as were
those who underwent a change in medication
during the study period and those who had
uncontrolled arterial hypertension.

Evaluations were performed between March
and September of 2012. All participants were
informed of the procedures involved in the study
and gave written informed consent. The study was
approved by the local research ethics committee
(Ruling no. 213/2012).

All participants underwent the following:
anamnesis; anthropometric data collection;
administration of the mMRC scale, the modified
Baecke questionnaire, and the 1PAQ, short version;
the 6MWT; and monitoring of the number of
steps/day by using a pedometer. The procedures
were performed on different days, the first of
which included anamnesis, anthropometric data
collection, and administration of the questionnaires
and the mMRC scale, as well as fitting of the
pedometer for monitoring of the number of
steps/day. The patients were instructed to return
after three days of monitoring for pedometer
data collection and for undergoing the 6MWT.

Anthropometric data (weight and height) were
obtained with the use of a calibrated mechanical
scale (Welmy S.A., Santa Barbara do Oeste, Brazil)
in order to calculate the BMI, which is used for
the calculation of the BODE index."

To assess the sensation of dyspnea, we used the
validated Brazilian-Portuguese language version
of the mMRC scale, which was administered as an
interview. Patients were asked about the extent
to which their sensation of dyspnea limits their
activities of daily living and were instructed to
choose only one alternative. The mMRC scale
comprises five grades, characterizing the different
activities that lead to the sensation of dyspnea.t'”

The 6MWT was performed along a 30-m-
long by 1.5-m-wide course with markings every
2 m, as recommended by the American Thoracic
Society.!'® For patients on home oxygen therapy,
the test was supplemented with the same oxygen
flow as that used at home. Predicted 6MWD for
each patient was calculated by the Twama et al.
equation.!"”

To determine the risk of mortality, we used the
BODE index, which was calculated considering the
following variables: BMI; FEV (% of predicted),
mMRC score, and 6MWD. The BODE index (total
score) ranges from 0 to 10, with higher scores
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indicating greater disease severity. On the basis
of these scores, the BODE index was calculated
as a predictor of mortality, being divided into
quartiles as follows: quartile 1 (0-2 points);
quartile 2 (3-4 points); quartile 3 (5-6 points),
and quartile 4 (7-10 points).®

The level of physical activity was subjectively
assessed by using two questionnaires (the
1PAQ, short version and the modified Baecke
questionnaire), which were administered as an
interview. The TPAQ, short version allows an
estimate of time spent per week on different
physical activities, in order to classify individuals
as sedentary, irregularly active (A or B), active,
or very active.!" For the purpose of analysis, this
classification was converted to continuous values
expressed as metabolic equivalent minutes per
week (MET-min/wk),"'? for each domain alone
(walking activity, moderate physical activity, and
vigorous physical activity) and in combination
(sum of all physical activity). The modified Baecke
questionnaire, validated by Pols et al.,'® was
administered to assess the patient’s usual exercise
capacity subjectively. It comprises 12 questions
related to three domains: activities of daily living;
sports; and leisure activities. The activities of daily
living domain contain 10 questions, which are
answered on a 0 to 3 scale, with 0 meaning “never
does the task” and 3 meaning “always does the
task” The other domains comprise open-ended
questions in which patients report the time of
year when they do sports and leisure activities
and the amount of time they spend on these
activities. For the activities of daily living domain,
the final score was calculated by adding up the
points assigned to each question and dividing
the result by the total number of questions in
that domain; for the other domains, the final
score was calculated with a code that classifies
the energy expenditure level of the given activity.
Finally, the three domain scores were added up,
and the level of physical activity of the patient
was determined.('?

The number of steps/day was quantified by a
Yamax Digi-Walker SW-700 pedometer (Yamax,
Tokyo, Japan), which is considered the most
accurate commercially available pedometer. 202"
It consists of a small sensor and a mechanical
counter that have the purpose of recording the
movements made in response to the vertical
acceleration of the body. The oscillations are
computed by adding up the total number of
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accumulated movements and determine the total
number of steps taken over the period assessed.
@) n our study, the equipment was positioned at
the patients’ waistline, at the level of the right
anterosuperior iliac crest, being clipped to their
belt or clothes. The volunteers were instructed
not to change their habitual routines and to
wear the pedometer continuously throughout
the period of wakefulness for three consecutive
days® in order to characterize a usual week’s
pattern, excluding the weekend. For the analysis,
we considered the mean of the values obtained
on the three days, so that a single value was
regarded as the level of activity of daily living.
No benchmark minimum number of steps/day
was provided to the participants. In addition,
the patients were instructed to keep a diary to
report the activities performed every one hour.

Data were analyzed with the Statistical Package
for the Social Sciences, version 17.0 (SPSS Inc.,
Chicago, 1L, USA). Normality of the data was
assessed by the Shapiro-Wilk test. The patients
who achieved the minimum number of 4,580
steps/day were compared with those who did not
by using the Mann-Whitney test or the unpaired
t-test according to the data distribution pattern.
Correlations of pedometer-determined steps/
day with the scores on the TPAQ, short version
and the modified Baecke questionnaire, which
are subjective instruments, were tested by using
Spearman’s correlation coefficient. The level
of statistical significance was set at p < 0.05.
The power of the test was calculated by using
the Ene software, version 2.0 (GlaxoSmithKline,
Madrid, Spain). To that end, we considered the
standard deviation of the variable “pedometer-
determined steps/day” and a level of significance
of 5%, which resulted in a power of over 80%.

Results

The study sample initially consisted of 38
patients, of whom 30 completed the study and
8 were excluded because of failure to complete
all of the steps of the evaluations. Of the sample,
15 patients achieved more than 4,580 steps/
day!"” and were considered to have no severe
physical inactivity (SP1- group), whereas 15 did
not achieve this number and were considered
to have severe physical inactivity (SP1+ group).
Of those 30 patients, 6 were oxygen-dependent
(3 in each group).
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Table 1 shows the demographic and
anthropometric characteristics, the BODE index
and its components, and objective and subjective
characteristics of the level of physical activity
of the COPD patients in the total sample and
by group.

Intergroup analysis showed that the patients
had similar values for BMI, degree of airway
obstruction, classification of prognosis for
mortality, perception of dyspnea in activities
of daily living (mMRC scale), modified Baecke
questionnaire scores (total score, leisure domain
score, and sports domain score), and 1PAQ, short
version scores (MET-min/wk of moderate and
vigorous physical activity). However, the patients
in the SP1+ group were found to have significantly
higher values for age and for the leisure domain
score of the modified Baecke questionnaire, which
means more time spent on activities that do not
involve body displacement; in addition, these
patients had lower functional exercise capacity
and reported less time spent on walking activity
and total physical activity in comparison with
those in the SP1- group.

Pedometer-determined steps/day showed
a weak but statistically significant correlation
with the 1PAQ, short version total score (r =
0.399; p = 0.029) in the total sample of patients
(Figure 1). However, no significant correlation
was found between steps/day and the modified
Baecke questionnaire total score (r = -0.129; p =
0.496). In addition, steps/day showed statistically
significant correlations with age (r = -0.459;
p = 0.011) and 6MWD—in m (r = 0.446; p =
0.013) and in % of predicted (r = 0.422; p =
0.020). The correlations of steps/day with the
BODE index and its components (BMI, FEV,
and mMRC) were not statistically significant.

Discussion

The results of our study showed that, after
the patients were divided into two groups, i.e.,
the SP1+ and SP1- groups, on the basis of a
minimum number of 4,580 steps/day, which is
considered a strong predictor of mortality by
Depew et al.,"? there was no difference between
the groups regarding the classification of severity
by the BODE index or the scores on the BODE
index and its components “mMRC score”, “BMI”,
and “FEV, (% of predicted)”.

One possible factor that may have limited
these aforementioned findings was the reduced
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Table 1 - Demographic characteristics, anthropometric characteristics, and level of physical activity of the
patients studied.?

Characteristic Total SP1- group SP1+ group p*
(n=30) (n=15) (n=15)

Age, years 68+ 10 6218 74+38 0.001
Men/women, n/n 23/7 10/5 13/2 0.671
BMI, kg/em? 24.6 £4.7 239 t4.4 243 £5.2 0.432
Steps/day 4.227 £ 2.075 5.780 = 1.355 2.674 + 1.384 0.000
FEVW, % of predicted 48.0 £ 14.9 47.1 £ 16.1 49 + 14.2 0.732
6MWD, m 380.3 + 108.3 434.6 £ 95.8 326.2 + 93.8 0.004
6MWD, % of predicted 70.1 £ 18.7 79.2 + 16.4 60.8 £ 16.7 0.005
mMRC score® 2 (0.00-2.25) 2 (0-3) 2 (0-2) 0.589
BODE index 3.5+19 3.3+ 2.1 3.7+1.7 0.567

Quartile® 2 (1-3) 2 (1-3) 2 (1-3) 0.760

Quartile 1¢ 10 (33.3) 5(33.3) 5(33.3)

Quartile 2¢ 10 (33.3) 5(33.3) 5(33.3)

Quartile 3¢ 9 (30.0) 4 (26.7) 5 (33.3)

Quartile 4¢ 1(3.3) 1(6.7) 0 (0.0)
mBQ®

Household domain 1.1 (0.6-1.7) 1.3 (0.3-1.9) 1.0 (0.6-1.5) 0.466

Sports domain 1.4 (0.0-4.1) 2.5 (0.0-4.1) 0.2 (0.0-4.2) 0.622

Leisure domain 1.2 (1.0-2.9) 1.1 (0.6-1.4) 1.4 (1.2-3.5) 0.023

Total 5.3 (2.5-7.2) 4.8 (3.3-5.9) 5.7 (2.2-8.3) 0.604
1PAQ, short version®

MET-min/wk of W 231.0 (0.0-358.8)  346.5 (82.5-528.0) 33.0 (0.0-247.5) 0.005

MET-min/wk of MPA 160 (0-510) 240 (0-600) 80 (0-360) 0.297

MET-min/wk of VPA 0 (0-0) 0 (0-0) 0 (0-0) 0.317

MET-min/wk of TPA 338.2 (153.0-979.5) 586.5 (330.0-1.150)  247.5 (0.0-657.0) 0.028

SP1-: no severe physical activity; SPI+: severe physical activity; BMI: body mass index; 6MWD: six-minute walk distance;
mMRC: modified Medical Research Council,; TPAQ: International Physical Activity Questionnaire; BODE: (B: body mass
index, O: airflow obstruction, D: dyspnea, E: exercise capacity); mBQ; modified Baecke questionnaire; MET-min/wk of
W: metabolic equivalent minutes per week of walking activity; MET-min/wk of MPA: metabolic equivalent minutes per
week of moderate physical activity; MET-min/wk of VPA: metabolic equivalent minutes per week of vigorous physical
activity; MET-min/wk of TPA: metabolic equivalent minutes per week of total physical activity. *Values expressed as
mean + dp; except where otherwise indicated. "Values expressed as median (interquartile range). “Values expressed as

n (%). *Mann-Whitney test or unpaired t-test.

number of patients in the last two quartiles (10
of the total sample), as well as the fact that the
groups showed no differences in the classification
of severity by the BODE index. One group of
authors® showed that level of physical activity
correlates only modestly with classification of
severity in COPD by the BODE index, which is more
sensitive when differences in the level of daily
physical activity are analyzed between patients
with mild to moderate disease and patients with
severe to very severe disease. Although quartile
1 and quartile 2 patients show a decrease in the
level of physical activity, the decrease is subtle,
whereas in quartile 3 and quartile 4 patients,
this decrease is more marked.

When the two groups were compared for
age, we found that there was a significant

difference and correlation, age being greater
in the SP1+ group than in the SP1-, which shows
that, as age increases, there is a trend toward
a decrease in the number of steps/day. In a
descriptive meta-analysis,®¥ it was found that,
in groups with a mean age over 65 years, the
number of steps/day is significantly lower; one
possible explanation is that, as age increases,
gait velocity decreases, which does not allow
the pedometer to record an accurate step count.
However, in our study, we believe that, since the
groups showed a significant difference also in
the domain “MET-min/wk of walking activity”
and in 6MWD, the difference between the two
groups occurred because of a decrease in walking
activity among the older patients, rather than
because of a possible limitation of pedometers.
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Figure 1 - Correlation between pedometer-determined steps/day and the International Physical Activity
Questionnaire (IPAQ), short version score for the domain “metabolic equivalent minutes per week of total

physical activity” (MET-min/wk of TPA).

Pitta et al.?” found that daily walking time
was weakly correlated with FEV, (r = 0.28) and
BMI1 (r = -0.08) but strongly correlated with the
6MWT (r = 0.76). In our study, we found no
significant differences or correlations between the
groups when we analyzed FEV, (% of predicted),
which shows that impairment related to airflow
obstruction was not associated with a lower level
of daily living activity. Oga et al.?® stated that
patient activity can be limited by an increased
degree of pulmonary obstruction; however, those
authors reported that FEV, is not beneficially
influenced by physical activity. As in the study by
Pitta et al.,»® we found a relationship between
pedometer-measured physical activity and 6MWD,
with the group with a higher level of physical
activity having greater functional capacity (as
assessed by the 6MWT) than the group with a
lower level of physical activity.

Regarding the differences found in the leisure
domain of the modified Baecke questionnaire, the
results show that the patients in the SP1+ group,
who took less than 4,580 steps/day, spent more
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time on these activities. The fact that most of
the activities reported within this domain were
reading magazines, watching TV, performing
manual tasks, etc, explains why the patients
in the SP1+ group took less than 4,580 steps/
day on average, because these activities do not
involve body displacements, which are recorded
by the pedometer.

Regarding the correlation of pedometer-
determined steps/day with the scores on the
physical activity questionnaires, which are
subjective instruments, we found that only the
1PAQ, short version score showed a significant
but weak correlation (r = 0.399) with steps/
day. A systematic review® reported that most
validation studies found only weak correlations
between 1PAQ scores and objective measures
of physical activity. In the present study, the
modified Baecke questionnaire score showed no
correlation with pedometer-determined steps/
day. Unlike in our study, Mazo et al.?® found
weak to moderate concurrent validity between
the modified Baecke questionnaire score and
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pedometer-determined steps/day in a group of
elderly women.

Limitations of our study include the fact that
the sample was selected by convenience, not
being representative of the general population,
and that the number of patients in each BODE
index quartile was not similar, there being only
1 patient in quartile 4. In addition, three days
of pedometer monitoring, despite references
in the literature, might have underestimated or
overestimated the step counts; the number of
steps might also have been underestimated by
the fact that COPD patients tend to have slow
gait velocity, which impacts on the detection
of oscillations during gait, and this can lead to
inaccurate step counts.

Therefore, the present study showed that the
cut-off of 4,580 steps/day""® was not sensitive
enough to identify differences between the groups
in our sample when compared with established
predictors of mortality. Of the scores on the two
questionnaires for physical activity assessment,
the 1PAQ, short version score correlated better
with pedometer-measured physical activity.
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Origimal Article

Nocturnal hypoxemia in children and
adolescents with cystic fibrosis®

Hipoxemia noturna em criancas e adolescentes com fibrose cistica

Regina Terse Trindade Ramos, Maria Angélica Pinheiro Santana,
Priscila de Carvalho Almeida, Almério de Souza Machado Junior,
Jose Bouzas Araujo-Filho, Cristina Salles

Abstract

Objective: To determine the prevalence of nocturnal hypoxemia and its association with pulmonary function,
nutritional status, sleep macrostructure, and obstructive respiratory events during sleep in a population of
clinically stable children and adolescents with cystic fibrosis (CF). Methods: This was a cross-sectional study
involving 67 children and adolescents with CF between 2 and 14 years of age. All of the participants underwent
polysomnography, and SpO, was measured by pulse oximetry. We also evaluated the Shwachman-Kulczycki
(S-K) scores, spirometry findings, and nutritional status of the patients. Results: The study involved 67 patients.
The mean age of the patients was 8 years. The S-K scores differed significantly between the patients with and
without nocturnal hypoxemia, which was defined as an Sp0O, < 90% for more than 5% of the total sleep time
(73.75 + 6.29 vs. 86.38 *+ 8.70; p < 0.01). Nocturnal hypoxemia correlated with the severity of lung disease,
FEV, (r,= -0.42; p = 0.01), FVC (r_= -0.46; p = 0.01), microarousal index (r = 0.32; p = 0.01), and apnea-
hypopnea index (r, = 0.56; p = 0.01). Conclusions: In this sample of patients with CF and mild-to-moderate
lung disease, nocturnal oxygenation correlated with the S-K score, spirometry variables, sleep macrostructure
variables, and the apnea-hypopnea index.

Keywords: Cystic fibrosis; Sleep; Oximetry.

Resumo

Objetivo: Determinar a prevaléncia de hipoxemia noturna e sua associagdo com func¢io pulmonar, estado
nutricional, macroestrutura do sono e eventos respiratorios obstrutivos durante o sono em uma populacio de
criancas e adolescentes com fibrose cistica (FC) clinicamente estaveis. Métodos: Estudo de corte transversal
envolvendo 67 criangas e adolescentes com FC e idade entre 2 e 14 anos. Todos os participantes foram submetidos
a polissonografia com medigdo da SpO, por oximetria de pulso. O escore de Shwachman-Kulczycki (S-K), a
espirometria e o estado nutricional dos pacientes também foram avaliados. Resultados: Foram incluidos 67
pacientes. A média de idade foi de 8 anos. Os resultados do escore de S-K diferiram significativamente entre os
pacientes com e sem hipoxemia noturna, definida como Sp0O, < 90% por mais que 5% do tempo total de sono
(73,75 £ 6,29 vs. 86,38 + 8,70; p < 0,01). A presenca de hipoxemia noturna correlacionou-se com a gravidade
da doenga pulmonar, VEF, [r5= -0,42; p = 0,01), CVF [r5= -0,46; p = 0,01), indice de microdespertares do
sono (r,= 0,32; p = 0,01) e indice de apneia e hipopneia (r. = 0,56; p = 0,01). Conclusdes: Nesta amostra de
pacientes com FC e doenca pulmonar leve a moderada, o nivel de oxigenacdo noturna correlacionou-se com
escore de S-K, variadveis espirométricas e da macroestrutura do sono, assim como o indice de apneia e hipopneia.
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Introduction

Cystic fibrosis (CF) is a multisystem autosomal
recessive genetic disease that primarily affects
the epithelia of various organs, leading to
significant morbidity and mortality. 1t results
from a mutation in the gene encoding the cystic
fibrosis transmembrane conductance regulator
protein, with approximately 250 kb, and located
on the long arm of chromosome 7. Abnormal
ion transport causes dehydration of luminal
secretions, with formation of viscous mucus and
subsequent stasis. This defect impairs mucociliary
clearance, leading to chronic infection, airway
remodeling, and, consequently, to air trapping,
an imbalance in the ventilation/perfusion ratio,
and increased work of breathing.” There is
progressive airflow obstruction due to mucus
plugging and inflammation within the bronchial
walls, with bronchiectasis and destruction of lung
parenchyma. Despite continuous improvement in
the care of patients with CF, much of the morbidity
and mortality result from lung disease, the end
stage of which is characterized by hypercapnic
respiratory failure.?

During sleep, there are drops in oxyhemoglobin
saturation, and these occur primarily during
rapid eye movement sleep; in patients with
CF, these drops are associated with a decrease
in intercostal muscle activity, with breathing
pattern irregularity, and with hypoventilation
caused by a reduction in tidal volume and minute
ventilation.®’ Episodic hypoxemia can occur during
sleep, as well as during exercise and during CF
infectious exacerbations. There are reports of
its occurrence during sleep and during exercise
in clinically stable adult patients with CF, who
do not exhibit daytime hypoxemia.”» However,
there has been reference to severe episodes of
oxyhemoglobin desaturation during sleep in
adolescents and adults with CF, and hypoxemia
can be a stimulus for disruption of normal sleep
patterns and quality of life in these patients.”)
Evidence in the literature suggests that hypoxemia
plays a role in the pathogenesis of lung injury
and in cor pulmonale in these patients, as do
brief episodes of desaturation, which can increase
pulmonary artery pressure.® Hypoxemia in these
patients is potentially important because it leads
to clinical complications, such as pulmonary
hypertension and right heart failure; evidence
suggests that hypoxemia can exacerbate lung
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inflammation and affect the bacterial profile of
the Tung in these patients.©”

The definitions of hypoxemia during sleep vary
among different countries and among published
studies in the medical literature; some authors
define it as a pulse oximetry-measured arterial
oxyhemoglobin saturation (Sp0,) < 90% for
more than 5% of the total sleep time (TST),
whereas others define it as an Sp0, < 90% for
more than 30% of TST.® The lack of a clear
definition of “significant hypoxemia” during sleep
makes it difficult to determine its prevalence and
severity. In adults, PaO, measurement is considered
crucial; however, this measurement is not always
considered to be practical or possible in children.
In pediatric practice, arterial oxyhemoglobin
saturation measured by pulse oximetry remains
the main tool."

Considering the few existing reports in the
literature that address abnormalities resulting from
nocturnal hypoxemia in pediatric patients with
CF, our objective was to estimate the prevalence
of nocturnal hypoxemia and correlate it with
abnormalities in sleep macrostructure, pulmonary
function data, nutritional status, and obstructive
respiratory events during sleep in a sample of
children with CF.

Methods

This was a prospective, cross-sectional and
descriptive-analytical study. We evaluated 67
children and adolescents with CF, who were
under follow-up and were consecutively recruited
at a referral center for the treatment of CF,
between November of 2006 and April of 2008.
Patients self-reported their skin color as being
white, black, light brown, medium brown, or
dark brown.® A diagnosis of CF was confirmed
by at least two abnormal sweat chloride results.

The study involved male and female patients
aged 2 to 14 years who agreed to participate and
whose parents or legal guardians gave written
informed consent. The exclusion criteria were as
follows: having undergone oral or intravenous
antibiotic therapy in the month prior to the
study’s outset and having experienced pulmonary
exacerbation in that period; having comorbidities,
such as diabetes mellitus, gastroesophageal reflux
disease, sleep-disordered breathing, genetic disease,
primary cardiac disease, neuromuscular disease,
craniofacial anomalies, psychiatric disease, and
Down syndrome; being on enteral or parenteral
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feeding, antidepressants, hypnotics, and home
oxygen therapy; and having undergone lung
transplantation.

The following instruments were used for
clinical and functional assessment of the patients.

Disease severity was assessed by the
Shwachman-Kulczycki (S-K) score, which is
based on four major criteria—general activity,
nutrition, radiological findings, and physical
examination. The overall score ranges from 20
to 100, with patient’s status being classified as
excellent (score, 86-100), good (score, 71-85),
average (56-70), poor (score, 41-55), or severe
(score, < 40).09

For assessment of nutritional status, height
and weight were measured, and the values
obtained were compared with data from the
United States National Center for Health Statistics
and converted to z scores for weight/age, height/
age, and weight/height, on the basis of age and
gender, by using Epi Info software program,
version 3.4.1; malnutrition was defined as weight z
scores below two standard deviations. In addition,
we evaluated body mass index, calculated as
weight in kilograms divided by height in meters
squared (kg/m?).0"

Overnight polysomnography was performed
in a standardized fashion with the use of a
computerized system (BrainNet BNTO; LYNX
Tecnologia Eletr6nica, Rio de Janeiro, Brazil),
which included electroencephalography, electro-
oculography, leg and mentalis electromyography,
measurement of airflow with an oronasal thermistor
and a nasal cannula, and pulse oximetry (Onyx® 11
9650 Bluetooth; Nonim Medical Inc., Plymouth,
MN, USA). We estimated Sp0, as the mean of
at-rest values obtained over a five-minute period,
with the patient being in a sitting position
and awake, at initiation of the sleep study. A
desaturation event was defined as a decrease of
4% or more in Sp0,. Mean and minimum Sp0,
were determined. Analysis of sleep stages, analysis
of microarousals, and scoring of respiratory events
during sleep were performed in accordance with
the recommendations of the American Academy of
Sleep Medicine. Although controversy surrounds
the definition of nocturnal hypoxemia, we chose
to define it as an Sp0, < 90% for more than
5% of TST, with a nadir of at least 85%; these
values were based on previous investigations in
patients with CF.®)
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Spirometry was performed with a Microlab
Spirometer 3500K, version 5.X.X Carefusion (Micro
Medical Ltd., Rochester, United Kingdom), in
accordance with the criteria established by the
American Thoracic Society!" and the Brazilian
Thoracic Association,'? in patients > 6 years of
age. The parameters studied were FVC, FEV , and
FEF,, ..., expressed as a percentage of predicted
for gender, age, and height, in accordance with
the Knudson et al. equation for children and
adolescents.('”

To build the database and perform the
statistical calculations, we used the Statistical
Package for the Social Sciences, version 13.0 (SPSS
Inc., Chicago, 1L, USA).'® Continuous variables are
expressed as median (interquartile range) or mean
(standard deviation), whereas categorical variables
are expressed as frequency and proportion. The
chi-square test and Fisher’s exact test were used
for the comparison of proportions. Means were
compared by the Student’s t-test (for variables
with normal distribution) or the Mann-Whitney
test (for variables without normal distribution).
Correlations of TST spent at an Sp0, < 90% with
pulmonary function variables and polysomnography
variables were calculated by Spearman’s linear
correlation coefficient (r), which measures the
degree of association between two numerical
variables. This coefficient ranges from -1 to
1; values closer to —1 or 1 indicate a stronger
association between the two variables, and values
closer to zero indicate a weaker relationship.
Values of p < 0.05 were considered statistically
significant.

The present study was approved hy the Research
Ethics Committee of the Oswaldo Cruz Foundation
(Ruling no. 119/2007). Polysomnography was
performed during spontaneous sleep, and parents
remained with their children during the procedure.
The present study did not contravene the ethical
precepts regarding research. All of the participants
received verbal and written information on the
nature and purpose of the study and gave written
informed consent.

Results

The Referral Center for Cystic Fibrosis of
the Octavio Mangabeira Specialized Hospital
follows 200 adult and pediatric patients. We
interviewed 85 pediatric patients with CF in order
to possibly involve them in the study, and, of the
74 who were considered eligible, only 67 agreed
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to participate in the study. The study sample
consisted of clinically stable children, most of
whom were male and self-reported their skin color
as being black or brown. The demographic data
of the study population are shown in Table 1.

The means of mean Sp0, and of Sp0, nadir,
during sleep, were 94.3 £ 2.1% and 81.2 £ 5.9%,
respectively. Maximum sleep time spent at an
Sp0, < 90% was 221 minutes (53% of TST),
and only one patient had an SpO, < 80% for
11 minutes (4.5% of TST). We found that 18
patients (26.9%) had an SpO, < 85% during
sleep and that only 11 (16.4%) did not have
any nocturnal desaturation events.

The patients were divided into two groups
on the basis of their having or not having the
outcome of interest, i.e., nocturnal hypoxemia,
which was defined as an SpO, < 90% for more
than 5% of TST, with a nadir of at least 85%.
The group with nocturnal hypoxemia consisted
of 4 patients (6%, Table 2). The two groups
were compared regarding clinical characteristics,
demographic characteristics, and polysomnography
findings. Analysis of the z scores for weight/
age, height/age, and weight/height revealed
no statistically significant differences between
the groups. However, FEV , FVC, and S-K score
values were significantly lower in the patients
with nocturnal hypoxemia than in those without
nocturnal hypoxemia (Table 2).

A comparison of the two groups regarding
polysomnography findings showed that the
group with nocturnal hypoxemia spent a greater
proportion of time in stage R sleep; however, all
other sleep architecture parameters were similar
between the groups. Nine patients (13.4%) had
an apnea-hypopnea index (AH1) > 5, and mean

Table 1 - Demographic and clinical data of the 67
cystic fibrosis patients studied.?

Characteristic Result
Male gender 38 (56.7)
Age, years® 8 (5-10)
Black or brown skin color 54 (80.6)

-0.54 (-1.3 t0 0.2)
-0.50 (-1.0 to 0.5)
34 (11-64)

z score for weight/age®
z score for height/age®
BMI percentile

Total S-K score® 85.6 £ 9.1
FEV, % of predicted" 78.5 (67.0-92.8)

BMI: body mass index; and S-K score: Shwachman-Kulczycki
score. “Values expressed as n (%), except where otherwise
indicated. "Values expressed as median (interquartile range).
“Values expressed as mean * SD.

J Bras Pneumol. 2013;39(6):667-674

Terse-Ramos R, Santana MA, Almeida PC, Machado-Junior AS, Araujo-Filho JB, Salles C

AHI1 was found to be higher in the group with
nocturnal hypoxemia than in the group without
nocturnal hypoxemia (12.8 + 11.4 vs. 3.7 £ 3.1),
although not statistically significantly so (Table 2).

According to Spearman’s correlation coefficient,
the period of time with Sp0O, < 90% for more
than 5% of TST correlated significantly with
FEV, (r.= -0.42; p = 0.01), FVC (r.= -0.46; p =
0.01), microarousal index (r. = 0.32; p = 0.01),
and AHI (r, = 0.56; p = 0.01; Figure 1).

Discussion

In the present study, 6% of the 67 clinically
stable children with CF were shown to have
hypoxemia during sleep, which was characterized as
an Sp0, < 90% for more than 5% of TST, whereas
26.9% of the children studied had significant
nocturnal desaturation events (SpO, < 85%).
These events were found to be associated with
lower S-K scores, lower FVC (% of predicted),
and lower FEV, (% of predicted), as well as with
a greater proportion of time spent in stage R
sleep. There was no association between these
events and nutritional status. We found that
the period of time with SpO, < 90% for more
than 5% of TST correlated negatively with FVC
(% of predicted) and FEV, (% of predicted) and
positively with microarousal index and AHI.

Uyan et al.'” evaluated children aged 8 to
12 years with CF and mild or moderate lung
disease and reported higher mean values for
mean and minimum SpO, than those observed
in our study (96.1 = 1.3% and 88.9 + 3.9% vs.
94.3 + 2.1% and 81.2 + 5.9%, respectively).
We studied patients aged 2 to 14 years and
observed intermittent and frequent drops in
Sp0,, even in younger individuals with normal
or slightly abnormal pulmonary function test
results. Of the 67 patients studied, 56 (83.6%)
had desaturation during sleep, most of whom
had more than six desaturation events during
the monitoring period.

Villa et al., who studied young children
with CF, showed that even those with mild
lung disease had nocturnal oxyhemoglobin
desaturation. Oxyhemoglobin desaturation has
been reported to be more prevalent in patients
with CF and severe lung disease, but there is
limited information on nocturnal Sp0, in patients
with CF and milder lung disease.® Castro-Silva et
al.!® studied 30 patients with CF and clinically
significant lung disease and compared them
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Table 2 - Comparisons of demographic, clinical, functional, and polysomnography characteristics in relation
to total sleep time spent at an Sp0, < 90% in the patients studied.?

Characteristic Hypoxemia during sleep® p*
Yes No
(n=4) (n=63)

Age, months 99.75 + 61.52 93.01 £ 37.14 0.74
Hospitalizations in the last year 1.25 £ 1.89 0.63 + 1.21 0.34
Episodes of pneumonia in the last year 1.00 £ 1.89 0.75 £ 1.16 0.67
S-K score 73.75 £ 6.29 86.38 £ 8.70 < 0.01
Z score for height/age -0.19 £ 2.16 -0.28 £ 1.27 0.89
Z score for weight/age -1.19 £ 2.41 -0.48 + 1.12 0.60
Z score for weight/height -0.91 + 1.56 -0.24 £0.92 0.19
Z score for BMI -0.78 £ 1.83 -0.45 £ 1.35 0.64
FVC, % of predicted 43.00 + 21.21 81.14 £ 17.31 <0.01
FEV,, % of predicted 49.00 £ 26.87 79.59 + 17.37 0.02
FEF,, ..., % of predicted 44.00 £ 18.38 72.19 £ 25.81 0.14
Sleep efficiency, % 84.00 £ 6.22 80.75 £ 11.48 0.58
Latency to sleep onset, min 16.75 + 11.70 25.98 + 34.55 0.60
Latency to REM sleep, min 100.50 + 51.86 171.07 £ 111.78 0.22
Microarousal index, per hour of sleep 9.25 £ 6.40 6.71 £2.99 0.49
TST spent in stage N1, % 6.00 £ 3.27 7.56 £ 4.00 0.45
TST spent in stage N2, % 40.75 + 7.41 39.63 + 11.47 0.42
TST spent in stage N3, % 20.50 £ 13.63 21.63 £6.53 0.88
TST spent in REM sleep, % 21.75 £ 1.7 14.68 £ 7.70 < 0.0001
AHI 12.75 £ 11.35 3.73 £ 3.09 0.21

S-K score: Shwachman-Kulczycki score; BMI: body mass index; REM: rapid eye movement; TST: total sleep time; N:
non-REM sleep; and AHI: apnea-hypopnea index. “Values expressed as mean + SD. "Hypoxemia during sleep was defined
as an Sp0, < 90% for more than 5% of TST. *Student.’s t-test

with 10 patients with CF and less severe lung
disease and with 20 controls. The mean ages
in the three groups were 12.8 years, 13.3 years,
and 15.5 years, respectively. In the group with
clinically significant lung disease, 5 patients
(15%) had an Sa0, < 90% for more than 30%
of TST, and 11 (36.6%) had an Sa0, nadir <
85%. That study found no differences in sleep
macrostructure between the group with clinically
significant lung disease and the group with mild
lung disease. Unlike our study, which evaluated a
younger population, that study observed greater
nocturnal desaturation, and it is possible that
these findings indicate a population with longer
disease duration and greater involvement of the
respiratory tract.

One group of authors® compared young
adult CF patients with and without nocturnal
desaturation and observed that those with
desaturation experienced a decrease in Sa0,
and an increase in PaCO, during sleep, as well
as decrease in FEV , relative to those without
desaturation. Perin et al.'® showed similar findings,

because, in the comparison of patients with
and without nocturnal desaturation, there were
significantly lower values for FEV, (46.4 + 13.6%
Vvs. 66.9 + 23.0%), FVC (35.8 £ 11.4% vs. 79.6
+ 19.1%), the S-K score (62.7 = 9.0 vs. 73.9 +
11.8), and daytime SpO, (92.2 + 1.3% vs. 96.4 =
1.2%), these data being similar to our findings.
Those authors also observed that, among the
patients with desaturation, there was a greater
proportion of pulmonary hypertension. There
have been reports of significant repercussions
of nocturnal hypoxemia on the pulmonary
circulation, including arterial remodeling and
increased vascular resistance, thereby resulting in
right ventricular dysfunction and cor pulmonale
in these patients.™

The present study found negative correlations
between nocturnal hypoxemia and pulmonary
function values, revealed by a reduction in FVC
(% of predicted) and in FEV, (% of predicted).
The effects of the severity of lung disease on
sleep have been reported in previous studies®*?";
however, only patients with moderate or severe
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Figure 1 - Representation of the correlations between the proportion of total sleep time spent at an SpO,
< 90% and the following: FEV, (% of predicted; in A); FVC (% of predicted; in B); microarousal index (per
hour of sleep; in C); and apnea-hypopnea index (in D).

disease were studied. The FEV, variable has been
proposed as a simple parameter to identify patients
at risk for nocturnal desaturation.®?

In the present study, the patients who had
hypoxemia during sleep spent a greater proportion
of time in stage R sleep. Hypoventilation has
been reported in patients with CF during this
stage of sleep,?” and this might explain our
finding; it is possible that the occurrence of a
large number of apnea and hypopnea events
during this stage of sleep, which are associated
with hypoventilation, contributed to increased
sleep fragmentation. In addition, we found a
positive correlation between nocturnal hypoxemia
and the number of microarousals; therefore,
nocturnal desaturation would be related to lower
sleep efficiency, a finding that is supported by
data published in other studies.""” Amin et al.??
reported that, in their study sample, children
with CF had lower sleep efficiency and more
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frequent awakenings than did those without CF.
However, the literature offers conflicting results
regarding abnormalities in sleep macrostructure
in patients with CF.?429

Another important finding of the present
study was that 13.4% of the patients studied
had obstructive sleep apnea syndrome (OSAS), a
prevalence that is higher than the data reported
in the literature.'”'® In addition to being a major
cause of nocturnal sleep fragmentation, OSAS
might be associated with hypoxemia during sleep
in patients with CF.?¥ Spicuzza et al.,*® who
studied a population of children with CF and a
mean age similar to that of our study population,
found that 28 (70%) of 40 children had mild-
to-moderate OSAS (defined as an AHl > 2). In a
previous study of a similar patient population,
Ramos et al.*” showed that the patients with OSAS
had signs of chronic rhinosinusitis. In the present
study, we found that nasal polyposis, which is a
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characteristic of chronic rhinosinusitis, was more
common in patients with hypoxemia during sleep
than in those without (p = 0.05), as was OSAS;
however, regarding OSAS, there was no statistical
significance between the groups (p = 0.21). We
found a positive correlation between nocturnal
hypoxemia and AHI (r_ = 0.56). 1t is possible
that OSAS in these patients contributed to the
frequent sleep disruptions; data in the literature
show that sleep fragmentation can adversely
affect many aspects of children’s lives and of
their behavioral and neurocognitive development.
(2829 However, Naqvi et al.,?® who evaluated
children and adolescents with CF, observed that
the severity of lung disease was associated with
the severity of sleep disruption.

The strength of our study included the
evaluation of clinical stable patients in order
to limit variability in nocturnal oxyhemoglobin
desaturation, which occurs during CF exacerbations,
and the use of laboratory polysomnography, which
allowed the observation of abnormalities in sleep
architecture. However, there are limitations that
need to be considered. The study was cross-
sectional in design, which precludes causal
inferences. In addition, we identified the need
for a larger sample in order to correct all potential
confounding factors, as well as for a balance
between the number of patients with and the
number of patients without hypoxemia during
sleep in order to provide power to the study.

In conclusion, our study showed that nocturnal
hypoxemia is common in clinically stable children
and adolescents with CF, being associated with
abnormalities in pulmonary function and sleep
macrostructure, as well as with OSAS. Future
studies are needed to evaluate the effects of
nocturnal hypoxemia on clinical outcomes; our
findings draw attention to the need to include
nocturnal polysomnography and cardiorespiratory
monitoring in the routine evaluation of patients
with CF, as well as to prescribe nocturnal home
oxygen therapy.
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Origimal Article

Can the single-breath helium dilution method predict lung
volumes as measured by whole-body plethysmography?*

Pode o método de diluicdo do hélio em respiracdo unica estimar os
volumes pulmonares medidos pela pletismografia de corpo inteiro?*

Patricia Chaves Coertjens, Marli Maria Knorst, Anelise Dumke,
Adriane Schmidt Pasqualoto, Jodo Riboldi, Sérgio Saldanha Menna Barreto

Abstract

Ohjective: To compare TLC and RV values obtained by the single-breath helium dilution (SBHD) method with
those obtained by whole-body plethysmography (WBP) in patients with normal lung function, patients with
obstructive lung disease (OLD), and patients with restrictive lung disease (RLD), varying in severity, and to devise
equations to estimate the SBHD results. Methods: This was a retrospective cross-sectional study involving 169
individuals, of whom 93 and 49 presented with OLD and RLD, respectively, the remaining 27 having normal
lung function. All patients underwent spirometry and lung volume measurement by both methods. Results: TLC
and RV were higher by WBP than by SBHD. The discrepancy between the methods was more pronounced in the
OLD group, correlating with the severity of airflow obstruction. In the OLD group, the correlation coefficient
of the comparison between the two methods was 0.57 and 0.56 for TLC and RV, respectively (p < 0.001 for
both). We used regression equations, adjusted for the groups studied, in order to predict the WBP values of
TLC and RV, using the corresponding SBHD values. 1t was possible to create regression equations to predict
differences in TLC and RV between the two methods only for the OLD group. The TLC and RV equations were,
respectively, ATLC, . op iN L = 5.264 — 0.060 x FEV [FVC (r*= 0.33; adjusted * = 0.32) and ARV, . in L=
4.862 - 0.055 x FEV [FVC (r*= 0.31; adjusted r* = 0.30). Conclusions: The correction of TLC and RV results
obtained by SBHD can improve the accuracy of this method for assessing lung volumes in patients with OLD.
However, additional studies are needed in order to validate these equations.

Keywords: Plethysmography, whole body; Total lung capacity; Residual volume.

Resumo

Objetivo: Comparar resultados de CPT e VR obtidos pelo método de diluicdo de hélio em respiragdo Unica
(DHRU) com aqueles obtidos por pletismografia de corpo inteiro (PCl) em individuos com fung¢io pulmonar
normal, portadores de disturbio ventilatdrio obstrutivo (DVO) e portadores de disturbio ventilatorio restritivo
(DVR) com diferentes niveis de gravidade e elaborar equactes para estimar CPT e VR por DHRU. Métodos: Estudo
transversal retrospectivo com 169 individuos, dos quais, respectivamente, 93, 49 e 27 apresentavam DVO,
DVR e espirometria normal. Todos realizaram espirometria e determinacdo de volumes pulmonares pelos dois
métodos. Resultados: Os valores de CPT e VR foram maiores por PCl que por DHRU. A discrepéncia entre os
métodos foi mais acentuada no grupo com DVO e se relacionou com a gravidade da obstrugdo ao fluxo aéreo.
No grupo com DVO, o coeficiente de correlacdo da comparacédo entre os dois métodos foi de 0,57 e 0,56 para
CPT e VR, respectivamente (p < 0,001 para ambos). Para predizer os valores de CPT e VR por PCl utilizando
os respectivos valores por DHRU foram utilizadas equagdes de regressédo, corrigidas de acordo com os grupos
estudados. Somente foi possivel criar equagdes de regressdo para predizer as diferencas de CPT e VR entre os
dois métodos para pacientes com DVO. Essas equacdes foram, respectivamente, ACPT, ., .. em L = 5,264 —
0,060 x VEF [CVF (r” = 0,33; 1 ajustado = 0,32) e AVR,, .. em L = 4,862 — 0,055 x VEF [CVF (r*= 0,31; r?
ajustado = 0,30). Conclusdes: A correcio de CPT e VR obtidos por DHRU pode melhorar a acuracia desse método
para avaliar os volumes pulmonares em pacientes com DVO. Entretanto, estudos adicionais para validar essas
equacdes sdo necessarios.

Descritores: Pletismografia total; Capacidade pulmonar total; Volume residual.
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Introduction

Lung volume measurements are useful for
characterizing the severity of respiratory diseases,
evaluating the results of interventions, and
determining prognosis.'"? Patients with restrictive
lung disease (RLD) can present with reduced TLC,
whereas those with chronic obstructive lung disease
(OLD) can present with increased TLC (usually
as a result of increased RV).® Various methods
can be used in order to determine lung volumes,
including whole-body plethysmography (WBP), gas
dilution methods, and radiological techniques.®“?
Currently, WBP and the multiple-breath helium
dilution method are used in pulmonary function
laboratories in order to measure TLC and RV.
Any of the abovementioned methods can be used
provided that the equipment and maneuvers are
in accordance with the recommended technical
standards.®® However, WBP is considered the
gold standard by some researchers.!'%)

The single-breath helium dilution (SBHD)
method is a simpler, cheaper, and more widely
available alternative method for evaluating alveolar
volume with equipment that is less complex than a
plethysmograph, having the operational advantage
of being performed in conjunction with DLCO
determination. However, because the SBHD method
depends on the air that is mobilized during a
single respiratory maneuver, it can underestimate
lung volumes when compared with WBP in
patients with a markedly uneven distribution of
ventilation. ("2 Although determination of alveolar
volume by the SBHD method for measuring DLCO
is used worldwide, the value of this technique in
determining lung volumes in patients with OLD
or RLD has yet to be established.

In view of the abovementioned considerations,
the objective of the present study was to compare
lung volumes as measured by the SBHD method
with Tung volumes as measured by WBP in
individuals with normal lung function, as well
as in patients with OLD or RLD of varying degrees
of severity. In addition, we sought to develop
equations to estimate TLC and RV as measured
by WBP (TLCWBP and RV, ., respectively) on the
basis of TLC and RV as measured by the SBHD
method (TLC,,, and RV, respectively) and
adjusted for the degree of airflow obstruction.

Methods

This was a retrospective cross-sectional study
involving 142 consecutive patients who underwent
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spirometry, static lung volume measurements
by WBP, and single-breath pulmonary diffusing
capacity measurements in the pulmonary
physiology laboratory of a referral hospital. We
selected patients with OLD caused by COPD and
patients in whom spirometry results were suggestive
of RLD. We excluded patients whose spirometry
results showed mixed obstructive and restrictive
lung disease, indeterminate lung disease, or OLD
of causes other than COPD. The control group
(n = 27) comprised 8 patients (6 of whom were
smokers) who had normal spirometry results
and who had undergone WBP and pulmonary
diffusing capacity measurements in routine care,
as well as 19 volunteers who were recruited from
the community, who were nonsmokers, who had
no respiratory complaints or diseases, who had
normal chest X-rays, and who had undergone
the three tests in the same period in order to
determine whether the reference standards used in
the laboratory were appropriate. The ethical and
methodological aspects of the study project were
approved by the local research ethics committee.

We collected data regarding age (years),
gender, weight (kg), height (cm), body mass
index (kg/m?), and smoking history (pack-years).
All pulmonary function tests were performed
with a MasterScreen Body spirometer (Jieger,
Wiirzburg, Germany) and were in accordance
with the technical recommendations in the
Brazilian Thoracic Association guidelines for
pulmonary function testing.”® Patients underwent
spirometry, WBP, and DLCO testing always in
the same sequence and at the same time of
day. All tests were performed before and after
the administration of 400 pg of albuterol. We
calculated TLC_, - by summing the alveolar volume
as measured by DLCO testing and the anatomical
dead space. We calculated RV, by subtracting
FVC from TLC,, . The gases and plethysmograph
were calibrated daily before test initiation. The
reference values for spirometry, lung volumes,
and DLCO were those described elsewhere. (-1

In order to confirm the diagnosis of COPD
by spirometry, we used an FEV,/[FVC ratio after
bronchodilator use < 0.70.0% The severity of
airflow obstruction was determined on the basis of
FEV,, as recommended by the American Thoracic
Society.!"” Mild to moderate OLD was defined
as an FEV, > 50% of the predicted value; severe
OLD was defined as an FEV, of 35-49% of the
predicted value; and very severe OLD was defined
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as an FEV, < 350% of the predicted value. Only
5 patients presented with mild OLD. Therefore,
they were evaluated in conjunction with those
who presented with moderate OLD.

For the diagnosis of RLD, we used the following
criteria: an FEV]/FVC ratio after bronchodilator
use > 0.80; reduced VC (an FVC < 80% of the
predicted value); and reduced TLC (a TLC < 80%
of the predicted value). For data analysis, we used
the median in order to divide the patients with
RLD into two groups according to the severity
of the disease (a TLC > 72% of the predicted
value indicating less severe disease and a TLC
< 72% of the predicted value indicating more
severe disease).

Statistical analysis was performed with the
Statistical Analysis System software, version 9.1
(SAS Institute, Cary, NC, USA). The collected data
were expressed as mean, SE, and 95% Cl. For
the evaluation of variables with one observation,
one-way ANOVA was performed to determine the
differences among the groups. Whenever Levene’s
test revealed heterogeneity of variance, Welch’s
ANOVA was performed. For complementation of
results, Tukey’s test was performed. The possible
influence of the covariates gender, age, weight,
height, body mass index, and smoking history
was tested by analysis of covariance. For the
evaluation of variables for each lung function
method, mixed-model ANOVA was performed. For
complementation of significant effects in relation
to the method and group, the Tukey-Kramer test
was performed (p < 0.05). The goodness of fit of
the model was tested by analysis of residuals and
determination of normality by the Kolmogorov-
Smirmov test (p > 0.01), the Anderson-Darling
test, and the Cramér-von Mises test (p > 0.005).
In both models, we obtained partial or residual
Pearson correlations, eliminating the effect of
factors in order to determine the association
between variables.

Bland-Altman plots!" were used in order to
determine the differences in TLC and RV between
the two methods. The limits of agreement were
calculated as £+ 1.96 SDs of the differences. We
developed prediction equations to estimate the
differences in TLC and RV between the two
methods by means of stepwise multiple linear
regression, variables with a value of p < 0.10
being included in the models. For all analyses, we
used the values obtained after bronchodilator use.
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Results

In the present study, 169 individuals underwent
spirometry and lung volume measurements by
WBP and the SBHD method in an open system.
Of the 169 individuals, 27 had normal spirometry
results, 93 had OLD, and 49 had RLD. The patients
with OLD were stratified as follows: patients with
mild to moderate OLD (29 patients); patients
with severe OLD (29 patients); and patients with
very severe OLD (35 patients). The patients with
RLD were stratified as follows: patients with less
severe disease (25 patients); and patients with
more severe disease (24 patients).

Anthropometric data, duration of smoking,
smoking history, and pulmonary function test
results, stratified by lung function status, are
presented in Table 1.

Figure 1 shows mean TLC and RV (in absolute
values and in percentage of predicted). In all
groups, TLC,,, and RV, . values were higher
than TLC_,, and RV, values (p < 0.01), the
discrepancy between the two methods being
most pronounced in the OLD group and the
difference increasing progressively as the severity
of airflow obstruction increased. A comparison
between the RV/TLC ratio obtained by WBP and
the RV/TLC ratio obtained by the SBHD method
provided further evidence of the discrepancy
between the two methods. In the individuals
with normal lung function, those ratios were
0.36 and 0.29, respectively. In the group of
patients with mild to moderate OLD, those ratios
were 0.53 and 0.38, respectively; in the group
of patients with severe OLD, those ratios were
0.60 and 0.43, respectively; and in the group
of patients with very severe OLD, those ratios
were 0.66 and 0.47, respectively. In the group of
patients with less severe RLD, those ratios were
0.44 and 0.32, respectively, and in the group
of patients with more severe RLD, those ratios
were 0.45 and 0.39, respectively.

Table 2 shows the differences in TLC and
RV between WBP and the SBHD method (in
absolute values and in percentage of predicted)
in the groups studied. In the groups of patients
with RLD and normal spirometry results, the
difference in TLC between the two methods
ranged from 0.61 L to 0.80 L (from 10.8% of
the predicted value to 13.1% of the predicted
value; p > 0.05). In addition, the difference in
RV between the two methods ranged from 0.52 L
to 0.75 L (from 30.8% of the predicted value to
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Table 1 - Anthropometric characteristics, smoking history, and functional parameters in 169 individuals
stratified by lung function status.

Variable Lung function status
Normal Obstructive lung disease Restrictive lung disease
Mild/ Severe Very severe Less severe  More severe
moderate
(n=27) (n=29) (n=29) (n=35) (n=25) (n=24)

Age, years 46.40 £ 13.70° 64.90 + 8.88* 70.10 + 6.62* 65.80 + 8.78° 47.30 + 15.90" 54.42 + 21.36°
Weight, kg 66.60 £ 16.13 71.20 £ 13.21* 68.40 £ 12.95* 66.60 + 13.94° 70.50 £9.90* 66.53 = 14.71°
Height, cm 161.00 £ 11.28* 161.00 £9.20° 163.00 £ 8.63* 166.00 £ 9.09*° 1.62 £ 6.69°  1.63 £ 8.32?
BMI, kg/m? 25.50 £6.23* 27.30 + 4.46* 25.70 £ 3.37* 24.20 £4.03* 27.10 £ 4.14* 25.08 £5.16°
Duration of 5.89 £ 11.50" 41.86 + 12.01* 44.86 +9.17° 36.40 £ 12.56* 10.60 + 13.37° 12.17 £ 17.57"
smoking, years
Smoking history, 1.27 £2.10> 62.20 £ 37.35" 59.00 + 38.69* 54.70 + 35.34* 12.30 £ 17.86" 20.98 + 43.25"
pack-years
FVG L 3.55+1.10° 2.82+0.81° 2.30+£0.54° 2.27£0.57° 2.20%0.42¢¢ 1.89 + 0.46¢
FV(, % of 98.32 + 12.96° 81.86 £ 13.76" 67.70 + 10.97° 60.23 £11.58° 62.07 £ 7.65¢ 51.91 + 6.81¢
predicted
FEV,, L 3.06 £ 0.92* 1.66 £ 0.51° 1.14£0.29° 0.82£0.19 1.96 £ 0.37°  1.70 £ 0.43°
FEV,, % of 10.99 £ 12.92* 63.19 £ 10.95" 42.41 £ 4.96¢ 27.59 + 4.97¢ 67.34 £ 8.03> 58.01 + 9.43¢
predicted
FEVW/FVC 85.35 £ 455 58.80 £ 6.60" 49.85+ 8.60° 36.90 +7.92¢ 89.61 £ 4.82* 89.73 £5.13°
DLCO, mL. 23.67 £ 6.15*  13.04 £ 432" 10.39+4.09° 8.85+3.47¢ 11.03 +4.38¢ 9.71 + 5.86%
min~' . mmHg™'
DLCO, % of 86.42 + 14.47* 56.41 £15.31° 46.27 £15.53" 36.25 + 14.65¢ 41.51 £ 13.22% 37.05 + 17.50%
predicted
DLCO/AV 498 £0.61° 2.85+0.58" 2.48£0.89™ 2.10£0.80° 3.68 £1.14> 323+ 1.49
DLCO/AV, % of ~ 94.04 + 24.12° 66.27 + 15.08> 63.91 + 24.25" 51.61 +21.04° 71.66 + 19.86" 69.42 + 27.20

predicted

BMI: body mass index; and AV: alveolar volume. Values presented as mean + SD. Matching letters indicate absence of
significant difference between groups, whereas non-matching letters indicate significant difference between groups.

One-way ANOVA (groups); p < 0.05.

43.4% of the predicted value; p > 0.05). In the
groups of patients with mild to moderate OLD
and severe OLD, the difference in TLC between
the two methods ranged from 1.58 L to 2.00 L
(from 30.5% of the predicted value to 38.2% of
the predicted value; p > 0.05), and the difference
in RV between the two methods ranged from
1.46 L to 2.03 L (from 80.7% of the predicted
value to 99.4% of the predicted value; p > 0.05).
The group of patients with very severe OLD
differed from all of the other groups analyzed,
showing the largest differences between the
two methods regarding TLC (3.09 L; 50.4% of
the predicted value) and RV (2.89 L; 139.5% of
the predicted value).

The correlations between FEV /FVC and the
differences in TLC and RV values between the
two methods in the individuals with normal
spirometry results, in the patients with OLD,
and in the patients with RLD are shown in
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Figure 2 (panels A, B, and C, respectively). The
best correlations were observed in the group of
patients with OLD (r = -0.47 for ATLC ., o
in % of predicted and r = —0.54 for ARV, .. w0
in % of predicted). When the individuals with
normal spirometry results and the patients with
OLD were analyzed as a whole, the correlation
between FEV, in % of predicted and ATLC, . ..
in % of predicted increased to r = -0.61 (p <
0.0001), as did the correlation between FEV, in
% of predicted and ARV, . ..., in % of predicted
(r = -0.640; p < 0.0001).
The association between TLC,,, and TLC
was assessed by Pearson’s correlation test. For the
sample as a whole (n = 169), there was a moderate
positive correlation between TLC, . and TLC,
(r=0.71; p < 0.001), as well as between RV,
and RV, (r=0.62; p < 0.0001). In the group
of individuals with normal spirometry results and

in that of patients with RLD, the coefficients
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Figure 1 - Comparison of TLC and RV values as measured by whole-body plethysmography (WBP) with TLC
and RV values as measured by the single-breath helium dilution (SBHD) method (in absolute values and in
percentage of predicted) in different groups of patients, stratified by lung function status. In all groups,
the TLC and RV values obtained by WBP were higher than those obtained by the SBHD method (p < 0.01).
OLD: obstructive lung disease; mild/mod: mild/moderate; and RLD: restrictive lung disease. Capital letters
represent comparisons of values obtained by WBP, whereas lower-case letters represent comparisons of values
obtained by the SBHD method. Matching letters indicate absence of statistically significant differences.
Two-way ANOVA (methods and groups); p < 0.05.
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Table 2 - Differences between TLC and RV values as measured by whole-body plethysmography and TLC
and RV values as measured by the single-breath helium dilution method in 169 individuals stratified by
lung function status.

Variable Lung function status
Normal Obstructive lung disease Restrictive lung disease
Mild/moderate Severe Very severe Less severe  More severe
(n=27) (n=29) (n=29) (n =35) (n=25) (n=24)
ATLC, o oo L 0.74 1.58 2.00 3.09 0.80 0.61
(0.36-0.74)° (1.27-2.25) (0.95-3.31)° (2.25-4.01)¢ (0.61- 1.04)*  (0.35-0.95)"
ATLC, o oo 13.12 30.50 38.30 50.40 16.13 10.85
% of predicted (8.40-21.20) (22.42-38.85)* (19.70-50.40)° (40.13-65.90)¢ (11.00-20.00)® (7.15-16.90)
ARV, oy L 0.62 1.46 2.03 2.89 0.75 0.52
(0.13-0.92)° (1.07-1.97) (0.84-2.83) (2.03-3.82)¢ (0.49-0.93)*  (0.23-0.79)"
ARV, % 34.70° 80.70 99.38 139.50 43.40 30.80

WBP-SBHD’

of predicted (11.40-53.30) (54.39-103.45)* (53.20-137.15)° (109.20-167.30)c (28.60-56.35)* (19.88-44.20)"
WBP: whole-body plethysmography; and SBHD: single-breath helium dilution method. Data presented as median
delta and 25-750% interquartile range. Matching letters indicate absence of significant difference between groups,
whereas non-matching letters indicate significant difference between groups. One-way ANOVA (groups); p < 0.05.
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Figure 2 - Correlations of the difference between TLC as measured by whole-body plethysmography (WBP)
and TLC as measured by the single-breath helium dilution (SBHD) method (left column), as well as of the
difference between RV as measured by WBP and RV as measured by the SBHD method (right column), with
the FEV [FVC ratio in % in individuals with normal lung function (A), in patients with obstructive lung
disease (B), and in patients with restrictive lung disease (C).
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of correlation between TLC,__ and TLC and

WBP SBHD

between RV, ., and RV, = were, respectively, 0.92
and 0.51 (p < 0.001), whereas in the group of
patients with OLD, those correlation coefficients
were, respectively, 0.55 and 0.36 (p < 0.001).

We used Bland-Altman plots in order to
compare TLC,,, with TLC, ~and RV, . with
RV,,- The data are shown separately for each
group, by lung function status, in Figure 3.
The group of patients with RLD showed the
smallest difference between the two methods
for both variables; the largest differences were
observed in the patients with OLD and higher
lung volumes.

For the sample as a whole (n = 169), the
difference in TLC values between the two methods
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was associated with the FEV]/FVC ratio (r =
-0.75; p < 0.001), FEV, (r = -0.51; p < 0.001),
and DLCO (r = -0.39; p < 0.001). Likewise, the
difference in RV values between the two methods
correlated with the FEV /FVC ratio (r = -0.75;
p < 0.0001), FEV, (r = -0.53; p < 0.0001), and
DLCO (r = —-0.41; p < 0.0001). There was no
significant correlation between the difference
in lung volumes and FVC (p > 0.05). For the 93
patients with OLD, the coefficient of correlation
between TLC,,, and TLC_,, was 0.57 (p < 0.001)
and the coefficient of correlation between RV,
and RV, was 0.56 (p < 0.001). In the patients
with OLD, we used a regression equation in
order to predict TLC,,, and RV, ., on the basis

WBP
of TLC,,, and RV. The FEV [FVC ratio (%),
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Figure 3 - Bland-Altman plots of the difference between TLC as measured by whole-body plethysmography
(WBP) and TLC as measured by the single-breath helium dilution (SBHD) method (left column), as well as of
the difference between RV as measured by WBP and RV as measured by the SBHD method (right column),
in function of the mean of the TLC values (in L) obtained by the two methods (left column) and of the
mean of the RV values (in L) obtained by the two methods (right column) in individuals with normal lung
function (A), in patients with obstructive lung disease (B), and in patients with restrictive lung disease (C).
The solid line represents the mean, and the dashed lines represent the SD (+ 1.96).
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FEV, (L), and DLCO (mL . min"' . mmHg™") were
included in the models. In the univariate analysis
for ATLC, ;p oo the adjusted coefficients for
FEV [FVC, FEV,, and DLCO were, respectively,
= 0.32, 1> = 0.14, and r?> = 0.07, whereas for
ARV, g iy the adjusted coefficients for the same
variables were, respectively, r> = 0.30, r* = 0.14,
and r* = 0.07. In the multivariate analysis, FEV,
and DLCO lost significance and were excluded
from the models. The regression equation to
predict the difference in TLC between the two
methods in the patients with OLD was as follows:

Yy = 5.264 - 0.060x

where y = ATLC,,, ., in L and x = FEV,[FVC
in % (r? = 0.33; adjusted 12 = 0.32).

The regression equation to predict the
difference in RV between the two methods was
as follows:

Y = 4.862 - 0.055x

where Y = ARV, . . in L and x = FEV [FVC in
% (r* = 0.31; adjusted r? = 0.30).

We were unable to develop equations for
individuals with normal lung function and those

with RLD.

Discussion

Our results showed the following: 1) TLC
and RV, ., values were higher than TLC ., = and
RV, Values, regardless of the lung function
status; 2) the magnitude of the difference in
lung volumes between the two methods was
associated with the FEV [FVC ratio, progressively
increasing with the degree of airflow obstruction;
3) lung volumes as measured by WBP can be
estimated on the basis of the values obtained by
the SBHD method provided that the values are
corrected for the severity of airflow obstruction.

Our study showed that, in the individuals with
normal lung function and in those with RLD, the
SBHD method underestimated lung volumes when
compared with WBP. Comparable values between
the two techniques” or a difference of 0.21 L in
TLC in individuals with normal spirometry results
have previously been described.? In another
study, when compared with the multiple-breath
helium dilution method, WBP overestimated
TLC by 0.47 L or 7.2% in normal individuals.!"

In the OLD patients in the present study, the
difference between the lung volumes obtained by
WBP and those obtained by the SBHD method

WBP
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increased or decreased proportionally to the
increase in airflow obstruction and air trapping.
Various studies have compared lung volumes as
measured by different methods in patients with
OLD. Garfield et al.?® compared TLC as measured
by plethysmography with TLC as measured by
chest HRCT in patients with COPD and found a
difference of 1.12 L (17.3%) between the two.
Similarly, 0'Donnell et al.” showed that, in patients
with COPD, WBP systematically overestimates lung
volumes in comparison with the multiple-breath
helium dilution method and CT, and that the
discrepancy is most pronounced in individuals with
FEV, < 30% of the predicted value. In contrast,
in 815 males with mild airflow obstruction, the
SBHD method underestimated TLC,,, by 0.75 L.
A difference of up to 1.08 L has been reported
between TLC, ., and TLC as measured by the
multiple-breath helium dilution method.®'%2"22
Major discrepancies (of up to 2.25 1) have been
observed between TLC,,  and TLC as measured
by the multiple-breath helium dilution method
in the presence of OLD.('>»

The different results across studies might be
related to the cause of OLD, the varying degrees
of airflow obstruction, and, in particular, the
methods used in order to measure lung volumes.
In addition to measuring the ventilated volume,
plethysmography measures areas of air trapping.
Conversely, the helium dilution technique measures
only the air that is ventilated. In patients with
airflow obstruction, there are variations in time
constants of the respiratory system and in the
distribution of ventilation, and there is early
collapse of the airways during exhalation, which
impairs lung emptying and causes air trapping.
These physiological abnormalities help to explain
the difference between the values obtained by
WBP and those obtained by the SBHD method
or the multiple-breath helium dilution method
in individuals with OLD."?%

The two helium dilution methods differ in
terms of lung volume measurements. The SBHD
method is a fast and simple technique in which
only one ventilatory maneuver is used (in order
to determine DLCO).?” 1n addition, the SBHD
method requires less effort from patients during
pulmonary function testing.”?*?% In contrast, the
multiple-breath helium dilution method requires a
longer test time, allowing a more even distribution
of the inhaled gas so that it is in equilibrium
with the alveolar air.”?® A comparison between
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the two techniques showed that they provide
comparable results in individuals without airflow
obstruction but show differences of up to 34%
in patients with more severe obstruction.”'19

One of the statistical resources that we used in
order to compare the findings of WBP with those
of the SBHD method was the linear correlation
test. The test showed a correlation of 0.92 in
the individuals with normal spirometry results
or RLD and of 0.55 in the patients with OLD. A
correlation of 0.98 between TLC,,, and TLC,,
in 32 normal individuals and of 0.70 between
TLC,,, and TLC,,, in patients with OLD had
previously been reported.?” However, in our study,
Bland-Altman plots""® were used for analysis of
the Tung volumes as measured by the two methods
and showed that, despite a strong correlation
between the two in the individuals with normal
spirometry results, there was discordance between
the two methods in that group of patients. The
concordance between the two methods for
determining lung volumes was better in the
group of patients with RLD, as evidenced by a
narrower 95% Cl and a higher concentration of
data around the mean. In contrast, in the group
of patients with OLD, the difference between the
two methods was more pronounced, especially
in the patients with high lung volumes. The
limitations of using linear correlation in order
to evaluate the performance of two methods
for measuring the same variable have previously
been described, as have the advantages of using
Bland-Altman plots in such cases.®?

The linear regression equations that allow us to
estimate TLC, ;. and RV, ., values on the basis of
TLC,,, and RV, - values adjusted for the degree
of airflow obstruction constitute an important
contribution of our study. These equations can
be used in patient care in situations in which
only spirometry and pulmonary diffusing capacity
testing are available. Although equations for TLC
adjusted for the degree of airflow obstruction have
previously been described,” the gold standard
used was the multiple-breath helium dilution
technique rather than WBP. Considering the
coefficients of determination for the regression
equations developed in our study, we emphasize
that most of the difference between the two
methods remains unexplained.

One limitation of our study is its retrospective
nature. The number of patients with mild OLD
in the present study was very small, reflecting
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the profile of patients treated at a referral
university hospital. Likewise, the number of
patients with severe RLD was small, which limited
the stratification of RLD patients. In addition,
RV, was obtained by subtracting FVC from
TLC,,,; the use of FVC instead of slow VC possibly
contributed to the lower accuracy of the method,
especially in the patients with OLD. Furthermore,
the prediction equations should be validated in
other patient populations in order to increase
the external validity of the study.

In conclusion, our study demonstrated that
TLC, 4 and RV, ., values were higher than TLC ,
and RV, values in normal individuals and in
patients with RLD or OLD. The discrepancy between
the two methods for measuring lung volumes
was most pronounced in the group of patients
with OLD caused by COPD, the magnitude of
the difference being directly associated with
the degree of airflow obstruction. The linear
regression equations described in the present
study allow us to adjust TLC_,  and RV,
values for airflow, predicting the lung volumes
as measured by WBP. Therefore, the relatively
simple, faster, and more widely available SBHD
method, used in order to determine pulmonary
diffusing capacity, has potential for expanded
use. However, additional studies are needed in
order to validate the equations before they can
be used in clinical practice.
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Barium swallow study in routine clinical practice: a
prospective study in patients with chronic cough®**

Estudo radiografico com ingestido de bario na rotina clinica:
um estudo prospectivo em pacientes com tosse cronica

Carlos Shuler Nin, Edson Marchiori, Klaus Loureiro lrion, Artur de Oliveira Paludo,
Giordano Rafael Tronco Alves, Daniela Reis Hochhegger, Bruno Hochhegger

Abstract

Objective: To assess the routine use of barium swallow study in patients with chronic cough. Methods: Between
October of 2011 and March of 2012, 95 consecutive patients submitted to chest X-ray due to chronic cough
(duration > 8 weeks) were included in the study. For study purposes, additional images were obtained immediately
after the oral administration of 5 mL of a 5% barium sulfate suspension. Two radiologists systematically evaluated
all of the images in order to identify any pathological changes. Fisher’s exact test and the chi-square test for
categorical data were used in the comparisons. Results: The images taken immediately after barium swallow
revealed significant pathological conditions that were potentially related to chronic cough in 12 (12.6%) of
the 95 patients. These conditions, which included diaphragmatic hiatal hernia, esophageal neoplasm, achalasia,
esophageal diverticulum, and abnormal esophageal dilatation, were not detected on the images taken without
contrast. After appropriate treatment, the symptoms disappeared in 11 (91.6%) of the patients, whereas the
treatment was ineffective in 1 (8.4%). We observed no complications related to barium swallow, such as contrast
aspiration. Conclusions: Barium swallow improved the detection of significant radiographic findings related
to chronic cough in 11.5% of patients. These initial findings suggest that the routine use of barium swallow
can significantly increase the sensitivity of chest X-rays in the detection of chronic cough-related etiologies.

Keywords: Barium sulfate; Cough; Contrast media; Radiography, thoracic.

Resumo

Objetivo: Investigar o uso rotineiro do estudo radiografico com ingestdo de bario em pacientes com tosse
cronica. Métodos: Entre outubro de 2011 e marco de 2012, 95 pacientes consecutivos submetidos a radiografia
de torax devido a tosse cronica (duracio > 8 semanas) foram incluidos no estudo. Como propdsito do estudo,
radiografias de torax adicionais foram obtidas imediatamente apos a administra¢do oral de 5 mL de uma
suspensdo de sulfato de bario a 5%. Dois radiologistas avaliaram todas as imagens de forma sistematica para
identificar alteracdes patologicas. O teste exato de Fisher e o teste do qui-quadrado para dados categoricos
foram utilizados nas comparacoes. Resultados: As imagens obtidas imediatamente apos a ingestdo de bario
revelaram patologias significativas potencialmente relacionadas a tosse cronica em 12 (12,6%) dos 95 pacientes.
Essas patologias, incluindo hémia diafragmatica, neoplasia de esdfago, acalasia, diverticulo esofégico e dilatacdo
anormal do esdéfago, ndo foram detectadas nas imagens obtidas sem a administracdo do contraste. Apos o
tratamento adequado, os sintomas desapareceram em 11 pacientes (91,6%), enquanto o tratamento foi ineficaz
em 1 (8,4%). Ndo foram observadas complicacdes relacionadas a ingestdo de bario, como aspiracio. Conclusdes:
A ingestdo de bario melhorou a deteccdo de achados radiologicos significantes relacionados a tosse cronica em
11,5% dos pacientes. Esses resultados iniciais sugerem que a utilizagdo rotineira da ingestdo de bario aumenta
significantemente a sensibilidade de radiografias de térax na deteccdo de etiologias relacionadas a tosse cronica.

Descritores: Sulfato de bario; Tosse; Meios de contraste; Radiografia toracica.
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Introduction

Chest X-ray is performed widely as the first-
choice imaging modality for the investigation
of thoracic complaints.”” The method is globally
available and has been proven to be cost-effective
in general practice."? Frontal and lateral images
are routinely acquired; however, some authors
have contested the value of the lateral view in
initial examinations, especially in patients under
40 years of age.” Radiographic images provide
a significant amount of valuable and sometimes
vital information"¥ and thus have constituted
the method of choice for the initial evaluation
of patients for decades.

Barium sulfate is often used medically as a
radiocontrast agent. 1t is prepared as an aqueous
suspension and administered by enema or orally.
Because it has a relatively high atomic number,
its radiation absorption tends to be greater than
that in other thoracic structures, providing better
anatomic detail.® Three types of barium studies
can be performed, each requiring a different
suspension preparation: barium swallow for the
evaluation of the gastroesophageal junction,
barium meal for the study of the antrum and
duodenum, and barium follow-through for the
assessment of the small bowel.®

The most common causes of chronic cough
in adults are upper airway cough syndrome,
asthma, and gastroesophageal reflux disease.”®
The initial evaluation of a patient with chronic
cough (duration > 8 weeks) typically includes a
focused history, physical examination, and chest
X-rays. These are firstly suggested in chronic
cough because CT has a higher radiation dose
exposure, higher costs, and a similar negative
predictive value.”® To our knowledge, however,
no study to date has investigated the benefits
or drawbacks of the routine use of the barium
swallow study in these patients. Therefore, the
aim of our study was to assess the routine use of
the barium swallow study in patients with chronic
cough. We believe that the oral administration
of barium enhances the evaluation not only of
the esophagus and stomach but also of the heart
chambers, great vessels, and airways.®

Methods

The institutional review board approved the
study, which was conducted in accordance with
the Declaration of Helsinki and Good Clinical

687

Practice guidelines (Protocol no. 221-12). All
participants gave written informed consent before
being included in the study. Between October of
2011 and March of 2012, 95 consecutive patients
submitted to CXR due to chronic cough were
included in the study. The inclusion criterion
was a history of chronic cough with duration
> 8 weeks. All the patients underwent clinical
examination and posteroanterior and lateral
chest X-rays without the use of the oral barium
sulfate suspension. These images were included
in the control group.

For study purposes, additional posteroanterior
and lateral images were obtained immediately after
the oral administration of 5 mL of a 5% barium
sulfate suspension (Bariogel; Cristalia, Sdo Paulo,
Brazil). These images were included in the study
group. The patients underwent both procedures
on the same day. All of the radiographic images
were acquired using a computed radiography
system (CR 3110 Kodak Ektascan Storage Phosphor
Reader; Kodak, Rochester, NY, USA) at a tube
voltage of 125 kV and 2.5 mAs. The radiation
doses were 0.1 mSv per examination.

Two thoracic radiologists with 12 and 7 years
of experience, respectively, systematically evaluated
the radiographic images from both groups in
order to identify any pathological changes using
a medical image displaying software (Advantage
Workstation 4.4; GE Healthcare, Milwaukee, WI,
USA). The radiologists, who were blinded to the
history of the patients, were allowed to change
the window width and level and to use pan and
zoom functions. The images taken after the
oral barium administration were also examined
carefully for any complications related to the
contrast agent. When consensus was not reached,
a third radiologist was consulted. The images
taken with barium swallow were evaluated 7
days after the assessment of the control images
using the same parameters.

True positive results were defined as the images
in the study group that revealed a significant
pathological condition potentially related to the
chronic cough that responded to the treatment
of that condition. False positive results were
defined as the images in the study group that
revealed a significant pathological condition
potentially related to the chronic cough that was
unresponsive to the treatment of that condition.
No patients were excluded from the study.

J Bras Pneumol. 2013;39(6):686-691
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The analysis of the data collected was
performed with the Statistical Analysis System,
version 6 (SAS Institute, Cary, NC, USA). Fisher’s
exact test and the chi-square test for categorical
data were used for the comparisons between the
control and the study groups, and the level of
significance was set at 5% (p < 0.05).

Results

The study sample comprised 95 patients,
with a mean age of 51.4 years (range, 15-88
years). Among these, 31 (32.6%) were male and
64 (67.4%) were female. Of the 95 patients, 23
were current or former smokers, with a mean
smoking history of 10 pack-years (range, 1-20
pack-years).

In 12 patients (12.6%), the images obtained
with barium swallow revealed a significant
pathological condition potentially related to
chronic cough that was not detected on the
images taken without contrast. These conditions
included diaphragmatic hiatal hernia (confirmed
by endoscopy), in 6 patients (5.2%; Figure 1);
esophageal neoplasm, in 1 (1.1%; Figure 2);
achalasia, in 2 (2.1%); esophageal diverticulum,
in 2 (2.1%; Figure 3); and abnormal esophageal
dilatation, in 1 (1.05%), which was probably
achalasia but unproven by endoscopy. Tertiary
esophageal contractions and one case of a
retroesophageal right subclavian artery (dysphagia
lusoria) were observed only on the images after
barium administration but were not recorded
as pathological conditions. According to the
literature, the majority of patients with these
findings have no clinical signs or symptoms.®-'?
None of these patients were diagnosed with
cancer or lung infection.

Nin CS, Marchiori E, Irion KL, Paludo AO, Alves GRT, Hochhegger DR, Hochhegger B

Among the 95 patients, a final diagnosis
of pulmonary tuberculosis was made in 5. The
radiographic findings in these patients were not
affected by barium swallow.

Patients with diaphragmatic hiatal hernias
received antireflux therapy (omeprazole, antacid,
and changes in lifestyle). Surgery was performed in
the patients with esophageal neoplasm, achalasia,
and esophageal diverticulum. The patient with
abnormal esophageal dilatations also underwent
surgical treatment. After appropriate treatment,
the symptoms disappeared in 11 (91.6%) of the
12 patients (Table 1). Antireflux therapy was
ineffective in 1 patient with an esophageal
hiatal hernia. In the cohort of 12 patients with
a significant pathological condition detected with
barium swallow, 4 were smokers, with a mean
smoking history of 7 pack-years (range, 3-15
pack-years). Among the patients diagnosed with
hiatal hernia on the X-ray, 1 had reflux-related
symptoms and was part of the group in which
antireflux therapy was effective. In addition, 1
patient diagnosed with achalasia retrospectively
presented with dysphagia. The other 10 patients
reported only chronic cough as a symptom. All
of the comparisons in the study were statistically
significant (p < 0.05).

No complications related to barium swallow,
such as contrast aspiration, were observed. In
addition, the procedure had no effect on the
quality of the images.

Discussion

Chronic cough is a very common and
nonspecific symptom of almost all chronic
respiratory (and some non-respiratory)
conditions.”® Clinical assessment, spirometry, and

Figure 1 - Chest X-rays of a 61-year-old woman with a 3-month history of chronic cough. In A, posteroanterior
chest X-ray showing no significant alterations. In B and C, respectively, posteroanterior and lateral chest
X-rays taken after barium swallow and showing the gastroesophageal junction (black arrow) above the
esophageal hiatus of the diaphragm, consistent with hiatal hernia.
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Figure 2 - Chest X-rays of a 65-year-old man with a 4-month history of chronic cough. In A, a posteroanterior

chest X-ray showing no mediastinal alterations. In B and C, posteroanterior chest X-rays taken after barium swallow
and showing an irregular area of narrowing (black arrows) that was subsequently diagnosed as esophageal cancer.

Figure 3 - Chest X-rays of a 47-year-old man with a 3-month history of chronic cough. In A, a posteroanterior
chest X-ray showing no significant alterations. In B and C, chest X-rays taken after barium swallow and
showing a diverticulum in the mid-esophagus (black arrow) that was diagnosed as a traction diverticulum
caused by tubercular scarring in the perihilar lymph nodes.

Table 1 - Clinical characteristics of the 95 patients
included in the study and diagnoses based on barium
swallow studies.a

Characteristic Result

Patients 95
Male gender 31 (32.6)
Smokers 23 (24.2)
Age, years 52.4 (15-88)°
Diagnosis 11 (11.5)

Diaphragmatic hiatal hernia 6 (5.2)

Achalasia 2 (2.1)

Esophageal diverticulum 2 (2.1)

Abnormal esophageal dilatation 1(1.1)
Esophageal neoplasia 1(1.1)

Values expressed as n (%) of patients, except where
otherwise indicated. "Value expressed as median (range).

chest X-rays can readily detect various recognizable
causes of chronic cough, such as COPD, chronic
bronchitis, lung cancer, foreign body aspiration,

pulmonary tuberculosis, sarcoidosis, idiopathic
pulmonary fibrosis, and heart failure.”®

From the opposite perspective, an extensive
list of conditions can be suspected or confirmed
with simple chest X-rays.!"” An evaluation of the
respiratory system might reveal lung infiltration due
to various pathologies, such as consolidations and
neoplasms; parenchymal destruction; lymph node
enlargement; pneumothorax; and pleural effusion.
Cardiovascular imaging can reveal cardiomegaly,
pericardial effusion, calcification foci causing
atheromatosis, acute aortic syndromes, aneurysms,
and congenital malformations. Bones, muscles,
and breasts are also visible, enabling the diagnosis
of numerous conditions, such as fractures, spinal
diseases, and breast nodules. Groups of authors
have indirectly reported that barium swallow studies
enable the early diagnosis of various conditions,
such as gastric and esophageal diseases,('*'?
cardiovascular abnormalities,?-*) and even respiratory
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conditions,®*?? suggesting that the routine use of
this method is justified and beneficial.

Our literature review found no studies
evaluating the use of barium swallow studies
in patients with chronic cough. Therefore, the
parameters used in the present study were
selected on the basis of those used in previous
studies,** 14162425 taking into consideration
the major anatomic relationships between the
esophagus and other thoracic structures.

Barium aspiration is always a concern in
the general practice. 1t is a well described
and benign complication of barium swallow,
although it is known to have harmful effects
in the lung parenchyma.®® Fatal outcomes
have been reported even after a low volume
intake®” and after the use of low-dose barium
suspensions.?”?® Although no consensus has
been reached on the effects of barium sulfate
administration in bronchographic studies, most
authors have argued that simultaneous gastric
content aspiration plays a greater role in causing
parenchymal tissue reaction than does barium
aspiration. In our study, no complications of
this or any other nature were observed, which
was probably related to the small study sample.

When considering the routine utilization of
barium sulfate as contrast, the potential risk
for false-positive findings, which could lead to
unnecessary further examinations or interventions,
is an important concern. The potential increase of
the dose with the addition of this routine method
was negligible. Few publications have reported
information about overlooked conditions, such
as gastric carcinoma and diaphragmatic hernia,
which represent the most likely pitfalls of barium
studies; however, these issues are related primarily
to the barium meal technique.?® Since the X-ray
is one of the most commonly performed imaging
modalities, achieving greater sensitivity of the
method and diagnostic accuracy for various diseases
is perhaps a more important concern than is the
potential risk for occasional false-positive diagnoses.
In our study, only 1 patient (1.1% of the study
sample) had a false-positive diagnosis of hiatal
hernia, since the chronic cough symptoms did not
resolve after the treatment. In the present study,
the response to treatment was the standard of
truth employed in order to identify true-positive
and false-positive findings were.

Our study has some limitations. First, the
specificity of the proposed method was determined

J Bras Pneumol. 2013;39(6):686-691

Nin CS, Marchiori E, Irion KL, Paludo AO, Alves GRT, Hochhegger DR, Hochhegger B

by the assumption that the lack of response to
the treatment would mean that the chronic cough
was motivated by another cause. In addition, we
were unable to determine the sensitivity of the
method. The diagnoses of esophageal cancer
and esophageal diverticulum may represent a
geographical bias, given the high incidence of
tuberculosis (causing traction diverticula) and
esophageal cancer in our region.?

In conclusion, the use of barium swallow
improved the detection of significant radiographic
findings related to chronic cough in 11.5% of
patients. These initial findings suggest that the
routine use of barium swallow can significantly
increase the sensitivity of a widely available
imaging modality. No complications associated
with the procedure, such as contrast aspiration,
were identified. However, further studies with a
larger sample are necessary for the assessment of
complication risks, false-positive findings, and the
cost-effectiveness of this method before its use
in daily practice can be securely recommended.
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Immunohistochemical and morphometric evaluation of COX-1
and COX-2 in the remodeled lung in idiopathic pulmonary
fibrosis and systemic sclerosis®**

Avaliacdo imuno-histoquimica e morfométrica de COX-1 e COX-2 no
remodelamento pulmonar na fibrose pulmonar
idiopatica e na esclerose sistémica

Edwin Roger Parra, Flavia Lin, Vanessa Martins, Maristela Peres Rangel, Vera Luiza Capelozzi

Abstract

Objective: To study the expression of COX-1 and COX-2 in the remodeled lung in systemic sclerosis (SSc) and
idiopathic pulmonary fibrosis (IPF) patients, correlating that expression with patient survival. Methods: We
examined open lung biopsy specimens from 24 SSc patients and 30 1PF patients, using normal lung tissue as
a control. The histological patterns included fibrotic nonspecific interstitial pneumonia (NSIP) in SSc patients
and usual interstitial pneumonia (UIP) in 1PF patients. We used immunohistochemistry and histomorphometry
to evaluate the expression of COX-1 and COX-2 in alveolar septa, vessels, and bronchioles. We then correlated
that expression with pulmonary function test results and evaluated its impact on patient survival. Results: The
expression of COX-1 and COX-2 in alveolar septa was significantly higher in IPF-UIP and SSc-NSIP lung tissue
than in the control tissue. No difference was found between 1PF-UIP and SSc-NSIP tissue regarding COX-1 and
COX-2 expression. Multivariate analysis based on the Cox regression model showed that the factors associated
with a low risk of death were younger age, high DLCO/alveolar volume, 1PF, and high COX-1 expression in
alveolar septa, whereas those associated with a high risk of death were advanced age, low DLCO/alveolar
volume, SSc (with NSIP), and low COX-1 expression in alveolar septa. Conclusions: Our findings suggest that
strategies aimed at preventing low COX-1 synthesis will have a greater impact on SSc, whereas those aimed at
preventing high COX-2 synthesis will have a greater impact on 1PF. However, prospective randomized clinical
trials are needed in order to confirm that.

Keywords: Scleroderma, systemic; ldiopathic pulmonary fibrosis; Inflammation; Survival rate.

Resumo

Objetivo: Estudar a expressdo de COX-1 e COX-2 em dareas pulmonares remodeladas em pacientes com esclerose
sistémica (ES) ou fibrose pulmonar idiopatica (FP1) e correlaciona-la com a sobrevida desses pacientes. Métodos:
Examinamos espécimes de bidpsia pulmonar a céu aberto de 24 pacientes com ES e de 30 pacientes com FPI,
utilizando-se tecido pulmonar normal como controle. Os padrdes histologicos incluiram pneumonia intersticial
ndo especifica (PINE) fibrotica em pacientes com ES e pneumonia intersticial usual (P1U) nos pacientes com
FPI1. Imuno-histoquimica e histomorfometria foram usadas para avaliar a expressdo celular de COX-1 e COX-2
em septos alveolares, vasos e bronquiolos, sua correlacdo com provas de funcdo pulmonar e seu impacto na
sobrevida. Resultados: A expressdo de COX-1 e COX-2 em septos alveolares foi significativamente maior em
FP1-P1U e ES-PINE do que no tecido controle. Nao houve diferenca entre FPI-PIU e ES-PINE quanto a expressdo
de COX-1 e COX-2. A andlise multivariada baseada no modelo de regressdo de Cox mostrou que os fatores
associados a baixo risco de morte foram ter idade menor, valores elevados de DLCO/volume alveolar, FP1, e alta
expressdo de COX-1 em septos alveolares, ao passo que os fatores associados a alto risco de morte foram ter
idade maior, valores baixos de DLCO/volume alveolar, ES (com PINE) e baixa expressdo de COX-1 em septos
alveolares. Conclusdes: Nossos resultados sugerem que estratégias de prevencdo de baixa sintese de COX-1
terdo maior impacto sobre a ES, ao passo que as de prevencdo de alta sintese de COX-2 terdo maior impacto
sobre a FP1. Porém, sdo necessarios ensaios clinicos randomizados prospectivos para confirmar essa hipotese.

Descritores: Escleroderma sistémico; Fibrose pulmonar idiopatica; Inflamacao; Taxa de sobrevida.

*Study carried out in the Laboratory of Histomorphometry and Pulmonary Genetics, Department of Pathology, University of Sdo
Paulo School of Medicine, Sdo Paulo, Brazil.
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the remodeled lung in idiopathic pulmonary fibrosis and systemic sclerosis

Introduction

Lung remodeling is a common end-stage
sequela of idiopathic pulmonary fibrosis (IPF) and
systemic sclerosis (SSc), resulting in disruption of
lung architecture, leading to progressive respiratory
failure.U-% Histologically, the remodeling process
is characterized by diffuse chronic interstitial
inflammation and increased fibroblast proliferation,
as well as by increased extracellular matrix synthesis
and collagen deposition.?>® Therefore, modulation
of inflammation, fibroblast proliferation, and
collagen synthesis by effector mediators in 1PF and
SSc is very important. Despite the characterization
of a variety of key participants, the mediators
and mechanisms involved in the pathogenesis
of 1PF and SSc have yet to be fully defined,
which might explain the limited number of
therapeutic approaches, with little impact on
long-term survival.?:®

It is known that COX is the key enzyme in the
conversion of arachidonic acid to prostaglandin
E, (PGE)), the precursor of a diverse family of
bioactive lipid mediators including prostaglandins,
thromboxane, and prostacyclin. 1t exists in two
isoforms, namely COX-1 and COX-2. The former is
constitutively expressed in most tissues and acts
as a housekeeping enzyme regulating vascular
homeostasis, protecting the gastric mucosa, and
maintaining renal integrity,®'” whereas the latter
has lower levels of expression in most tissues but is
inducible in response to growth factors, cytokines,
and other proinflammatory molecules.("-'?

Regarding the proinflammatory and anti-
inflammatory roles of COX-1 and COX-2,
immunohistochemistry can be a useful tool
to detect COX-1 and COX-2 in the remodeled
lung in patients with SSc and 1PF. Data on the
assessment of COX-1 and COX-2 in the remodeled
lung have previously been reported in serum!'4'
and bronchoalveolar lavage fluid"® from patients
with SSc, as well as in fibroblast cultures® and
biopsies!'”'® from patients with 1PF. However,
the roles of COX-1 and COX-2 in the mechanisms
involved in the remodeled lung in 1PF and SSc
patients are still unclear, and there has been
uncertainty regarding the best way to detect
COX-2. The aim of the present study was to
study the expression of COX-1 and COX-2 in lung
biopsy specimens (COX-1 and COX-2 expression
being separately evaluated in alveolar septa,
bronchioles, and vessels) and correlate it with
patient survival.

Methods

Between January of 2002 and July of 2008,
24 consecutive patients with SSc and interstitial
lung disease and 30 patients suspected of
having 1PF on the basis of HRCT findings were
submitted to open lung biopsy at the University
of Sdo Paulo School of Medicine Hospital das
Clinicas, located in the city of Sdo Paulo, Brazil.
All patients fulfilled the diagnostic criteria for
SSc™ and TPF" Open lung biopsy was performed
by formal thoracotomy, areas of honeycombing
being avoided. All patients gave written informed
consent, and the study was approved by the
local research ethics committee (Protocol no.
0960/08).

We analyzed the clinical records of all patients.
Disease duration was determined on the basis
of the onset of the first symptom. Pulmonary
function testing and HRCT were performed within
up to 3 months before the biopsy. Pulmonary
function testing included VC, FEV,, FV(C,
FEV [FVC, TLC, RV, and DLCO. Physiological
assessment was performed before open lung
biopsy and before the initiation of treatment. All
pulmonary function tests, including spirometry,
determination of lung volumes, and measurement
of DLCO, were performed on the same day. All
spirometric tests were performed with a calibrated
pneumotachograph (Medical Graphics Co., St.
Paul, MN, USA), all values being expressed as a
percentage of their respective predicted value,
the reference values having been established by
Pereira et al.?” Lung volumes were measured with
a whole-body plethysmograph (Medical Graphics
Co.), all values being expressed as a percentage
of the predicted values.?" Diffusing capacity
was expressed as a percentage of the predicted
values.®? Diffusing capacity was expressed as a
percentage of the predicted values.?® All patients
were followed regularly after treatment until death,
blood and lung function tests being regularly
performed. The primary endpoint was to evaluate
the impact of COX-1 and COX-2 changes on
survival and analyze differences between SSc and
IPF. Table 1 shows the demographic data. As a
control, normal lung tissue was obtained from
10 individuals (6 males and 4 females) whose
median age was 46.6 = 5.8 years and who had
died suddenly of nonpulmonary causes.

Regarding open lung biopsy findings, usual
interstitial pneumonia (UIP), the histological pattern
of 1PF, was characterized by patchy subpleural
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Table 1 - Clinical data of the patients with systemic sclerosis and of those with idiopathic pulmonary fibrosis.?

Parra ER, Lin F, Martins V, Rangel MP, Capelozzi VL.

Variable

SSc patients

1PF patients

Number

Males/females
Age at biopsy, years
Spirometry
FEV,, % of predicted
FVC, % of predicted
FEV,[FVC
TLC, % of predicted
RV, % of predicted
DLCO, % of predicted
DLCO/AV, % of predicted
Follow-up period, months

24 30
0/24 16/14

45.0 £9.0 64.7+7.9
70.50 £ 14.42 77.58 £ 20.06
65.00 £ 13.85 70.87 £ 16.88
107.96 + 8.70 92.75 £ 18.55
81.00 + 11.57 77.55 £ 20.32
117.5 £ 35.52 98.21 £ 61.14
66.86 = 21.68 56.27 £ 23.18
77.76 £ 37.28 55.66 * 31.62

70.75 (96)° 46.32 (69)°

Patients censored for survival analysis at the last follow-up visit 19 15

SSc: systemic sclerosis; 1PF: idiopathic pulmonary fibrosis; and AV: alveolar volume. Values expressed as mean * SD,
except where otherwise indicated. "Values expressed as median (range).

and paraseptal distribution of parenchymal
injury. Temporal heterogeneity was seen at low
magnification, areas of normal lung parenchyma
alternating with alveolar collapse, interstitial
mononuclear infiltrates, septal fibromyxoid tissue
(fibroblastic foci), and honeycomb lung.® All of
the patients with SSc had histological patterns
consistent with fibrotic nonspecific interstitial
pneumonia (NSIP), as defined by temporally
homogeneous septal thickening and interstitial
fibrosis."™

For immunohistochemistry analysis, a
standard peroxidase technique was used (Harris’s
hematoxylin being used as the counterstain) in
order to identify COX-1 and COX-2 expression
in alveolar septa, bronchiolar walls, and vascular
walls in normal lung tissue (the control tissue),
in lung tissue showing the UIP pattern (the UIP
tissue), and in lung tissue showing the NSIP
pattern (the NSIP tissue). All antibodies used
were biotinylated goat polyclonal antibodies.
Anti-COX-1 and anti-COX-2 antibodies (Santa
Cruz Biotechnology, Inc., Santa Cruz, CA, USA)
were incubated with tissue sections at dilutions
of 1:50 and 1:100, respectively. The Novolink
Max Polymer amplification kit (Leica Biosystems
Newcastle Ltd, Newcastle upon Tyne, UK) was used
for signal amplification, and 3,3’-diaminobenzidine
tetrahydrochloride (0.25 mg dissolved in 1 mL
of 0.02% hydrogen peroxide) was used as a
precipitating substrate for signal detection. The
specificity of primary antibodies was confirmed
by appropriate reagent controls (the primary
antibody being omitted or nonimmune serum
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being substituted for the primary antibody in the
staining protocol), which revealed no staining.

Regarding histomorphometry, COX-1 expression
and COX-2 expression were assessed by a point-
counting technique in 50 and 30 fields in alveolar
septa, bronchiolar walls, and vascular walls in
the control tissue, in the UIP tissue, and in
the NSIP tissue. The technique was performed
with a 100-point grid (area, 187,500 pm®";
magnification, x400) attached to the microscope
eyepiece.?? At a magnification of x400, the septal,
bronchiolar, and vascular areas in each field were
calculated on the basis of the number of points
overlying connective tissue, as a proportion of
the total grid area. Subsequently, the number of
immunostained cells within the septal, bronchiolar,
and vascular areas was counted. The areal fraction
of immunostained cells represents the percentage
ratio of the area of labeled cells in relationship to
the total area covered by the grid in the eyepiece.

In order to assess interobserver variability, we
compared the results obtained by two observers in
20% of the slides. The coefficient of variation for
the interobserver error of the cell count was 5%.

Data are presented as mean = SD and 95%
Cl. The Student’s t-test for independent samples
was used in order to test the relationship between
continuous variables, and the residuals were
examined to ensure that they were approximately
normally distributed. The relationship between
cellularity (as determined by immunostaining) and
pulmonary function test results was evaluated
by Pearson’s correlation coefficient. For all
cases, measured variable values were arranged
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in ascending order and divided into two groups
on the basis of the median value of each variable.
For each variable, the groups were designated
low degree and high degree, as follows: alveolar
septal COX-1 (low degree, < 2.35%; high degree,
2.359%); vascular COX-1 (low degree, < 2.91%;
high degree, 2.91%); bronchiolar COX-1 (low
degree, < 2.88%; high degree, 2.88%); total
COX-1 (low degree, < 2.77%; high degree, 2.77%);
alveolar septal COX-2 (low degree, < 2.04%; high
degree, 2.049%); vascular COX-2 (low degree, <
2.34%; high degree, 2.34%); bronchiolar COX-2
(low degree, < 2.34%; high degree, 2.34%);
and total COX-2 (low degree, < 2.16%; high
degree, 2.16%).

Overall survival analysis was performed in
two steps. First, we performed a univariate
analysis relating overall follow-up to each of
the measured variables by means of the Kaplan-
Meier method and then analyzed survival using
the log-rank test. The variables that were found
to be significant in the univariate analysis were
included in the multivariate analysis based on
the Cox proportional hazards regression model.
A positive event was defined as any death caused
by 1PF or SSc. Deaths from causes other than
1PF or SSc and living patients were included in
the models as censored cases.

All statistical procedures were performed with
the Statistical Package for the Social Sciences,
version 18.0 (SPSS Inc., Chicago, 1L, USA). For
all tests, the significance level was set at 5%.

Results

Table 1 summarizes the clinical features of
the patients with SSc (n = 24) and those of
those with TPF (n = 30). Six of 17 SSc patients
(35.29%) and 13 of 19 1PF patients (68.429%)
had restrictive lung disease. Respiratory function
test results were as follows: FVC < 80% in 18
(75%) of the 24 SSc patients and in 19 of 22
1PF patients (86.36%); TLC < 80% in 6 of 17 SSc
patients (35.9%) and in 13 of 19 1PF patients
(68.420%); DLCO < 80% in 12 of 15 SSc patients
(80%) and in 8 of 9 1PF patients (88.88%); and
DLCO/alveolar volume < 80% in 11 of 18 SSc
patients (61.11%) and in 11 of 14 1PF patients
(78.57%). A significant negative correlation was
found between COX-2 expression in vessels and
FVC (r= -0.28; p = 0.05), as well as between
COX-2 expression in alveolar septa and DLCO
(r = -0.80; p = 0.009).

Figure 1 shows alveolar septa, vessels, and
bronchioles in the control tissue, in the NSIP
tissue, and in the UIP tissue immunostained
for COX-1 (in A, C, E, G, 1, K, M, O, and Q) and
COX-2 (in B, D, F, H, J, L, N, P, and R). The NSIP
and UIP tissues differed from the control tissue
in terms of the immunostaining intensity of
epithelial cells, endothelial cells, myofibroblasts,
and smooth muscle cells in the alveolar septa,
vessels, and bronchioles.

Table 2 summarizes the morphometric
results. The proportion of alveolar septal cells
immunostained for COX-1 and COX-2 was
significantly higher in the UIP and NSIP tissues
than in the control tissue. In other words, high
proportions of alveolar septal cells staining for
COX-1 and COX-2 were associated with the UIP
and NSIP patterns. As can be seen in the bar
plots in Figure 1 (S and T) the relationship of
COX-1 and COX-2 with TPF (the UIP pattern) was
stronger than was that of COX-1 and COX-2 with
SSc (the NSIP pattern). Although the proportion
of bronchiolar cells immunostained for COX-2
was lower in the NSIP and UIP tissues than in
the control tissue (Figure 1W), the difference
was not statistically significant. In addition,
although the proportion of bronchiolar cells
immunostained for COX-1 was higher in the
UIP and NSIP tissues than in the control tissue
(Figure 1W), the difference was not significant.
No differences were found among the tissues in
terms of the COX-1 or COX-2 immunostaining,
for vessels or for the total parenchyma (Table 2).

A preliminary analysis of the Kaplan-Meier
survival curves showed that survival was better in
the patients with SSc (the fibrotic NSIP pattern)
and COX-2 expression > 2.25% (median survival,
70.75 months) than in those with 1PF (the UIP
pattern) and COX-2 expression < 2.25% (median
survival, 46.32 months; Figure 2). Therefore,
we coded the fibrotic NSIP pattern as a single
dummy variable with a value of 1 and the UIP
pattern with a value of 2. The results of the
multivariate analysis based on the Cox proportional
hazards regression model are shown in Table 3.
After controlling for age, pulmonary function
test results, the UIP pattern, and the fibrotic
NSIP pattern, we found that only two variables
were significantly associated with survival time:
the fibrotic NSIP pattern and alveolar septal
COX-2 (p = 0.02). Once these two variables were
accounted for, none of the others were related
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Table 2 - Morphometric results in normal lung tissue (control tissue), in lung tissue showing the usual
interstitial pneumonia pattern (from patients with idiopathic pulmonary fibrosis), and in lung tissue showing
the nonspecific interstitial pneumonia pattern (from patients with systemic sclerosis).?

Variable Control 1PF-UIP SSc-NSIP
COX-1
Septal 1.14 £ 0.94* 4.09 + 1.33* 2.74 £ 0.98
Vascular 3.55+1.20 2.71 £ 1.33 2.13 £0.90
Bronchiolar 1.70 £ 1.38 2.20 £ 0.92 1.70 £ 0.62
Total 2.20 £ 1.27 3.20 £ 0.86 2.20 £ 0.59
COX-2
Septal 1.55 + 1.26* 2.90 *+ 1.68* 1.82+1.18
Vascular 2.88 + 2.02 2.42 + 1,25 1.80 + 1.65
Bronchiolar 1.95 + 1.90 2.10 + 3.40 0.34 £ 0.38
Total 2.18 £ 1.15 2.17 £0.98 1.16 £ 0.66

IPF-UIP: idiopathic pulmonary fibrosis (with the usual interstitial pneumonia pattern); and SSc-NSPI: systemic sclerosis
(with the nonspecific interstitial pneumonia pattern). *The values presented correspond to the percentage ratio of the
area of labeled cells in relationship to the total area covered by the grid in the eyepiece. Results obtained by one-way
ANOVA and post hoc analysis with the Bonferroni test for multiple comparisons (control, IPF-UIP, and SSc-NSP1) and
the Student’s t-test for between-group comparisons. The level of significance was set at 0.05. *Statistically significant

difference between groups.
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Figure 2 - Cox regression plots for risk of death risk
versus duration of follow-up (in months) in young patients
with low DLCO/alveolar volume, systemic sclerosis (and
a histological pattern of cellular nonspecific interstitial
pneumonia), high-degree total COX-1, and low-degree
alveolar septal COX-2. The top curve represents the
group of patients with systemic sclerosis and cellular
nonspecific interstitial pneumonia. The bottom curve
represents two groups of patients: those with systemic
sclerosis and fibrotic nonspecific interstitial pneumonia;
and those with idiopathic pulmonary fibrosis and the
usual interstitial pneumonia pattern.

to survival. The multivariate analysis showed a
low risk of death for young patients with low
FEV]/FVC, fibrotic NSIP pattern, and high-degree
alveolar septal COX-2.

Discussion

The limited number of therapeutic approaches
that have any impact on long-term survival in
patients with 1PF-UIP and in those with SSc
and fibrotic NSIP is due to the lack of definition
regarding the mediators and mechanisms involved
in the pathogenesis of 1PF and SSc. Therefore,
the question of interest is whether additional
mediators can provide a better understanding
of the pathogenesis of these diseases. The repair
process involves two distinct stages: a regenerative,
inflammatory phase, in which the microenvironment
attempts to replace injured cells; and a fibrotic
phase, in which connective tissue replaces normal
parenchymal tissue.?*® In the repair process, PGE,
production by fibroblasts is increased,*”?® which
constitutes further evidence of the antiproliferative,
anti-inflammatory and antifibrotic properties
of COX-2/PGE,."® Therefore, our finding that
immunohistochemistry staining for COX provides
important information on the repair processes
in pulmonary fibrosis is not surprising, and our
results confirm that the expression of COX-2 is
increased in 1PF and SSc, with improved outcome in
a group of patients. We found that the proportion
of alveolar septal cells immunostained for COX-1
and COX-2 was significantly higher in lung tissue
showing the UIP pattern and the fibrotic NSIP
pattern than in normal lung tissue. Increased
COX-1 expression was expected because COX-1 is
constitutively expressed in most cells and tissues,
whereas COX-2 is induced by inflammatory or
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Table 3 - Cox proportional hazards regression to ascertain the individual contribution of the histological
pattern and morphological factors associated with survival and to compare adjusted survival between the

two groups.

B SE Wald Significance  Exp (B) 95% C1 for Exp (B)

Lower Upper

Age 0.09 0.09 1.00 0.31 1.10 0.91 1.32
DLCO/AV -0.08 0.05 2.09 0.14 0.92 0.82 1.03
IPE-UIP 0.01 0.99
SSc-NSIP 0.12 1.37 0.008 0.92 1.13 0.07 6.68
Septal COX-1 2.27 1.06 4.52 0.03 9.65 1.19 8.13

B: beta coefficient; Exp(f): exponential beta; AV: alveolar volume; IPF-UIP: idiopathic pulmonary fibrosis (with the
usual interstitial pneumonia pattern); and SSc-NSIP: systemic sclerosis (with the nonspecific interstitial pneumonia
pattern). -2 log likelihood = 24.17; chi-square = 12.2; p = 0.001.

mitogenic stimuli.”) These results contrast with
those of previous studies investigating 1PF.*17.18)
Those studies showed reduced COX-2 expression
in pulmonary fibroblasts secondary to decreased
COX-2 production. However, in those studies,
COX-2 expression was measured only in fibroblasts,
whereas in our study it was measured in the alveolar
septa, including epithelial cells and fibroblasts in
normal areas, collapsed areas, and fibroblast foci.
Other studies, including a study by Lappi-Blanco
et al.,® found increased expression of COX-2
in metaplastic epithelium and fibroblasts from
fibrotic areas in 1PF-UIP. These contradictory
findings suggest that COX-2 plays a dual role
in IPF-UIP. First, reduced COX-2 expression in
normal areas, collapsed areas, and fibroblastic
foci suggests an anti-inflammatory role for COX-2
in early-stage IPF-UIP. Second, the presence of
progressive fibrosis even in the presence of increased
COX-2 expression suggests that fibroblasts are
unable to respond to stimulation by COX-2 and
its main product (PGE,) so as to inhibit fibroblast
proliferation, myofibroblastic transformation,
and increased production of collagen and other
extracellular matrix molecules.

In the present study, the proportion of alveolar
septal cells immunostained for COX-1 and COX-2
was found to be lower in fibrotic NSIP tissue
(from SSc patients) than in UIP tissue (from 1PF
patients). This finding contrasts with those of
previous studies showing that COX-2 levels are
higher in SSc patients.(*'9 In addition, COX-2
production has been shown to be much greater
in the inflammatory resolution phase than in
the early phase.®® These contradictory findings
suggest that COX-2 has a dual role in a normal
inflammatory process, playing a proinflammatory
role in the early phase and an anti-inflammatory
role in the resolution phase.?” Therefore, in view
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of the abovementioned evidence and of the
latent inflammation in patients with SSc and
lung involvement, our results emphasize the idea
that COX-2 does not exert its anti-inflammatory
effect properly, because there is inflammation even
when COX-2 expression is increased in patients
with SSc and fibrotic NSIP. However, further
studies are needed in order to clarify the real
reason why the COX-2 mechanism is deficient.
We hypothesize that this is due to an inability
of COX-2 to stimulate the production of PGE, or
other anti-inflammatory mediators in opposition
to its own proinflammatory effects or an inability
of the cells to respond appropriately to COX-2.

Our study has clinical and functional impact.
We sought to establish a correlation between
COX-2 and patient survival controlled for age,
pulmonary function test results, the UIP pattern
(in patients with 1PF) and the NSIP pattern (in
patients with SSc). Our multivariate analysis showed
a low risk of death for younger patients with
low DLCO/alveolar volume, SSc (and the NSIP
histological pattern), high-degree total COX-2,
and high-degree alveolar septal COX-1.

In conclusion, the expression of COX-1 and
COX-2 in the lung parenchyma offers us the
potential to control repair processes involved
in the progression of SSc-NSIP and 1PF-UIP,
suggesting that strategies aimed at preventing
low COX-1 synthesis will have a greater impact
on SSc, whereas those aimed at preventing high
COX-2 synthesis will have a greater impact on
IPF. Prospective randomized trials are required
in order to confirm that.
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Origimal Article

CT densitovolumetry in children with obliterative
bronchiolitis: correlation with clinical scores and
pulmonary function test results®**

Densitovolumetria pulmonar por TC em criancas com bronquiolite
obliterante: correlacdo com escores clinicos e testes de funcdo pulmonar

Helena Mocelin, Gilberto Bueno, Klaus Irion, Edson Marchiori,
Edgar Sarria, Guilherme Watte, Bruno Hochhegger

Abstract

Objective: To determine whether air trapping (expressed as the percentage of air trapping relative to total lung
volume [AT%]) correlates with clinical and functional parameters in children with obliterative bronchiolitis (OB).
Methods: CT scans of 19 children with OB were post-processed for AT% quantification with the use of a fixed
threshold of —950 HU (AT%950) and of thresholds selected with the aid of density masks (AT%DM). Patients
were divided into three groups by AT% severity. We examined AT0% correlations with oxygen saturation (SO,)
at rest, six-minute walk distance (6MWD), minimum SO, during the six-minute walk test ((MWT_SO,), FVC,
FEV,, FEV,/FVC, and clinical parameters. Results: The 6MWD was longer in the patients with larger normal lung
volumes (r = 0.53). We found that AT%950 showed significant correlations (before and after the exclusion of
outliers, respectively) with the clinical score (r = 0.72; 0.80), FVC (r = 0.24; 0.59), FEV, (r = -0.58; -0.67), and
FEV,[FVC (r = -0.53; 1 = -0.62), as did AT%DM with the clinical score (r = 0.58; r = 0.63), SO, at rest (r = -0.40;
r=-0.61), BMWT_SO, (r = -0.24; r = -0.55), FVC (r = -0.44; 1 = -0.80), FEV, (r = -0.65; r = -0.71), and FEV,/
FVC (r = -0.41; r = -0.52). Conclusions: Our results show that AT% correlates significantly with clinical scores
and pulmonary function test results in children with OB.

Keywords: Multidetector computed tomography; Respiratory function tests; Bronchiolitis obliterans.

Resumo

Objetivo: Determinar as correlagdes entre o volume de aprisionamento aéreo em relagdo ao volume pulmonar
total (AA%) e pardmetros clinicos e funcionais em criancas com bronquiolite obliterante (BO). Métodos:
Técnicas de pos-processamento de imagem foram usadas em imagens de TC de 19 criangas com BO para
quantificar AA% por meio de um limiar fixo de —950 UH (AA%950) e de limiares selecionados por meio de
mascaras de densidade (AA%MD). Os pacientes foram divididos em trés grupos, de acordo com a gravidade
de AA%. Foram examinadas as correlacdes entre AA% e a saturacdo de oxigénio [SOZ) em repouso, a distancia
percorrida no teste de caminhada de seis minutos (DTC6), a SO, minima durante o teste de caminhada de seis
minutos (SOZ_TC6), a CVF, o VEF,, a relagdo VEFI/CVF e pardmetros clinicos. Resultados: A DTC6 foi maior
nos pacientes com maiores volumes pulmonares normais (r = 0,53). Na amostra como um todo, encontramos
(antes e depois da exclusdo de valores extremos, respectivamente), correlacdes estatisticamente significativas
entre AA%950 e o escore clinico (r = 0,72; 0,80), a CVF (r = 0,24; 0,59), o VEF, (r = -0,58; -0,67) e a relagdo
VEF,[CVF (r = -0,53; r = —0,62), bem como entre AA%MD e o escore clinico (r = 0,58; r = 0,63), a SO, em
repouso (r = -0,40; r = -0,61), a SO,_TC6 (r = -0,24; r = -0,55), a CVF (r = -0,44; r = -0,80), o VEF, (r = -0,65;
t = -0,71) e a relagdo VEF /CVF (r = -0,41; r = -0,52). Conclusdes: Os resultados deste estudo mostram que
AA% correlaciona-se significativamente com escores clinicos e testes de funcdo pulmonar em criangas com BO.

Descritores: Tomografia computadorizada multidetectores; Testes de fun¢do respiratoria; Bronquiolite
obliterante.
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Introduction

Postinfectious obliterative bronchiolitis (OB)
is an uncommon and severe form of chronic
obstructive lung disease that occurs in children
after lower respiratory tract injury.") In terms
of diagnosis, there are no specific signs or
symptoms of postinfectious OB. Clinical and
imaging findings are used in combination with
laboratory test results in order to identify the
cause and rule out other forms of chronic lung
disease. The diagnostic criteria for postinfectious
OB are as follows: severe acute bronchiolitis/
viral pneumonia during the first 3 years of life in
previously healthy children; evidence of persistent
airway obstruction after the acute event, identified
by physical examination, pulmonary function
testing, or both; chest X-ray findings of obstructive
lung disease; a mosaic pattern and air trapping
(AT) on chest CT scans; and exclusion of other
chronic lung diseases progressing to permanent
respiratory symptoms.??)

Histologically, OB is characterized by the
presence of granulation tissue plugs in the small
airway lumen, complete small airway destruction,
or both.® Mauad et al.” showed that OB is
histologically characterized by a constrictive
pattern with varying degrees of inflammation
and airway obliteration, ranging from minimal
bronchiolar inflammation to complete obliteration
of the bronchioles and bronchi by fibrotic tissue.
Indirect signs of obstruction, such as macrophage
accumulation, bronchiectasis, mucus accumulation,
and hyperinflation, are always present.

Although there have been several reviews of
studies examining long-term sequelae of adenovirus
pneumonia,®>® few studies have examined CT
findings in children with 0B.®” Some of these
studies have reported that abnormal CT findings in
such children can predict abnormal lung function
later in life.”

It has been reported that HRCT is an important
diagnostic tool for the evaluation of pulmonary
damage in patients with OB.?) The volume of
an organ (or the volume of abnormal parts
of an organ) can be determined by the use of
helical CT images and attenuation coefficient
values or densities on the Hounsfield scale,
expressed in Hounsfield units (HU). This method
is known as volumetric CT densitometry or CT
densitovolumetry,® and it can be used in order
to measure the volume of areas of lung with
low attenuation (i.e., AT), as well as total lung
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volume (TLV), in children with OB. In addition, it
can be used in order to measure the percentage
of AT relative to TLV (AT%) with the use of
thresholds to differentiate normal lung areas
from OB areas. It has been shown that AT% is
a major contributing factor to chronic persistent
airflow obstruction in asthma.!'®

Pulmonary function remains abnormal for long
periods after an episode of OB.""'? The clinical
course following the onset of OB is variable and
depends on the volume of affected lung tissue.
W Measures of clinical status and of the ability
to perform physically demanding activities—such
as the number of hospital admissions or missed
school days, walk test distance, nutritional status,
and oxygen saturation (SO,) at rest or during
exercise—facilitate the selection of appropriate
clinical interventions.*? Because the prognosis
of OB patients depends not only on patient
behavior but also on functional impairment and
the extent of anatomical damage, clinicians should
gather information regarding the extent and
type of anatomical abnormalities. Bronchiectasis,
atelectasis, lobar collapse, and areas of low density
are known consequences of postinfectious OB,
and HRCT is the best method of examining
such lesions,*®? all of which can influence the
clinical status of patients and their pulmonary
function test results.%” Previous studies have
shown that low attenuation areas correlate well
with pulmonary function test results in patients
with AT of various causes.!'*' However, to our
knowledge, no studies have shown a correlation
of CT densitovolumetry findings with pulmonary
function in children with OB.%*67

Our objective was to describe the correlation
between the volume of areas of AT and pulmonary
function test results in children with OB. In
addition, we compared AT% values with SO,
values, pulmonary function test results, and
clinical scores in those children in an attempt
to obtain objective measurement criteria for OB.

Methods

This was a prospective study including all
of the children treated at our postinfectious OB
clinic for more than 5 years and having clinically
stable OB and symptom onset before the age
of 2 years. The study protocol was approved by
the local research ethics committee, and the
parents or legal guardians of all participants
gave written informed consent.
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The diagnosis of OB was based on the
identification of chronic obstructive respiratory
symptoms appearing after an episode of lower
respiratory tract infection before the age of 2
years in previously healthy children.®? All clinical
diagnoses were confirmed by characteristic
findings on contemporary HRCT scans. Differential
diagnoses were excluded.

The inclusion criteria were as follows®: acute
bronchiolitis/viral pneumonia before the age of 2
years in previously healthy children; evidence of
persistent airway obstruction after the acute event,
identified by physical examination, pulmonary
function testing, or both, the obstruction being
unresponsive to at least 2 weeks of treatment
with systemic corticosteroids and bronchodilators;
radiological findings of obstructive lung disease,
including hyperinflation, atelectasis, bronchial
wall thickening, and bronchiectasis, as well as a
mosaic perfusion pattern and AT on CT scans; and
absence of other chronic lung diseases progressing
to persistent respiratory symptoms, including
tuberculosis, cystic fibrosis, bronchopulmonary
dysplasia, immunodeficiency, asthma, and severe
alpha-1 antitrypsin deficiency. The exclusion
criteria were as follows: being unable to undergo
pulmonary function testing or CT without sedation;
being unable to hold breath for the duration
of CT scanning; Having disease exacerbation
< 30 days before CT or pulmonary function
testing; having other lung diseases; and requiring
continuous oxygen therapy.

A total of 25 patients with OB met the
inclusion criteria. Of those 25 patients, 6 were
excluded (because they were unable to perform
the required respiratory maneuvers). The final
sample consisted of 19 children (14 males and
5 females) in the 7-15 year age bracket (mean
age, 10 + 2.5 years).

All patients performed spirometry and
six-minute walk tests (6MWTs) in accordance with
previous reports.(>'® Spirometry was performed
with a Vitalograph ALPHA spirometer (Vitalograph,
Buckingham, UK) before and 10 min after the
administration of an inhaled dose of albuterol
(300 pg; Aerolin®; GlaxoSmithKline plc, Ware, UK)
with a valve spacer (Fisonair’; GlaxoSmithKline
plc). All children performed a 6MWT with SO,
control. Because the 6MWT was performed after
spirometry (and on the same day as the latter),
all patients used albuterol before the 6MWT.

Clinical scores included the following: 1)
nutritional status''” (Z score: 0 = good nutritional
status; 1 = mild malnutrition; 2 = moderate
malnutrition; and 3 = severe malnutrition);
2) cough during remission (0 = absent and
1 = present); 3) cough within 2 weeks before
the examination (0 = absent and 1 = present);
4) wheezing during remission (0 = absent
and 1 = present); 5) wheezing on most days
of the week (0 = absent and 1 = present); 6)
wheezing in the last 2 weeks (0 = absent and
1 = present); 7) difficulty breathing in the 2
weeks preceding the examination (0 = absent
and 1 = present); 8) frequency of exacerbations
in the last 6 months (0 = no exacerbations;
1 = sporadic exacerbations; 2 = exacerbations
every 2 months; 3 = exacerbations every month;
and 4 = exacerbations every week); 9) increased
anteroposterior chest diameter (0 = absent and 1
= present); 10) SO, at rest (> 95% = 0; 90-94% =
1; and < 90% = 2); 11) minimum SO, during
the 6MWT (6MWT_SO,; > 95% = 0; 90-94% =
1; and < 90% = 2), mean desaturation during
exercise being measured by calculating the
difference between SO, at rest and 6MWT_SO,;
12) desaturation > 4% during the 6MWT (0 =
negative and 1 = positive); 13) the FEV [FVC
ratio; and 14) percent predicted FEV, (FEV %; >
80% = 0; 61-80% = 1; 41-60% = 2; < 41% = 3).

All CT images were acquired with the use of the
lowest possible radiation dose and a commercially
available helical CT scanner (XVision EX; Toshiba
Medical Systems Corporation, Otawara, Japan),
being post-processed on a workstation (02°; SGI,
Fremont, CA, USA) running three-dimensional
(3D) rendering software (ALATOVIEW; Toshiba
Medical Systems Corporation). The CT scanner was
calibrated periodically, as recommended by the
manufacturer. An initial set of nine axial HRCT
scans (with 1-mm collimation at increments of
20 mm) were acquired with the use of a high-
frequency algorithm. Those HRCT images were
evaluated by two thoracic radiologists with more
than 10 years of experience in chest CT. A final
decision was reached by consensus.

Two additional sets of images were acquired by
the helical CT scanner during single breath-hold
maneuvers (during inhalation and exhalation). To
minimize respiratory motion artifacts, helical CT
scans were taken in the caudocranial direction. On
the basis of previous studies,®-?" the following
parameters were used: collimation, 10 mm; table
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speed, 14 mm/rotation (pitch, 1.4); and low
radiation dose (120 kV and 50 mAs). The mean
total radiation dose was 5 = 1.3 mSv. We used
helical CT scans of 10 mm, low mAs, and high
pitch in order to reduce radiation exposure. A
standard reconstruction algorithm was used in
order to avoid the effects of edge-enhancing
filters on tissue density.?? All scans were taken
without intravenous contrast medium.

The first step of CT densitovolumetry was
lung segmentation for measuring TLV. Two
segmentation steps were applied to each set of
helical CT images before the calculation of TLV.
The lungs were isolated by eliminating from
the image data any structure with a density
exceeding —250 HU. Subsequently, we eliminated
the air within the abdomen and outside the
patient (nonpulmonary air) by selecting regions
of interest with the 3D rendering software. The
regions of interest were selected by drawing a
line between the lung and the nonpulmonary air
on each slice. Different 3D software, unavailable
to us during the study period, might include
different tools for lung segmentation. In order
to minimize operator-dependent variability, we
considered the air within the trachea or main
bronchi to be pulmonary air rather than excluding
it. The operator assessed segmentation accuracy
by reviewing the 3D lung image generated by
volume rendering (Figure 1). The software then
automatically calculated TLV.

@ '
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For measuring the volume of lung parenchyma
with abnormally low attenuation values, areas
of extremely low attenuation or density were
considered to be abnormal, because of the
disproportion between the volume of lung
parenchyma (including interstitial tissue, vessels,
blood, lymph, interstitial fluid, and airway walls)
and the air in those regions. In order to simplify
measurement, we defined “AT volume” as the
total volume of lung zones showing extremely
low density values.

We calculated AT% using a fixed threshold.
We first calculated the lung volume affected by
AT using a fixed threshold of —~950 HU (AT%950).
This threshold was first proposed by Gevenois et
al.?Y and has been used by many others in order
to quantify emphysema.'¥ We considered any
portion of the lungs with a density below —950
HU to be affected by AT. We calculated AT%950
by dividing the AT volume for that threshold
by the TLV. These data were also calculated for
expiratory scans.

The next step was to calculate AT% for
thresholds selected by using density masks. No
validated threshold is available for determining
the volume of hyperinflation, AT, or emphysema
in children. Because the —950 HU threshold
can underestimate the extent of disease in this
population, we also calculated AT volume using
a threshold selected for each patient with the
aid of a density mask. The threshold level was
adjusted until the mask corresponded to our

Figure 1 - In A, coronal reformatted CT image (minimum intensity projection) showing air trapping. In B,
three-dimensional CT reconstruction showing low attenuation volumes, which represent air trapping volumes.

J Bras Pneumol. 2013;39(6):701-710
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subjective visual impression of affected lung
portions (Figure 2). That threshold was selected,
and TLV was then segmented. Any portions of
the Tungs with densities below the selected HU
were considered abnormal. We then calculated
AT% using that density mask (AT%DM). These
data were also calculated for expiratory scans.
The shrink (deflation) volume of the lungs was
calculated by subtracting the TLV as measured
on images acquired during exhalation from the
TLV as measured on images acquired during
inhalation. The percentage of shrink volume was
considered excellent if it was > 50%, reasonable/
good if it was 30-50%, and poor if it was < 30%.
For the statistical analysis, test results were
entered into a Microsoft Excel database and
processed by means of Excel tools, the analysis
being performed with the Statistical Package for
the Social Sciences, version 11 (SPSS Inc., Chicago,
1L, USA). Statistical significance was set at p <
0.05. We assumed a power of 90% for a sample
size of 19 patients and statistical significance
of p < 0.05, on the basis of a previous study.”
Scatter plots (Figure 3) were used in order
to classify patients according to the severity
of AT%. For AT%950 and AT%DM, AT% < 1%
was considered to indicate normality or minimal
disease expression. In addition, AT%950 values
of 1-5% were considered to indicate moderate
disease expression, and AT%950 values > 5% were
considered to indicate severe disease expression.
Moreover, AT%DM values of 1-10% were
considered to indicate moderate disease expression,
and AT9%DM values > 10% were considered to
indicate severe disease expression. The magnitude
of variability in AT%950 and AT%DM guided
the selection of values to differentiate between
moderate and severe disease expression (Figure 3).
All variables were analyzed by Pearson’s
product-moment correlation coefficient.
Correlations were determined before and after
the exclusion of outliers (Figure 4). Values of r
and p were calculated separately for censored
and uncensored data. Correlations were also
calculated for pulmonary function test results
and clinical scores.

Results

Of the 19 patients, 2 had normal clinical
scores, 7 had clinical scores < 5 (including the
two patients with clinical scores = 0), 6 had
scores of 5-10, and 6 had scores > 10. In the

Figure 2 - Post-processing tools. After the use of
a threshold, the air inside and outside the lungs is
isolated. In A, axial CT scan showing air inside and
outside the lungs. In B, three-dimensional (3D) volume
rendering of the same data. In C, 3D volume rendering
of total lung volume after the exclusion of air outside
the lungs.
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Figure 3 - Scatter plot illustrating the distribution of patients according to the percentage of air trapping
relative to total lung volume (AT%), which was calculated for a fixed threshold of —950 HU (AT%950)
and for thresholds set by subjective analysis based on density masks (AT%DM). Note that AT%DM allows
better discrimination among the grades of disease severity (i.e., grade 1, normal/mild; grade 2, moderate;
and grade 3, severe), especially for moderate disease (AT% > 1%) and severe disease (AT% > 10%). Note
also that the stratification of disease severity changed from normal/mild to moderate in 1 patient (case 10)
and from moderate to severe in 1 patient (case 14) depending on the method for selecting the threshold.

evaluation of the nutritional status, 8 patients
had Z scores < 0.

Regarding 6MWT parameters, mean SO, at
rest was 96 + 200 (range, 92-99%), and mean
6MWT_SO, was 92 + 4% (range, 83-99%). We
found no correlation between SO, at rest and
S0, during exercise (r = 0.00). Mean desaturation
during exercise (measured by calculating the
difference between SO, at rest and 6MWT_SO,)
was 4 *+ 4% (range, —2% to 15%). The mean
six-minute walk distance (6MWD) was 552 +
131 m (range, 90-705 m). The 6MWD correlated
significantly with 6MWT_SO, (r = 0.52; p < 0.05)
and desaturation during exercise (r = 0.58; p
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< 0.05) but not with SO, at rest (r = 0.26; p >
0.05). Regarding pulmonary function parameters,
mean FVC was 75 + 20% (range, 43-106%), mean
FEV % was 58 £ 20% (range, 36-100%), and
mean FEV,[FVC was 72 £ 16% (range, 49-107%).

Regarding CT densitovolumetry parameters,
mean TLV was 3,009 + 1,184 mL (range, 1,252-
6,673 mL). The 6MWD was longer in those with
larger normal lung volumes (r = 0.53). Mean shrink
volume was 1,174 = 789 mL (range, 182-3,471
mL), and mean percentage of shrink volume
was 36 + 13% (range, 9-63%). Mean AT%DM
was 7.28 + 9% (range, 0.03-24.67%), and mean
AT%950 was 2.4 + 3% (range, 0.03-8.67%). In
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Figure 4 - Distribution of the observations of the percentage of air trapping relative to total lung volume
(AT9%), calculated for a fixed threshold of —950 HU—AT%950—(red squares) and for thresholds selected with
the aid of density masks—AT%DM—(blue squares), including the corresponding linear regression lines. The
distribution suggests that patients with FEV,% above 70% had only mild anatomical damage as measured by
quantification of areas of air trapping or hyperinflation. Some patients with FEV % in the range of 50% or
less had only mild disease as measured by AT%950, a finding that highlights the limitations of a threshold
of =950 HU for the assessment of patients with obliterative bronchiolitis. The correlation between FEV,%
and AT%DM was much better, as shown by the regression line.

9, 5, and 5 of the 19 patients, AT%DM was
classified as normal or mild, moderate, and severe,
respectively (points above the gray line in Figure 3).
In 10, 5, and 4 of the 19 patients, AT%950 was
classified as normal or mild, moderate, and severe,
respectively (points above the blue line in Figure
3). We found a correlation between AT%DM and
AT9%950, as evidenced by r = 0.83 (or r = 0.93
after the exclusion of one outlier). No significant
correlation was found between the percentage
of shrink volume and AT%DM or between the
percentage of shrink volume and AT%950.
The correlations of CT densitovolumetry
parameters with clinical scores, pulmonary
function test results, and 6MWT parameters
are summarized in Table 1. Table 1 shows the
correlation values for each parameter before and
after the exclusion of outliers. Figure 4 illustrates
the correlations of AT%DM and AT%950 with
nondensitometric parameters.

Discussion

An uncommon and severe form of chronic
obstructive lung disease in children and adults,

OB results from lower respiratory tract injury.®
The diagnosis of postinfectious OB in children
is based on a history of lower respiratory tract
infection (usually an acute viral infection), followed
by persistent chronic obstructive lung disease.®
HRCT is an excellent method for the identification
of anatomical damage following the onset of
the disease, such damage including areas of low
attenuation, areas of consolidation/atelectasis,
bronchial wall thickening, bronchiectasis, and
mosaic perfusion. In addition, expiratory HRCT
scans can assist in confirming the presence of AT.
However, HRCT allows only a subjective assessment
of the extent of the disease and is dependent
on the experience and skill of radiologists.®?
Our study demonstrated that the 6MWD was
longer in patients with larger normal lung (r
= 0.53). In addition, we found that AT%950
showed significant correlations (before and after
the exclusion of outliers, respectively) with the
clinical score (r = 0.72; 0.80), FVC (r = 0.24;
0.59), FEV1 (r = -0.58; —0.67), and FEV1/FVC
(r=-0.53; 1 =-0.62), as did AT%DM with the
clinical score (r = 0.58; r = 0.63), SO2 at rest
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Table 1 - Correlations between CT findings and functional data.

INSPIRATORY CT SCANS

Correlations  Clinical score SO, at rest 6MWT_SO, FVC% FEV % FEV [FVC%
AT%DM 0.58* -0.65*
AT%950 0.72* -0.58" -0.53*
cAT%DM 0.63" -0.61" -0.55* -0.80% -0.71* -0.52%
cAT%950 0.80* -0.59" -0.67* -0.62"

EXPIRATORY CT SCANS

Correlations Clinical score SO, at rest 6MWT_SO, FVC% FEV % FEV [FVC%
AT0%950 0.40 0.10 -0.20 -0.30 -0.30 -0.10
AT%DM 0.40 -0.17 -0.17 -0.45 -0.44 -0.06
cAT%DM 0.57 -0.28 -0.48 -0.60 -0.67 -0.29

AT%950: percentage of air trapping relative to total lung volume, calculated for a fixed threshold of —950 HU; AT%DM:
percentage of air trapping relative to total lung volume, calculated for thresholds selected with the aid of density
masks; cAT%950: censored AT%950 (i.e., AT%950 after the exclusion of outliers); cAT%DM: censored AT%DM (i.e.,
AT%DM after the exclusion of outliers); SO,: oxygen saturation; 6MWT_SO,: minimum oxygen saturation during the

six-minute walk test. *p < 0.05.

(r=-0.40;r = -0.61), 6MWT_SO2 (r = -0.24;
r = —0.55), FVC (r = -0.44; r = —-0.80), FEV1
(r=-0.65;r=-0.71), and FEV1/FVC (r = -0.41;
r = —0.52). These data suggest that objective
CT measurements adequately represent clinical
scores and functional impairment in OB.

CT densitovolumetry has been proven to
overcome this limitation and is a standard
recommendation for the quantification of other
lung diseases in which the proportion between
pulmonary air and the lung parenchyma is
increased, therefore decreasing lung density.®%2"
Areas of decreased attenuation can also result from
decreased perfusion of hypoventilated alveoli distal
to obstructed bronchioles. The main finding on
expiratory CT scans is a geographic heterogeneity
of lung attenuation (mosaic attenuation pattern),
which is seen in 40-800% of patients.©®' The
abnormalities can be subtle on inspiratory CT
scans, being usually easier to detect on expiratory
CT scans.? In a previous study of the correlation
between pulmonary function abnormalities and
the extent of HRCT features of OB, significant
relationships were found only between FEV,
and the number of bronchopulmonary segments
affected by bronchiectasis.!"” Hansell et al.('
confirmed that the extent of decreased attenuation
was independently associated with a reduction
in FEV,. In contrast, bronchial wall thickening
was independently associated with the presence
of AT (as measured by RV/TLC). In patients with
Sauropus androgynus-associated OB, pulmonary
function test results were more closely correlated
with AT than with any other CT parameter.'® To
our knowledge, the present study is the first to
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demonstrate significant correlations of AT% with
clinical scores and pulmonary function test results.
The quantification of areas of abnormally low
attenuation is an important diagnostic tool for
0B, and the technique has substantial advantages
over the traditional subjective assessment of HRCT
images.”2" The quantification of anatomical
damage is important in patients with OB; CT
densitovolumetry can measure lung volumes
directly and therefore aid clinicians in making
decisions regarding patient quarantining and
the aggressiveness of treatment.

In the present study, clinical scores were
moderately correlated with FVC and FEV]/
FVC (r ~ 0.5). Although there was a stronger
correlation between clinical scores and FEV, (r=
0.8), these findings are possibly biased because
pulmonary function test results were included in
the clinical score parameters. Additionally, both
measures of AT% were significantly correlated
with clinical scores (r > 0.6); the strength of
those correlations increased when outliers were
eliminated (censored AT%950, r = 0.8), which
suggests that it might increase further in larger
series. We found that inspiratory CT scans were
much more informative than expiratory CT scans
regarding the presence of AT. The extent of
AT areas might have been underestimated on
the expiratory CT scans because of the higher
expiratory lung density. This is important because
atelectasis is more common in children.?¥

Our study has some limitations. In order to
calculate AT%, we used a threshold that has
yet to be validated. The —-950 HU threshold was
validated for emphysema quantification in adult
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correlation with clinical scores and pulmonary function test results

patients, and we used it in the present study
despite our conviction that segmentation at
this level would result in an underestimation of
areas of low attenuation in children, especially
in the absence of hyperinflation/emphysema.
@3 Although histopathological findings were
unavailable for our patients, previous studies®?
have examined correlations between imaging
findings and histopathological findings in patients
with OB. In addition, our clinical score has yet
to be validated, its clinical application requiring
further investigation.

In conclusion, anatomical damage to the
lungs as measured by CT (i.e., AT%) correlated
significantly with clinical scores and pulmonary
function test results. After our censoring of extreme
values, AT%DM showed stronger correlations
than did AT%950.
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Detection of Mycobacterium tuberculosis complex by nested
polymerase chain reaction in pulmonary and
extrapulmonary specimens®**

Deteccdo do complexo Mycobacterium tuberculosis por nested polymerase
chain reaction em espécimes pulmonares e extrapulmonares

Adriana Antonia da Cruz Furini, Heloisa da Silveira Paro Pedro,
Jean Francisco Rodrigues, Lilian Maria Lapa Montenegro,
Ricardo Luiz Dantas Machado, Célia Franco, Haiana Charifker Schindler,
1da Maria Foschiani Dias Batista, Andrea Regina Baptista Rossit

Abstract

Objective: To compare the performance of nested polymerase chain reaction (NPCR) with that of cultures in the
detection of the Mycobacterium tuberculosis complex in pulmonary and extrapulmonary specimens. Methods:
We analyzed 20 and 78 pulmonary and extrapulmonary specimens, respectively, of 67 hospitalized patients
suspected of having tuberculosis. An automated microbial system was used for the identification of Mycobacterium
spp. cultures, and M. tuberculosis1S6770 was used as the target sequence in the NPCR. The kappa statistic was
used in order to assess the level of agreement among the results. Results: Among the 67 patients, 6 and 5,
respectively, were diagnosed with pulmonary and extrapulmonary tuberculosis, and the NPCR was positive in
all of the cases. Among the 98 clinical specimens, smear microscopy, culture, and NPCR were positive in 6.00%,
8.16%, and 13.26%, respectively. Comparing the results of NPCR with those of cultures (the gold standard),
we found that NPCR had a sensitivity and specificity of 100% and 83%, respectively, in pulmonary specimens,
compared with 83% and 96%, respectively, in extrapulmonary specimens, with good concordance between the
tests (kappa, 0.50 and 0.6867, respectively). Conclusions: Although NPCR proved to be a very useful tool for
the detection of M. tuberculosis complex, clinical, epidemiological, and other laboratory data should also be
considered in the diagnosis and treatment of pulmonary and extrapulmonary tuberculosis.

Keywords: Tuberculosis/diagnosis; Tuberculosis/microbiology; Mycobacterium tuberculosis; Polymerase chain reaction.

Resumo

Objetivo: Comparar o desempenho da técnica nested polymerase chain reaction (NPCR) com aquele de culturas
na deteccdio do complexo Mycobacterium tuberculosis em espécimes pulmonares e extrapulmonares. Métodos:
Analisamos 20 e 78 espécimes pulmonares e extrapulmonares, respectivamente, de 67 pacientes hospitalizados com
suspeita de tuberculose. Um sistema automatizado foi utilizado na identificacdo de culturas de Mycobacterium
spp., € M. tuberculosis 1S6770 foi utilizada como sequéncia alvo na NPCR. A estatistica kappa foi utilizada
para verificar a concordédncia entre os resultados.Resultados: Entre os 67 pacientes, 6 e 5, respectivamente
foram diagnosticados com tuberculose pulmonar e extrapulmonar, e a NPCR foi positiva em todos os casos.
Entre os 98 espécimes clinicos, a baciloscopia, cultura e NPCR foram positivas em 6,00%, 8,16% e 13,26%,
respectivamente. Comparando-se os resultados da NPCR com aqueles da cultura (padrdo ouro) nos espécimes
pulmonares, a sensibilidade e a especificidade foram 100% e 83%, respectivamente, enquanto essas nos
espécimes extrapulmonares foram 83% e 96% respectivamente, com boa concordéncia entre os testes (kappa,
0,50 e 0,6867, respectivamente). Conclusdes: Embora a NPCR tenha se mostrado uma ferramenta muito util
na deteccdo do complexo M. tuberculosis, No entanto, os resultados positivos da NPCR devem ser associados
a clinica, dados clinicos, epidemioldgicos e outros dados laboratoriais devem também ser considerados no
diagnostico e tratamento da tuberculose pulmonar e extrapulmonar.

Descritores: Tuberculose/diagnostico; Tuberculose/microbiologia; Mycobacterium tuberculosis; Reacdo em
cadeia da polimerase.
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Introduction

The World Health Organization estimates
that there were between 8.8 and 9.2 million
new tuberculosis cases in 2010." In addition,
it is estimated that 1.2 million of those cases
are infected by HIV. Furthermore, it is estimated
that 1.1 million deaths occurred in HIV-negative
tuberculosis patients, which equates to 15
deaths per 100,000 population. Mortality is the
most sensitive indicator of tuberculosis control
measures?; tuberculosis remains among the
top ten causes of death worldwide. The goal of
curing 85% of tuberculosis cases, set by the World
Health Assembly in 1991, was not achieved in
2009 in 7 of the 22 countries with the highest
burden of the disease, including Brazil (at 72%).”)

Diagnosis in an early stage of the disease
is of paramount importance for treatment
initiation, with direct consequences for individual
disease control and, therefore, for public health
initiatives aimed at the prevention of tuberculosis
transmission. Therefore, it is necessary that clinical
microbiology laboratories be able to quickly
identify mycobacteria by means of microscopy and
culture. However, sputum smear tests, although
rapid and cost-effective, have low sensitivity and
specificity, particularly in paucibacillary samples,
and culture, even though it is considered the
gold standard due to its high sensitivity, requires
several weeks to produce a result.*?

Currently, Brazil is one of the countries that,
together, accounts for 80% of tuberculosis cases,
with an incidence of 70,977 cases in 2010.498
For the majority of those cases, the diagnosis
was based only on sputum smear test results;
chest X-rays, cultures, and biochemical tests for
Mycobacterium spp. were only carried out in
patients with negative sputum smear results but
with respiratory symptoms.®® These diagnostic
limitations have encouraged the use of molecular
tools with improved sensitivity, specificity, and
speed, in order to detect mycobacteria in all
clinical specimens.®®1% The new technologies that
are being developed have recently redefined the
diagnosis of tuberculosis, providing a basis for
diagnostic laboratory techniques.®® The molecular
diagnosis of tuberculosis by polymerase chain
reaction (PCR) and primers with high specificity
(989%), with high variations in sensitivity (20-100%),
has been used in order to identify genetic targets
in the bacillus.”"?

J Bras Pneumol. 2013;39(6):711-718

Despite the widespread use of conventional
PCR, modifications in the technique, such as the
addition of one extra reaction (nested PCR), have
increased its sensitivity and specificity.® This
might be due to the fact that it dilutes potential
PCR inhibitors, which are commonly present in
biological samples.!" Therefore, the possibility
of having access to a molecular tool that leads
to a more rapid diagnosis and that is effective
for the detection of cases that are difficult to
elucidate by conventional tests certainly helps
decrease morbidity and improve tuberculosis
control. The aim of the present study was to
evaluate the technique of nested PCR targeting
the insertion sequence 1S6770in Mycobacterium
tuberculosis and to compare the results with those
obtained in cultures of samples from patients
suspected of having pulmonary or extrapulmonary
tuberculosis.

Methods

This study was carried out between February
and December of 2009. The patients included in
the study were submitted to physical evaluation
and sample collection at the Hospital de Base, a
referral center for the diagnosis and treatment
of tuberculosis located in the city Sdo José do
Rio Preto, Brazil. Epidemiological and clinical
data were obtained from medical records in
accordance with a protocol approved by the
Research Ethics Committee of Faculdade de
Medicina de Sio José do Rio Preto (Sdo José
do Rio Preto School of Medicine; Protocol no.
064/2009). The presence of HIV antibodies,
identified by ELISA and confirmed by Western
blot, indicated HIV seropositivity.

All of the patients included in the study were
over 18 years of age, were immunosuppressed
(due to immunosuppression therapy, autoimmune
disease, organ transplantation, or HIV-positivity),
and presented with clinical symptoms and signs
suggestive of pulmonary or extrapulmonary
tuberculosis. Our sample comprised 67 hospitalized
patients, and 98 clinical specimens were collected,
of which 20 were pulmonary specimens (sputum,
BAL fluid, or gastric lavage fluid), and 78 were
extrapulmonary specimens (blood, cerebrospinal
fluid, lymph node aspirate, urine, pleural fluid,
secretion from ganglia, pleura fragment, liver
fragment, ascitic fluid, bone marrow aspirate,
or biopsy specimens). The number of specimens
collected from the patients ranged from one
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chain reaction in pulmonary and extrapulmonary specimens

to three, according to physician requests. The
diagnostic confirmation of tuberculosis was
based on the following criteria: clinical and
radiological evidence of tuberculosis confirmed
by laboratory tests, isolation of M. tuberculosis
in clinical specimens by direct smear microscopy
or culture (gold standard), and evident clinical
improvement after antimycobacterial treatment.

In brief, direct smear microscopy was
performed using Ziehl-Neelsen staining, and
an automated microbial system (BacT/ALERT
MP; Organon Teknika Corp., Durham, NC, USA)
was used for the identification of Mycobacterium
spp. in cultures. The strains were identified by
phenotypic methods.™ Genotyping was carried out
by PCR-restriction enzyme analysis in accordance
with Chimara et al.,'¥ although with modifications.

Blood samples were collected in 5-mL
tubes containing EDTA, and peripheral blood
mononuclear cells were isolated by density gradient
centrifugation (Ficoll-Histopaque) for future
extraction of the DNA.U">'7) For solid organs,
2.0-mm punch biopsy samples were collected.
All clinical samples were kept at —20°C until DNA
extraction, which was performed in accordance
with the method described by Rossetti et al.'®
with modifications by Lima et al.("'8" In brief, a
500-pL aliquot of the sample was centrifuged at
13,000 rpm for 10 min and washed three times
in Tris-EDTA (TE). The pellet was resuspended in
100 pL of TE and heated at 100°C for 10 min.
The supernatant was transferred to a different
tube, and 5 pL of resin were added (Sephaglas
BandPrep Kit; Amersham-Pharmacia Biotech,
Uppsala, Sweden); an aliquot of sodium iodide
solution (0.9 g/mL) was added to the final volume.
The tube was shaken for 5 min and incubated at
room temperature for 5 min. After centrifuging
the tube for 1 min and discarding the supernatant,
we added 200 pL of iced 70% ethanol; the tube
was then shaken, after which it was centrifuged
for 1 min. The resulting pellet was kept at room
temperature for 60 min, in order to complete
the drying process, and resuspended in 40 pL of
1xTE. The tube was incubated in a water bath
at 50°C for 10 min. Subsequently, the tube was
centrifuged for 1 min, and the supernatant was
transferred to another tube and stored at —20°C
until processing."'®

For the nested PCRs, 1S6770 of M. tuberculosis
was used as the target sequence (GenBank
accession no. 215310.1). The reactions were

performed in accordance with Ritis et al.(” The
following primers were used: sense (TJ3 5’-ATC
CCC TAT CCG TAT GGT G-3’); antisense (TJ5
5’-CCG CAA AGT GTG GCT AAC-3’); sense (S7TAN3
5’-GTC GAG TAC GCC TTC TTG TT-3’); and
antisense (OL/ 5 5°-AAC GGC TGA TGA CCA
AAC-3’). The PCR used a final volume of 50 pL
(1x buffer, 50 mM MgCl,, 10 pmol/pL of each
oligonucleotide, 0.2 pM dNTP, and 2 U Taq
DNA polymerase [Invitrogen Life Technologies,
Carlsbad, CA, USA]). The amplification process
consisted of an initial denaturation step of 94°C
for 3 min, 30 denaturing cycles (at 94°C for
1 min, 57°C for 1 min, and 72°C for 1 min),
followed by a final extension at 72°C for 5 min.
The second PCR was performed using 3 plL of the
product of the first PCR under similar conditions
to those described above, but with an annealing
temperature of 60°C. DNA of the H37Rv strain
of M. tuberculosis and PCR mix alone were used
as positive and negative controls, respectively.
The result was analyzed by electrophoresis on
2% agarose gel, stained with ethidium bromide,
and visualized in an ultraviolet transilluminator
(Fisher-Biotech, Fairlawn, NJ, USA), resulting in
a 316-bp fragment.

Statistical analyses were performed with the
Epi Info statistical package, version 6.0. The
kappa statistic was used in order to assess the
level of agreement among the results.?” The
level of significance was set at 5%.

Results

Our sample comprised 67 individuals, 63.7%
being male. The mean age of the patients was
40.10 + 3.66 years (range, 18-87 years). The
most common comorbidity was HIV/AIDS, in
41 patients.

Tuberculosis was diagnosed in 11 individuals
(16.419%), 5 being diagnosed with pulmonary
tuberculosis and the remaining with extrapulmonary
tuberculosis (pleural tuberculosis in 3, meningeal
tuberculosis in 2, and miliary tuberculosis in 1). All
culture isolates were confirmed by M. tuberculosis
genotyping. Nested PCR was positive in all of
the cases of confirmed tuberculosis, as shown
in Table 1. In 4 of the tuberculosis patients,
positive laboratory results were obtained only
by the molecular technique (p = 0.110; Fisher’s
exact test).

Of the 98 clinical specimens analyzed, 6.00%,
8.16%, and 13.26%, respectively, showed positive
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results in smear microscopy, culture, and nested
PCR, as summarized in Table 1. Culture was
negative in 2 of the samples with positive smear
microscopy results, whereas smear microscopy
was negative in 4 of the samples with positive
culture results.

By comparing the results of nested PCR with
those of cultures in pulmonary samples (Table 2),
we found that the sensitivity and specificity of
nested PCR were 100% and 83%, respectively. The
positive and negative predictive values were 40%
and 1000%, respectively, with good concordance
between the tests (kappa = 0.50; p = 0.25;
McNemar’s test). Regarding extrapulmonary
samples (Table 2), sensitivity, specificity, positive
predictive value, and negative predictive value
were, respectively, 83.0%, 96.0%, 62.5%, and

98.5%, with good concordance between the tests
(kappa = 0.6867; p = 0.625; McNemar’s test).

Discussion

The early diagnosis of tuberculosis is essential
for prompt treatment and effective control of
the disease.® This is particularly true in cases
of extrapulmonary tuberculosis, because various
factors can complicate the diagnosis of the disease.
Due to the paucibacillary nature of extrapulmonary
tuberculosis, studies have shown a variability in
positive culture results (from 12% to 80%) and
a variety of clinical samples/biological tissues,
which implies a non-uniform distribution of the
bacillus, as well as the presence of nonspecific
signs and symptoms.('®121-20 1n our study, pleural
tuberculosis was diagnosed in 2 HIV-negative

Table 1 - Clinical, epidemiological, and laboratory data of the eleven patients with confirmed pulmonary

or extrapulmonary tuberculosis.

Patient® Form of Type of Results Outcome
tuberculosis sample Smear Culture  Nested
microscopy PCR
1 Pulmonary Blood - - + Death/NTB
2 Pulmonary Blood - - + Cure
3 Pleural Blood - + Death/NTB
4 Pleural Pleural fluid + + Cure
5 Pulmonary Blood + + + Death/TB
6 Pulmonary Sputum + - + Death/NTB
7 Pulmonary Sputum + + + Cure
CSF + + +
Blood - -
8 Meningeal CSF + + Cure
9 Meningeal CSF + + Cure
10 Miliary Sputum + + + Death/NTB
CSF - +
Blood - + +
11 Pleural Pleural fluid - + Abandonment

PCR: polymerase chain reaction; Death/NTB: death due to causes other than tuberculosis; Death/TB: death due to
tuberculosis; and CSF: cerebrospinal fluid. “Patients 1 to 4 were HIV-negative, and patients 5 to 11 were HIV-positive.
Culture vs. nested PCR (negative/positive): 7 x 8/2 x 13 (p = 0.110; Fisher’s exact test).

Table 2 - Culture and nested polymerase chain reaction for the detection of Mycobacterium tuberculosis

in pulmonary and extrapulmonary samples.

Nested PCR Culture Total
Extrapulmonary samples Pulmonary samples
(n =78) (n = 20)
(+) ) (+) )
(+) 5 3 2 3 13
(=) 1 69 15 85
Total 6 72 2 18 98

PCR: polymerase chain reaction.
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patients, corroborating the findings of a study
reporting that pleural tuberculosis is prevalent in
extrapulmonary cases in HIV-negative patients.??
Approximately 50% of HIV-positive individuals with
tuberculosis develop extrapulmonary forms,(1220:21.23)
Despite the small number of HIV-positive patients
included in the present study, our results show
a predominance of extrapulmonary tuberculosis
(57%).

Various tests based on PCR techniques
using commercial kits and in-house tests are
being evaluated. The nested PCR technique,
by targeting 1S6770 in order to identify the
M. tuberculosis complex,” provides variable
sensitivity and specificity, depending on the
laboratory, clinical specimen, bacillary load,
cell lysis, and technical parameters.'® Molecular
techniques have greatly improved the detection
of mycobacteria in lymph nodes and in various
body fluids (aspirates, cerebrospinal fluid, ascitic
fluid, and pleural fluid). However, due to the
variable sensitivity and specificity in different
studies, positive results should be interpreted
in conjunction with clinical findings.?" In the
present study, the proportion of positive results
in the individuals diagnosed with pulmonary or
extrapulmonary tuberculosis using nested PCR
(100%) was higher than in other studies using
the same target gene and carried out in Brazil,®
India,?" and Greece.("”

The discordance between the molecular
method and smear microscopy in pulmonary
and extrapulmonary samples in our study (in 1
and in 6 samples, respectively) might be directly
related to the low sensitivity of the phenotyping
technique, the paucibacillary nature of samples,
or even the absence of infection by AFB, as
observed by other authors.'>1>29 Negi et al.()
reported that a molecular technique targeting
1S6770 showed high positivity in pulmonary
and extrapulmonary samples (90% and 77%,
respectively), whereas smear microscopy showed low
positivity (49% and 249%, respectively). Similarly,
Barani et al.,"” when studying 19 pulmonary and
104 extrapulmonary samples, obtained higher
positivity with a molecular technique targeting
1S6770 and TCR4 than with the smear method
(17 similar and 12 divergent results). 1t is of
note that a reported 50% of tuberculosis cases
are classified as negative on the basis of smear
microcopy results.?? In addition, smear microcopy

was not performed in 32.43% of the reported
cases of tuberculosis in Brazil in 2010.1

When we compared nested PCR and culture
results in pulmonary samples, we found that
3 of the samples showed positive nested
PCR results but negative culture results. The
negative results in the cultures might be due to
co-infection with HIV in 2 of the patients and
kidney transplantation in 1 (Table 1) or to the
characteristics of paucibacillary infections.©'?
Various factors can influence the result of cultures,
such as the number of organisms present in the
specimen, the methods of sample collection,
previous treatments, and the processing method.
In addition, the solutions used for digestion/
decontamination of the samples can damage
the mycobacteria.*?%

In the present study, the molecular results
supported the clinical and diagnostic criteria
widely accepted for the diagnosis of tuberculosis.
The sensitivity and specificity found for nested
PCR in our study (100% and 83%, respectively)
are higher than those reported in previous
studies using molecular techniques targeting
the 1S6770 gene in sputum samples (88-98%
and 15-100%, respectively).'2?® This difference
might be attributable to the volume and type of
samples, as well as to the different molecular typing
protocols employed in different laboratories. (262"
Hence, the correlation of the results with the
clinical profile of the patient is essential for the
diagnosis of tuberculosis, and the definition of
the disease can therefore be established from
negative cultures after the therapeutic test.??
This was found in 3 of our patients who had
positive nested PCR results and negative culture
results in their pulmonary samples, 2 of whom
were cured after treatment and 1 of whom was
noncompliant with the treatment. In addition,
2 patients died before the beginning of the
recommended tuberculosis treatment. As to the
concordance between nested PCR and culture,
although the kappa coefficient (0.50) was lower
than that reported in other studies, carried out
in India (kappa = 0.6-0.8) and in Brazil (kappa =
0.78), the concordance was good.

Regarding extrapulmonary samples, nested
PCR was positive in 3 of the blood samples with
negative culture results, and negative in 1 of
the cerebrospinal fluid samples with a positive
culture result. This false-negative result in a
cerebrospinal fluid sample (Table 1) might be
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related to the absence of copies of the 156770
gene, as previously described in studies conducted
in southeast Asia, Denmark, Tunisia, India, and
Vietnam, indicating the need to incorporate
additional targets, such as TRC4, in order to
improve molecular detection.”'® However, to our
knowledge, no study to date has reported the
absence of this element in M. fuberculosis strains
in Brazil, and various studies have reported that
this sequence is the most sensitive in order to
detect the M. tuberculosis complex.®'” Another
factor could be the presence of molecular reaction
inhibitors in up to 18.6% of extrapulmonary
specimens.”

In Brazil, the prevalence of M. tuberculosis
isolated in cultures ranges from 15.0% to
25.69%,2%2% the highest values being obtained
prior to the highly active antiretroviral therapy era.
Positive nested PCR results in blood samples led
to the diagnosis of pulmonary tuberculosis in 2
HIV-negative patients and in 1 HIV-positive patient,
as well as to the diagnosis of extrapulmonary
tuberculosis in 1 HIV-negative patient and in
1 HIV-positive patient. In those blood samples,
smear microscopy and culture were positive in
only 1 and 2 samples, respectively; this might
be due to the small number of bacilli in the
circulation.®” In fact, the sensitivity of PCR in
peripheral blood mononuclear cells, as used here,
has been reported to be better than is that of
culture, both having similar specificity."-'6?% In
addition, clinical specimens, such as cerebrospinal
fluid, blood, and sputum, have been described as
good substrates for PCR®® with good concordance
(kappa = 0.6867; p = 0.625; McNemar’s test), as
in our results, in which the level of positivity in
extrapulmonary samples was higher when nested
PCR was used (p = 0.0042), thus corroborating
the findings of Noussair et al.?" Different rates
of sensitivity were described using the molecular
methodology for this type of sample in studies
conducted in France®?" and India"? (86.6% and
900%, respectively). If standardization studies
using the same molecular target, DNA extraction
method, and PCR optimization were validated
in different laboratories, the sensitivity of the
test could be improved and, consequently, so
could its concordance.

In the present study, a positive nested PCR
result, associated with the clinical features,
was used as the single laboratory criterion for
the diagnosis of 4 patients (2 with pulmonary

J Bras Pneumol. 2013;39(6):711-718

tuberculosis and 2 with extrapulmonary
tuberculosis), because it was the only test
producing positive results (Table 1); the lack of
isolates in cultures might be mainly due to the
paucibacillary character of the samples. Although
the difference is not significant in this situation,
diagnosis is often established only by clinical
and radiological data, even if the culture and
sputum smear testing are negative. In such cases,
molecular analysis can help establish specific
antimycobacterial therapy and, consequently,
contribute to reduce empirical treatment, which has
been currently used in almost 27% of suspected
pulmonary tuberculosis cases. In addition, it can
help control the spread of the bacillus!" and
prevent more severe clinical evolution, mainly
in HIV-positive patients. However, the current
Brazilian guidelines on tuberculosis do not include
positive molecular results in the definition of
tuberculosis cases; as a rule, the use of this
method has been restricted to certain referral
and research centers in Brazil.®

1t is worth mentioning that clinical screening
that is carefully designed to study the disease
caused by mycobacteria, together with similar
attention to the collection and transport of
biological samples, are factors that contributed to
the isolation of a higher rate of M. tuberculosis
strains than was expected at our hospital. The
present study corroborates the results obtained at
a referral center for the diagnosis of tuberculosis in
the city of Sdo José do Rio Preto (XV Subdivision
of the Sdo Paulo State Health Department), in
which a 50% increase in the number of isolates
was observed during the study period.?

The results of the nested PCR assay revealed
good agreement with those of the culture. The
specificity and sensitivity achieved with this
relatively simple molecular approach can be
seen as an important contribution to the future
establishment of a protocol for the molecular
detection of M. tuberculosis complex in pulmonary
and extrapulmonary samples. In addition, this
methodology could reduce the time required
for the appropriate diagnosis of tuberculosis.
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Origimal Article

Inflammatory and immunogenetic markers in
correlation with pulmonary tuberculosis®

Marcadores inflamatorios e imunogenéticos e
sua relacdo com tuberculose pulmonar

Beatriz Lima Alezio Muller, Daniela Maria de Paula Ramalho,
Paula Fernanda Gongalves dos Santos, Eliene Denites Duarte Mesquita,
Afranio Lineu Kritski, Martha Maria Oliveira

Abstract

Objective: To describe serum levels of the cytokines 1L-10, TNF-a, and 1FN-y, as well as polymorphisms in the
genes involved in their transcription, and their association with markers of the acute inflammatory response in
patients with pulmonary tuberculosis. Methods: This was a descriptive, longitudinal study involving 81 patients
with pulmonary tuberculosis treated at two referral hospitals. We collected data on sociodemographic variables
and evaluated bacteriological conversion at the eighth week of antituberculosis treatment, gene polymorphisms
related to the cytokines studied, and serum levels of those cytokines, as well as those of C-reactive protein
(CRP). We also determined the ESR and CD4+ counts. Results: The median age of the patients was 43 years; 67
patients (82.7%) were male; and 8 patients (9.9%) were infected with HIV. The ESR was highest in the patients
with high TFN-y levels and low 1L-10 levels. IFN-y and TNF-a gene polymorphisms at positions +874 and
-238, respectively, showed no correlations with the corresponding cytokine serum levels. Low 1L-10 levels were
associated with 1L-10 gene polymorphisms at positions —592 and -819 (but not —1082). There was a negative
association between bacteriological conversion at the eighth week of treatment and CRP levels. Conclusions:
Our results suggest that genetic markers and markers of acute inflammatory response are useful in predicting
the response to antituberculosis treatment.

Keywords: Tuberculosis; Cytokines; Immune system; Polymorphism, single nucleotide.

Resumo

Objetivo: Descrever os niveis séricos das citocinas 1L-10, TNF-a e 1FN-y, assim como polimorfismos presentes
em genes envolvidos na sua transcricdo, e sua associacdo com marcadores de resposta inflamatoria aguda em
pacientes com tuberculose. Métodos: Estudo descritivo e longitudinal realizado em 81 pacientes com tuberculose
pulmonar atendidos em dois hospitais de referéncia. Foram coletadas informacdes sociodemograficas, conversdo
bacteriologica na oitava semana de tratamento antituberculose, polimorfismos relacionados as citocinas
estudadas, niveis séricos dessas citocinas, assim como de proteina C reativa (PCR). Também foram avaliados
VHS e contagem de CD4+. Resultados: A mediana de idade dos pacientes era de 43 anos, sendo 67 (82,7%)
do sexo masculino e 8 (9,9%) infectados por HIV. Os pacientes com niveis elevados de 1FN-y e baixos niveis
de 1L-10 apresentaram valores mais elevados de VHS. Ndo houve associacdo dos polimorfismos do gene 1FN-y
na posicdo +874 e do gene TNF-a na posicdo —238 com os niveis das citocinas correspondentes. Houve uma
associacdo entre polimorfismos do gene 1L-10 nas posicdes —592 e —819 (mas ndo —1082) e baixos niveis de
IL-10. Houve uma associacdo negativa entre a taxa de conversdo bacteriologica na oitava semana de tratamento
e niveis de PCR. Conclusdes: Nossos resultados sugerem que marcadores genéticos e de resposta inflamatoria
aguda podem ser uteis na predicdo da resposta ao tratamento antituberculose.

Descritores: Tuberculose; Citocinas; Sistema imunolégico; Polimorfismo de nucleotideo tnico.

*Study carried out at the Tuberculosis Research Center, Federal University of Rio de Janeiro School of Medicine Clementino Fraga
Filho University Hospital, Rio de Janeiro, Brazil.
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Introduction

Tuberculosis is a chronic infectious disease
caused by Mycobacterium tuberculosis, the
most common clinical manifestation of which
is pulmonary involvement; however, tuberculosis
can affect other anatomical sites (extrapulmonary
tuberculosis) or present as disseminated disease. "

Despite being a curable disease, tuberculosis
remains a major public health problem worldwide.
According to the World Health Organization,
Brazil ranks 19th among the 22 countries that
collectively account for 80% of all cases of
tuberculosis worldwide and 108th among those
in which the incidence of tuberculosis is highest.
According to the Brazilian National Ministry of
Health, 71,000 new cases of tuberculosis were
added to the Brazilian Case Registry Database
in 2010, corresponding to an incidence rate of
37.2/100,000 population.®

The systemic inflammation observed in patients
with tuberculosis is mediated by the activation
of the immune system, with excessive production
of cytokines, such as 1L-1, 1L-2, IFN-y, and TNF-
a.®) After the inflammatory process, there is
an increase in the hepatic synthesis and serum
levels of acute phase proteins, such as C-reactive
protein (CRP), as well as in the ESR, which have
been used in the diagnosis and follow-up of
patients, given that their plasma levels directly
reflect the intensity of the pathological process.””

Genetic factors have been associated with
susceptibility to or protection against infection
with M. tuberculosis.”) In the immune response
to M. tuberculosis, allele frequencies in cytokine
gene polymorphisms vary considerably across
populations, as reported in meta-analyses
evaluating 1FN-y, 1L-10, and TNF-a gene
polymorphisms.®” 1t has been proposed that
serum cytokine levels and their role as markers
of response to antituberculosis treatment be
evaluated.® The maintenance of initially low
serum levels of 1FN-y or high serum levels of
TNF-a and of increased serum levels of 1L-17 is
associated with a worse prognosis, including a
higher mortality rate and lower bacteriological
conversion at the end of the 8th week of
antituberculosis treatment. Recently, Lago et
al.” described a possible association between
recurrent tuberculosis and maintenance of high
serum levels of 1L-10 during antituberculosis
treatment. The study of the genes involved in
these processes and their interactions with the
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immune and inflammatory responses can aid in
identifying better markers of protection against
tuberculosis.

There have been few studies simultaneously
evaluating the genotypic and phenotypic aspects
of the human host immune response to infection
with M. tuberculosis."*'" Given the paucity of
data on the simultaneous evaluation of genetic,
immunological, and inflammatory biomarkers
in patients with pulmonary tuberculosis, we
conducted the present study in order to determine
the prevalence of IL-10 gene polymorphisms at
positions -592, —819, and —1082; the prevalence
of TNF-a gene polymorphisms at position —238;
and the prevalence of IFN-y gene polymorphisms
at position +874. The study involved a sample of
active pulmonary tuberculosis patients admitted
to and treated at either of two referral hospitals in
the city of Rio de Janeiro, Brazil. In addition, we
measured the serum levels of the corresponding
cytokines and analyzed the acute inflammatory
response by determining CRP levels and CD4+
counts, as well as the ESR.

Methods

This was a longitudinal descriptive study
involving 81 patients diagnosed with pulmonary
tuberculosis and admitted to either of two referral
hospitals for the treatment of tuberculosis in
the state of Rio de Janeiro, Brazil (the Hospital
Estadual Santa Maria and the Instituto Estadual de
Doencas do Torax Ary Parreiras), between March
23, 2007 and August 7, 2009. We included patients
with positive smear microscopy and culture for
mycobacteria, the presence of M. tuberculosis
being subsequently confirmed by biochemical
tests. We analyzed the following variables: CRP,
ESR, CD4+, and bacteriological conversion at the
8th week of antituberculosis treatment.

For DNA extraction, a commercial kit (DNAzol;
Gibco BRL/Life Technologies, Gaithersburg, MD,
USA) was used in accordance with the manufacturer
instructions. After DNA extraction, a DNA sample
was analyzed by electrophoresis on 1% agarose gel
in order to determine integrity and concentration,
the sample being subsequently stored at —20°C.

For the analysis of TNF-a gene polymorphisms
at position -238, 100 ng of DNA, 1x buffer,
1.5 mM MgCl,, 200 pM dNTP, and 1 U Taq
DNA polymerase (Invitrogen Life Technologies,
Carlsbad, CA, USA) were added to 15 pmol of
each primer for polymerase chain reaction, which
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was performed as follows: one cycle at 94°C for
1 min, followed by 5 cycles at 94°C, 67°C, and
72°C (60 s each), and 25 cycles at 94°C, 62°C,
and 72°C (60 s each). For the genotyping of TFN-y
gene polymorphism at position +874, we used
200 mL of ANTP, 1.5 mM MgCl , 8.5% sucrose,
0.25 U of ThermoPrime Plus DNA polymerase
(Thermo Fisher Scientific, Waltham, MA, USA),
5 mL of each specific primer, 0.5 mL of internal
control primer, and 100 ng of DNA. The mixture
was incubated at 95°C for 1 min; subsequently, 10
cycles were performed at 95°C for 15 s, followed
by 10 cycles at 62°C for 50 s, 10 cycles at 72°C
for 40 s, 20 cycles at 95°C for 20 s, 20 cycles
at 56°C for 50 s, and 20 cycles at 72°C for 50
s. For the detection of 1L-10 promoter gene
polymorphisms at positions -819, —1082, and
-592, the following steps were taken: for the
—-592 position, a 480-bp fragment was amplified
and subsequently digested with the enzyme Rsal.
For the —1082 and —819 positions, a 360-bp
fragment was amplified and subsequently digested
with the enzymes BseRIl and Msll, respectively.
In brief, 100 ng of DNA were added to each
polymerase chain reaction, resulting in a final
volume of 40 pL (-819 and —-1082) or 30 plL
(=592), consisting of 50 mM KCl, 10 mM Tris-HCl
(pH 8.3), 1.5 mM MgCl,, 200 pM dNTP, 1.25 U
AmpliTaq Gold DNA Polymerase (Perkin-Elmer
Cetus, Norwalk, CT, USA) and specific primers for
each mutation (10 pmol for the =592 position
and 12.5 pmol for the —-819/-1082 positions).
All mixtures were incubated at 95°C for 10 min
and submitted to amplification at 94°C for 30 s,
at 60°C for 30 s, at 72°C for 40 s, and at 72°C
for 7 min (IL-10 at position —592), followed by
35 cycles at 94°C for 30 s, at 58°C for 30 s, and
at 72°C for 45 s, plus a final cycle at 72°C for 5
min (positions —819 and —1082). The amplified
products were electrophoresed on 2% agarose
gel containing ethidium bromide (0.5 mL/mL).

In the determination of cytokine levels, bead
populations were visualized on the basis of their
fluorescence intensities. In the cytometric bead
array system, cytokine capture beads are mixed
with detection antibody conjugated to the
fluorochrome phycoerythrin and then incubated
with the samples for the “conjugate” assay. The
acquisition tubes were prepared with 50 pL of
sample, 50 pL of the bead mixture, and 50 pL of
detection reagent human Th1/Th2 phycoerythrin.
The same procedure was performed in order
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to obtain the standard curve. The tubes were
homogenized and incubated for three hours at
room temperature in the dark. Subsequently, the
reading was performed with a BD™ Cytometric
Bead Array system (Thermo Fisher Scientific).!'?

Serum levels of CRP were used as a marker of
the acute phase response (APR), i.e., as a marker
of the systemic response to severe inflammation.
A positive APR was defined as CRP levels > 0.3
mg/dL, whereas a negative APR was defined as
CRP levels < 0.3 mg/dL. Serum CRP levels were
measured by nephelometry.

The ESR was also used as a marker of the
APR, a positive APR being defined as an ESR >
2 mm/h for females and as an ESR > 7 mm/h for
males. The ESR was measured by the Westergren
method.

We used descriptive statistics, including range
(minimum and maximum values), mean, standard
deviation, and 95% Cl. We used the Kolmogorov-
Smirnov test in order to test the normality of
the variables and the Levene test in order to
determine the equality of variances. Variables with
non-normal distribution were log-transformed.
For means with normal distribution, we used
the Student’s t-test. We used ANOVA in order
to analyze the differences among quantitative
variables. We used the chi-square test in order to
identify associations among categorical variables.
A value of p < 0.05 was considered statistically
significant. We used the Statistical Package for
the Social Sciences, version 16.0 for Windows
(SPSS 1nc., Chicago, 1L, USA). In the analyses, we
used the bacteriological conversion coefficient,
which was calculated as the number of cases
of patients who converted from a negative test
result to a positive test result divided by the
total number of patients at the beginning of
treatment, and the mutation coefficient for
polymorphisms, which was calculated as the
number of cases of a given mutation divided
by the total number of cases.

The present study was approved hy the Research
Ethics Committee of the Federal University of
Rio de Janeiro School of Medicine Clementino
Fraga Filho University Hospital on April 28, 2005
(Protocol no. 004/05).

Results

The median age of the patients was 43 years
(range, 20-60 years). Of the 81 patients studied, 67
(82.7%) were male, 54 (66.7%) were non-White,
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8 (9.9%) were co-infected with HIV, 52 (64.2%)
reported regular alcohol use, 55 (67.9%) were
smokers or former smokers, 20 (24.7%) reported
illicit drug use, and 64 (79.0%) had normal CD4+
counts. All patients had smear-positive pulmonary
tuberculosis.

In the analysis of the prevalence of 1TFN-y
gene polymorphisms at position +874, of TNF-a
gene polymorphisms at position —-238, and of
IL-10 gene polymorphisms at positions —592,
-819, and -1082, the mutant allele frequency
was found to be 0.56, 0.56, 0.29, 0.43, and
0.68, respectively.

Table 1 shows the distribution of polymorphisms
in the patients under study, by serum cytokine
levels. Serum 1FN-y levels were found to range
from 0 (zero) pg/mL to 20.5 pg/ml, and there was

Muller BLA, Ramalho DMP, dos Santos PFG, Mesquita EDD, Kritski AL, Oliveira MM

no relationship between low serum levels of TFN-y
and the presence of mutations. Regarding TNF-q,
although we found no homozygous mutations,
we found a trend toward low serum levels of
TNF-a among heterozygotes. We found a negative
relationship between serum IL-10 levels and
IL-10 gene polymorphisms at positions =592
and -819 (p < 0.001; Figure 1).

As can be seen in Table 2, there was a trend
(p = 0.08) toward lower CRP production in the
patients in whom serum 1FN-y levels were low
(0.0-4.9 pg/mL) when compared with those in
whom serum 1FN-y levels were higher (> 5.0 pg/
mL). In the patients in whom serum TNF-a levels
were low (0.0-4.9 pg/mL), there was a trend
toward a higher ESR (p = 0.04). Low serum levels
of 1L-10 (i.e., serum 1L-10 levels of 0.0-4.9 pg/

Table 1 - Distribution of the polymorphisms found in the patients under study, by serum cytokine levels.

Polymorphism

Patients, n (00)

Serum cytokine levels

0.0-4.9 pg/mL 5.0-9.9 pg/mL 10.0-39.9 pg/mL
TFN-y
TT 1(1.2) 6(7.4) 2 (2.4)
TA 14 (17.2) 29 (35.8) 10 (12.3)
AA 5(6.1) 10 (12.3) 4 (4.9)
TA/AA 19 (23.3) 39 (48.1) 14(17.2)
TNF-a
GG 10 (12.3) 1(1.2) 0 (0.0)
GA 57 (70.3) 13 (16) 0 (0.0)
AA 0 (0.0) 0 (0.0) 0 (0.0)
GA/AA 57 (70.3) 13 (16) 0 (0.0)
1L-10 at position —592
CcC 22 (27.1) 12 (14.8) 0 (0.0)
CA 22 (27.1) 22 (27.1) 1(1.2)
AA 1(1.2) 1(1.2) 0 (0.0)
CA/AA 23 (28.3) 23 (28.3) 1(1.2)
IL-10 at position -819
CcC 7 (8.6) 4 (4.9) 0 (0.0)
CT 25 (30.8) 23 (28.3) 1(1.2)
TT 1(1.2) 8 (9.8) 0 (0.0)
CT/TT 26 (32) 31 (38.1) 1(1.2)
IL-10 at position —1082
GG 2 (2.4) 6 (7.4) 0 (0.0)
GA 22 (27.1) 13 (16) 0 (0.0)
AA 2 (2.4) 16 (19.7) 1(1.2)
GA/AA 24 (29.5) 29 (35.7) 1(1.2)

(IFN-y): TT: wild-type homozygous genotype; TA: heterozygous genotype; and AA: mutant homozygous genotype.
(TNF-a): GG: wild-type homozygous genotype; GA: heterozygous genotype; and AA: mutant homozygous genotype.
(IL-10 at position —592): CC: wild-type homozygous genotype; CA: heterozygous genotype; and AA: mutant homozygous
genotype. (IL-10 at position —819): CC: wild-type homozygous genotype; CT: heterozygous genotype; and TT: mutant
homozygous genotype. (IL-10 at position —1082): GG: wild-type homozygous genotype; GA: heterozygous genotype;

and AA: mutant homozygous genotype.
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mL) were not associated with a higher ESR or
with higher CRP levels. However, the ESR was
negatively correlated with serum TL-10 levels (p
= 0.03) and was positively correlated with serum
TFN-y levels (p = 0.008; Table 3).

Table 4 shows that lower bacteriological
conversion was associated only with high
serum levels of CRP. However, by applying the
bacteriological conversion coefficient, we found
a negative correlation between serum TNF-a
levels and bacteriological conversion (r = —0.43;
p < 0.001).

Discussion

To our knowledge, this is the first study to
examine the relationships among biochemical
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markers, inflammatory markers, and immunogenetic
markers in pulmonary tuberculosis patients in
Brazil. The clinical features of the patients in
our sample were similar to those of patients
admitted to tuberculosis hospitals in developing
countries.!"?

The genetic component of the host response
to infection with M. tuberculosis in restricted
ethnic groups is evident in the literature.®) In
the present study, the frequency of the mutant
allele for IFN-y gene polymorphisms at position
+874 was 0.56, which is similar to that reported
by other authors in various countries!'*'® but
different from that reported by Fitness et al.
in Africa.'” In addition, the frequency of the
mutant allele for TNF-a gene polymorphisms
at position +238 was 0.56, which is similar
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Figure 1 - Regression coefficient for IL-10 gene polymorphisms at positions -592 (in A) and -819 (in B).

Table 2 - Distribution of serum levels of 1TFN-y, TNF-ca, and TL-10 in the patients under study, by laboratory

test results.

Results Patients, n (%)
Serum cytokine levels
IFN-y TNF-a. 1L-10
0.0-49 5.0-9.9 10.0-39.9 0.0-49 5.0-9.9 10.0-39.9 0.0-4.9 5.0-9.9 10.0-39.9
pg/mL  pg/mL  pg/mL  pg/mL pg/mL  pg/mL  pg/mL  pg/mL  pg/mL
ESR
Low 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Normal 1 (1.3) 6 (7.6) 1(1.3) 4 (5.1) 4 (5.1) 0 (0.0) 4 (5.1) 3(3.8) 0 (0.0)
High 19 (24.1) 37 (46.8) 15(19) 61(77.2) 10(12.7) 0(0.0) 41(51.9) 30(38) 1(1.3)
CD4+
Low 5 (6.6) 9 (11.8) 3 (4) 13(17.1)  4(5.3) 0(0.0) 9 (11.8) 8 (10.5) 0 (0.0)
Normal 15(19.7) 31(40.8) 10(13.2) 47 (61.8) 9(11.8) 0 (0.0) 30 (39.57) 25(32.9) 1(1.3)
High 0 (0.0) 2 (2.6) 1(1.3) 3 (3.9) 0 (0.0) 0 (0.0) 3 (3.9) 0 (0.0) 0 (0.0)
CRP
Normal 1 (1.3) 0 (0.0) 0 (0.0) 1(1.3) 0 (0.0) 0 (0.0) 0 (0.0) 1(1.3) 0 (0.0)
High 19 (23.8) 45(56.3) 15(18.8) 66 (82.5) 13 (16.9) 0 (0.0) 45(56.3) 33 (41.3) 1(1.3)

CRP: C-reactive protein.
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to that reported in other studies.®?9 In our
sample, the allele frequencies for IL-10 gene
polymorphisms at positions —592, —819, and
-1082 were, respectively, 0.29, 0.43, and 0.68,
being similar to those reported in most of the
studies included in a meta-analysis.©® Although
our results are consistent with those of various
studies, any differences regarding the frequency
of these polymorphisms can be explained by
ethnic differences among the study populations.

Table 3 - Correlation between serum cytokine levels
and laboratory test results.

Biochemical p
variable IFN-y  TNF-a  IL-10
CD4+ 0.59 0.1 0.47
CRP 0.43 0.32 0.33
ESR 0.008 (+) 0.31 0.03 (-)

C-reactive protein; (+): positive correlation; and (-):
negative correlation.

Muller BLA, Ramalho DMP, dos Santos PFG, Mesquita EDD, Kritski AL, Oliveira MM

The functional role of allele —238A (TNF-a)
in the regulation of TNF-a gene expression was
described by Kaluza et al.,?"” whose in vitro
studies showed an association between allele
—238A and a downregulation of the TNF-a
gene (and, consequently, a reduction in TNF-a
protein production). Although we found no
homozygous mutations, we observed a trend
toward low serum levels of TNF-a in patients
with a heterozygous genotype, as did Abhimanyu
et al." in a population of individuals from India
whose ethnic characteristics were quite different
from those of our study population. However,
Haroon et al.?? found no association between
mutation and cytokine expression in a population
of White individuals.

The presence of single-nucleotide
polymorphisms in the first intron of the TFN-y
gene (at position +874) has been associated with
tuberculosis®' and severe tuberculosis.?® The

Table 4 - Serum levels of C-reactive protein, ESR, CD4+, and cytokines, as well as frequency of genotypes,

by bacteriological conversion.?

Variable Bacteriological conversion P
Yes No

CRP, mg/dL 5.37 £ 3.96 8.6 £ 4.7 0.004
ESR, mm/h 60.3 £43.3 53.8 £ 37.6 0.57
CD4+, cells/mm? 784.09 + 699.44 657.5 + 311.49 0.46
1L-10, pg/mL 4.6+2.8 4.8 + 1.21 0.73
TNF-a, pg/mL 3.6+ 1.93 3.99 + 1.36 0.42
1FN-y, pg/mL 7.17 + 4.84 7.69 £ 3.99 0.68

1L-10 at position -592°
AA 2 (3.4) 0 (0.0) 0.42
CA/CC 57 (96.6) 18 (100.0)

1L-10 at position —819°
TT 8 (13.6) 2 (11.1) 0.78
CT/CC 51 (86.4) 16 (88.9)

1L-10 at position -1082°
AA 27 (45.8) 9 (50.0) 0.75
GA/GG 32 (54.2) 9 (50.0)

TNF-a”
AA 0 (0.0) 0 (0.0) -
GA/GG 59 (100.0) 18 (100.0)

TEN-y?
AA 11 (18.6) 6 (33.3) 0.18
TA/TT 48 (81.4) 12 (66.7)

CRP: C-reactive protein; (IFN- y): TT: wild-type homozygous genotype; TA: heterozygous genotype; and AA: mutant
homozygous genotype. (TNF-a): GG: wild-type homozygous genotype; GA: heterozygous genotype; and AA: mutant
homozygous genotype. (IL-10 at position —592): CC: wild-type homozygous genotype; CA: heterozygous genotype; and
AA: mutant homozygous genotype. (IL-10 at position —-819): CC: wild-type homozygous genotype; CT: heterozygous
genotype; and TT: mutant homozygous genotype. (IL-10 at position —1082): GG: wild-type homozygous genotype;
GA: heterozygous genotype; and AA: mutant homozygous genotype. “Values expressed as mean = SD, except where

otherwise indicated. "Values expressed as n (%).
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gene encoding 1FN-v is highly conserved, and
few polymorphisms are found in the intragenic
region. In our sample, we found no association
between 1FN-y gene polymorphisms at position
+874 and serum IFN-y levels, a finding that
is similar to those of Abhimanyu et al.l'” and
Vidyarani et al.®? but different from those of
Vallinoto et al.,'"- who found low serum levels
of IFN-y in patients with a homozygous mutant
genotype at position +874A/A.

We found a significant relationship between
high 1FN-y levels and a high ESR, a finding that
is consistent with those of Peresi et al.” This is
possibly due to the fact that the presence of this
mutation has been associated with decreased
production of TFN-y (a cytokine that plays an
important role in controlling the defense against
the pathogen) and, therefore, a diminished acute
inflammatory response.

In our study, low serum levels of 1L-10
were found to be associated with 1L-10 gene
polymorphisms at positions -592 and -819 (but
not —1082). This finding is similar to those of
Abhimanyu et al."” and Edwards-Smith et al.,?”
who investigated 1L-10 gene polymorphisms at
position —1082 and showed that individuals
carrying the AA genotype are low 1L-10 producers,
those carrying the GA genotype are intermediate
1L-10 producers, and those carrying the GG
genotype are high 1L-10 producers; however,
the ATA haplotype is associated with low 1L-10
production. These discrepant results can be partly
explained by the distinct and heterogeneous
ethnic characteristics of the study populations.

We observed a trend toward a higher ESR
among carriers of 1L-10 gene polymorphisms at
positions —592 (CA/AA) and —-819 (CT/TT). The
authors of a recent meta-analysis including 18
studies (none of which included patients from
Latin America) were unable to confirm a higher
risk of tuberculosis among patients with 1L-10
gene polymorphisms at positions —-592, —-819,
or —1082 but found a higher risk of tuberculosis
among Europeans with IL-10 gene polymorphisms
at position —1082.© In that meta- analysis, one
of the studies assessing serum 1L-10 levels also
assessed serum levels of IFN-y and 1L-10. The
authors demonstrated that a stronger relationship
translated to less severe tuberculosis.

Jamil et al.?® and Lago et al.”) suggested that
the maintenance of high serum levels of 1L-10
during antituberculosis treatment is associated
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with an increased risk of recurrence, whereas
low serum levels of 1L-10 usually occur in mild
forms of tuberculosis. The results obtained in the
present study do not allow us make inferences
regarding this issue, given that serum 1L-10 levels
were assessed only at time point zero and not
during clinical follow-up (after completion of
antituberculosis treatment).

In the present study, acute inflammatory
response markers (CRP levels) were found to be
higher in the patients in whom serum TNF-a
levels were low (0.0-4.9 pg/mL) than in those
in whom serum TNF-a levels were above 5.0
pg/mL. These data suggest that the presence
of low concentrations of TNF-a at the time
of the initial response against the disease is
associated with a worse prognosis and clinical
course; however, studies involving larger
samples, as well as correlation studies, should
be conducted in order to test these hypotheses
in the Brazilian population, as mentioned in a
review article by Wallis et al.®) The role of TNF-a.
in the pathophysiology of tuberculosis has been
associated with defense via macrophage activation
and the subsequent inflammatory reaction.®
Our findings reinforce the importance of this
cytokine in the host response to M. tuberculosis.

In the present study, an association was
found between elevated CRP levels and lower
bacteriological conversion at the 8th week of
antituberculosis treatment, showing the potential
role of this mediator as a marker for monitoring
the clinical course of the disease. Some authors
have reported that ESR normalization is a marker
of good response to treatment in subacute and
chronic diseases, such as tuberculosis.?”28) Various
studies have shown increased levels of immune
response markers, CRP, and ESR in the initial
phase, all of which decrease during treatment.
(29.30) Similar results were reported in a study
by Peresi et al.,” in which CRP levels were
significantly decreased only in the 3rd and 6th
months of treatment. These findings suggest
that CRP can be used in order to evaluate the
APR in tuberculosis patients and as a marker of
response to antituberculosis treatment, together
with the clinical and epidemiological history of
such patients.

In our study, there was no association between
serum IFN-y levels and bacteriological conversion,
a finding that is similar to those of another
study.® However, there was an association
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between initially low serum levels of TNF-a
and higher bacteriological conversion. These
data are similar to those reported by Su et al.t
Regarding bacteriological conversion (or lack
thereof) and immunological and biochemical
variables, we found a positive correlation between
the inflammatory marker CRP and the absence
of conversion. However, no such correlation was
found for the remaining inflammatory markers
(ESR and CD4+).

The limitations of the present study include
the fact that we did not analyze 1L-10 haplotypes,
the fact that we did not include other cytokines
that play a relevant role in the immune response
to active tuberculosis, and the fact that we did not
monitor the clinical and bacteriological response
of the patients throughout the antituberculosis
treatment period.

1t is of note that, to our knowledge, this is the
first study in Brazil to investigate the presence
of proinflammatory and anti-inflammatory
cytokines, acute inflammatory response mediators
(by measuring serum CRP levels and the ESR),
and the genetic background of patients in an
attempt to elucidate certain mechanisms of the
immunopathogenesis of tuberculosis. Given that
this was a descriptive study, there was no control
group, which is why we were careful to present
the statistical associations without referring to
the variables as “risk factors” for any given event.
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Review Article

Interpretation of autoantibody positivity in interstitial lung
disease and lung-dominant connective tissue disease®

Interpretacdo da positividade de autoanticorpos na doenca pulmonar
intersticial e colagenose pulmdo dominante

Daniel Antunes Silva Pereira, Alexandre de Melo Kawassaki, Bruno Guedes Baldi

Abstract

The initial evaluation of patients with interstitial lung disease (ILD) primarily involves a comprehensive, active
search for the cause. Autoantibody assays, which can suggest the presence of a rheumatic disease, are routinely
performed at various referral centers. When interstitial lung involvement is the condition that allows the definitive
diagnosis of connective tissue disease and the classical criteria are met, there is little debate. However, there is
still debate regarding the significance, relevance, specificity, and pathophysiological role of autoimmunity in
patients with predominant pulmonary involvement and only mild symptoms or formes frustes of connective
tissue disease. The purpose of this article was to review the current knowledge of autoantibody positivity and
to discuss its possible interpretations in patients with 1LD and without clear etiologic associations, as well as
to enhance the understanding of the natural history of an allegedly new disease and to describe the possible
prognostic implications. We also discuss the proposition of a new term to be used in the classification of 1LDs:
lung-dominant connective tissue disease.

Keywords: 1diopathic interstitial pneumonias; Autoantibodies; Connective tissue diseases; Autoimmune
diseases; Diagnosis, differential.

Resumo

A avaliagdo inicial de pacientes com doenca pulmonar intersticial (DP1) envolve primordialmente a busca ativa e
detalhada por uma etiologia. A pesquisa rotineira de autoanticorpos ¢ comum em diferentes centros e permite
sugerir a presenca de alguma doenca do espectro reumatoldgico. Quando o acometimento pulmonar intersticial
¢ a condicdo que permite o diagnostico firmado de uma colagenose bem estabelecida, preenchendo os critérios
classicos, ha pouco debate. Entretanto, ainda existe muita discussdo sobre o significado, a relevancia, a especificidade
e o papel fisiopatoldgico da autoimunidade nos pacientes que tenham prioritariamente acometimento respiratdrio
e apenas algum indicio leve ou frustro de colagenose. O propoésito dessa revisdo foi apresentar o conhecimento
atual e discutir possibilidades de interpretacdo da positividade de autoanticorpos em pacientes com DPI que
nédo tenham associagdes etioldgicas inequivocas, assim como aumentar o entendimento da histdria natural de
uma possivel nova doenca e descrever possiveis implicacdes progndsticas. Discutimos ainda a proposicdo de
uma nova terminologia na classificag¢do das DPIs, a colagenose pulmio dominante.

Descritores: Pneumonias intersticiais idiopaticas; Autoanticorpos; Doencas do tecido conjuntivo;
Autoimunidade; Diagndstico diferencial.
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Introduction

Interstitial lung diseases (ILDs) are
heterogeneous diseases that affect the lung
parenchyma in a diffuse and multicompartmental
manner, being characterized by different
combinations of inflammation and fibrosis; the
understanding of ILDs has increased dramatically
in recent years.(" On the basis of histological
and CT patterns, 1LDs can be subdivided into
categories, as follows: granulomatous diseases;
lymphoid diseases; miscellaneous; idiopathic
diseases; and diseases of known cause, which
include connective tissue diseases (CTDs).("?
There is considerable radiological, functional, and
histological overlap among the abovementioned
categories, especially between the last two.

Among 1LDs, CTDs are of great importance,
and pulmonary involvement causes significant
functional limitation, which is the leading cause
of death in such patients.”) However, other factors
determining 1LD can be observed in patients with
rheumatic diseases, and these factors should
be taken into consideration in the differential
diagnosis: i) a reasonable proportion of such
patients were smokers at some point; ii) various
drugs that are potentially toxic to the lungs are
used in the treatment of CTDs; and iii) there is
an increased susceptibility to infections.!"¥ In
addition, the LD patterns that are most commonly
identified in this population can be quite similar
to idiopathic forms.*'9

In the initial evaluation of patients with
clinical and CT signs of ILD, serum autoantibody
positivity is not uncommon.""-' 1n addition,
routine ANF and serum autoantibody testing for
the detection of occult CTD is recommended in
several consensus guidelines for 1LDs.("10-13.19)

Since 1994, when Katzenstein and Fiorelli first
described the histological pattern of nonspecific
interstitial pneumonia (NSIP), the understanding
of idiopathic interstitial pneumonias (IPs) and the
role of CTDs in their etiology has changed.®''7 1t
is well established that CTD-associated 1LD has a
better prognosis than does 11P.7# However, many
questions remain unanswered, including those
regarding patients with 1LD and positive ANF
or serum autoantibodies.'>'® Do such patients
have formes frustes of CTD, which initially or
exclusively manifest as TLD2"%'718) Will such
patients present with well-defined CTD in the
follow-up period?(2'® Are there prognostic or
therapeutic peculiarities?('”
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The purpose of this article was to review the
current knowledge of autoantibody positivity
and to discuss its possible interpretations in
patients with 1LD without etiologic associations,
as well as to standardize recognition of these
diseases, enhance the understanding of their
natural history, and describe the prognostic
implications. We also discuss the proposition
of a new term to be used in the classification
of 1LDs: lung-dominant CTD (LDCTD).

CTD-associated 1LD and
undifferentiated CTD

The challenge of answering the question of
whether 11P is actually a pulmonary manifestation
of occult CTD increases when the criteria for
defining CTDs are taken into consideration.?®?" In
the context of CTD-associated 1LD, two scenarios
are possible: one in which a patient with CTD
subsequently develops respiratory symptoms
due to new interstitial involvement; and one in
which 1LD-related respiratory symptoms precede
or coincide with clinical and laboratory findings
of autoimmune diseases.!*2"

In the first scenario, when there is no doubt
about the association between ILD and CTD, the
causal relationship must be confirmed,*' and
it is essential to exclude potential causes of ILD,
such as drug use, smoking, and infection. ?2-2°)
In addition, the functional consequences of
lung involvement and the need for treatment
modification in the presence of 1LD must be
evaluated."”) Lung biopsy is rarely indicated in
this scenario, being reserved for cases having
atypical presentations or for those in which there
is the possibility of another cause for TLD.*823.26)

In the second scenario, in which pulmonary
involvement predominates and there is no definite
CTD, the difficulties increase significantly, which is
mainly due to the fact that definitive rheumatologic
criteria have yet to be established.(>'%2) Historically,
although the lung interstitium is a major target
of CTD-associated autoimmunity, the lung is
traditionally overlooked in the diagnostic criteria
for these diseases."®'? As an example, there is the
case of a 56-year-old female patient who presented
with dyspnea, dry cough, moderate restrictive lung
disease, Raynaud’s phenomenon, telangiectases
of the hands, a pattern of NSIP (as determined
by HRCT), esophageal dilation with an air-fluid
level (as determined by HRCT), homogeneous ANF
(titer, 1:1,280), and positive anti-Ro antibodies
(Figure 1). Although the patient showed clear

J Bras Pneumol. 2013;39(6):728-741



730 Pereira DAS, Kawassaki AM, Baldi BG

Figure 1 - Lung-dominant connective tissue disease. In A, HRCT scan showing reticular opacities, permeated
by areas of ground-glass attenuation, and paracicatricial emphysema in the upper lobes. In B, HRCT scan
showing peribronchovascular reticular opacities, ground-glass opacities, and traction bronchiectasis in the
lower lobes. In C, mediastinal CT scan showing esophageal dilation with an air-fluid level. In D, histological
examination of an open lung biopsy specimen showing inflammatory infiltrate in the alveolar septa, consistent
with a nonspecific interstitial pneumonia pattern.

signs of autoimmune disease, they were not
sufficient to establish a specific rheumatologic
diagnosis, such as progressive systemic sclerosis
(PSS).U9 1f the patient had presented with a history
of large joint arthritis for at least three years,
the rheumatology team might have considered
a diagnosis of undifferentiated CTD (UCTD).*”
Therefore, various rheumatologists seem to believe
that predominant pulmonary involvement is not
enough to recognize an autoimmune etiology.

The term UCTD is used in order to define
patients with unclassifiable CTD, and the criteria
presented in Chart 1 are currently used for the
diagnosis of UCTD.?”

J Bras Pneumol. 2013;39(6):728-741

The main characteristics of patients with
UCTD are as follows: being female; being younger
than 50 years of age; testing positive for ANF
(approximately 80% of cases); and testing
positive for various autoantibodies, especially
anti-Ro (SSA) autoantibodies.?®-3" Patients with
UCTD have predominant joint involvement
that is mild to moderate in intensity and that
resolves spontaneously or responds quite well
to prednisone.®? Commonly reported symptoms
include Raynaud’s phenomenon, xerophthalmia,
xerostomia, joint pain, and morning stiffness. 1t
is possible that up to one third of patients will
meet the diagnostic criteria for a specific CTD (in
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Chart 1 - Diagnostic criteria for undifferentiated
connective tissue disease.?

1. Signs and symptoms suggestive of connective tissue
disease, patients, however, not meeting established
criteria for connective tissue disease;

2. positive ANF, positive autoantibodies, or both;

3. Symptom duration greater than three years

*Adapted from Mosca et al.?”)

particular, systemic lupus erythematosus) up to
2 years after the onset of symptoms; thereafter,
this possibility is reduced, and most patients
will persist with mild impairment (as observed
at the onset of the disease), without meeting
the diagnostic criteria for a specific CTD.?%-3?

In patients with UCTD, extra-articular
involvement (including respiratory involvement)
is rare.?®V These findings stand in contrast to the
finding of severe pulmonary involvement habitually
seen in patients with 1LD and unclassifiable
CTD.(>15333% In the practice of pulmonology,
autoantibody-positive 1LD patients who do not
meet the diagnostic criteria for any established CTD
present with pulmonary involvement whose intensity
is markedly different from that of pulmonary
involvement in relevant cohorts of patients with
UCTD. This is the main reason why some authors
avoid using the term UCTD to refer to cases of
ILD and autoantibody positivity. In 2010, Fischer
et al. proposed that the term LDCTD be used in
order to characterize patients with any known
pattern of 1LD (usual interstitial pneumonia—
UIP—NSIP, lymphocytic interstitial pneumonia,
organizing pneumonia, desquamative interstitial
pneumonia, etc.) associated with the presence
of at least one CTD-specific autoantibody, two
histological findings classically associated with
pulmonary involvement secondary to CTD, or
both, these findings, however, not characterizing
a well-established rheumatic disease or an
alternative etiology for 1LD (Chart 2).0? These
stricter criteria, which include clinical, laboratory,
CT, and histological findings, are intended for use
in studies aimed at understanding the natural
history, prognosis, and therapeutic response of
this allegedly new form of 1LD.

Importance of autoantibody
positivity in the evaluation of
patients with 1LD

In patients with 1LD and suspected occult
CTD, specific laboratory tests are needed in
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order to determine the presence or absence of
a systemic disease. Although most tests are not
highly specific or sensitive for the diagnosis of
CTD, a positive result in conjunction with clinical
changes can indicate the presence of a CTD with
a high degree of confidence.® %3¢

Homma et al. were the first to show the
possibility of TLD as the sole presentation of occult
CTD, having followed (for up to 11 years) 68
patients in whom the initial evaluation showed no
clinical or serological evidence of CTD.®” Of the 68
patients, 13 (19%) developed a definite CTD after
an average of 25 months of follow-up: theumatoid
arthritis, in 5; polymyositis/dermatomyositis, in
5; systemic lupus erythematosus, in 1; Sjogren’s
syndrome (SS), in 1; and mixed CTD, in 1. In
comparison with the remaining patients, those
who met diagnostic criteria for a given CTD
were younger, most being female. Creatine
phosphokinase and ESR were the biochemical
markers that distinguished between the two groups
of patients, together with discoid atelectasis
in the lower lung fields on chest X-rays.73
At a time when autoantibody assays were not
available in clinical practice, those results shed
light on the possibility of predominant pulmonary
manifestation of occult CTD or even the currently
recognized LDCTD.

In a recent study aimed at evaluating the
prevalence of occult CTD in all ILD patients
presenting exclusively with respiratory symptoms,
careful multidisciplinary evaluation and a
comprehensive autoimmune panel showed that
34 (29%) of the 114 patients with confirmed
1LD met diagnostic criteria for CTD.®? Of those
34 patients, half had met diagnostic criteria for
CTD in the initial evaluation and the other half
were diagnosed during the follow-up period, the
incidence of CTD in the cohort being 15%. The
most common autoantibodies were ANF, in 56%,
rheumatoid factor (RF), in 31%, and anti-Ro, in
15%. Inflammatory myopathies were present in
50% of cases, and the histological pattern most
commonly associated with CTD was NSIP. An
independent analysis of the data from that study
shows that, of the 80 patients who showed no
association with CTD at the end of the study
period, 34 (42.5%) tested positive for ANF (7
of whom had ANF titer greater than or equal to
1:640) and 11 (16.3%) had a nucleolar pattern,
which is highly specific for PSS.04%) These findings
strongly suggest the presence of occult CTD.
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Chart 2 - Provisional criteria for lung-dominant connective tissue disease.?

3. 1LD of unknown cause or association

Autoantibodies

a. ANF > 1:320 or RF > 60
b. Nucleolar ANF

c. anti-CCP

d. anti-Scl-70

e. anti-Ro

f. anti-La

g. anti-nDNA

h. anti-Sm

i. anti-RNP

k. anti-PM/Scl
1. anticentromere

1. NSIP, UIP, LIP, OP, and DAD (or DIP) as determined by histology or HRCT;
2. Extrathoracic findings that are insufficient to establish a definitive diagnosis of CTD

4. Any of the autoantibodies below or at least 2 of the histological findings below:

j. anti-tRNA synthetase (anti-Jo-1, anti-PL-7, anti-PL-12)

Histological findings

a. Lymphoid aggregates with germinal centers
b. Extensive pleurisy

¢. Prominent lymphoplasmacytic infiltrate

d. Dense perivascular collagen

NSIP: nonspecific interstitial pneumonia; UIP: usual interstitial pneumonia; LIP: lymphocytic interstitial pneumonia;
OP: organizing pneumonia; DAD: diffuse alveolar damage; DIP: desquamative interstitial pneumonia; CTD: connective
tissue disease; ILD: interstitial lung disease; and RF: rheumatoid factor. *Adapted from Fischer et al.('?

Although the diagnoses of those 80 patients
were not reported, the serological evidence of
autoimmunity in those patients is curious, given
that idiopathic pulmonary fibrosis (IPF) is the most
prevalent ILD. Although autoantibody positivity
in the absence of clinical evidence of CTD should
be interpreted with great caution, screening for
autoantibodies in patients with diffuse parenchymal
lung disease (as recommended by national and
international guidelines) is justified.""'" 1t is of
note that a rigorous evaluation is required in order
to diagnose inflammatory myopathies.®®*" Given
that these conditions are commonly accompanied
by interstitial lung involvement, recognition of
occult manifestations requires a high degree
of suspicion, an active search for desquamative
lesions on the hands and increased serum muscle
enzymes being therefore justified.

Autoantibodies and 1PF

A specific form of chronic interstitial
pneumonia, 1PF is a disease of unknown etiology
that is limited to the lungs and that occurs
primarily in adults in their sixth decade of life,
being associated with the histological and CT
patterns of UIP.!"*) The most widely accepted
theory for the pathogenesis of IPF involves an
interaction between alveolar epithelial injury and
apoptosis, followed by abnormal mesenchymal
repair.®? The damaged epithelial cells adopt a

J Bras Pneumol. 2013;39(6):728-741

mesenchymal behavior during the tissue repair
process, producing fibrogenic cytokines.(':*¥
Because IPF is a disease that is limited to the
lungs, there is much debate about the presence
of autoantibodies and clinical manifestations of
occult CTD in patients with IPF. According to the
recently published Brazilian Thoracic Association
Guidelines for 1LDs, up to 25% of patients have
low-titer ANF and RF. However, this is considered
to have no clinical relevance if CTD is excluded,
determination of anti-cyclic citrullinated peptide
(anti-CCP) antibodies being recommended in order
to confirm rheumatoid arthritis in RF-positive
patients.!” 1t remains unknown whether the
association between IPF and serum markers
of immunity is only fortuitous or whether the
identification of autoantibodies in such patients
has any pathophysiological relevance.

Of all known rheumatic diseases, PSS is
the disease in which fibrotic involvement is
most pronounced.“®” The classic cutaneous
manifestations of PSS (sclerodactyly, scleroderma
facies, and morphea) cause significant thickening
and tightening of the skin, which are markers of
multisystem fibrotic involvement.® Interstitial lung
injury is more closely related to the limited form
of systemic sclerosis, which is known as CREST
syndrome (CREST being an acronym for Calcinosis,
Raynaud’s phenomenon, Esophageal dysfunction,
Sclerodactyly, and Telangiectasia). Although NSIP
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is the pattern that is most commonly associated
with PSS, UIP is quite common.®“® Because of
the difficulty in excluding occult CTD in patients
with ILD, Fischer et al. reported the serological
findings in patients with a clinical diagnosis
of TPF.49 Of the 285 patients who were tested
for ANF, 25 had titers greater than 1:40 and a
nucleolar-staining pattern. Among the various
antinuclear antibodies found in patients with
PSS, antinucleolar antibodies are found in
10-150%. Antinucleolar antibodies constitute
a group of heterogeneous autoantibodies that
cause ANF to have an antinucleolar pattern of
immunofluorescence, being highly specific markers
of PSS. Of the 25 1PF patients who had a positive
ANF, 13 tested positive for anti-Th/To antibody—
an antinucleolar antibody that is strongly related
to systemic sclerosis-associated 1LD—PSS being
therefore confirmed. This underscores the need
for comprehensive serological testing for the
identification of occult CTD in patients with 1PF,
with therapeutic and prognostic implications.

The results of a recently published study
investigating the prevalence and clinical
significance of circulating autoantibodies
in 67 patients with IPF®” add weight to the
abovementioned conclusion. Autoantibody
positivity was found in 22% of the patients
with 1PF and in 21% of the healthy controls.
There were no differences between the 1PF
patients with circulating antibodies and those
without in terms of clinical characteristics, CT
findings, histological features, or treatment
response. However, the subgroup of patients
with circulating autoantibodies had a longer
transplant-free survival time. The authors also
compared the group of 1PF patients who tested
positive for circulating autoantibodies (n = 15)
with a group of patients with UCTD (n = 22)
and found that the latter were younger and had
higher titers of ANF.

Therefore, the significance of positive
autoantibodies in patients with 1PF depends
on the presence of systemic signs of rheumatic
disease and on the specificity of the technique used
for screening, as well as on autoantibody titers
and patterns. In the presence of these factors, an
alternative diagnosis of CTD (rather than 1PF) is
possible. However, studies have recognized the role
of autoimmunity in the pathogenesis of 1PF, the
identification of circulating autoantibodies and
the direct association of circulating autoantibodies
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with lung epithelial injury suggesting the
presence of autoimmunity. Takahashi et al.
assessed autoantibody positivity in 22 patients
with 1PF and compared those patients with 37
healthy individuals.“® Through techniques of
immunohistochemistry and immunoprecipitation
of epithelial lung cells, the authors identified
in the sera from 1PF patients an antibody that
precipitated in the cytoplasm of those cells
but not in that of cells of mesenchymal origin
(ovary). Spectrophotometry of the precipitated
immunocomplex allowed the isolation of the
antigen, which was a protein consistent with
alanyl-tRNA synthetase (also known as PL-12)
in 50% of the patients with 1PF. This antibody
is associated with inflammatory myopathies
that affect the pulmonary interstitium (such as
antisynthetase syndrome), although it is present
in only a small proportion of such patients.
8 Despite a potential systematic error in the
diagnosis of 1PF in that study, the presence of that
autoantibody in half of the sample adds validity
to the findings and shows that autoimmunity
plays a relevant role in the pathogenesis of IPF
(in some patients, at least). In addition, ensuring
the distinction between 1PF and CTD, the antigen
described was present in less than 5% of the
patients with CTD-associated 1LD in whom the
techniques described above were performed.

There is a tendency in the literature to interpret
the presence of nonspecific autoantibodies or
low-titer ANF in patients with 1PF as positivity
that is similar to that in the general population
(20-309%) and that generally has no clinical
consequences.13%39404247.48)  However, in a
subgroup of patients, the presence of associated
autoimmunity can have an impact on prognosis
and response to treatment. In the case of diseases
for which there is currently insufficient scientific
evidence to endorse most of the treatments that
are currently available, identifying patients
with stigmata of autoimmunity can stimulate
pharmacological innovations. In addition, formes
frustes of rheumatic diseases and occult forms
of CTD should not be forgotten.

Autoantibodies and idiopathic NSIP

Early in the last decade, an international panel
of experts in 1LDs met, with the support of the
American Thoracic Society, in order to gain a
better understanding of idiopathic NSIP in light of
the scientific knowledge available at the time.!"”)

J Bras Pneumol. 2013;39(6):728-741
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Researchers who had previously reported cases of
idiopathic NSIP were invited to submit cases for
review. Patients who, at the onset of pulmonary
symptoms, met diagnostic criteria for CTD (or
other diseases) were excluded from the analysis.
The selected cases were considered idiopathic
after a detailed evaluation performed by the
multidisciplinary expert panel (including clinicians,
radiologists, and pathologists), who subsequently
studied the epidemiological, histological, and CT
features. Of the 67 cases that were considered
idiopathic, 43% had positive ANF and 23% had
increased RF; Raynaud’s phenomenon and arthritis
had been reported in 8% and 3%, respectively.
The authors considered and confirmed the
possibility of interstitial lung involvement as
the initial or sole manifestation of CTD, or as a
manifestation of LDCTD. In a report published
in 2006, the expert panel concluded that NSIP
is a distinct form of 1LD; however, because of
a possible association between NSIP and other
forms, especially hypersensitivity pneumonitis and
CTD, a comprehensive multidisciplinary approach
is required in order to establish a diagnosis of
idiopathic NSIP.07)

LDCTD

On the basis of the abovementioned report from
the American Thoracic Society, various authors
attempted to characterize patients presenting
with histological features of NSIP and meeting
the previously discussed diagnostic criteria for
UCTD. Kinder et al. sought to determine whether
idiopathic NSIP was actually the pulmonary
manifestation of a systemic autoimmune disease
and, consequently, the pulmonary manifestation
of UCTD." By applying their own criteria (which
were considered permissive for including findings
that have low specificity for autoimmunity, such
as gastroesophageal reflux and ESR), which
combined CTD symptoms with evidence of systemic
inflammation (autoantibodies, inflammatory
activity, or both), the authors identified, in a
population of 285 patients with ILD, 28 cases
without any other apparent cause. Most were
female, were younger than 50 years of age, and
complained of arthralgia, joint swelling, Raynaud’s
phenomenon, and dysphagia more often than did
patients who met no diagnostic criteria for UCTD.
With the exception of digital clubbing, which was
more prevalent in those with the idiopathic form
(269% vs. 7%), there were no differences between
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the groups in terms of physical examination
findings. Regarding CT findings, ground-glass
opacities and consolidations were more common
in the UCTD group, whereas honeycombing was
more common in the 1P group (being more
consistent with the UIP pattern). In the histological
analysis, most of the patients with UCTD were
found to have the NSIP pattern, which was rarely
found in the TP group. The UIP pattern (as
determined by pathological examination) was
positively associated with 1P (OR = 111) and
negatively associated UCTD (OR = 0.009). The
authors concluded that the NSIP pattern is strongly
associated with patients with CTD symptoms,
especially Raynaud’s phenomenon, arthralgia, and
gastrointestinal manifestations, when associated
with positive serum autoantibodies. In addition,
the authors suggested that meeting diagnostic
criteria for UCTD in this context constitutes a
predictor of NSIP, which is actually a pulmonary
manifestation of systemic autoimmunity.!” Suda
et al.* evaluated 47 patients with idiopathic
NSIP and, by applying the same criteria as those
applied by Kinder et al.,") identified 22 cases of
UCTD (47%), which were compared with those
of patients who did not meet those criteria. In
addition to having found clinical and laboratory
features that were quite similar to those found
in the previous study, the authors demonstrated
that cases considered idiopathic showed a higher
mortality rate than did those with UCTD, as well
as showing a lower 5-year survival rate (58% vs.
100%). For the first time, it was suggested that
the prognosis of such patients follows the pattern
of that of other patients with CTD-associated
ILD, progression being more favorable.

In contrast, in another recent study, in which
stricter diagnostic criteria were applied, 63 (32%)
of 200 patients with 1LD met diagnostic criteria
for autoimmunity, and 58 (29%) met diagnostic
criteria for IPF.C% In the autoimmunity group, the
UIP pattern was the most common CT finding
(62%), correlating well with histological findings.
There were no differences in survival between
the autoimmunity and 1PF groups, and both
had worse survival than did those with known
CTD. In yet another study, stringent criteria
(CTD-specific symptoms and autoantibodies)
were applied, and their accuracy in predicting
NSIP was evaluated.®? Of 100 patients with
NSIP or UIP (as determined by surgical biopsy),
21 had LDCTD, which accounted for 31% of all
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cases of PINE and only 13% of all cases of UIP.
Therefore, those strict criteria were three times
more likely to be associated with NSIP histology,
their sensitivity being 31% and their specificity
being 88%. A poor accuracy in predicting this
pattern is probably due to the fact that LDCTD
can be associated with any known pattern of 1LD.

The two studies cited above®**® seem to
characterize a population that is different from
those in the studies by Kinder et al." and Suda
et al.*? Can this difference be explained solely
by differences among the study populations?
Do these patients actually have UCTD and will
rheumatologic criteria apply in this context of
predominant 1TLD?C5°0 When this association was
first recognized, NSIP was the most prevalent
pattern. However, relevant data suggest that,
if there are cases in which ILD is a pulmonary
manifestation of systemic autoimmunity, the
patterns of response to epithelial injury do
vary. This constitutes an obstacle to the use of
classifications or terms that originate from other
specialties (such as UCTD), if not because such
classifications and terms are well established then
at least because of the clinical and epidemiological
distinction described herein. In this context, we
propose that the term LDCTD be used in order
to aid in distinguishing such patients from those
with UCTD and predominant joint involvement,
as well as to aid in standardizing criteria that
will allow pulmonologists to characterize such
patients more precisely. Chart 2 presents stringent
criteria for the diagnosis of LDCTD. The proposed
criteria give weight to autoantibodies that are
more specific to CTD and to higher titers of
highly sensitive markers of autoimmunity. In
addition, other causes for 1ILD or even well-
established CTD should be ruled out. However,
the major difference between these and other
criteria is that they recognize the possibility of
classic patterns other than NSIP and allow the
inclusion of histological findings suggestive of
pulmonary involvement secondary to CTD. Figure
1 shows CT and histological findings in a female
patient with LDCTD after a 6-year follow-up
period, during which she met no diagnostic
criteria for CTD.

Occult CTD

1t is clearly difficult to distinguish between
CTD-associated 1LD and formes frustes of CTD.
Rheumatic diseases are classified in accordance with
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clinical criteria established by leading rheumatology
societies worldwide, chief among which is the
American College of Rheumatology. The primary
criticism directed toward the use of these criteria
is that they do not reflect the clinical reality.!"”
Chief among formes frustes of CTD are PSS sine
scleroderma and amyopathic dermatomyositis,
which are characterized by the absence of clinical
findings that primarily characterize the diseases
to which they are related.t®385':52 The different
criteria used in the LDCTD studies reviewed above
do not escape this criticism, and LDCTD can
often be characterized as occult CTD.

Next, we discuss the major rheumatic diseases
that can present as formes frustes and mimic 1LD,
and that can be mistaken for LDCTD in the absence
of a high degree of clinical suspicion. Fischer et
al. evaluated 37 patients with clinical features
of antisynthetase syndrome, negative ANF, and
negative anti-Jo-1 antibodies. In order to test the
hypothesis that antisynthetase syndrome is an
unrecognized cause of 1LD, those patients were
screened for other anti-tRNA synthetase antibodies,
and 9 (24%) tested positive for anti-PL-7 or anti-
PL-12 antibodies.“” In the presence of a high
degree of clinical suspicion, a provisional diagnosis
of antisynthetase syndrome can be established in
those with Raynaud’s phenomenon, desquamation
on the sides of the fingers (mechanic’s hands),
arthritis, Gottron’s papules, and pulmonary fibrosis,
even if they have tested negative for ANF and
anti-Jo-1 antibodies. Therefore, screening for
other anti-tRNA synthetase antibodies, basically
anti-PL-7 and anti- PL-12 antibodies, increases
the chance of a diagnosis of occult CTD.%5)

In another study, 38 patients with ILD and sicca
syndrome (keratoconjunctivitis sicca or xerostomia)
or abnormal levels of SS-associated autoantibodies
(anti-Ro and anti-La) underwent labial salivary
gland biopsy.®® When biopsy was requested, none
of the patients had a definable CTD. Thirteen
patients (34%) had chronic sialadenitis, which,
together with sicca syndrome, is diagnostic of
SS.5% Of those 13 patients, 3 tested negative
for ANF, RF, anti-Ro antibodies, and anti-La
antibodies, a finding that increases the possibility
of CTD even in the absence of autoantibodies.

The difficulty in and importance of identifying
patients with CTD-associated 1LD are therefore
clear. All ILD patients should be screened for
occult or early CTD in order to decrease the
diagnosis of 11P, with prognostic and therapeutic
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implications. A multidisciplinary approach,
involving pulmonologists, radiologists, pathologists,
and rheumatologists, is recommended in order to
overcome the limitations of current diagnostic
criteria and the unavailability of autoantibody
assays.

How should patients with ILD be evaluated in
terms of the presence of features of rheumatic
disease? Chart 3 presents the main clinical,
laboratory, radiological, and histological
findings for an active search for patients with
CTD-associated 1LD. The presence of positive ANF
titers > 320 strongly suggests an association with
rheumatic disease; however, as is the case with
any other autoantibody, a positive ANF alone
loses specificity unless certain highly specific
immunofluorescence patterns (including a nucleolar
pattern, a centromere pattern, and a cytoplasmic
pattern) are found.®® The hands should be routinely
examined for changes suggestive of rheumatic
disease. Mechanic’s hands and Gottron’s papules
are associated with inflammatory myopathies
and antisynthetase syndrome.® The presence of
sclerodactyly, Raynaud’s phenomenon, digital
pitting scars, and fingertip ulcers is suggestive
of PSS, whereas the presence of Raynaud’s
phenomenon, digital pitting scars, and fingertip
ulcers without sclerodactyly is suggestive of PSS
sine scleroderma.®*'*? Nailfold capillaroscopy
is a technique that is used in order to evaluate
microvascular involvement (which is quite common
in patients with PSS), polymyositis/dermatomyositis,
and mixed CTD.C?

What is the importance of this
discussion? What is the advantage
of identifying rheumatic features in
patients with 1LD?

There are various reasons why patients with ILD
should be screened for features of CTD.!'? Initially,
the identification of a CTD allows patients to gain
a better understanding of their health problems
and allows health professionals to seek lesions
in organs that can also be affected by systemic
autoimmunity.('? Standardization of criteria
allows researchers to conduct epidemiological
studies that are more reproducible, allowing a
better understanding of the natural history and
prognosis of the disease in question. Regarding
the treatment of 1LDs, robust data regarding the
efficacy or inefficacy of certain drugs have only
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recently been obtained.(®*? In patients with
PSS-associated 1LD, the use of cyclophosphamide
for 12 months, followed by maintenance therapy
with azathioprine or mycophenolate, slows
functional deterioration.®”*® The therapeutic
response in patients with LDCTD remains unclear.
1t remains unknown whether it is similar to the
refractoriness in those with 1PF or to the stability
in those with PSS, or whether the possibility of
partial or complete resolution exists.

Another important point is patient prognosis.
Most of the studies reviewed here showed that
the prognosis of patients with CTD-associated
ILD is better than is that of those with idiopathic
forms. Park et al.” showed that survival was better
in the group of patients with CTD-associated
ILD than in that of those with 1P, the groups of
patients with CTD-associated NSIP, idiopathic
NSIP, and CTD-associated UIP having a similar
prognosis. The group of patients with 1PF had
the worst prognosis. The authors concluded that
patients with CTD-associated 1LD (including
those with CTD-associated UIP) had a better
prognosis, screening for occult CTD or even
frustes formes of CTD (such as LDCTD) being
therefore justified. Suda et al. demonstrated
that patients with NSIP and LDCTD have better
5-year survival than do those with idiopathic
NSIP.#) In another study, in which the diagnostic
criteria for LDCTD were adopted, lung histology
revealed that the proportion of patients with UIP
was much higher than was that of those with
NSIP, and, despite the low mortality in the study
population, their survival was better than was
that of those with 1PF.G® However, these results
were not reproduced in another study, in which
strict criteria were also adopted.®”

Therefore, prospective studies should be
conducted in order to establish the real prognosis
and the best treatment strategy for patients
with LDCTD.

Final considerations

The initial evaluation of patients with 1LD
involves a comprehensive, active search for the
cause. Routine screening for autoantibodies allows
the diagnosis of rheumatic diseases ranging from
UCTD (a fruste forme of CTD) to a definable
CTD. However, autoantibody positivity should be
interpreted with caution, given that autoantibody
assays are laboratory tests whose accuracy is
limited in many cases. Autoantibody positivity
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Chart 3 - Findings suggestive of connective tissue disease as the cause of interstitial lung disease.

Points for consideration

Findings

Demographics

Female gender
Age < 50 years

Symptoms

Change in the color of hands in

response to cold exposure (Raynaud’s

phenomenon)
Xerophthalmia/xerostomia

Arthralgia/arthritis/joint swelling

Gastroesophageal reflux

Physical examination of the hands

Raynaud’s phenomenon

Desquamation on the sides of the

fingers (“mechanic’s hands”)
Telangiectasia
Sclerodactyly

Thickening of the interphalangeal joints

Gottron’s papules

General physical examination

Ocular hyperemia
Photosensitivity
Digital clubbing
Skin sclerosis
Arthritis

Ancillary tests

Possible diagnosis

ANF Titter > 320 Strongly suggestive of CTD
Nucleolar/centromere pattern PSS
Homogeneous nuclear pattern SLE, PSS, autoimmune hepatitis
Speckled nuclear pattern SLE, PSS, MCTD, SS
Cytoplasmic pattern PM/DM, SS, SLE, primary biliary
cirrhosis, PSS
FR, anti-CCP RA

Anti-Ro (SSA), Anti-La (SSB)

Highly sensitive; SS, RA, PSS,
UCTD

Anti-RNP MCTD

Anti-Scl-70 PSS (diffuse form)
Anti-DNA, Anti-Sm SLE

Antisynthetase antibodies (Jo-1, PL-7, PM/DM, antisynthetase
PL-12, etc.) syndrome

Nailfold capillaroscopy

Any microvascular change

Raynaud’s phenomenon, SD,
inconclusive

Barium esophagography

Esophageal dysmotility

centers
Extensive pleurisy

Prominent lymphoplasmacytic infiltrate

Dense perivascular collagen

Chest HRCT Typical patterns NSIP, LIP, OP, DIP
Atypical or mixed patterns Biopsy is required
Cystic honeycombing Suggestive of RA
Diffuse esophageal dilation
Esophageal air-fluid level
Pleural and pericardial effusion Serositis
Dilation of the pulmonary trunk Suggestive of PH but lacks
specificity
Histology Lymphoid aggregates with germinal

RA: rheumatoid arthritis; UCTD: undifferentiated connective tissue disease; LDCTD: lung-dominant connective tissue
disease; MCTD: mixed connective tissue disease; PM/DM: polymyositis/dermatomyositis; CTD: connective tissue disease;
PSS: progressive systemic sclerosis; RF: theumatoid factor; SLE: systemic lupus erythematosus; DIP: desquamative
interstitial pneumonia; LIP: lymphocytic interstitial pneumonia; NSIP: nonspecific interstitial pneumonia; UIP: usual
interstitial pneumonia; OP: organizing pneumonia; SS: Sjégren’s syndrome; SD: schleroderma/dermatomyositis; and

PH: pulmonary hypertension.
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in the general population, technical difficulties,
and analytical errors are typical. Therefore, the
diagnosis or suspicion of CTD should be associated
with typical signs and symptoms.

The terms LDCTD and UCTD are often treated
as synonyms. However, studies investigating
patients with UCTD show little joint morbidity
and virtually no pulmonary involvement. The
criteria used in the studies investigating patients
with predominant respiratory disease and using
the term UCTD lacked specificity, as well as
having differed from study to study. Despite
conflicting data, different terminology, varying
inclusion criteria, and different views on the
same issue, it seems that patients with LDCTD
constitute a distinct population of patients
with 1LD. The hypothesis that the lung is the
organ that is predominantly affected by systemic
autoimmunity in such cases is now more likely
than not. Although this hypothesis emerged from
studies of idiopathic NSIP, it is possible that
other patterns of 1LD are involved. The immune
system is highly complex, and very little is known
regarding the orchestration of the distinction
between self and non-self in innate and acquired
immunity. What is the explanation for the finding
of anti-PL-12 antibodies in patients with 1PF,
given that PL-12 is highly specific to rheumatic
disease and that 1PF is a highly fibrotic and
poorly cellular disease? How can patients with
well-defined CTD have prognostic features that
are different from those of patients with LDCTD?

Many questions remain unanswered, and
many others will arise. However, this knowledge
must be extrapolated to current daily practice.
In approaching 1LDs, it is essential to consider
the possibility of CTD as the etiologic agent.
Patients with 1LD should be actively screened for
extrapulmonary manifestations, such as Raynaud’s
phenomenon, arthralgia, sicca symptoms, and
gastrointestinal symptoms. In addition, they
should be routinely screened for rheumatoid
antibodies, such as ANF, anti-Ro, anti-La, anti-RNP,
anti-Sm, anti-DNA, anti-Scl-70, RF, anti-CCP,
and antisynthetase antibodies (especially anti-
Jo-1, given that the tests for the remaining
antisynthetase antibodies are available only in
the USA). In the presence of negative test results
and a high degree of clinical suspicion of CTD,
the possibility of repeating the tests should be
taken into consideration because of the possibility
of formes frustes.'*°% In the presence of positive

J Bras Pneumol. 2013;39(6):728-741

test results, the possibility of a false association
of indeterminate clinical significance (which is
due to the considerable sensitivity of some of
these tests) should not be discarded. The clinical
context, titers, and patterns, as well as which
specific antibody test results were abnormal,
are factors that will jointly contribute to the
relevance of positive test results.

Finally, in addition to recommending a
multidisciplinary approach to patients with LDCTD,
we suggest that LDCTD be defined as a distinct
phenotype and as a classification of disease so
that future studies can examine its prognostic,
therapeutic, and biopathological implications.
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Case Report

Assessment of regional lung ventilation by electrical
impedance tomography in a patient with unilateral bronchial
stenosis and a history of tuberculosis*®

Avaliacdo da ventilacdo pulmonar regional por tomografia de impedancia
elétrica em paciente com estenose bronquica unilateral pos-tuberculose

Liégina Silveira Marinho, Nathalia Parente de Sousa,
Carlos Augusto Barbosa da Silveira Barros, Marcelo Silveira Matias,
Luana Torres Monteiro, Marcelo do Amaral Beraldo, Eduardo Leite Vieira Costa,
Marcelo Britto Passos Amato, Marcelo Alcantara Holanda

Abstract

Bronchial stenosis can impair regional lung ventilation by causing abnormal, asymmetric airflow limitation.
Electrical impedance tomography (EIT) is an imaging technique that allows the assessment of regional lung
ventilation and therefore complements the functional assessment of the lungs. We report the case of a patient
with left unilateral bronchial stenosis and a history of tuberculosis, in whom regional lung ventilation was
assessed by EIT. The EIT results were compared with those obtained by ventilation/perfusion radionuclide imaging.
The patient was using nasal continuous positive airway pressure (CPAP) for the treatment of obstructive sleep
apnea syndrome. Therefore, we studied the effects of postural changes and of the use of nasal CPAP. The EIT
revealed heterogeneous distribution of regional lung ventilation, the ventilation being higher in the right lung,
and this distribution was influenced by postural changes and CPAP use. The EIT assessment of regional lung
ventilation produced results similar to those obtained with the radionuclide imaging technique and had the
advantage of providing a dynamic evaluation without radiation exposure.

Keywords: Tomography; Electric impedance; Positive-pressure respiration; Pulmonary ventilation; Airway
obstruction; Tuberculosis, pulmonary.

Resumo

A estenose bronquica pode comprometer a ventilagdo pulmonar regional devido a limitac6es anormais e assimétricas
ao fluxo aéreo. A tomografia de impedéncia elétrica (TIE) é uma técnica que possibilita a avaliacdo da ventilag¢ido
pulmonar regional por imagem e, portanto, pode complementar a avaliacdo funcional dos pulmdes. Relatamos
0 caso de uma paciente com estenose bronquica unilateral a esquerda, pos-tuberculose, em que se avaliou a
ventilacdo pulmonar regional através da TIE, relacionando-a com a cintilografia de ventilacdo/perfusio. Foram
estudados os efeitos das mudancas posturais e da aplicacido de continuous positive airway pressure (CPAP, pressio
positiva continua nas vias aéreas) nasal, uma vez que a paciente usava esse tratamento para sindrome da apneia
obstrutiva do sono. A TIE demonstrou distribuicdo heterogénea da ventilacdo pulmonar regional com maior
ventilacdo no pulméo direito, sendo essa distribuicdo influenciada pelas mudancas de decubitos e pela aplicagdo
de CPAP. A andlise da ventilacdo pulmonar regional pela TIE se mostrou similar aos achados da cintilografia
pulmonar de ventilacdo com a vantagem de possibilitar uma avaliacdo dindmica e sem exposi¢do a radiagdo.

Descritores: Tomografia; Impedéncia elétrica; Respiragcdo com pressdo positiva; Ventilagdo pulmonar;
Obstrucédo das vias respiratorias; Tuberculose pulmonar.
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a patient with unilateral bronchial stenosis and a history of tuberculosis

Introduction

Tuberculosis remains a serious public health
problem worldwide and can lead to various
sequelae in the respiratory tract, one of which is
bronchial stenosis.(® Bronchial stenosis can lead
to dyspnea due to airflow obstruction, with the
aggravating factor that it is often characterized
by asymmetric, proximal airway lesions. The left
main bronchus is particularly susceptible to this
complication.©®”

Pulmonary function tests evaluate lung
function as a whole, but tell nothing about
regional changes in ventilation. These changes are
usually evaluated using radioisotope scintigraphy,
which is costly and not widely available in Brazil.

Electrical impedance tomography (EIT) is a
technique that allows safe, real-time, dynamic
image reconstruction of axial slices of the
lung, making it possible to assess regional lung
ventilation.® This tool is particularly promising
in cases of asymmetric lung disease, such as
unilateral bronchial stenosis.

We report the case of a female patient with
stenosis of the left main bronchus and obstructive
sleep apnea syndrome (OSAS), who was being
treated with nasal continuous positive airway
pressure (CPAP) and in whom regional lung
ventilation was assessed by EIT. We highlight
the effects of postural changes and of the use
of CPAP on regional lung ventilation.

Case report

A 53-year-old female nonsmoker who had
been treated for tuberculosis at the age of 20
presented with a three-year history of progressive
dyspnea. Pulmonary auscultation revealed rhonchi
and wheezing in the left hemithorax.

Spirometry showed the following: FVC, 2.56 L
(88%); FEV,, 1.81 L (77%); FEV [FVC, 0.71 (88%);
and FEF,_ . 1.15 L/s (50%). These results are
consistent with mild obstructive lung disease. No
significant bronchodilator response was observed.

Digital reconstruction of CT scans of the chest
showed narrowing of the left main bronchus,
beginning at its origin and reaching 4.8 cm
along its length, with a width of 0.5 cm (Figure
1A-D). Forced exhalation increased the degree of
bronchial stenosis, resulting in almost complete
collapse and causing air trapping in the left
lung. Ventilation/perfusion radionuclide imaging
(Figure 1E and 1F) showed that the blood flow

and ventilation were directed to the right lung
(68%). Bronchoscopy confirmed the chest CT
finding of left bronchial stenosis.

We used an EIT device with 32 electrodes
(DX 1800, Dixtal Biomédica, Manaus, Brazil)®”
to assess regional lung ventilation, as well as
the effects of different postures—supine position
(SP), right lateral decubitus position (RLDP),
and left lateral decubitus position (LLDP)—and
of CPAP use (10 cmH,0). In all situations, the
patient lay for 10 min with the head elevated
30°, and the measurements under the different
conditions were taken 5 min apart.

Figure 2 shows functional maps of the
distribution of regional lung ventilation in the
three postures during spontaneous breathing
and during the use of nasal CPAP, all of which
were constructed on the basis of EIT.

Video 1 (available online at hftp://www.
Jornaldepneumologia.com.br/detalhe_artigo_
pre_visualizar.asp?id=2236) features a dynamic
demonstration of regional lung ventilation in the
three postures during spontaneous breathing and
during CPAP use. During spontaneous breathing,
it is possible to see that the ventilation was
almost entirely directed to the right side, being
represented by a light-blue color; a lighter shade
of blue translates to higher ventilation in that
area. During CPAP use, a portion of the ventilation
was distributed to the left lung.

Discussion

In the present case, the relative distribution
of regional lung ventilation, during spontaneous
breathing, was always higher in the right lung,
with values of 919%, 829%, and 58% for the SP,
the RLDP, and the LLDP, respectively, which
shows the effect of bronchial stenosis on the
distribution of regional lung ventilation and
the influence of postural changes (Figure 2).
The images obtained by EIT are consistent with
those obtained with the radionuclide imaging
technique.

In healthy individuals breathing spontaneously
and placed in the SP, regional lung ventilation
is higher in the dependent regions than in the
nondependent regions, a physiological phenomenon
that has been well documented by studies using
EIT. Studies using EIT in healthy volunteers have
shown the marked influence of postural changes
on the distribution of lung ventilation. Studies
analyzing regional lung ventilation in healthy

J Bras Pneumol. 2013;39(6):742-746
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(A) INHALATION ~(B) EXHALATION

Figure 1 - Coronal reconstruction of multidetector chest CT scans acquired during inhalation (A) and exhalation
(B), endobronchial reconstruction of a multidetector chest CT scan (C), and volumetric reconstruction of a
multidetector chest CT scan acquired at end-exhalation showing air trapping in the left lung (D); as well as
radionuclide lung perfusion (E) and lung ventilation (F) images. The arrows show the site of the bronchial stenosis.

volunteers have shown it to be invariably higher distribution of ventilation occurred mostly toward
toward the dependent lung in the lateral decubitus the dependent regions. In the SP, the use of
positions, 19 CPAP caused a slight redistribution of regional

During CPAP use (10 cmH,0), the differences in  ventilation to the left lung, predominantly to its
the regional distribution of ventilation increased.  dorsal portion. In contrast, the RLDP resulted in an
In the postures studied, the gravitational increase in ventilation asymmetry, concentrating

J Bras Pneumol. 2013;39(6):742-746
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SP

RLDP LLDP

SPONTANEOUS BREATHING
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0.000-
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Figure 2 - Functional map of the distribution of regional lung ventilation as assessed by electrical impedance
tomography in the supine position (SP), in the right lateral decubitus position (RLDP), and in the left lateral
decubitus position (LLDP). The three first images were obtained during spontaneous breathing. The three
last images were obtained during the use of continuous positive airway pressure (CPAP; 10 cmH,0). The
percentages represent the distribution of tidal volume to each lung. At the bottom of each figure, there is
the plethysmographic curve showing the variation in electrical impedance.

ventilation almost entirely in the right lung. In
the LLDP, ventilation to the dependent lung
increased from 420 to 480%, possibly because of
mechanical bronchodilation of the left bronchus
caused by CPAP use.®

The present case strengthens the interest in
using EIT to assess regional lung ventilation,
especially in cases of asymmetric airway lesions.
In addition, when compared with radionuclide
imaging, EIT has the advantage of being a high-
temporal resolution method that dynamically
evaluates the effects of postural changes and
of CPAP use.
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Synchronous diagnosis of primitive papillary
adenocarcinomas: beyond the realm of probability

Diagnostico simultineo de adenocarcinomas papilares
primitivos: além da probabilidade

Pedro Gongalo de Silva Ferreira, Paulo Matos, Anténio Jorge Gouveia Ferreira

To the Editor:

We report the recent case of a 74-year-old
female who had no relevant history of smoking
or occupational history and presented to the
emergency room with a two-week history of
dyspnea on exertion. There was no evidence of
a recent respiratory infection, peripheral edema,
or orthopnea. The patient reported a history
of arterial hypertension and osteoporosis and
was being treated with ramipril, fluvastatin, and
ibandronate.

Physical examination revealed that the patient
was apyretic and breathed normally, with an SpO,
of 98%, a blood pressure of 116/68 mmHg, and
an HR of 91 bpm. In addition, heart auscultation
was regular, without heart murmurs and with
absent breath sounds at the right lung base,
accompanied by dullness to percussion and absent
vocal fremitus in this topography.

A chest X-ray showed a dense opacity in the
lower half of the right lung field, consistent
with massive, apparently free pleural effusion.

An initial diagnostic thoracentesis revealed a
serosanguineous exudative effusion (pH, 7.33;
proteins, 4.5 g/dL; lactate dehydrogenase, 728
1U/mL; glucose, 38 mg/dL; albumin, 3.0 g/dL),
with a predominance of lymphocytes (60%) and
an adenosine deaminase level of 10.6 1U. The
first cytopathological analysis was negative, as
was the microbiological study.

The patient had a neuron-specific enolase
level of 16 U/mL and a cancer antigen 125 level
of 124 U/mL. Blood gas analysis indicated mild
hypoxemia on room air. Flexible bronchoscopy
showed only thickening of the emergence of the
right upper lobe bronchus, the biopsy of which
showed hyperplasia of basal cells.

The second cytopathological analysis of the
fluid obtained via a second thoracentesis led
to the suspicion of papillary adenocarcinoma
of unknown origin. A chest CT scan (Figure 1)
revealed right pleural effusion without nodular

pleural thickening or mediastinal/hilar adenopathy,
and the assessment of the lung parenchyma
was inconclusive because of effusion-related
atelectasis.

By this time, the working diagnoses were
papillary adenocarcinoma of the thyroid with
pleural metastasis, papillary adenocarcinoma
of the lung with pleural and thyroid metastasis,
or synchronous papillary adenocarcinoma of
the lung with pleural metastasis and papillary
adenocarcinoma of the thyroid.

On the basis of those diagnoses, the pleural
fluid was examined for expression of tumor
markers, including squamous cell carcinoma,
Cyfra 21-1, CA 19-9, and thyroglobulin (TG), and
the patient was referred for medical thoracoscopy
and ultrasonography of the thyroid gland.

The thyroid ultrasonography showed
heterogeneous nodular hyperplasia, and aspiration
biopsy of the largest nodule revealed “primitive/
secondary” papillary carcinoma, which was
subsequently confirmed (in a total thyroidectomy
specimen) to be primitive papillary carcinoma of
the thyroid with immunohistochemical expression
of thyroglobulin, TTF-1, CK19, and galectin-3
(Figure 2).

The pleural fluid was negative for thyroglobulin
but positive for Cyfra 21-1 and CA19-9. The
medical thoracoscopy revealed nonspecific nodular
lesions at the level of the parietal pleura, and
the pleural biopsies revealed metastatic papillary
adenocarcinoma of the lung, on the basis of
positive expression of TTF-1, vimentin, and CK7
and negativity for TG.

A second CT scan, performed after drainage of
the fluid, made it possible to unveil a subpleural
nodular formation in the medial segment of
the middle lobe, with contrast enhancement,
suspected to be the primitive lung injury.

Therefore, we established the diagnosis of
synchronous papillary adenocarcinoma of the

J Bras Pneumol. 2013;39(6):747-749
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Figure 1 - Chest CT scans. In A and B, initial CT scan showing right pleural effusion with ipsilateral
parenchymal atelectasis. In C and D, post-drainage CT scan showing residual sites of pleural effusion with
a nodular formation in the medial segment of the middle lobe, with contrast enhancement.

Figure 2 - Photomicrographs showing papillary adenocarcinoma of the lung in A ((H&E; magnification,
x20) and papillary adenocarcinoma of the thyroid in B (H&E; magnification, x100).

thyroid and stage 1V papillary adenocarcinoma
of the lung with pleural metastasis. The patient
underwent pleurodesis and began chemotherapy
with cisplatin and gemcitabine, with partial
response after three cycles.

J Bras Pneumol. 2013;39(6):747-749

Although distant metastases of papillary
adenocarcinoma of the thyroid are rare, cases
presenting as malignant plural effusion have
been reported,”” and, in some cases, the final
diagnosis was only confirmed by analysis of a
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total thyroidectomy specimen.!” In contrast, lung
adenocarcinoma is the type of cancer that most
commonly metastasizes to the pleura, resulting
in poor prognosis,® and its papillary variant is
unusual. There are reported cases associated
with thyroid metastases.®”?

We emphasize that, in cases like the present
one, with diagnosis of synchronous cancers
showing the same pattern of differentiation,
etiologic determination of malignant pleural
involvement is of utmost importance because,
even in disseminated disease, the difference in
mean survival between papillary adenocarcinoma
of the thyroid (a 5-year survival rate of 569%)
and papillary adenocarcinoma of the lung with
pleural dissemination (an average of 3-5 months)
is remarkable.

In circumstances in which diagnostic
discrimination is poor, such as that of the present
case, analysis of immunohistochemical expression
is a key differentiating element. In particular,
since TTF-1 is expressed in the lung and in the
thyroid, the finding of TG in the pleural fluid,
and especially in the histological specimen, can
facilitate the differential diagnosis.®
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Hospital and University Center,
Coimbra, Portugal
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Plasmodium falciparum malaria: another
infection of interest to pulmonologists

Malaria por Plasmodium falciparum: outra
infeccdo de interesse para o pneumologista

Edson Marchiori, Glaucia Zanetti, Bruno Hochhegger,
Clarissa Canella, Klaus Loureiro Irion

To the Editor:

Even though tuberculosis is the major theme
on most of the recent articles concerning
pulmonary infections published in the Brazilian
literature,"¥ less common infectious diseases
have been described and deserve attention.
Studies on parainfluenza virus 3 pneumonia,®
pulmonary cryptosporidiosis,® histoplasmosis,”
and bird fancier’s lung® have been recently
published. We would like to highlight another
infection that can cause diffuse lung disease
and is common in extensive tropical and
subtropical regions: malaria, caused by the
protozoan Plasmodium sp.

We report the case of a 38-year-old man
born in Amazonas, Brazil, who presented
with intermittent fever, chills, dyspnea, and
hematuria. Laboratory tests detected anemia
and transaminase elevation, and a blood smear
was positive for Plasmodium falciparum. A
chest X-ray showed bilateral pulmonary
infiltrates, whereas CT showed interlobular
septal thickening, areas of consolidation,
and bilateral pleural effusion, suggestive of
pulmonary edema (Figure 1). The patient
responded well to antimalarial drugs and was
discharged from the hospital after 11 days.

Malaria is a vector-borne disease caused
by Plasmodium sp. (P. falciparum, P. vivax,
P. malariae, and P. ovale), being responsible
for a significant global public health problem.
Nearly one million people die annually due to
complications of the disease, which is endemic
in tropical and subtropical regions. The bite of
an infected anopheline mosquito transmits the
infectious agent into the bloodstream through
the invasion of erythrocytes. The parasitized
erythrocytes impair perfusion, nutrition, and
oxygen delivery in tissues, especially the
brain.®") Infection with P. falciparum may

J Bras Pneumol. 2013;39(6):750-752

result in potentially lethal complications,
including cerebral malaria, acute renal failure,
and pulmonary involvement.

Pulmonary manifestations occur in 3-10%
of the patients and range from asymptomatic
cases to fatal pulmonary edema caused by
capillary leakage.'"" Although patients with
uncomplicated malaria usually present with
fever and nonspecific symptoms, severe and
complicated malaria is characterized by
multiorgan involvement, including acute
lung injury and acute respiratory distress
syndrome (ARDS).® Pulmonary edema is a
major complication of severe malaria, with
a high mortality rate. 1t is often difficult to
differentiate between pulmonary edema and
ARDS.9 The development of pulmonary edema
in association with malaria characteristically
occurs in the absence of cardiac failure or
fluid overload.

In patients with acute lung injury/ARDS due
to malaria, chest X-rays may reveal bilateral
opacities and increased interstitial markings
mimicking the pattern observed in patients
with ARDS due to other causes.® Small pleural
effusions may be observed. Pulmonary edema
may occur early due to heavy parasitemia or later
due to prolonged altered capillary permeability
in severe malaria.!"V Malaria is diagnosed
parasitologically and is usually confirmed
by thick (for parasitemia detection) and thin
(for species identification) peripheral blood
smear examinations.®') In patients with severe
complicated malaria, the early administration of
specific antimalarial therapy is life-saving. Quinine
and artemisinin derivatives are currently used for
the parenteral treatment of severe complicated
malaria.®-'"
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Figure 1 - Axial CT image obtained at the level of the lower lobes and showing interlobular septal thickening,
consolidation in the right lung, and bilateral pleural effusion.
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Sarcomatoid carcinoma of the lung with brain metastases

Carcinoma sarcomatoide de pulmio com metastases cerebrais

Matheus Fernandes de Oliveira, Silvia Conde Watanabe,
Mara Patricia Guilhermina de Andrade, José Marcus Rotta,
Fernando Campos Gomes Pinto

To the Editor:

We report the case of a 61-year-old Brazilian
female who presented with cough, hemoptysis,
and fever for seven days prior to evaluation.
Her previous medical history revealed that she
was a heavy smoker (80 pack-years) and had
systemic arterial hypertension. No occupational
exposures were reported. Physical examination was
unremarkable. Blood workup revealed leukocytosis
(white blood cell count, 15,000). Chest X-ray was
also unremarkable, and the initial management
was antibiotic treatment. A CT of the chest was
requested, which revealed a spiculated tumor
mass of 5 cm in diameter in the right upper
lobe, as well as mediastinal lymphadenopathy.
The patient was then submitted to bronchoscopy,
which was negative for neoplasms. The decision
was to perform pulmonary lobectomy.

Gross pathology showed that the right upper
lobe weighed 300 g and measured 18.5 x 12.0
x 3.5 cm. The cut surface revealed a poorly
circumscribed, tan-gray, hemorrhagic lesion
measuring 7.0 x 6.0 x 3.8 cm that infiltrated
into the visceral pleura. Histologically, the tumor
was composed of spindle-shaped cells with marked
pleomorphism and abnormal mitosis. These tumor
cells displayed a sarcoma-like growth pattern
with scarce multinucleated giant cells. Multiple
foci of necrosis were present. Squamous cell
carcinoma or adenocarcinoma areas were not
observed. Immunohistochemical studies were
performed using the avidin-biotin-peroxidase
complex method. The tumor cells were positive
for pan-cytokeratin (AE1/AE3), CK7, and epithelial
membrane antigen (Figure 1) but negative for
other antibodies. The pathology report revealed
sarcomatoid carcinoma of the lung, with spindle
cell features. No lymph nodes were involved. The
tumor-node-metastasis staging classification,
based on the findings, was T2bNOMx.

Immediately after the surgery, the oncological
evaluation was completed. Abdominal CT and
bone scintigraphy resulted normal. Chest CT scans

revealed pneumothorax in the right upper lobe
in the site of the resected tumor. Radiotherapy
and chemotherapy were proposed. However, the
patient was lost to follow-up, and no adjuvant
treatment was performed.

After four months without any adjuvant
therapy, the patient returned to the hospital
presenting with progressive, complete right
hemiparesis and impaired verbal expression/aphasia
for 10 days. At admission to the neurosurgery
ward, the patient was alert and cooperative, with
a Glasgow Coma Scale score of 15, the pupils were
isochoric and reactive to light, and the patient
presented with a grade-4 right hemiparesis in
association with aphasia.

The patient was promptly submitted to a
neuroimaging study, which revealed three images
(one in the left inferior frontal gyrus and two in
the right parietal cortex) of lesions with different
dimensions in the brain parenchyma that resembled
tumor invasion (Figure 2).

The neurosurgery staff decided to perform
microsurgery for the resection of the larger lesion
in the left frontal gyrus and adjuvant radiosurgery
of the other lesions.

The resected specimen was sent to pathology.
The microscopic findings were similar to the
sarcomatoid carcinoma of the lung, characterized
by the proliferation of pleomorphic spindle-
shaped cells. An immunohistochemical study
was performed and revealed focal positivity of
the tumor cells for CK7 and diffuse positivity for
epithelial membrane antigen. The microscopic and
immunohistochemical findings were consistent
with metastatic sarcomatoid carcinoma.

The patient was discharged without any
postoperative complications; however, she was
rehospitalized one week later with progressive
worsening of her general health status and,
two months after the surgery, she died, prior
to performing any adjuvant therapy.

J Bras Pneumol. 2013;39(6):753-756
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Sarcomatoid carcinoma of the lung is a rare
tumor, showing a male-to-female ratio of 7.25:1.00.
The mean and median age of the patients is 65
years, and the tumor accounts for 0.1-0.3% of all
lung cancers."¥ 1t arises from the central airway
in two-thirds of the patients and exhibits the
morphology of polypoid airway lesions.?

Sarcomatoid carcinoma most often presents
as solitary masses in the upper lobes, with an
average size of 7 cm in diameter.™¥ Parenchymal
masses appear as cavities with marked central
necrosis and peripheral rim. The association with
smoking is strong.!¥ The treatment is essentially
performed with surgical resection, chemotherapy
and radiotherapy being used as adjuvant therapy
or in cases of poor surgical conditions, since there
seems to be little benefit.('"*%” The five-year
survival for patients with sarcomatoid carcinoma
is approximately 20% (compared with 50% for
those with non-small cell lung cancer), and the
median duration of survival is three months.!">7

The probable pathogenesis of sarcomatoid
carcinoma includes malignant transformation
of hamartoma, simultaneous malignant
transformation of epithelial elements and stroma,
malignant transformation of cancer-derived
stroma, sarcomatous change in carcinoma, and
carcinomatous change in sarcoma.®?

Although there are reports of systemic
metastases, such as in the skin, stomach, pancreas,
esophagus, jejunum, rectum, kidneys, bones, and
adrenal glands,*'? to our knowledge, only one
report documented brain metastases,!" especially
because of the aggressiveness and low survival time.

Few reports have presented and discussed the
presentation of metastatic sarcomatoid carcinoma
of the lung in the brain. In our case, we illustrate
the presentation of brain metastases in a patient
who had been previously treated for sarcomatoid
carcinoma of the lung and highlight the need to
consider the differential diagnosis of pulmonary
cancer and the aggressive features of sarcomatoid
carcinoma. The treatment, in accordance with
current therapies in metastatic brain disease,
consisted of the surgical resection of the larger
lesion and complementary radiosurgery in the
surgical cavity, with the resection of the two
smaller lesions.'»>'% However, due to the progressive
worsening of the general status of the patient,
the radiosurgical treatment was not performed,
and the patient died two months after being
diagnosed with brain metastases.

J Bras Pneumol. 2013;39(6):753-756
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Figure 1 - Photomicrographs of pathological and
immunohistochemical studies. In A, pan-cytokeratin
cytoplasmic positivity of the tumor cells (AE1/AE3
immunostaining; magnification, x400). In B, tumor cells
showing diffuse positivity for CK7 (CK7 immunostaining;
magnification, x100). In C, carcinoma cells showing
strong positivity for epithelial membrane antigen in
contrast with inflammatory adjacent non-tumoral
tissue (immunostaining; magnification, x100).
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Figure 2 - Neuroimaging scans. In A, a CT scan of the skull taken when the pulmonary mass was discovered
four months prior to the appearance of neurological symptoms, which is apparently normal. In B, a CT scan
of the skull taken four months after readmission, when the patient presented with neurological symptoms. In
C-E, magnetic resonance imaging scans revealing details of the metastatic spread and intense vasogenic edema.
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Letter to The 18chitor

Intrapulmonary lymph node: a common and
underrecognized tomography finding

Linfonodo intrapulmonar: um achado tomografico
comum e pouco reconhecido

Bruno Hochhegger, Daniela Quinto dos Reis Hochhegger, Klaus Irion,
Ana Paula Sartori, Fernando Ferreira Gazzoni, Edson Marchiori

To the Editor:

We read with great interest the well-written
manuscript by Melo et al.,!’” who analyzed clinical
and radiological findings that influence the
pathological diagnosis of solitary pulmonary
nodule (SPN). They concluded that advanced age,
greater maximum SPN diameter, and spiculated
margins were significantly associated with the
diagnosis of malignancy.

For radiologists and pulmonologists, SPNs
continue to represent a major diagnostic challenge.
Recent technological advances in imaging techniques
and the widespread use of CT have increased the
frequency of pulmonary nodule detection.® Small
nodules (1-2 mm in diameter) are commonly
detected on CT images, and their clinical importance
appears to differ markedly from that of larger
nodules identified on chest X-rays.”) Thus, this
enhanced detection has not affected the basic
issue of distinguishing the status of a nodule,
whether benign (requiring no specific approach)
or indeterminate (potentially malignant),” and
most nodules are resected for diagnosis and
determination of the appropriate treatment.?’

Pulmonary lymph nodes are a common and
underrecognized cause of a peripheral SPN. These
lymph nodes are usually found at the bifurcation
of the bronchi, before the fourth branch, where
they are referred to as peribronchial lymph nodes.
Lymph nodes are occasionally present within the
lung parenchyma, where they are designated
intrapulmonary lymph nodes (IPLNs)® or perifissural
nodules (PFNs).

The differentiation of TPLNs from other small
pulmonary nodules on CT images is difficult
although clinically important. In particular, the
misinterpretation of a radiologically detected TPLN
as a separate tumor nodule leads to overstaging
and possible exclusion from indication for surgical
treatment in patients with primary lung cancer.®
Several tomographic characteristics may aid in

the differential diagnosis of an 1PLN (Figure 1).
These lymph nodes are oval, round, triangular,
or trapezoidal, with sharply defined borders; they
are almost always located below the level of the
carina, predominantly in the subpleural regions of
the lower lobes. They are frequently attached to
the pleura or separated from the pleural surface
by a few millimeters.®- 1PLNs have thin linear
attachments extending from the nodule to the
pleura. These linear densities have been shown to
represent ectatic lymphatic channels.® De Hoop
et al.®recently reported that the growth rates of
PFNs can reach those of malignant nodules, but
no PEN in their study was malignant.

In conclusion, 1PLNs are benign features
that should be taken into consideration in the
differential diagnosis of an SPN. Their identification
might reduce the number of unnecessary surgeries
and follow-up examinations.
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Figure 1 - In A, an axial CT image of the chest (lung window) of a 53-year-old man. A triangular intrapulmonary
lymph node (3 x 4 mm) is attached to the pleural fissure. In B, a coronal CT image (lung window) showing
the triangular shape and septal contact (arrow) of the intrapulmonary lymph node.
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O uso combinado com Fluir permite
e facilita o Step Up e o Step Down.”®

OXIMAX®:CONTRAINDICACOES: * contra-indicado em pacientes com  hipersensiblidade
conhecioa ao furoato de mometasona ou a lactose. INTERAGOES MEDICAMENTOSAS: A co-
adminisiracao de OXIMAX com o cetoconazol, um potente inlbidor da enzima CYP3A4, pode
aumentar os niveis plasmaticos de furoato de mometasona durante administragao concomitante,

OXIMAX® (furoato de mometasong). INDICAGOES: indicado para o controle e na profilxia da asma de qualquer infensidade, inclusive no tratamento dos pacientes asméticos dependentes de corticostercides inalatdrios ou sistémicos, e de pacientes
asméticos néo-dependentes de corticosterdides, porém inadequadamente controlados com outos esquemas de tratamento. PRECAUGOES E ADVERTENCIAS: Durante os estudos cifnicos, ocorreu o desenvolvimento de infecgdes localizadas de boca e
faringe com Candida albicans. Poder4 haver o desencadeamento de um episiio de broncoespasmo com aumento imediato de sibilos apds a dose. £ necessério cuidado especial com pacientes em processo de ransico de corficosterdides sistemicamente
afivos para OXIMAX. OXIMAX néo € um broncodilatador e néo € indicado para o alivio répido do broncoespasmo ou de outros episodios agudos de asma. Durante esses episddios, 0s pacientes poderdo precisar de terapia com corticosterides orais.
OXIMAX néio deve ser utiizado durante a gravidez, nem por mées que estejam amamentando, a menos que o beneficio justiique o risco potencial & mée, ao feto ou ao beba, REAGOES ADVERSAS: As reagfies adversas mais comuns sio cefaléia,
rinite alérgica, faringfte, infecgéo do trato respiratorio superior, sinusite, candidiase oral, dismenorreia, dor misculo esquelética, dor lombar e dispepsia. POSOLOGIA: OXIMAX destina-se ao uso em adutos e em criangas a partir de 12 anos. A dose inicial
recomendaca na terapia com OXIMAX para a maioria dos pacientes, independentemente de terem sido anteriormente tratados apenas com broncodilatadores ou corticosterdides inalatcrios, é de 400 g uma vez por dia, aplicados com o dispositivo. Alguns
pacientes podem ser mais adequadamente confrolados com 400 pg administrados em duas doses didrias (200 pg duas vezes por dia). A reducéo da dose para 200 g uma vez por dia pode ser uma alternativa para a manutencéo eficiente em alguns
pacientes. MS 1.7287.0488. VENDA SOB PRESCRIGAQ MEDICA. SE PERSISTIREM 0S SINTOMAS, 0 MEDICO DEVERA SER CONSULTADO. Mais informagGes & disposigio da classe médica no departamento cientfico da Mantecorp. Distibuico
exclusiva a classe médica. (VB-OXI5). Referéncias bibliogréficas: 1) Nayak AS, et al. Once-daily mometasone furoate dry powder inhaler in the treatment of patients with persistent asthma. Ann Allergy Asthma Immunol. 2000;84(4):417-24. 2) DUrzo A.
Mometasone furoate dry-powder inhaler for the control of persistent asthma Expert Opin Pharmacother. 2007;8(16):2871-84. 3) Sharpe M, Jarvis B. Inhaled mometasone furoate: a review of its use in adults and adolescents with persistent asthma. Drugs.
2001;61(9):1325-50. 4) Price D, et al. Improved adherence with once-daily versus twice-daily dosing of mometasone furoate administered via a dry powder inhaler: a randomized open-label study. BMC Puim Med. 2010;10:1. 5) Navarainam P, et al. The
impact of acherence and disease control on resource use and charges in patients with mild asthma managed on inhaled corticosteroid agents. Patient Prefer Adherence. 2010;4:197-205. 6) Bula do produto: Oximax, 2012. 7) Global initiaiive for asthma.
GINA. Global sirategy for asthma management and prevention. Updated 2010. Available from: hitp://www.ginasthma.com 8) Bacharier LB, et al. Diagnosis and treatment of asthma in childhood: a PRACTALL consensus report. Allergy. 2008;63(1):5-34.

FLUIR® - fumarato de formoterol didratado. Indicagdes: proflaxa e no tratamento da broncoconstrico em pacientes com doenga obstrutiva reversivel das vias aéreas. CONTRAINDICAGOES: Hipersensibiidade a algum dos componentes da férmula,
PRECAUGOES E ADVERTENCIAS: Cuidado especial e supervisio, com énfase particular nos limites da dose, seréo necessérios quando coexstirem as sequintes condiges: doenga cardiaca isquémica, arimias cardiacas, especialmente: bloguelo
atrioventricular de terceiro grau, descompensagdo cardiaca grave, estenose subvalvular acrtica idioptica, cardiomiopata obstrutiva hipertrfica, tireotoxicose, prolongamento suspeito ou conhecido do intervalo QT (QTc > 0,44 seq). Recomenda-se confrole:
adicional de glicose sangiiinea em pacientes diabéticos. O uso de Fluir durante a gravidez deve ser evitado, saivo se néo existr alternativa mais segura. As mées em tratamento com FLUR néo devem amamentar. INTERAGOES MEDICAMENTOSAS:
Férmacos como quinidina, disopiramida, p ida, fenotiazinicos, anti-histaminicos e antidepressivos friciclicos podem ser associados com prolongamento do intervalo QT e com aumento dorisco

de arritmia veniricular. A administracéo concomitante de oulros agentes simpatomiméticos pode potencializar os efeitos indesejveis. FLUR néo deve ser adminisirado juntamente com blogueadores i

beta-adrenérgicos (inclindo-se colfios). REAGOES ADVERSAS: tremores; palpitades; cefaléia; agravamento do broncoespasmo. Outros- Reagdes de hipersensibilidade, como hipotenséo grave, M a n te c o r
urticéria, angioedema, prurido e exantema. Edemas periféricos, imitagdo conjuntival e edema de pélpebra, alteracdo do paladar e néuseas. p
] POSOLOGIA: Terapia de manutengdo regular: Adultos — inalagdo de 1 a 2 capsulas (12 a 24 meg), duas vezes por dia. Criancas acima de

5 anos — nalacéo de uma cépsula (12 meg), duas vezes por dia. MS 1.7287.0497. VENDA SOB PRESCRIGAO MEDICA. Juho/2011. Fa rm a Sa

ﬁ\TEND\MENTO AO CONSUMIDOR . ;
(VB-FLU10). SE PERSISTIREM 0S SINTOMAS, 0 MEDICO DEVERA SER CONSULTADO. JUNHO/43 Respiratoria
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Viannair

fumarato de formoterol

diidratado/budesonid. UNICO SPRAY

formoterol/budesonida’

vannair’
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@ Controle RAPIDO e SUSTENTADO da Asma.?

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

0800 014 5578 (opgio2)

www.programafazbem.com.br

@ NAO PRECISA ser conservado em geladeira.
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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 agdo e que apresentam
efeitos aditivos em termos de redugéo 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 nao 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 inalacbes de VANNAIR. Uma deterioracdo stibita 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. Administragdo 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 crianca (para maiores informagoes 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
hepatico 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 reagdes adversas que foram associadas & budesonida ou ao formoterol
sdo apresentadas a seguir. Comur: palpitacdes, candidiase na orofaringe, cefaléia, tremor, leve irritagdo na garganta, tosse, rouquidao.
Incomur: taquicardia, nusea, caibras musculares, tontura, agitacao, ansiedade, nervosismo eperturbagdes 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/inalagao: 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/inalacao: Adulfos (a partir de 18 anos de idade): 2 inalagdes 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 manutengao 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 administragao 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
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Eventos 2014

NACIONAIS

Curso de Ventilagio e Sono
Data: 27 a 29 de marco de 2014 Local: Hotel Novotel,
S3o0 Paulo/SP
Informacbes: 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
Informacbes: Secretaria da SBPT

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

TESTES DE FUNCAO PULMONAR?
Easy

EasyOne PRO

EasyOne

- 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

Data: 21 a 24 de marco de 2014 Local: Madrid/

Espanha
Informagdes: www.chestnet.org

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

ERS 2014
Data: 06 a 10 de setembro de 2014
Local: Munique/Alemanha
Informacgées: 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



vacina pneumocacica 13-valente (conjugada). Indicagdes: A vacina pneumocdcica 13-valente (conjugada) & indicada para a prevengéo de doenga invasiva, pneumonia e
ofite média causadas pelo Streptococcus pneumoniae dos sorofipos 1, 3, 4, 5, 6A, 68, 7F, 9V, 14, 18C, 19A, 19F e 23F em lactentes e criangas e para adultos com 50 anos ou
mais para a prevengédo de doenca pneumocécica (incluindo pneumonia e doenga invasiva), pelos mesmos sorotipos. Contraindicagdes: A vacina pneumocdcica 13-valente
(conjugada) esté contraindicada para pacientes hipersensiveis a qualquer dos componentes da vacina, incluindo o toxoide diftérico. Adverténcias: Doengas menores, como
infecgao respiratOria leve, com ou sem febre de baixo grau, em geral ndo constituem contraindicacdes para a vacinagdo. A deciséo de administrar ou adiar a vacinagéo devido a
uma doenga febril atual ou recente depende em grande parte da severidade dos sintomas e de sua efiologia. A administragéo da vacina pneumocdcica 13-valente (conjugada)
deve ser adiada em individuos sofrendo de doenga febril aguda severa. Como ocorre com qualquer vacina, a vacina pneumocacica 13-valente (conjugada) pode ndo proteger
fodos os individuos que receberem a vacina contra a doenga pneumocacica. Precaugdes: Como ocorre com todas as vacinas pediatricas injetaveis, o possivel risco de apneia
deve ser considerado ao administrar a série de imunizagéo primaria em lactentes prematuros. A necessidade de monitoramento por no minimo 48 horas apds a vacinagéo
deve ser considerada para lactentes muito prematuros (nascidos < 30 semanas de gestagéo) que permanegam hospitalizados no momento da administragéo recomendada.
Uma vez que o beneficio da vacinagéio é elevado neste grupo de lactentes, a vacinagéio néio deve ser suspensa ou adiada. Gravidez: Categoria de risco C: Este medicamento
ndo deve ser utiizado por mulheres gravidas sem orientagéio médica ou do cirurgido-dentista. Néo se sabe se os antigenos da vacina ou os anticorpos séo excretados no leite
matemo. A seguranca e a eficécia da vacina pneumocdcica 13-valente (conjugada) em criangas com menos de 6 semanas ou apds 6 anos néo foram estabelecidas. A vacina
pneumocdcica 13-valente (conjugada) mostrou-se segura e imunogénica na populagdo geriatrica. Reagdes adversas: Lactentes e Criangas com 6 Semanas a 5 Anos de Idade:
Reagéo muito comum: diminuigéo do apefite, imitabilidade, sonoléncia/aumento do sono, sono inquieto/diminuigéio do sono, febre, qualquer eritema, endurecimentotumefagéo
ou dor/sensibilidade no local da vacinagéo, eritema ou endurecimento/tumefagéo no local da vacinagéo 2,5 cm - 7,0 cm (apds dose em criangas entre 1 e 2 anos e criangas
mais vehas [2 a 5 anos de idade]). Reagdo comum: diarreia, vomitos, erupgéo cuténea, febre acima de 39°C, eritema ou endurecimento/tumefagéo no local da vacinagéo 2,5
cm - 7,0 cm (apos série em lactentes), dor / sensibilidade no local da vacinagéo interferindo com o movimento. Adultos com 50 Anos de Idade ou Mais: Reagéo muito comum
diminuicéo do apefite, cefaleias, diarmeia, erupgao cuténea, dor generalizada nas articulagdes recente/agravada, dor muscular generalizada recente/agravada, calafrios, fadiga,
eritema no local da vacinagdo, endurecimento/inchago no local da vacinagéio, dorisensibilidade no local da vacinagéo, limitagéio do movimento do brago. Reagéo comum: vomitos,
febre. Interagdes Medicamentosas: A vacina pneumocdcica 13-valente (conjugada) pode ser administrada com qualquer um dos seguintes antigenos de vacina, seja de modo
monovalente ou em vacinas combinadas: difteria, tétano, pertussis acelular ou de célulainteira, Haemophilus influenzae tipo b, poliomielite inativada, hepatite B, meningococo do
sorogrupo C, sarampo, caxumba, rubéola e varicela. Estudos clinicos demonstraram que as respostas imunoldgicas e os perfis de seguranca das vacinas administradas néo foram
afetados. Em estudos clinicos, quando a vacina pneumocdcica 13-valente (conjugada) foi administrada concomitantemente, porém em umlocal ou por via diferente, com vacina de
hepatte A ou de rotavirus, néo foi observada alteragéo nos perfis de sequranga para estes lactentes. A vacina pneumocdcica 13-valente (conjugada) pode ser administrada com
avacina inativada trivalente contra influenza (VIT). A resposta imune para vacina pneumocécica 13-valente (conjugada) quando administrada concomitantemente com a VIT foi
menor comparada & sua administragao isolada. O significado clinico disto € desconhecido. Néo foram realizados estudos para avaliar a resposta imune da vacina pneumocécica
13-valente (conjugada) quando administrada concomitantemente a outras vacinas além da VIT. Posologia: A dose & 0,5 mL, administrada por via IM, com cuidado para evitar a
aplicagéio em nervos e vasos sanguineos ou suas proximidades. Paralactentes até 6 meses de idade, a série de imunizagéo recomendada consiste em trés doses de 0,5 mL cada,
com aproximadamente 2 meses de intervalo, sequidas por uma quarta dose de 0,5 mL aos 12-15 meses de idade, no minimo 2 meses apds a terceira dose. Aidade usual para a
primeira dose corresponde a 2 meses de idade, mas esta pode ser administrada mais cedo com 6 semanas de idade. Aimunizagdo para lactentes acima de 6 meses e criangas
ndo vacinadas previamente: lactentes entre 7 e 11 meses devem receber 2 doses com intervalo minimo de 4 semanas e uma dose de reforco entre 12 & 15 meses no minimo 2
meses apds a dose anterior; criangas entre 12 & 23 meses devem receber duas doses com intervalo de 2 meses; e criangas de 24 meses a 6 anos incompletos devem receber
uma dose. Para adultos com 50 anos de idade ou mais a recomendacéo & uma dose Gnica de 0,5 mL. VENDASOB PRESCRIGAO MEDICA. SE PERSISTIREM OS SINTOMAS,
0 MEDICO DEVERA SER CONSULTADO. MS - 1.2110.0277. Para informagdes completas, consutte a bula do produto (PRV13_12). Documentagéo cientifica e informacdies
adicionais estéo a disposigéo da classe médica mediante solicitagdo. Wyeth IndUstria Farmacéutica Lida. Rua Alexandre Dumas, 1.860, Séo Paulo - SP - CEP 04719-904 Tel.
08000-160625. www.wyeth.com.br.

CONTRAINDICAGOES: AVACINAPNEUIMOCOCICA 3 VALENTE (CONJUGAD ESTACONTRANDICADA PARAPACENTES
HPERSENSIVEISA CUALQUER DOS COMPONENTES DAVACAA INCLUNDO OTOXODE DFTERICO. INTERAGOES MEDI-
CAMENTOSAS: LACTENTES E CRIANGAS COM 6 SEMANASA 5 ANOS DE DADE: VACNAPNEUMOCOCICA 13 VALENTE
(CONJUGADA) PODE SER ADMINISTRADA COM QUALQUER UMA DAS SEGUINTES VAGINAS: VACINAS CONTRA DIFTERIA
TETANQ E PERTUISSIS TP} OU DIFTERIA, TETANO £ PERTUSSISACELLLAR (DTPA). FUEMOPHLUS NFLLBVZAETPO B
(B} VACIA CONTRA POLIOMELTTE INATNADA; HEPATITE B; VACINA MENNGOCOCICA C (CONJLIGADA); SARANPO,
CAXUVBA £ RUBEOLA (MMR) E VARICELA. ADLLTOS COM 50 ANOS DE IDADE OU MA: A VACINA PNEUMOCOCICA
13-VALENTE (CONJUGADA) PODE SER ADMINISTRADA GOMAVAGINA NATNADA TRVALENTE CONTRA INFLUENZA ()
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PACIENTES UMA NOVA MANEIRA DE PREVENIR |72
A DOENCA PNEUMOCOCICA™

Ve MOCOEA 13-V ojugede
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Aprovada - \ACINA PNEUMOCOCICA CONJUGADA 13-VALENTE:
0"

..PARA A PREVENCAO DE PNEUMONIA E DOENCA PNEUMOCOCICA INVASIVA

A PRIMEIRA E UNICA VACINA PNEUMOCOCICA
CONJUGADA INDICADA PARA ADULTOS COM™

Referéncias bibliograficas: 1. Bula do produto 2. Centers for Disease Control and Prevention. Licensure of 13-Valent Pneumococcal Conjugate Vaccine for Adults Aged 50 Years and Older. MMIVR 2012,61(21):394-5
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