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ORIGINALS
ENDOCANNABINOID SYSTEM EFFECTS ON THE RESPIRATORY SYSTEM.
THE ROLE OF TRPV1 RECEPTORS IN PULMONARY FIBROSIS
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Abstract
Objectives: to establish a murine model of bleomycin-induced pulmonary fibrosis, analysing
the possible protective role of the Endocannabinoid System (ES) against fibrosis.
Methods: wild C5BL/6 and Balb/c mice, as well as the genetically modified strain TRPV1/- were used. After a single dose of intratracheal bleomycin, the fibrotic response was analysed though histologic studies, the assessment of proinflammatory markers, myeloperoxidase
activity, hydroxyproline content, genetic expression of VIP, PACAP, IL-1 β, IL-6, TNF-α and
IL-11, as well as MAPK route (phospho-JNK, phospho-ERK), NF-κB (p-IκBα), β-cathenin,
TGF-β (GSK-3B), SMAD (p-SMAD2) and pSTAT3, at a protein level.
Results: pulmonary fibrosis was more severe in TRPV1-/- mice compared to C5BL/6 mice.
A significant increase in proinflammatory markers such as TNF-α, IL-1β, IL11 and IL-6, but
not VIP or PACAP, was observed. pIKBα, pSTAT3, pSMAD2 and pJNK, but not pERK,
were increased at a protein level in TRPV-/- mice.
Conclusions: the murine model of bleomycin-induced lung fibrosis remains a keystone to
pioneer current investigation in lung fibrosis. Modulation of the ES might have a protective
role.
Key words: idiopathic pulmonary fibrosis (IPF), bleomycin, murine models, endocannabinoid system (ES)

EFECTOS DEL SISTEMA ENDOCANNABINOIDE EN EL SISTEMA RESPIRATORIO. PAPEL DE LOS RECEPTORES TRPV1 EN LA FIBROGÉNESIS PULMONAR
Resumen:
Objetivos: establecer un modelo murino de fibrosis pulmonar inducida por bleomicina, investigando el posible papel protector del sistema endocannabinoide (SE) frente a la fibrosis.
Métodos: se emplearon ratones salvajes (C5BL/6 y Balb/c) así como la cepa TRPV1-/-.
Tras una única dosis intratraqueal de bleomicina, se analizó la respuesta fibrótica mediante
un análisis histológico, la determinación de la expresión de marcadores del proceso profibrótico, el estudio de la actividad mieloperoxidasa y del contenido en hidroxiprolina del
pulmón, así como el análisis de la expresión génica de VIP, PACAP, IL-1β, IL-6, TNF-α e
IL-11, y el estado de activación de las rutas MAPKs (fosfo-JNK, fosfo-ERK) de la ruta de
NF-κB (p-IκBα), la ruta de β-catenina y del TGFβ (GSK-3B), la activación de SMAD (pSMAD2) y pSTAT3, a nivel proteico.
Resultados: la fibrosis pulmonar inducida por bleomicina en los ratones de la cepa TRPV/- fue más severa que en la cepa salvaje C5BL/6. El contenido en hidroxiprolina y la actividad mieloperoxidasa fue mayor en los ratones TRPV1-/-. Se detectó un incremento
significativo en la expresión génica de citoquinas proinflamatorias (TNF-a, IL-1b, IL11 e
IL-6), pero no de VIP o PACAP, en la cepa TRPV1-/-. A nivel proteico, la expresión de
pIKBα, pSTAT3, pSMAD2 y pJNK, pero no la de pERK, se vio incrementada en los ratones TRPV1-/-.
Conclusiones: el modelo murino de fibrosis pulmonar inducida por bleomicina sigue siendo clave para continuar profundizando los conocimientos acerca de la patogénesis de la FPI.
La modulación del SE podría tener un papel protector frente a la fibrosis pulmonar.
Palabras clave: fibrosis pulmonar idiopática (FPI), bleomicina, modelos murinos, sistema
endocannabinoide (SE).
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INTRODUCTION
Idiopathic interstitial pneumonias encompass a heterogeneous group of
diseases which are included within what is referred to as idiopathic interstitial lung disease (ILD). Under the umbrella of idiopathic ILD are clinicalpathologicalentities as diverse as idiopathic pulmonary fibrosis (IPF), nonspecific interstitial pneumonia (NSIP), respiratory bronchiolitis associated
with interstitial lung disease, cryptogenic organizing pneumonia (COP),
acute interstitial pneumonia (AIP), desquamative interstitial pneumonia
(DIP) and lymphocytic interstitial pneumonia (LIP)1. These diverse lung
disorders are typically characterized by the presence of inflammation in the
pulmonary interstitium, distinguishable by their clinical presentation along
with radiological and/or anatomic-pathological findings.
IPF is the chronic inflammatory lung disease model that leads to terminal
lung disease and currently constitutes the leading indication for lung transplant.IPF is the most prevalent form of idiopathic interstitial pneumonia
and the most aggressive of all general interstitial lung diseases, with an average rate of survival after diagnosis of only 2 to 5 years2. Its involvement
is limited to the lung parenchyma, with an estimated prevalence of 3 to 20
cases per 100,000 inhabitants.
The treatment used for the last 50 years, consisting of administering corticosteroids and cytotoxic drugs like azathioprine and cyclophosphamide,
has not been proven to significantly benefit survival. This panorama changed in 2011 with the approval of pirfenidome, the only specific drug shown
to stop disease progression.
Lung transplant is the accepted therapeutic treatment for patients suffering from progressive idiopathic ILD which leads to respiratory failure and
is refractory to standard medical treatment at maximum doses3. In 2007,
the number of lung transplants among patients with IPF surpassed those
for COPD patients, thus transforming it into the leading indication for lung
transplant in the US.
Research in pulmonary fibrosis has been based on disease modulation
with the use of animal models.Among the external agents that can be administered to induce pulmonary fibrosis, we can highlight bleomycin, inorganic particulates (silica, asbestos), radiation, gene transfer (TGF-β, IL-1β,
GM-CSF), fluorescein isothiocyanate (FITC), vanadium pentoxide or haptenic agents (trinitrobenzenesulfonic acid).
In the last 3 decades, the model for bleomycin-induced pulmonary fibro156

sis has been at the head of basic research into the regulation of pulmonary
fibrosis. A direct rupture in the DNA chain and the generation of free radicals, thus releasing oxidative stress, is believed to be the mechanism which
causes lung damage4. The potential of this antineoplastic agent to induce
pulmonary fibrosis at the experimental level was first shown in dogs5. Later,
Snider et al.6popularized the unique intratracheal administration in small
animals.
The endocannabinoid system (ECS) is comprised of endogenous ligands,
regulating enzymes and central and/or peripheral receptors (CB1, CB2 and
TRPV1). Among the known functions of the ECS, we can note regulating an
organism’s homeostasis, possessing antitumor properties, regulating energy
metabolism, regulating the stress response, neuromodulation and immunomodulation effects, analgesia and thermo-regulation. The endocannabinoids
identified to date include anandamide (N-arachidonoylethanolamine, AEA),
2-arachidonoylglycerol (2-AG), 2-arachidonyl glyceryl ether (noladin ether),
O-arachidonoyl ethanolamine (virodhamine), and N-arachidonoyl dopamine (NADA). The TRPV1 receptor is widely expressed in the respiratory
tract.
Given that the role of ECS in pulmonary fibrosis has yet to be explored,
the objective of this paper is to analyze the role of the endocannabinoid
system in pulmonary fibrosis, developing a murine model for bleomycininduced pulmonary fibrosis.
MATERIAL AND METHODS
Animals: The study used 10-14 week old male C5BL/6 and Balb/c wildtype strain and genetically-modified TRPV1-KO strain mice weighing about
40 grams. They were kept in optimal housing conditions, established by
the Animal Experimentation Department at the University of Cordoba and
applicable legislation (R.D. 1201/2005). The animals were kept in sawdustfilled plastic cages, maintaining a 12/12 hour light and dark cycle with ad
libitum access to food and water. The C5BL/6 and Balb/c strains were
acquired from Harlan Sprague-Dawley Inc. (Indianapolis, IN) (BN), and
Charles River Canada Inc. (St. Constant, QC, Canada), respectively. The
TRPV1 strain was acquired from The Jackson Lab (USA).
Experimental bleomycin-induced pulmonary fibrosis model: a murine model of bleomycin-induced pulmonary fibrosis was developed. To do so, a total
Rev Esp Patol Torac 2017; 29 (3) 155-166
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of 60 mice were used. The mice were randomly assigned to 6 experimental
groups, using 10 animals per group. The animals in the control group received intratracheal saline, while those in the treatment group received a single
dose of bleomycin through endotracheal intubation. The following were the
treatment groups:
a) C5BL/6 control (n=10) and C5BL/6 bleomycin (n=10).
b) Balb/c control (n=10) and Balb/c bleomycin (n=10).
c)TRPV1-KO control (n=10) and TRPV1-KO bleomycin (n=10).
In the experimental model, animals received single doses of bleomycin
sulfate (0.06 mg in 50μL saline solution; Bleomicina Mylan 15,000 IU; Mylan
Pharmaceuticals, S.L. Barcelona, Spain) or only 50μL of saline solution the
first day of treatment (day 0). To do so, they were anesthetized intraperitoneally in advance with ketamine + diazepam. Immediately after instillation, the
animals were placed in a forced sitting position to improve the endobronchial
distribution of the drug through gravity. The animals were sacrificed on day
14 through thoracic bleeding under general anesthesia. The right lung was
frozen at -80ºC in order to extract proteins, RNA, measure myeloperoxidase
(MPO) activity and quantify hydroxyproline content. The left lung was preserved in formaldehyde, administered through the main bronchus for paraffin
processing and to study the histology and immunohistochemistry.
After administering the treatment, group weight loss and mortality were
observed daily. Before the definitive experiments were completed, training
in the intratracheal administration technique for suspended substances was
carried out, during which correct administration was confirmed in order to
ensure uniform distribution in both lungs after intratracheally injecting a colored physiological saline solution (methylene blue).
Morphological examination: lung damage was induced through the intratracheal administration of a single dose of bleomycin sulfate, and findings
were compared to the control group for the same strain of mice, who were
exclusively administered saline solution. Maximum fibrotic change was seen
14 days after treatment, at which time the animals were sacrificed.
After anesthetic induction and median sterno-laparotomy, a mass was ex157

tracted from both lungs. The right lung was explanted after tying and sectioning the main bronchus at the hilum and was preserved at -80ºC. The left
lung of each mouse was perfused with formalin, infused through tracheal intubation, and was preserved this way for the next 24 hours. After soaking the
lung in paraffin, 5 μM sections were prepared to be stained with hematoxylin
and eosin (to complete routine histological studies) and Masson’s Trichrome
Staining (for mature collagen). The Ashcroft scale7 was used to quantitatively
analyze the fibrotic changes induced through bleomycin administration, from
0 (no fibrosis) to 8 (massive fibrosis in all fields). The severity of fibrotic
changes in each section of lung was determined by an average score in all of
the observed increased fields, analyzing a minimum of 10 fields of significant
increase in each section.After analyzing the entire histological section, the average scores from all analyzed fields were classified as the fibrotic index. Each
sample was scored independently by 4 observers. Finally, the average score
obtained was considered the final fibrotic index.
Immunohistochemistry: to study the macrophage content of the fibrotic
lungs with respect to healthy lungs, the specific anti-macrophage F4/80 antibody was used. The anti-F4/80 monoclonal antibody clearly differentiates the
macrophages of fibroblasts in fibrotic tissues, the chosen marker for mice.
5µm sections of tissue were placed on microscope slides and dehydrated and
rehydrated successively. After 5 minutes exposed to the DAKO buffer and
being treated with 3% H2O2 for 5 minutes, they were processed to complete
immunohistochemistry studies. Incubation was done at room temperature for
30 minutes.After 10 minutes of goat serum blocking, they were incubated
with the specific F4/80 primary antibody. After short rinses, they were first
incubated with the secondary biotin antibody, and later with an avidin-biotinperoxidase complex. After other rinses between incubations, they were developed with 3,3’-diaminobenzidine (DAB; Biomedia, CA), 2 x 5 min. Finally,
the stains were dyed with hematoxylin, rehydrated and placed on a cover slip
to evaluate the staining with a microscope.The F4/80 macrophage staining
was arbitrarily evaluated by counting the number of cells that expressed the
marker (percent).
Evaluation of hydroxyproline content: the amount of lung collagen
was determined by measuring the hydroxyproline content in the right
lung of each animal, both in the treatment and control groups.To do so,
Rev Esp Patol Torac 2017; 29 (3) 155-166
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the right lungs from the 6 treatment groups were used (frozen at -80ºC).
The objective was to determine the total hydroxyproline expressed per
mg of wet lung tissue as a quantitative measure of collagen deposition
and fibrosis. Hydroxyproline is an amino acid specifically found in collagen. Each lung was weighed and a 10% homogenate was prepared using
frozen saline solution infused through the pulmonary artery, which was
then frozen at -80ºC. Finally, the frozen lungs were disaggregated in Ultra-Turrax without Ca+2/Mg+2. The collagen deposition was estimated by
determining the total hydroxyproline content of the lung with spectrophotometry.
Determining myeloperoxidase activity: myeloperoxidase activity was decided to be a marker for intensity of inflammatory reaction
through spectrophotometric determination. Myeloperoxidase is the most
abundant pro-inflammatory enzyme within the azurophilic granules of
neutrophils, as well as in monocytes/macrophages. To determine myeloperoxidase activity, whole lungs frozen at -80ºC were used. These experiments were conducted using 96 well plates. Peroxidase activity was
measured with 3, 39, 5, 59-Tetramethylbenzidine (TMB, Sigma): 10 ml
of sample was mixed with 80 ml 0.75 mM of H2O2 (Sigma) and 110 ml
of TMB solution (2.9 mM TMB in 14.5% DMSO [Sigma] and 150 mM
sodium phosphate buffer with pH 5.4), incubating the plate at 37ºC for 5
min. The reaction was stopped by adding 50 ml 2 M of H2SO4 (Sigma),
and the optical density was measured at 550 nm with a microplate reader.
Myeloperoxidase activity was calculated as picomoles per milligram of
lung tissue, corrected with a wet-to-dry ratio, for treatment group lungs
vs control group lungs. Values were expressed as arbitrary units (averages
± SD), comparing bleomycin vs control and between each strain.

Detection System (Bio-Rad). Levels of mRNA were expressed as absolute numbers, after normalizing with β-Actin levels, comparing treatment
groups with the controls for each strain. The sequences of the primers
used are shown in Table 1.
Table 1. The sequences of the primers used are shown
PRIMER

SEQUENCE

IL-1β

forward 5´-GACCTTCCAGGATGAGGACA-3´
reverse 5´-AGCTCATATGGGTCCGACAG-3´

TNF-α

forward 5´-ACGGCATGGATCTCAAAGAC-3´
reverse 5´-GTGGGTGAGGAGCACGTAGT-3´

IL-6

forward 5´-GTATGAACAACGATGATGCACTTG-3´
reverse 5´-ATGGTACTCCAGAAGACCAGAGGA-3´

IL-11

forward 5´-CTGCACAGATGAGAGACAAATTCC-3´
reverse 5´-GAAGCTGCAAAGATCCCAATG-3

VIP

forward 5´-ATGCTGATGGAGTTTTCACCA-3´
reverse 5´- TGCAGAATCTCCCTCACTGCTC-3´

PACAP

forward 5´-CTGCTGGTGTATGGGATAAT-3´
reverse 5´- CTACAAGTATGCTATTCGGC-3´

β-Actina

forward 5′-CCAGCCTTCCTTCTTGGGTAT-3´
reverse 5′-TGGCATAGAGGTCTTTACGGATGT-3

IL-1β: Interleukin 1β; TNF-α: tumor necrosis factor α; IL-6: Interleukin 6; IL-11: Interleukin 11; VIP: vasoactive intestinal peptide;
PACAP: Pituitaryadenylatecyclase-activatingpolypeptide.

Extraction of mRNA: total RNA was obtained from the right lungs
preserved at -80ºC by using the RNeasy Mini Kit (Qiagen). Next, 1ug of
total RNA was retrotranscribed into cDNA using the iSCRIPT cDNA
Synthesis Kit (Bio-RAD). Quantitative evaluation of RNA expression
was carried out using qPCR, using undiluted cDNA in a total volume of
10 uL using the Kit Master SYBR Green I mix. The primers used in the
study were VIP, PACAP, IL-1β, IL-6, TNFα and IL-11, using β-Actin as
an internal control. Amplification was carried out with the iCycler PCR
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Protein extraction and western blot studies: proteins were extracted
from a fragment of the right lung (frozen at -80ºC) from both control mice
and those in the treatment group (bleomycin).300 ml of the protein extraction
buffer (50mM Tris-HCl pH 7.5, 150mM NaCl, 10% Glycerol, 10% NP-40)
containing protease and phosphatase inhibitors were added to each fragment.
After homogenizing samples (Ultra-Turrax T10), they were incubated in ice
for 15 minutes and then centrifuged for another 15 minutes at 12,000 RPM.
The proteins obtained in the supernatant were evaluated with spectrophotometry (Genesis 10uv, Thermo Scientific). Next, a Laemmli sample buffer was
added and they were incubated for 2 min at 95ºC. To analyze the marking,
western blot was used to study the state of MAPK (JNK, ERK) activation
from the NF-κB (p-IκBα) pathway, the β-catenin pathway and from TGFβ
(GSK-3B), and the activation of SMAD (p-SMAD2) and pSTAT3, using
α-tubulin as a control. To complete the western blot, the membranes were
incubated with the primary antibody at 4ºC for a full night. After 3 brief rinses, they were incubated with the secondary antibody. Finally, after another 3
brief rinses, immune complexes were detected using the Alpha Innotech detection system (Alpha Innotech Corp., San Leandro, CA, USA). The intensity
of the bands was analyzed using Image J 1.46r software (National Institutes
of Health, USA), comparing the expression of each protein in the fibrotic
lung, in the healthy lung, and for each strain.
Statistical analysis: the program GraphPad Prism 5 was used for the statistical analysis. The numerical results were expressed as average ± SD. The
Mann-Whitney nonparametric test was used to compare numerical values and
Fischer’s exact test was used to compare categorical variables. For proportional study values, differences observed are shown as percentages. P values less
than 0.05 are considered significant.
RESULTS
Histological findings: the histological analysis completed 14 days after
bleomycin induction vs saline solution showed the presence of focal fibrotic
changes, predominantly subpleural and perivascular, with areas of parenchymal consolidation, loss of normal alveolar architecture as well as prominent
inflammatory infiltrate in the alveolar and interstitial spaces (Figure 1).Compared with the C5BL/6 strain (Figure 1A), the fibrotic changes were significantly
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more severe in the TRPV1-/- strain (Figure 1B). There was thus evidence of
sever and intense fibrosis, extending from the subpleural regions to the central
areas of the lung, affecting the perivascular and peribronchial areas. An abnormal collagen deposition in the alveolar and interstitial space associated with
said areas of fibrosis was detected, as shown by the use of Masson’s Trichrome
Staining (Figure 1B). In contrast, there was an inferior degree of fibrosis in
the C5BL/6 strain, for which fewer subpleural fibrotic lesions were observed
in addition to mild inflammatory infiltrate in the central areas (Figure 1A).As
expected, the Balb/c strain did not develop significant pulmonary fibrosis.
Quantitative evaluation of the produced histological changes: the fibrotic index was determined using the Ashcroft numerical scale 14 days after
administering treatment (bleomycin vs saline solution). A significant correlation was shown between the fibrotic indexes obtained by each of the 4 observers (r2 = 0.9; p = 0.001) (Figure 1C). The average fibrotic index for TRPV1/- mice treated with bleomycin was higher than that for the wild-type C5BL/6
strain (4.5 ± 0.2 vs 2.3 ± 0.2). On the other hand, there were no significant
fibrotic changes observed in mice from the Balb/c strain, nor those treated
with saline solution (control). All of the animal survived through the end of
the experiment.
Immunohistochemistry: given that macrophages constitute one of the
main stimuli causing TGF-β-mediated pulmonary fibrosis, we decided to use
immunohistochemistry to analyze the macrophage content in the wild-type
C5BL/6 strain as well as TRPV1-/- mice. As shown in Figure 1D, we saw that
the total number of positive cells for the F4/80 marker was significantly higher in the TRPV1-/- mice treated with bleomycin than in the wild-type mice.
Hydroxyproline content: Figure 2 shows the results of the hydroxyproline content analysis in the bleomycin-treated mice versus the controls.
The results obtained show that the administration of a single intratracheal
dose of bleomycin significantly increased hydroxyproline levels in the
lungs at 14 days when compared to the mice who were only administered
saline solution (controls). Additionally, hydroxyproline was even greater in
the TRPV1-/- treated mice with respect to the controls (2.791 vs 1.951, p
<0.001). On the other hand, no significant changes were observed in the
Balb/c strain.
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Fig. 1A and 1B: Histological sections from murine lungs after inducing pulmonary fibrosis
through intratracheal bleomycin instillation, compared to saline solution (controls). Original
magnification 100x. Masson’s Trichrome Staining was used.
Fig. 1A: Treatment groups using the C5BL/6 and Balb/c strains. After administering Bleomycin,
mild fibrosis was produced in the wild-type C5BL/6 strain (Ashcroft 1), with slight inflammatory infiltrate, a mild thickening of the alveolar or bronchial walls, and minimum collagen fiber
deposition. Significant pulmonary fibrosis was not produced in Balb/c strain mice with respect
to the controls which were administered saline solution.
Fig. 1B: Treatment groups using the C5BL/6 and TRPV1-/- strains. In TRPV1-/- mice in
which pulmonary fibrosis was induced with bleomycin, intense patched fibrosis was produced
with severe damage to the lung structure, an increase in alveolar septal cellularity, alveolar collapse, interstitial thickening, and intraalveolar fibrosis, shown as massive collagen fiber deposition with respect to the controls for the same strain which received treatment with saline solution.Mice treated with saline solution (controls) presented normal lung architecture in all cases.
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Fig. 1C: The fibrotic index calculated for 5 mice in each experimental group, according to the
Ashcroft scale. The average fibrotic index for TRPV1-KO mice treated with bleomycin was
higher than that for the wild-type C5BL/6 strain (4.5 ± 0.2 vs 2.3 ± 0.2, p <0.05). On the other
hand, there were no significant fibrotic changes observed in mice from the Balb/c strain, nor
those treated with saline solution (control).
Fig. 1D: Immunohistochemistry using the F4/80 macrophage marker: original magnification
40x. The presence of the F4/80 marker is shown in lung sections on day 14 after bleomycin
administration. The total number of positive cells for the F4/80 maker was significantly higher
in the TRPV1-/- mice treated with bleomycin than in the wild-type mice.
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Myeloperoxidase activity: there was evidence that MPO levels in the
homogenate from lungs frozen at -80ºC were very low in mice that were
administered saline solution (non-induction group), compared to the mice
that were administered bleomycin, in which a significant increase was detected (Figure 3).This was in line with the leukocyte accumulation seen
in the histological analysis.Additionally, the increase in MPO was significantly higher in the TRPV-/- strain treated with bleomycin in comparison
to the C5BL/6 mice.

Figure 3. Myeloperoxidase levels were analyzed as a marker for leukocyte inflammatory infiltrate. A significant increase was detected in myeloperoxidase (MPO) levels in the lung
homogenate from mice treated with bleomycin with respect to the controls (non-induction
group).The increase in MPO was significant in C5BL/6 mice induced with bleomycin with
respect to C5BL/6 controls, as well as in TRPV1-/- mice treated with bleomycin compared
to TRPV1-/-mice treated with saline solution.Similarly, a significant increase (*p <0.05) was
detected in TRPV1-/- mice treated with bleomycin with respect to C5BL/6 mice treated with
bleomycin. At least 10 mice were included per group.

Figure 2. Hydroxyproline levels in mice treated with intratracheal saline solution or bleomycin.
Values are expressed as averages (milligrams/lung). Each experiment was conducted in at
least 10 animals for each group.In the TRPV1-/- strain treated with bleomycin, the hydroxyproline content was significantly higher (*p <0.05) when compared to the saline solution
group.In the C5BL/6 and Balb/c wild-type strains, no significant differences in hydroxyproline content were detected.
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Expression of mRNA: the administration of bleomycin translated
to the increase in pro-inflammatory genes such as TNF-a, IL-1b, IL-11
and IL-6, both in wild-type mice and the TRPV1-/- strain(Figure 4). This
increase was significantly higher in TRPV1-/- mice. IL-6 and IL-11 belong to the same family of pro-inflammatory cytokines, connected to the
STAT3 and NF-kB signaling pathways. A significant increase in expression
was shown, both for IL-6 and IL-11 at the mRNA level, in C5BL/6 as well
as TRPV1-/- mice.In contrast, strong induction in VIP expression at the
mRNA level was seen in wild-type C5BL/6 mice treated with bleomycin
in comparison with the TRPV1-/- strain.In the case of the PACAP neuropeptide, there was a trend towards increased expression in wild-type
C5BL/6 strain mice treated with bleomycin with respect to the TRPV1-/strain, although this was not statistically significant.
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Figure 4. Induction of pro-inflammatory cytokine lung expression (TNF-a, IL-1b, IL-11 and
IL-6) in mice treated with intratracheal saline solution or bleomycin. The mRNA levels were
expressed as absolute numbers, after normalizing with β-Actin levels, comparing treatment
groups with the controls for each strain. The results are shown as averages for each treatment
group. P values less than 0.05 (t-student) are considered significant. The absence of TRPV1
receptor expression significantly increased the expression of genes involved in the inflammatory response after bleomycin induction. Histograms showing the relative expression of
pro-inflammatory cytokines obtained through RT-PCR from mRNA taken from lung tissue preserved at -80ºC. VIP and PACAP levels were higher in C5BL/6 mice treated with
bleomycin than in TRPV1-/- mice.

DISCUSSION
This paper shows the utility of the experimental model, consisting of the
intratracheal administration of instilled bleomycin in a single dose in mice for
the study of pulmonary fibrosis.In the present study, the role of the endocannabinoid system in pulmonary fibrosis was analyzed, using the TRPV1/- strain of mice, which does not constitutively express the TRPV1 receptor.
Our results show that the absence of the TRPV receptor generated severe
fibrotic changes in the lungs of bleomycin-treated mice.Bleomycin sulfate is
frequently used in experimental pulmonary fibrosis models, generally in rodents.Bleomycin is a chemotherapy agent whose most feared effect is pulmonary fibrosis8. Bleomycin is inactivated by the bleomycin hydrolase enzyme,
low amounts of which are produced in the lungs, thus its greater susceptibility
to suffer toxic damage from this agent. A direct rupture in the DNA chain
and the generation of free radicals, thus releasing oxidative stress, is believed
to be the mechanism which causes lung damage4. The potential of this antineoplastic agent to induce pulmonary fibrosis at the experimental level was
first shown in dogs5. Later, Snider et al.6popularized the unique intratracheal
administration in small animals.Bleomycin damages the alveolar epithelium,
presumably secondary to the damage caused to the DNA, which is followed
by an intense inflammatory reaction. Two weeks after administration, the inflammatory and fibroproliferative responses are easily detectable in the tissue,
as shown in the model analyzed in this paper.
Pulmonary fibrosis is a chronic disease characterized by the excessive accumulation of extracellular matrix and remodeling of the lung architecture. The
diseases that alter the interstitial space, running from the vascular endothelium
to the alveolar epithelium, are called interstitial lung diseases1. When the alveolar space is occupied by inflammatory cells and/or collagen deposition,the
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gas exchange is altered and the number of functioning alveolar units is reduced9. IPF is the most frequent and severe form of interstitial lung disease.
Despite treatment with a range of drugs, principally corticosteroids and
immunosuppressants, there is no effective treatment, thus the average rate
of survival after diagnosis is 2 to 5 years2.
The validity of the bleomycin-induced pulmonary fibrosis experimental
model used in this study (through the administration of a single intratracheal dose) has been widely demonstrated. Although numerous animal models have been developed to research pulmonary fibrosis, the most used and
best characterized to date is the model based on administering bleomycin to
small animals. The advantage of this model is that a single administration of
bleomycin produces lung damage which goes on to result in fibrosis6. Our
work has confirmed that the model for fibrosis induction after a single intratracheal instillation of bleomycin and later sacrifice of the animals after 14
days gives rise to the maximum fibrotic response. Sacrificing the animals 14
days after administering the fibrosing agent showed the presence of severe
fibrotic changes along with prominent inflammatory infiltrate in the alveolar
and interstitial spaces. These results also confirm that the inflammatory response that takes place in the lungs is characterized by important neutrophil
activation, as shown in the significant increase in myeloperoxidase content.
It is important to note that the Balb/c strain did not develop significant
pulmonary fibrosis, which corresponds with previous publications in the
literature10. This strain is thus a very useful control group, in addition to the
treatment control groups for each of the strains which were administered
saline solution instead of bleomycin.
It is well know that there is an increase in the expression of the proinflammatory cytokines IL-6, IL-1β and TNF-α as well as a lower expression
of the antifibrotic cytokine IFN-γ in the pathogenesis and progression of
pulmonary fibrosis11,12. Our results are consistent with these publications.
Thus, the increase in the expression of the pro-inflammatory cytokines
TNF-α, IL-1β, IL-11 and IL-6 may be explained by a stimulus in their production from the alveolar macrophages, given that a significant increase in
the expression of the F4/80 macrophage marker was detected. Additionally,
the fact that the levels of these cytokines were significantly higher in the
TRPV1-/- strain treated with bleomycin may be due to an alteration in the
inflammatory response secondary to the absence of the TRPV1 endocannabinoid receptor.
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The endocannabinoid system (ECS) is comprised of endogenous ligands,
regulating enzymes and central and/or peripheral receptors (CB1, CB2 and
TRPV1). Among the known functions of the ECS, we can note regulating an
organism’s homeostasis, possessing antitumor properties, regulating energy
metabolism, regulating the stress response, neuromodulation and immunomodulation effects, analgesia and thermo-regulation. The endocannabinoids
identified to date include anandamide (N-arachidonoylethanolamine, AEA),
2-arachidonoylglycerol (2-AG), 2-arachidonyl glyceryl ether (noladin ether),
O-arachidonoyl ethanolamine (virodhamine), and N-arachidonoyl dopamine (NADA). Although the neurological effects of cannabinoids have been
extensively researched, little is known today about the pharmacological properties of these agents on the respiratory tract. The inhalation of Λ9 tetrahydrocannabinol, the main active component in marijuana, induces bronchodilation and protects against bronchoconstriction induced by cholinergic
agents in the airway of asthmatic patients13, although it is unknown if these
effects are mediated at the central level. The TRPV1 receptor is selectively
activated by capsaicin, the main pungent component of cayenne, chili and
other spicy peppers, as well as by a variety of toxic respiratory agents, both
exogenous and endogenous, including anandamide14, lipoxygenase products
of arachidonic acid15, H2S16, ethanol17, and atmospheric18,19 acids and pollutants20.
The role ofthe ECS in pulmonary fibrosis is still unknown, given that it
can have both beneficial and damaging effects on the respiratory system.
In other organs, it has been proven that endocannabinoids could possess
pro-fibrotic or anti-fibrotic properties depending on their interaction with
CB1 or CB2 receptors. At the pulmonary level, numerous publications have
shown the presence of significant amounts of the TRPV1 receptor in several components of the respiratory system20-25. Based on the results shown
in this study, it is evident that the absence of TRPV1 receptors translates
to the appearance of intense pulmonary fibrosis with respect to the wildtype strain. This assertion is reflected at both the histopathological level and
in the quantification of hydroxyproline content, myeloperoxidase activity
and the expression of pro-inflammatory cytokines. Thus, we speculate that
TRPV1 receptors may be a powerful therapeutic target to prevent the onset
of pulmonary fibrosis or halt its evolution after onset.
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Among the limitations of these models, we can note the following:
a) On one hand, the variability in the animal model with respect to clinical presentation in humans. The degree of fibrosis varied according
to administration route, the strain of mouse used, and there was even
different fibrotic response within the same strain using the same dose
and administration route.
b) Halting the induction agent in some animal models can result in the
regression of the fibrosis, a concept which never occurs in the clinical
setting. Pulmonary fibrosis in humans occurs after months/years of
aberrant pulmonary remodeling. In the animal models, on the other
hand, this sequence is reproduced in a significantly shorter amount
of time, generally as a response to a single instance of lung damage.
This study did not look into the specific length of pulmonary fibrosis
in terms of time, as all animals were sacrificed 2 weeks after receiving
treatment.
c) Intratracheal instillation, in spite of successfully inducing fibrosis with
a single administered dose, does not resemble the clinical presentation
of intravenous administration, which more similarly reproduces the
way pulmonary fibrosis results as a side effect to bleomycin administration as a chemotherapy agent.
d) The fibrotic response to bleomycin administration is strain-dependent.Thus, while the C5BL/6 wild-type strain is more susceptible to
damage, Balb/c mice are resistant, likely due to their higher bleomycin
hydrolase content. Even so, the Balb/c strain was used as a control
group in our study, and the mice lacking TRPV1 were those who developed the most intense fibrosis.
In conclusion, this work presents evidence for the first time that altering the endocannabinoid system through the absence of TRPV1 receptor
expression leads to the onset of severe pulmonary fibrosis in the murine
model of bleomycin-induced pulmonary fibrosis. Our hypothesis is that the
TRPV1 receptor could have a protective role in pulmonary fibrosis by modulating the synthesis of pro-inflammatory cytokines, and could be a power165

ful therapeutic target for this disease.
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Abstract
Introduction: physical activity is closely related to mortality and respiratory status for respiratory diseases such as chronic obstructive pulmonary disease (COPD) and cystic fibrosis (CF).Pulmonary
rehabilitation (PR) programs have been shown to improve the level of physical activity in COPD
patients.There are no specific studies on patients with bronchiectasis.
Objectives: study the effect of PR on physical activity over 12 weeks, in comparison with PR plus a
hyperproteic supplement enriched in beta-hydroxy-beta-methylbutyrate (HMB) in patients with nonCF bronchiectasis.
Material and methods: prospective, randomized study in which a structured PR program is applied
in bronchiectasis patients for three months.Additionally, one of the groups received a hyperproteic
supplement with HMB.The degree of physical activity was evaluated at baseline and after three and six
months using the wGT3X (ActiGraph) accelerometer and the IPAQ (International Physical Activity
Questionnaire).Data was analyzed using a repeated measures ANOVA (intention to treat).
Results: 30 patients with non-CF bronchiectasis (15 in each group)were included, without differences in clinical variables between groups.After intervention, a significant percentage of patients in the
supplement group increased their average physical activity according to the IPAQ after 3 and 6 months.
Significant differences depending on type of intervention were not observed.A slight increase in average moderate intensity physical activity measured by accelerometer was observed at 3 and 6 months,
but it did not reach statistical significance.
Conclusions: PR, along with nutritional supplements, in non-CF bronchiectasis patients increased the
level of physical activity measured by the IPAQ (at 3 and 6 months).However, it did not reach statistical significance according to accelerometer measurements.Further studies are needed to evaluate the
validity of the different measurement instruments.
Key words: bronchiectasis, pulmonary rehabilitation, physical activity, accelerometer, IPAQ.

EFECTO DE LA REHABILITACIÓN RESPIRATORIA ASOCIADA A SUPLEMENTACIÓN NUTRICIONAL SOBRE LA ACTIVIDAD FÍSICA EN PACIENTES CON BRONQUIECTASIAS: ESTUDIO ALEATORIZADO
Resumen

Introducción: la actividad física está fuertemente relacionada con la mortalidad y la situación
respiratoria en patologías respiratorias como la enfermedad pulmonar obstructiva crónica (EPOC)
y la fibrosis quística (FQ). Los programas de rehabilitación respiratoria (RR) han demostrado mejorar el grado de actividad física en pacientes con EPOC. No existen trabajos específicos en pacientes
con bronquiectasias (BQ).
Objetivos: comparar el efecto sobre la actividad física de la RR durante 12 semanas, comparado
con RR más un suplemento hiperproteico enriquecido en beta-hidroxi-beta-metilbutirato (HMB)
en pacientes con BQ no debidas a FQ.
Material y métodos: estudio prospectivo aleatorizado, en el que se aplica un programa de RR
estructurado a pacientes con BQ durante tres meses. A uno de los grupos, además, se le asoció un
suplemento hiperproteico con HMB. Se valoró el grado de actividad física en situación basal, a los
tres y seis meses mediante acelerómetro wGT3X (ActiGraph) y cuestionario IPAQ. Se analizaron
los datos mediante una Anova de medidas repetidas (intención de tratar).
Resultados: se incluyeron 30 pacientes con BQ no debidas a FQ (15 en cada rama) sin diferencias
en variables clínicas entre los grupos. Después de la intervención, un porcentaje significativo de
pacientes incrementaron la actividad física medida mediante el cuestionario IPAQ en el grupo
suplementado a los 3 y 6 meses. No se observaron diferencias significativas en función del tipo de
intervención. En ambos grupos se observó un discreto aumento de la actividad física de intensidad
moderada medida por acelerómetro, a los 3 y 6 meses, pero no alcanzó significación estadística.
Conclusiones: la RR, unida a suplementación nutricional en pacientes con BQ no debidas a FQ,
aumentó el nivel de actividad física medida mediante el cuestionario IPAQ (a los 3 y 6 meses). Sin
embargo, no alcanzó la significación estadística mediante acelerómetro. Son necesarios más estudios que evalúen la validez de los diferentes instrumentos de medida.
Palabras clave: Bronquiectasias, Rehabilitación Respiratoria, Actividad física, Acelerómetro,
IPAQ.
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INTRODUCTION
Bronchiectasis is a condition characterized by abnormal and irreversible dilatations of the bronchus with changes in the cilated epithelium. It is a chronic
disease, with frequent infectious flare-ups which cause a progressive deterioration in lung function and health-related quality of life (HRQoL)1, 2.

respiratory status in other respiratory diseases like COPD and CF24–26.
The main objective of this preliminary study is to evaluate the effect on
physical activity of PR alone or associated with a hyperproteic supplement
enriched in HMB in bronchiectasis patients.

Pulmonary rehabilitation (PR) has become a basic element in treating
chronic respiratory diseases. There is ample scientific evidence showing
its utility in improving dyspnea, exercise tolerance and HRQoL in chronic
obstructive pulmonary disease (COPD)3, 4. There are no specific established
PR programs for non-CF bronchiectasis5 and there is limited evidence of
the advantages of physical training. It is assumed that the results may be
comparable to those obtained for other respiratory diseases6–12.

MATERIAL AND METHODS
This is a prospective, randomized study of two parallel groups recruited
from the specialized bronchiectasis unit at the Hospital Regional Universitario de Málaga from September 2013 through September 2014.

Bronchiectasis patients are at risk of malnutrition, progressive deterioration in lung function and effort capacity7, 13. In these patients, the depletion of lean mass can be high, although there is a very slight prevalence
of weight loss14, directly relating to the decrease in parameters for lung
function. In any case, it has been proposed as a predictor of morbidity and
mortality in patients with chronic respiratory diseases (including bronchiectasis), regardless of the degree of lung impairment15, 16.
In COPD patients, PR combined with nutritional supplements improves effort capacity and nutritional status17–19. Dietary supplements with the
amino acid leucine, whose main metabolite is beta-hydroxy-beta-methylbutyrate (HMB), in combination with resistance exercises, have proven to
prevent muscular damage resulting from exercise, increase lean mass and
functionality and, in combination with exercise, facilitate the loss of fat
mass20, 21. There are no existing studies in bronchiectasis patients that have
evaluated PR along with nutritional supplements.
International recommendations for health promotion and maintenance for
the entire population suggest a minimum of 150 minutes of moderate physical activity per week and avoiding a sedentary lifestyle22. An adequate amount
of physical activity brings health benefits and reduces mortality in both the
healthy and sick population22, 23. There are no specific studies on physical exercise in bronchiectasis patients. However, it is closely related to mortality and
168

Subjects of the study: those patients diagnosed with bronchiectasis
through high resolution computerized tomography (HRCT) according to
Naidich’s criteria24 who met the inclusion criteria, did not meet exclusion
criteria, and who signed the informed consent.
- Inclusion criteria: patients with non-CF bronchiectasis, well-nourished
(body mass index -BMI- above 18.5 kg/m2 in patients under 65 years
old and above 20 kg/m2 in patients above 65), aged between 18 and 80.
- Exclusion criteria: oral steroid treatment; respiratory flare-up or oral
ingestion of nutritional supplements at the time of randomization;
traumatological, neurological or cardiovascular diseases that impeded
completion of PR programs; life-threatening hemoptysis in the year
prior to the study; previous diagnosis of cancer or major surgery in the
three months prior to the study; acute intestinal disease; severe liver or
kidney failure; gastrectomy; gastroparesis or other alterations in gastric
emptying; enteral feeding; drug or alcohol abuse and patients on an
active transplant waiting list.
After signing the informed consent, patients were randomly assigned to
the PR or PR plus nutritional supplementation (PR + S) group at a 1:1 ratio
using a table of random numbers.
This study was approved by the Málaga Nordeste Research Ethics Committee on April 29, 2013 and was registered as clinical trial NCT02048397
on the web page http://clinicaltrials.gov.
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Intervention:
- Rehabilitation program (PR group): both groups attended a 60-minute
exercise program at the hospital twice a week for 12 weeks and a weekly
at-home session.
- In-hospital sessions were individual and consisted of a 5-minute warm
up, a central aerobic exercise phase lasting 25-30 minutes, global resistance exercises targeting a muscle group (shoulders, arms, abdomen,
back, hips and legs) including 8-10 repetitions for 10 minutes, 15 minutes of respiratory muscle exercises with ORYGEN-Dual Valve® (training device for respiratory musculature which allows simultaneous work
with the expiratory and inspiratory musculature) and a final 5 minutes
of cool down and final stretching. The maximum intensity of training
sessions was 75 - 80% of the maximum consumption (VO2) reached
in the previous cardiopulmonary effort test. Pulse oximetry was used
during exercise to confirm that arterial blood oxygen concentration was
always above 90%. Exercise intensity was progressively increased each
week according to patient symptom qualifications, as is done in training
for COPD patients.
- At-home sessions consisted of walking for 30 minutes, 15 minutes of
strength training in the upper and lower extremities and 15 minutes
of respiratory training with the ORYGEN-Dual Valve®. During the
intervention, the non-supplement group was instructed on general recommendations for a Mediterranean-style healthy diet, to maintain a
level of physical activity and to continue using the ORYGEN-Dual
Valve® twice a week during the monitoring period. Session attendance
was recorded.
- Hyperproteic supplement group (PR + S): along with the previously
mentioned PR program, patients received a 220 ml Ensure Plus
Advance® supplement for 12 weeks, which provided 330 kcal (1.5
kcal/ml), 18 g of protein, 1.5 g of HMB and 1.7 g of prebiotic fiber
(FOS). Patients were advised to take the supplement at least 60 minutes before undergoing PR. Given that the patients were well-nourished, they were informed about reducing consumption of natural
foods by 200 kcal/day to compensate for the increased calories pro169

vided by the supplement, especially focusing on those with a BMI
above 25 kg/m2.
- Adherence to the program was recorded in a journal and controlled by
researchers at the PR sessions, in planned visits or through monthly
phone inquiries.
Variables: data was collected for:
- Demographics such as age, sex and anthropometric data like baseline
weight, height and BMI.
- Criteria for chronic colonization, defined as the presence of 3 positive samples for the same pathogen in 6 months with a minimum of 1
month between samples, regardless of persistence in the baseline for
the study3.
- Structural damage was evaluated at baseline with the Bhalla scoring system for chest HRCT (the lower the final score, the poorer the radiological status)27. This defines the extension of bronchiectasis and the
presence of cystic bronchiectasis.
- Baseline score for bronchiectasis from the FACED multi-dimensional
prognostic scale28. This system takes into account patient age, the number of affected lobes, if chronic Pseudomonas aeruginosa colonization
is present, the severity of dyspnea and lung function.
- Baseline lung function, defined as forced spirometry values obtained
by the JAEGER (OXICOM®) pneumotachograph following the indications of the SEPAR standard29.
- The level of physical activity was evaluated at baseline and at three and
six months using the short version of the IPAQ30 and the wGT3X
(ActiGraph®) accelerometer. The IPAQ allows us to evaluate physical
activity as a continuous variable by calculating weekly and absolute
“Metabolic Equivalent” units (MET), classifying subjects according to
whether they show low, moderate or high levels of physical activity.
Evolution of physical activity level was evaluated as going from a low
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to moderate or high level, or by the increase in the number of METs
per week. In previous studies, said questionnaire has shown good validity and reliability in the general population30. The wGT3X device
along with ActiLife analysis software® version 6.6.1. measures physical
activity over 24 hours as well as wake/sleep times31. It was worn by
patients for 7 days at three different times: the week before and after
intervention, and six months after the start of the study. It was set to
record 10-second periods and was not taken off to sleep, only to bathe
or shower. The device analyzing a minimum of 5 days out of 7 in the
complete study was considered valid.
Data analysis: analysis was done using the R Statistical software. The
distribution of quantitative variables was examined using the KolmogorovSmirnov test. Quantitative variables were expressed as the average ± standard deviation. Comparison with qualitative variables was done using the
chi-square test, using Fischer’s exact test when necessary and McNemar’s
test. The quantitative variable hypothesis contrast was analyzed with the
student’s t-test and non-parametric tests (Mann-Whitney or Wilcoxon)
were used when the variables to be analyzed did not follow a normal distribution. Associations between variables were made by estimating the Pearson or Spearman correlation coefficient. To compare the parameters that
varied over time and depending on assigned intervention group, a repeated
measures ANOVA was used. All contrast was done following the “intention
to treat” principle. Only two subjects were unable to complete evaluation
of study variables at six months (see reasons in Results section), for whom
data was completed using the last registered observation (last observation
carried forward, LOCF). A p probability lower than 0.05 was considered
significant for calculations for both groups.
RESULTS
59 patients were evaluated, 29 of which were excluded for not meeting
inclusion criteria or because they declined to participate in the trial. The
final sample consisted of 30 patients, 15 randomized to the PR group and
another 15 to the PR + S group. All of them completed the PR program.
Two patients, one from each group, did not receive follow-up at 6 months
due to illnesses not related to bronchiectasis (Figure 1).
170

Figure 1. Inclusion diagram.
UTI: urinary tract infection, CVA: cerebrovascular accident.
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The main characteristics of the population are shown in Table 1, without
significant differences between the two groups.
Baseline physical activity levels and their evolution over time, estimated
by the IPAQ and accelerometer, are reflected in Tables 2 and 3, respectively.
There were not significant differences in baseline levels of average physical
activity for both treatments. The evolution of physical activity data is shown
in Tables 2 and 3. Significant differences depending on type of intervention
were not observed. Although no significant differences were observed in
average physical activity measured by accelerometer between groups (PR
vs PR + S) at the three evaluations (baseline, 3 and 6 months), there were
differences in the total group of patients and in the supplement group (PR
+ S) when evaluated with the IPAQ, showing a significant improvement in
physical activity levels with respect to the baseline at 3 and 6 months.
No association was found between the level of baseline physical activity
or its evolution and the presence of bronchial colonization, severity according to Bhalla or FACED scores or the degree of spirometry obstruction
(data not shown).

Table 2. Evolution of average physical activity with the IPAQ
Baseline

3 months

6 months

Low activity n (%)

14 (46.7)

3 (10)

5 (16.6)

Moderate + high activity n (%)

16 (53.3)

27 (90) **

25 (83.3) **

6 (40)

2 (13.3)

2 (13.3)

9 (60)

13 (86.7)

13 (86.7)

8 (53.3)

1 (6.7)

3 (20)

7 (46.7)

14 (93.3)*

12 (80)*

Total (n)

PR
Low activity n (%)
Moderate + high activity

Low activity n (%)
Moderate + high activity

n (%)

*p <0.05; **: p <0.01 with respect to baseline

Table 3. Evolution of average physical activity with accelerometer

Table 1. Population characteristics

Baseline
(avg ±SD)

3 months
(avg ±SD)

6 months
(avg ±SD)

308 ± 167,6

371,5 ± 321,8

359,6 ± 169,7

RR 288,1 ± 101,6

346,3 ± 268,8

378 ± 200,4

PR + S 327,9 ± 216,8

396,7 ± 375,4

339,7 ± 134,4

44681,1 ± 629,7

43228,2 ± 16606,9

42151,1 ± 13769,6

45833,2 ± 20937,6

45166,6 ± 19369,7

Kilocalories per day

Total (n)

RR

RR + S

p

56.1 ± 13

53.7 ± 13.1

58.4 ± 12.9

NS

Male

12 (40)

4 (26.7)

8 (53.3)

NS

Female

18 (60)

11 (73.3)

7 (46.7)

NS

Weight (kg)(avg ± SD)

70.5 ± 16.2

71 ± 20.0

70.1 ± 12

NS

Total (n)

Height (cm) (avg ± SD)

162.2 ± 8.2

160.3 ± 8.8

164.1 ± 7.4

NS

RR

Age (avg ± SD)

n (%)

PR + S

Total (n)

Sex n (%)
Steps/week

PR + S 43529 ± 14233,2

42722,3 ± 16442,9

41289,8 ± 13712,8

41536 ± 10822

BMI (kg/m2) (avg ± SD)

26.6 ± 4.7

27.3 ± 5.8

25.9 ± 3.4

NS

Bhalla (score)(avg ± SD)

17.6 ± 2.1

18.3 ± 1.7

16.9 ± 2.3

NS

FACED (score) (avg ± SD)

1.90 ± 1.02

1.86 ± 1.18

1.93 ± 0.8

NS

Total (n)

1,15 ± 0,10

1,17 ± 0,15

1,17 ± 0,09

FEV1 (%) (avg ± SD)

66.1 ± 23.6

66.8 ± 28.1

65.5 ± 19

NS

RR

1,14 ± 0,09

1,15± 0,08

1,16 ± 0,1

1,2 ± 0,2

1,17 ± 0,09

8105 ± 3660,7

6692,5 ± 2285

8593,6 ± 4818,2

6843,9 ± 2595,8

7616,5 ± 2008,1

6529,6 ± 1989,4

PR + S 1,16 ± 0,12

Colonization n (%)

S. aureus

8 (26.7)

3 (20.0)

5 (33.3)

NS

H. influenzae

17 (56.7)

9 (60.0)

8 (53.3)

NS

P. Aeruginosa

21 (70.0)

10 (66.7)

11 (73.3)

NS

19.5 ± 5.7

18.8 ± 6.6

20.2 ± 4.8

NS

Adherence (avg ± SD)

METs

METs/wk sedentary activity

Total (n) 7282,3 ± 728,4
RR 7100,9 ± 785
PR + S 7463,7 ± 642,1

avg ± SD: average ± standard deviation. p: rehabilitation vs rehabilitation + supplementation comparison. NS: no significant statistical
difference. BMI: body mass index.
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METs/wk daily and light activities
Total (n) 2373.2 ± 599.7
RR 2554 ± 582.5
PR + S 2192.4 ±579.5
METs/wk moderate activity
Total (n) 416.4 ± 258.1
RR 416.2± 274.3
PR + S 416.6± 250.5
METs/wk strenuous activity
Total (n) 7.8 ± 16.8
PR 8.5 ± 17.3
PR + S 7 ± 16.8

2318.6 ± 950.3

2152.5 ± 1053.1

2555.3 ± 954.7

2449.2 ± 1325.6

2081.9 ± 916

1832.9 ± 534.8

454.4 ± 341.9

444.4 ± 380.5

478.2 ± 382.4

463.9 ± 514.3

430.6 ± 307.8

423.5 ± 162

6.12 ± 13

5.75 ± 15.1

3.17 ± 2.4

7.1 ± 20.5

9 ± 18.1

4.2 ± 6.1

avg ± SD: average ± standard deviation. MET: metabolic equivalent. METs/wk: METs per week.

DISCUSSION
This study shows that adding a supplement enriched in HMB to a PR
program may improve results for physical activity level, at least when estimated with the IPAQ.
The IPAQ evaluates physical activity through a wide set of domains,
which include free time activity, activities of daily life, and work and
transport-related activity. The short version of the questionnaire measures 3 levels for specific activities, completed within the four previously
mentioned domains32: walking, moderate and intense physical activity.
The IPAQ has been used in patients with respiratory diseases like COPD
where it has been compared with accelerometer measurements33. In these
patients, a correlation was observed between steps/day and the score
obtained in the short version of the IPAQ.
Inactivity has been linked to decreased survival, lower quality of life
and increased medical care for COPD patients34, 35. After the PR programs, an increase in physical activity has been observed, although little is known about the translation to clinical variables that influence the
morbidity and mortality prognosis16 or if the improvement with these
programs is maintained over the long term. In our study, when evaluating
with the IPAQ, a significant percentage of patients were seen to move up
to a higher level of physical activity after intervention and the effect was
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maintained 12 weeks after completing the program. On the other hand,
when evaluating with accelerometer, although statistical significance was
not reached, a slight increase in moderate intensity physical activity was
observed in both groups, which was somewhat higher in the PR + S
group. The effect was also maintained 12 weeks after completing the intervention.
Training with supervised exercise can cause a small but statistically
significant effect on the level of physical activity in COPD patients36, 37.
However, another study in COPD patients using accelerometer did not
find an increase in physical activity in the short or long term38. A recent
publication by Bradley et al.39, which measured the physical activity of
63 bronchiectasis patients with an accelerometer, showed that the majority of patients led a sedentary lifestyle, scarcely complying with the
recommendations on daily physical activity. In the publication, exercise
capacity measured by the incremental shuttle walk test showed a strong
correlation between physical activity and the dimensions of the QOL-B
questionnaire. There was no correlation between the predicted FEV1%
nor disease severity and physical activity or inactivity, as seen in our work.
It is not entirely clear which are the best instruments to evaluate physical activity40,41. Some studies recommend the use of accelerometers over
questionnaires to estimate levels of physical activity42-44. In the study done
by Bradley et al.39, similar to in our study, they decided to use the ActiGraph® activity monitor, one of the most studied activity monitors, with
proven reliability and validated in the respiratory disease population45.
Van Remoortel et al. have proposed that, in order to provide adequate
evaluation, it is necessary to consider the time dedicated to different physical activity intensities, energy use and the number of steps.41 In addition
to these dimensions, the ActiGraph® activity monitor also registers the
time spent on sedentary activity.
Previous studies have shown that sedentary activity has an important
role in patients’ clinical progression46. According to some authors, COPD
patients tend to underestimate the time they spend on sedentary activity.
Pitta et al. noted discrepancies between the data provided by the patients
through a questionnaire and objective physical activity measured by an
accelerometer and video sensors34.
A recent study by Curry et al. in United Kingdom women compared
physical activity with an accelerometer and the IPAQ47. It showed that
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the questionnaire may not precisely measure physical activity due to problems with interpretation47. This argument would, in some way, justify the
differences found in our study in the evolutionary evaluation of physical
activity from the IPAQ versus the accelerometer. In any case, the validity
of accelerometers in measuring physical activity must also be evaluated
in different physiological and pathological situations33, 48. For example, in
a systematic review of the use of accelerometers in relation to cardiovascular risk, total sedentary activity was shown to correlate with lower sensitivity to insulin, even when adjusting it to length of physical activity48.
To date, there are no studies evaluating the effect of nutritional supplements associated with PR programs for bronchiectasis. It is possible that
the improvement in physical activity seen in our study may be related to
the increase in lean mass values or the muscular strength of our patients
after administering the nutritional supplement49.
According to our criteria, the study has several strengths. The first is its
design, a prospective, randomized study of intervention with a structured
program and extended follow-up to show the durability of the changes.
The second is novelty, with a lack of studies that evaluate physical activity
in non-CF bronchiectasis patients after PR programs with and without
nutritional supplement.
On the other hand, limitations in showing the increased power of the
conclusions presented would be the small sample size and the practical
impossibility of making the study double blind as it is very difficult to
assign a supplement with similar characteristics but without nutrients.
In conclusion, that data provided by this study can help support the
fact that PR programs combined with nutritional supplements can slightly
improve medium-term physical activity. In any case, further studies are
needed to evaluate physical activity and the different instruments to measure said activity in the short and long term.
Clinical Trials Number NCT02048397.
https://clinicaltrials.gov/ct2/show/NCT02048397
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Ficha técnica

Inhalador Spiolto Respimat y cartucho Spiolto Respimat

1. NOMBRE DEL MEDICAMENTO Spiolto Respimat 2,5 microgramos/2,5 microgramos, solución para inhalación. 2. COMPOSICIÓN CUALITATIVA Y CUANTITATIVA La
dosis liberada es de 2,5 microgramos de tiotropio (como bromuro monohidrato) y 2,5 microgramos de olodaterol (como hidrocloruro) por pulsación. La dosis liberada es la
Tapa (A)
dosis disponible para el paciente después de pasar por la boquilla. Para consultar la lista completa de excipientes, ver sección 6.1. 3. FORMA FARMACÉUTICA Solución para
inhalación. Solución para inhalación transparente, incolora. 4. DATOS CLÍNICOS 4.1 Indicaciones terapéuticas Spiolto Respimat está indicado como tratamiento broncodilatador de mantenimiento para aliviar los síntomas en pacientes adultos con enfermedad pulmonar obstructiva crónica (EPOC). 4.2 Posología y forma de administración
Boquilla (B)
Posología Este medicamento es únicamente para uso por vía inhalatoria. El cartucho sólo puede introducirse y utilizarse con el inhalador Respimat. Una dosis son dos pulsaciones del inhalador Respimat. Adultos La dosis recomendada es de 5 microgramos de tiotropio y 5 microgramos de olodaterol administrados en dos pulsaciones mediante
Válvulas de aire (C)
el inhalador Respimat una vez al día y a la misma hora. No debe superarse la dosis recomendada. Población de edad avanzada Los pacientes de edad avanzada pueden utilizar
Spiolto Respimat a la dosis recomendada. Insuficiencia hepática e insuficiencia renal Spiolto Respimat contiene tiotropio que se excreta predominantemente por vía renal y
Botón de liberación
olodaterol que se metaboliza predominantemente en el hígado. Insuficiencia hepática Los pacientes con insuficiencia hepática leve o moderada pueden utilizar Spiolto Resde dosis (D)
pimat a la dosis recomendada. No se dispone de datos sobre el uso de olodaterol en pacientes con insuficiencia hepática grave. Insuficiencia renal Los pacientes con insuficiencia renal pueden utilizar Spiolto Respimat a la dosis recomendada. En pacientes con insuficiencia moderada a grave (aclaramiento de creatinina ≤ 50 ml/min) ver 4.4 y 5.2.
Spiolto Respimat contiene olodaterol. La experiencia con el uso de olodaterol en pacientes con insuficiencia renal grave es limitada. Población pediátrica No existe una recoCartucho (H)
mendación de uso específica para Spiolto Respimat en la población pediátrica (menores de 18 años). Forma de administración Para asegurar la correcta administración del
medicamento, el paciente debe ser instruido por un médico u otros profesionales sanitarios sobre cómo usar el inhalador. INSTRUCCIONES DE USO Y MANIPULACIÓN
PARA EL PACIENTE 1) Introducción del cartucho Antes de la primera utilización debe seguir los pasos del 1 al 6: 1 Con la tapa verde claro (A) cerrada, presionar el cierre
Cierre de
de seguridad (E) mientras se retira la base transparente (G). 2 Sacar el cartucho (H) de la caja. Empujar el extremo estrecho del cartucho dentro del inhalador hasta que haga
seguridad (E)
clic. El cartucho debe empujarse firmemente contra una superficie firme para asegurar que se ha introducido completamente (2b). El cartucho no estará a ras del inhalador, verá la anilla plateada del extremo inferior del cartucho. No sacar el cartucho una vez se ha introducido en el inhalador. 3 Colocar nuevamente la base transparente
Indicador de dosis (F)
(G). No volver a retirar la base transparente. 2) Preparación del inhalador Spiolto Respimat para la primera utilización 4 Sujetar el inhalador Spiolto Respimat en posición
Base
vertical, con la tapa verde claro (A) cerrada. Girar la base (G) en la dirección de las flechas rojas de la etiqueta hasta que haga clic (media vuelta). 5 Abrir completamente la tapa
transparente (G)
verde claro (A). 6 Dirigir el inhalador Spiolto Respimat hacia el suelo. Presionar el botón de liberación de dosis (D). Cerrar la tapa verde claro (A). Repetir los pasos 4, 5 y 6
hasta observar una nube. Después, repetir los pasos 4, 5 y 6 tres veces más para asegurar que el inhalador está listo para ser utilizado. Ahora su inhalador Spiolto
Respimat está listo para ser utilizado. Estos pasos no afectan al número de dosis disponibles. Después de la preparación, su inhalador Spiolto Respimat podrá liberar 60
Elemento
pulsaciones (30 dosis). Utilización diaria de su inhalador Spiolto Respimat Necesitará usar este inhalador SÓLO UNA VEZ AL DÍA. Cada vez que lo use, inhale DOS
perforador (I)
PULSACIONES. I Sujetar el inhalador Spiolto Respimat en posición vertical, con la tapa verde claro (A) cerrada, para evitar la liberación accidental de dosis. Girar la base (G)
en la dirección de las flechas rojas de la etiqueta hasta que haga clic (media vuelta). II Abrir completamente la tapa verde claro (A). Espirar lenta y profundamente, luego cerrar
los labios alrededor del final de la boquilla sin cubrir las válvulas de aire (C). Dirigir el inhalador Spiolto Respimat hacia la parte posterior de la garganta. Presionar el botón de
cierre de seguridad
liberación de dosis (D) mientras inspira lenta y profundamente a través de la boca y continuar inspirando lentamente tanto tiempo como pueda. Mantener la respiración durante 10 segundos o hasta que le sea posible. III Repetir los pasos I y II para completar la dosis. Necesitará usar este inhalador sólo UNA VEZ AL DÍA. Cierre la tapa
verde claro hasta que vuelva a utilizar su inhalador Spiolto Respimat. Si no ha utilizado el inhalador Spiolto Respimat durante más de 7 días, libere una pulsación hacia
el suelo. Si no ha utilizado el inhalador Spiolto Respimat durante más de 21 días, repita los pasos del 4 al 6 hasta que observe una nube. Entonces repita los pasos del 4 al 6
tres veces más. Cuándo cambiar el inhalador Spiolto Respimat El inhalador Spiolto Respimat contiene 60 pulsaciones (30 dosis). El indicador de dosis marca, aproximada1
2a
2b
3
4
mente, cuánta medicación queda. Cuando el indicador alcance la zona roja de la escala, aproximadamente queda medicación para 7 días (14 pulsaciones). En este momento
vacío
necesita una nueva receta médica de Spiolto Respimat. Una vez el indicador de dosis ha alcanzado el final de la zona roja (es decir, se han utilizado las 30 dosis), el inhalador
Spiolto Respimat está vacío y se bloquea automáticamente. En este punto la base ya no puede girarse más. Como máximo, tres meses después de haber sido utilizado, el inhalador Spiolto Respimat debe desecharse aunque no haya sido utilizado todo el medicamento. Cómo mantener el inhalador Limpiar la boquilla incluyendo la parte metálleno
lica que se encuentra dentro de la misma, sólo con un trapo húmedo o un pañuelo, al menos una vez a la semana. Cualquier pequeña decoloración de la boquilla no afecta al
5
6
I
II válvula de aire III
funcionamiento del inhalador Spiolto Respimat. Si es necesario, limpiar con un trapo húmedo la parte exterior del inhalador Spiolto Respimat. 4.3 Contraindicaciones Hipersensibilidad a tiotropio u olodaterol o a alguno de los excipientes incluidos en la sección 6.1. Antecedentes de hipersensibilidad a atropina o sus derivados, p. ej. ipratropio u
oxitropio. 4.4 Advertencias y precauciones especiales de empleo Asma Spiolto Respimat no debe ser utilizado para asma. La eficacia y seguridad de Spiolto Respimat en asma no han sido estudiadas. No para uso agudo Spiolto Respimat no está indicado en el tratamiento de episodios agudos de broncoespasmo, es decir, como tratamiento de rescate. Broncoespasmo paradójico Al igual que con otros fármacos administrados por vía inhalatoria, Spiolto Respimat puede causar broncoespasmos
paradójicos que pueden ser potencialmente mortales. En caso de producirse un broncoespasmo paradójico, se debe interrumpir el tratamiento con Spiolto Respimat de inmediato y sustituir por un tratamiento alternativo. Efectos anticolinérgicos relacionados con tiotropio Glaucoma de ángulo estrecho, hiperplasia prostática u obstrucción del cuello de la vejiga Dada la actividad anticolinérgica de tiotropio, Spiolto Respimat debe utilizarse con precaución en pacientes con glaucoma de ángulo estrecho,
hiperplasia prostática u obstrucción del cuello de la vejiga. Síntomas oculares Debe advertirse a los pacientes que eviten la introducción del spray en los ojos. Se les debe indicar que ello puede provocar o empeorar un glaucoma de ángulo estrecho,
dolor o molestia ocular, visión borrosa transitoria, halos visuales o imágenes coloreadas, junto con enrojecimiento ocular por congestión de la conjuntiva y edema de la córnea. Si aparece cualquier combinación de estos síntomas oculares, los pacientes
deben interrumpir el uso de Spiolto Respimat y consultar inmediatamente un especialista. Caries dental La sequedad de boca, observada con el tratamiento anticolinérgico, a largo plazo puede asociarse con caries dental. Pacientes con insuficiencia
renal En pacientes con insuficiencia renal de moderada a grave (aclaramiento de creatinina ≤ 50 ml/min), Spiolto Respimat sólo debe utilizarse si el beneficio esperado supera el riesgo potencial, ya que la concentración plasmática de tiotropio aumenta
cuando la función renal está disminuida. No existe experiencia a largo plazo en pacientes con insuficiencia renal grave. Efectos cardiovasculares Se excluyeron de los ensayos clínicos los pacientes con historia de infarto de miocardio durante el año anterior, arritmia cardíaca inestable o potencialmente mortal, hospitalizados debido a insuficiencia cardíaca durante al año anterior o con diagnóstico de taquicardia paroxística (> 100 latidos por minuto). Por lo tanto, la experiencia en estos grupos de
pacientes es limitada. Spiolto Respimat debe utilizarse con precaución en estos grupos de pacientes. Como con otros agonistas beta2-adrenérgicos, olodaterol puede producir un efecto cardiovascular clínicamente significativo en algunos pacientes
medido por aumentos de la frecuencia del pulso, de la presión arterial y/u otros síntomas. En caso de producirse estos efectos, puede ser necesario interrumpir el tratamiento. Además, se ha notificado que los agonistas beta-adrenérgicos producen
cambios en el electrocardiograma (ECG), como aplanamiento de la onda T y depresión del segmento ST, aunque se desconoce la relevancia clínica de estas observaciones. Los agonistas beta2-adrenérgicos de acción prolongada deben administrarse con
precaución en pacientes con enfermedades cardiovasculares, particularmente enfermedad coronaria isquémica, descompensación cardíaca grave, arritmias cardíacas, cardiomiopatía hipertrófica obstructiva, hipertensión y aneurisma; en pacientes con
trastornos convulsivos o tirotoxicosis; en pacientes con prolongación del intervalo QT o sospecha de prolongación del intervalo QT (p.ej. QT> 0,44 s) y en pacientes especialmente sensibles a los efectos de las aminas simpaticomiméticas. Hipopotasemia
Los agonistas beta2-adrenérgicos pueden producir hipopotasemia significativa en algunos pacientes, lo cual puede aumentar el riesgo de que se produzcan efectos adversos cardiovasculares. El descenso de los niveles de potasio en sangre suele ser
transitorio y no requiere suplementos. En pacientes con EPOC grave, la hipopotasemia se puede ver potenciada por la hipoxia y por el tratamiento concomitante (ver sección 4.5), lo que puede aumentar la susceptibilidad a las arritmias cardíacas. Hiperglucemia La inhalación de dosis elevadas de agonistas beta2-adrenérgicos puede producir aumentos de la glucosa en sangre. Anestesia Se requiere precaución en el caso de intervención quirúrgica planificada con anestésicos de hidrocarburos halogenados debido al aumento de la susceptibilidad a los efectos cardíacos adversos de los agonistas beta broncodilatadores. Spiolto Respimat no debe utilizarse en combinación con otras medicaciones que contengan agonistas beta2-adrenérgicos de acción
prolongada. A los pacientes que hayan estado tomando agonistas beta2-adrenérgicos de acción corta por vía inhalatoria de forma regular (p.ej. cuatro veces al día) se les debe indicar que sólo deben usarlos para el alivio de los síntomas respiratorios

agudos. Spiolto Respimat no debe usarse con una frecuencia superior a una vez al día. Hipersensibilidad Como con todos los medicamentos, pueden producirse reacciones de hipersensibilidad inmediata después de la administración de Spiolto Respimat.
4.5 Interacción con otros medicamentos y otras formas de interacción Aunque no se han realizado estudios formales de interacción entre fármacos in vivo con Spiolto Respimat y otros medicamentos, Spiolto Respimat inhalado se ha usado de
manera simultánea con otros medicamentos para la EPOC, incluyendo broncodilatadores simpaticomiméticos de acción corta y corticosteroides inhalados sin evidencia clínica de interacciones entre fármacos. Agentes anticolinérgicos La administración
conjunta de bromuro de tiotropio, un componente de Spiolto Respimat, con otros medicamentos anticolinérgicos no se ha estudiado por lo tanto no se recomienda. Agentes adrenérgicos La administración simultánea de otros agentes adrenérgicos
(administrados solos o como parte de una terapia combinada) puede incrementar las reacciones adversas de Spiolto Respimat. Derivados de la xantina, esteroides o diuréticos La administración simultánea de derivados de la xantina, esteroides o diuréticos no ahorradores de potasio pueden incrementar los efectos hipopotasémicos de los agonistas adrenérgicos (ver sección 4.4). Betabloqueantes Los bloqueantes beta-adrenérgicos pueden atenuar o antagonizar el efecto de olodaterol. Se podría
considerar la administración de betabloqueantes cardioselectivos, aunque éstos deben ser administrados con precaución. Inhibidores de la MAO y antidepresivos tricíclicos, fármacos prolongadores del intervalo QTc Los inhibidores de la monoaminooxidasa o los antidepresivos tricíclicos u otros fármacos que causan una prolongación del intervalo QTc pueden potenciar el efecto de Spiolto Respimat en el sistema cardiovascular. Interacciones farmacocinéticas entre fármacos No se ha observado un
efecto relevante en la exposición sistémica a olodaterol en los estudios de interacciones entre fármacos con administración conjunta de fluconazol, utilizado como modelo de inhibición del CYP2C9. La administración conjunta de ketoconazol como inhibidor potente de la gp-P y del CYP3A4 aumentó la exposición sistémica a olodaterol un 70%, aproximadamente. No es necesario un ajuste de dosis de Spiolto Respimat. Las investigaciones in vitro han mostrado que olodaterol no inhibe las enzimas
CYP o los transportadores de fármacos a las concentraciones plasmáticas alcanzadas en la práctica clínica. 4.6 Fertilidad, embarazo y lactancia Embarazo Tiotropio Hay datos muy limitados relativos al uso de Spiolto Respimat en mujeres embarazadas.
Los estudios en animales no sugieren efectos perjudiciales directos ni indirectos en términos de toxicidad para la reproducción a niveles de exposición clínicamente relevante. Olodaterol No hay datos clínicos disponibles sobre el uso de olodaterol durante el embarazo. Los datos no clínicos con olodaterol revelaron efectos típicos de otros agonistas beta2-adrenérgicos a dosis mayores a las terapéuticas. Como medida de precaución, es preferible evitar el uso de Spiolto Respimat durante el embarazo. Como otros agonistas beta2-adrenérgicos, olodaterol, un componente de Spiolto Respimat, puede inhibir el parto debido a un efecto relajante sobre el músculo liso uterino. Lactancia No hay datos clínicos disponibles de mujeres lactantes expuestas
a tiotropio y/o olodaterol. En estudios en animales con tiotropio y olodaterol, se han detectado las sustancias y/o sus metabolitos en la leche de ratas lactantes pero se desconoce si tiotropio y/o olodaterol se excretan en la leche materna. Se debe decidir si es necesario interrumpir la lactancia o interrumpir el tratamiento con Spiolto Respimat tras considerar el beneficio de la lactancia para el niño y el beneficio del tratamiento con Spiolto Respimat para la madre. Fertilidad No hay datos clínicos
disponibles sobre el efecto en la fertilidad de tiotropio y olodaterol o la combinación de ambos componentes. Los estudios preclínicos realizados con los componentes individuales tiotropio y olodaterol no mostraron efectos adversos sobre la fertilidad.
4.7 Efectos sobre la capacidad para conducir y utilizar máquinas No se han realizado estudios de los efectos sobre la capacidad de conducir y utilizar máquinas. De todos modos, se debe informar a los pacientes de que se han notificado mareos y
visión borrosa con el uso de Spiolto Respimat. Por ello, se recomienda tener precaución al conducir un coche o utilizar máquinas. Si los pacientes experimentan dichos síntomas, deben evitar realizar tareas potencialmente peligrosas como conducir o
utilizar máquinas. 4.8 Reacciones adversas a. Resumen del perfil de seguridad Muchas de las reacciones adversas listadas pueden asignarse a las propiedades anticolinérgicas de bromuro de tiotropio o a las propiedades ß2-adrenérgicas de olodaterol,
los componentes de Spiolto Respimat. b. Resumen tabulado de reacciones adversas Las frecuencias asignadas a las reacciones adversas listadas a continuación se basan en porcentajes de tasas de incidencia bruta de reacciones adversas al fármaco (es
decir, acontecimientos atribuidos a Spiolto Respimat) observadas en el grupo de tiotropio 5 microgramos/olodaterol 5 microgramos (1.302 pacientes), recopiladas de 5 ensayos clínicos activos o controlados con placebo, con grupos paralelos, en pacientes con EPOC, con periodos de tratamiento en un rango de 4 a 52 semanas. Las reacciones adversas notificadas en todos los ensayos clínicos con Spiolto Respimat se muestran a continuación siguiendo la clasificación por órganos y sistemas. También
se incluyen todas las reacciones adversas previamente notificadas con uno de los componentes individuales. La frecuencia se define según la siguiente convención: Muy frecuentes (≥1/10); frecuentes (≥1/100 a <1/10); poco frecuentes (≥1/1.000 a <1/100);
raras (≥1/10.000 a <1/1.000); muy raras (<1/10.000); frecuencia no conocida (no puede estimarse a partir de los datos disponibles). Clasificación por órganos y sistemas Infecciones e infestaciones Reacción adversa Nasofaringitis Rara Clasificación
por órganos y sistemas Trastornos del metabolismo y de la nutrición Reacción adversa Deshidratación No conocida Clasificación por órganos y sistemas Trastornos del sistema nervioso Reacción adversa Mareos Poco frecuente Reacción adversa Insomnio Poco frecuente Reacción adversa Cefalea Poco frecuente Clasificación por órganos y sistemas Trastornos oculares Reacción adversa Visión borrosa Rara Reacción adversa Glaucoma No conocida Reacción adversa Aumento de la
presión intraocular No conocida Clasificación por órganos y sistemas Trastornos cardíacos Reacción adversa Fibrilación auricular Poco frecuente Reacción adversa Palpitaciones Poco frecuente Reacción adversa Taquicardia Poco frecuente Reacción adversa Taquicardia supraventricular Rara Clasificación por órganos y sistemas Trastornos vasculares Reacción adversa Hipertensión Poco frecuente Clasificación por órganos y sistemas Trastornos respiratorios, torácicos y mediastínicos
Reacción adversa Tos Poco frecuente Reacción adversa Disfonía Rara Reacción adversa Epistaxis Rara Reacción adversa Laringitis Rara Reacción adversa Faringitis Rara Reacción adversa Broncoespasmo No conocida Reacción adversa Sinusitis
No conocida Clasificación por órganos y sistemas Trastornos gastrointestinales Reacción adversa Sequedad de boca Frecuente Reacción adversa Estreñimiento Poco frecuente Reacción adversa Gingivitis Rara Reacción adversa Náuseas Rara
Reacción adversa Candidiasis orofaríngea Rara Reacción adversa Obstrucción intestinal, incluyendo íleo paralítico No conocida Reacción adversa Caries dental No conocida Reacción adversa Disfagia No conocida Reacción adversa Reflujo gastroesofágico No conocida Reacción adversa Glositis No conocida Reacción adversa Estomatitis No conocida Clasificación por órganos y sistemas Trastornos de la piel y del tejido subcutáneo, trastornos del sistema inmunológico Reacción adversa
Angioedema Rara Reacción adversa Urticaria Rara Reacción adversa Hipersensibilidad Rara Reacción adversa Prurito Rara Reacción adversa Reacción anafiláctica No conocida Reacción adversa Erupción No conocida Reacción adversa Piel seca
No conocida Reacción adversa Infección de la piel/úlcera en la piel No conocida Clasificación por órganos y sistemas Trastornos musculoesqueléticos y del tejido conjuntivo Reacción adversa Dolor de espalda1 Rara Reacción adversa Artralgia Rara
Reacción adversa Tumefacción en articulación No conocida Clasificación por órganos y sistemas Trastornos renales y urinarios Reacción adversa Retención urinaria Rara Reacción adversa Disuria Rara Reacción adversa Infección del tracto urinario No conocida .1 reacciones adversas notificadas con Spiolto Respimat pero no con los componentes individuales. c. Descripción de reacciones adversas seleccionadas Spiolto Respimat combina propiedades anticolinérgicas y β-adrenérgicas debido a
sus componentes tiotropio y olodaterol. Perfil de reacciones adversas anticolinérgicas En los ensayos clínicos a largo plazo de 52 semanas de duración con Spiolto Respimat, la reacción adversa anticolinérgica observada más frecuentemente fue la sequedad de boca que ocurrió en aproximadamente el 1,7% de los pacientes tratados con Spiolto Respimat y en 2,7% y 1% en los brazos de tiotropio 5 microgramos y olodaterol 5 microgramos, respectivamente. La sequedad de boca provocó el abandono en 1 de 1.029 pacientes tratados con Spiolto Respimat (0,1%). Reacciones adversas graves relacionadas con efectos anticolinérgicos incluyen glaucoma, estreñimiento, obstrucción intestinal incluyendo íleo paralítico y retención urinaria. Perfil de
reacciones adversas β-adrenérgicas En los ensayos clínicos a largo plazo de 52 semanas de duración con Spiolto Respimat, las reacciones adversas β-adrenérgicas observadas más frecuentemente fueron palpitaciones, taquicardia e hipertensión. Olodaterol, un componente de Spiolto Respimat forma parte del grupo farmacoterapéutico de los agonistas beta2-adrenérgicos de acción prolongada. Por ello, debe considerarse la aparición de otros efectos adversos no listados arriba, relacionados con la
familia de los agonistas beta-adrenérgicos tales como arritmia, isquemia miocárdica, angina de pecho, hipotensión, temblores, nerviosismo, espasmos musculares, fatiga, malestar, hipopotasemia, hiperglucemia y acidosis metabólica. d. Otras poblaciones especiales Puede ocurrir un aumento en el efecto anticolinérgico con el aumento de la edad. Notificación de sospechas de reacciones adversas Es importante notificar las sospechas de reacciones adversas al medicamento tras su autorización. Ello
permite una supervisión continuada de la relación beneficio/riesgo del medicamento. Se invita a los profesionales sanitarios a notificar las sospechas de reacciones adversas a través del Sistema Español de Farmacovigilancia de Medicamentos de Uso
Humano: www.notificaRAM.es 4.9 Sobredosis Hay información limitada sobre la sobredosis con Spiolto Respimat. Spiolto Respimat se ha estudiado a dosis de hasta 5 microgramos/10 microgramos (tiotropio/olodaterol) en pacientes con EPOC y a
dosis de hasta 10 microgramos/40 microgramos (tiotropio/olodaterol) en sujetos sanos; no se observaron efectos clínicamente relevantes. Una sobredosis podría provocar efectos antimuscarínicos exagerados de tiotropio y/o efectos β2agonistas exagerados de olodaterol. Síntomas Sobredosis de tiotropio anticolinérgico Dosis elevadas de tiotropio pueden provocar la aparición de signos y síntomas anticolinérgicos. No obstante, después de la administración de una dosis única inhalada de hasta 340
microgramos de bromuro de tiotropio en voluntarios sanos, no hubo reacciones adversas anticolinérgicas sistémicas. Adicionalmente, no se observaron reacciones adversas relevantes más allá de sequedad de boca/garganta y sequedad de la mucosa
nasal, tras la administración durante 14 días de una dosis de hasta 40 microgramos de tiotropio solución para inhalación en voluntarios sanos con la excepción de una reducción pronunciada en el flujo salival a partir del séptimo día. Sobredosis de olodaterol β-agonista Una sobredosis de olodaterol probablemente provoque efectos exagerados típicos de los agonistas beta2-adrenérgicos, p.ej. isquemia miocárdica, hipertensión o hipotensión, taquicardia, arritmias, palpitaciones, mareo, nerviosismo,
insomnio, ansiedad, cefalea, temblor, boca seca, espasmos musculares, náuseas, fatiga, malestar, hipopotasemia, hiperglucemia y acidosis metabólica. Tratamiento en caso de sobredosis El tratamiento con Spiolto Respimat debe ser interrumpido.
Aplicar tratamiento de apoyo y sintomático. En casos graves se requiere hospitalización. Se puede considerar el uso de betabloqueantes cardioselectivos, pero sólo bajo vigilancia extrema ya que el uso de betabloqueantes adrenérgicos puede provocar
broncoespasmo. 6. Datos farmacéuticos 6.1 Lista de excipientes Cloruro de benzalconio; Edetato disódico; Agua purificada; Ácido clorhídrico 1M (para ajustar el pH). 6.2 Incompatibilidades No procede. 6.3 Periodo de validez 3 años. Periodo de
validez en uso: 3 meses. 6.4 Precauciones especiales de conservación No congelar. 6.5 Naturaleza y contenido del envase Tipo de envase y material en contacto con el medicamento: Solución contenida en un cartucho de polietileno/polipropileno
con un tapón de polipropileno con un anillo de sellado de silicona integrado. El cartucho está incluido en un cilindro de aluminio. Cada cartucho contiene 4 ml de solución para inhalación. Tamaños de los envases y dispositivos disponibles: Envase individual: 1 inhalador Respimat y 1 cartucho que proporciona 60 pulsaciones (30 dosis). Envase doble: 2 envases individuales, cada uno contiene 1 inhalador Respimat y 1 cartucho que proporciona 60 pulsaciones (30 dosis). Envase triple: 3 envases individuales, cada uno contiene 1 inhalador Respimat y 1 cartucho que proporciona 60 pulsaciones (30 dosis). Envase de ocho: 8 envases individuales, cada uno contiene 1 inhalador Respimat y 1 cartucho que proporciona 60 pulsaciones (30 dosis). Puede que
solamente estén comercializados algunos tamaños de los envases. 6.6 Precauciones especiales de eliminación y otras manipulaciones La eliminación del medicamento no utilizado y de los materiales que hayan estado en contacto con él se realizará de acuerdo con la normativa local. 7. Titular de la autorización de comercialización Boehringer Ingelheim International GmbH. Binger Strasse 173, D-55216 Ingelheim am Rhein. Alemania. 8. Número(s) de autorización de comercialización 79.967
9. fecha de la primera autorización/renovación de la autorización Junio 2015. 10. Fecha de la revisión del texto Mayo 2015. 11. Presentación y PVP Envase con un inhalador Respimat y un cartucho que contiene 60 pulsaciones (30 dosis). PVP
IVA 81,49 € 12. Condiciones de prescripción y dispensación Con receta médica. Reembolsable por el Sistema Nacional de Salud. Medicamento de aportación reducida.
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Abstract:
One of the main problems arising from the surgical treatment of tracheal lesions is the existing limitation in the length of segment that can be resected.Currently, a maximum of 50% of
the trachea can be safely removed.More extensive lesions cannot benefit from this treatment
and alternative techniques must be used, which are palliative in most cases.The interposition
of an element which substitutes the segment of resected trachea is a possible solution for this
problem.
An experimental animal study has been conducted, substituting tracheal segments varying in
length with cylindrical polytetrafluoroethylene prostheses. Later, a follow-up was done and the
animals were sacrificed to study histological changes.
The results show the technical possibility of substituting the airway with segments of prosthetic material.In the monitoring of the animals, there seems to be a direct relationship between
the length of the implant and the appearance of tracheal stenosis at the implant site, both in
the macroscopic morphological studies and the studies completed with optical microscopy.
However, for the time being, perioperative mortality is high and, although it can be attributed
to the learning curve, applying the results to possible clinical practice is not recommended.
Key words: tracheal stenosis, tracheal prosthesis, vascular prosthesis, tracheal resection,
experimental study.

RECONSTRUCCIÓN DE LA VÍA AÉREA PRINCIPAL MEDIANTE EL USO DE PRÓTESIS SINTÉTICAS INTEGRABLES
Resumen
Uno de los principales problemas que plantea el tratamiento quirúrgico de las lesiones traqueales es la limitación existente en la longitud del segmento que es posible resecar. Actualmente, se puede extirpar con seguridad el 50% de la tráquea como máximo. Lesiones más extensas no se pueden beneficiar de este tratamiento y es necesario utilizar técnicas alternativas,
en la mayoría de los casos paliativas. Una posible solución a este problema es la interposición
de algún elemento que sustituya el segmento traqueal resecado.
Se ha realizado un estudio experimental en animales, sustituyendo segmentos traqueales de
distinta longitud por prótesis cilíndricas de politetrafluoroetileno. Posteriormente, se ha realizado un seguimiento y sacrificio de los animales estudiando los cambios his-tológicos.
Los resultados obtenidos muestran la posibilidad técnica de la sustitución de la vía aérea por
segmentos de material protésico. En el seguimiento evolutivo de los animales, parece existir
una relación directa entre la longitud del implante y la aparición de estenosis traqueal a dicho
nivel, tanto en los estudios morfológicos macroscópicos como en los estudios realizados con
microscopía óptica.
Sin embargo, por el momento, la mortalidad perioperatoria es elevada y, si bien se puede
atribuir a la curva de aprendizaje, la traslación de los resultados a una posible práctica clínica
no es recomendable.
Palabras clave: Estenosis traqueal, prótesis traqueal, prótesis vascular, resección traqueal,
estudio experimental.
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INTRODUCTION
For many tracheal affectations, both from malignant and benign
pathology, the chosen treatment is surgical tracheal resection followed by
termino-terminal anastomosis.
Since its origins in the 50s, this surgery has seen noticeable advances, particularly with respect to the techniques. Even so, lesions covering
more than 50% of the length of the trachea in adults cannot currently
be safely resected and later reconstructed. In these cases, treatment can
only be palliative through the use of tracheal endoprostheses or chemoradiotherapy in the case of a malignant pathology.
Despite the number of tissues and materials that have been researched
to substitute tra-cheal segments, there is still none that allows for the
guaranteed replacement of this seemingly simple structure.
Unlike more complex organs such as the heart, liver and lungs, attempted
tracheal transplants have been unsuccessful, leading to the necrosis or
stenosis of the graft1, 2.
Animal studies using prostheses from synthetic materials, the inside
of which are cov-ered with some type of epithelium (jejunum or esophagus), showed acceptable results, with good functional results and adequate integration of the graft tissues3, 4. Homografts of segments of thoracic aorta have been used for the same purpose with the same re-sults5-7.
However, the technical difficulty of obtaining the graft and the potential
com-plications that can arise from the process limit its clinical applicability.
In recent years, the development of tissue engineering has allowed for
the creation of scaffolds or frames that are then permeated with different
types of cells to obtain bio-logical airway substitutes. Their drawbacks are
that they are very complex to create and very costly8-10.
The use of isolated exogenous synthetic materials, without cellular or
tissue coating, is a much simpler and more economical solution. However, studies conducted have not shown satisfactory results and, on the
contrary, have shown numerous complications11, 12. Nevertheless, these
are dated studies and the development of new types of materials has
encouraged the reconsideration of its application. Currently, cylindrical
vascular prostheses with a minimally adherent interior and high capacity
for tissue integration are available, which are rapidly colonized by fibroblasts and are even coated with endo-thelia13.
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Being able to safely use them in the airway would mark an important
advance in the treatment of extensive tracheal lesions, allowing for remedial surgical treatment in cases for which it is currently impossible.
MATERIAL AND METHODS
Experimental animal.
The male New Zealand rabbit was used, aged between 12-13 weeks
and weighing be-tween 2,500 and 3,000 grams (g). The diameter of its
trachea, between 6 and 8 millime-ters (mm), as well as its anatomical disposition make it ideal for this type of study.
The animals were transported from the supplying company Isoquinen
S.A. (Barcelona) in individual crates. Upon their arrival, they were held at
the animal house at the Institu-to de Biomedicina de Sevilla (IBIS), maintaining a 12/12 hour light/dark cycle, an am-bient temperature of 24ºC,
a relative humidity of 60% and ad libitum feeding. The preoperative stay
was at least 2 days for acclimation. At the time of intervention, they were
transferred to the operating room in individual cages.
Synthetic material.
The Gore Propanten Vascular Graft® prosthesis from the Gore trading house (W.L. Gore & Associates Inc., Flagstaff, AZ, USA) was selected as the synthetic material for tracheal segment substitution, consisting
of a polytetrafluoroethylene tube with a smooth and regular internal surface which hinders secretion adherence. Prostheses with diameters ranging from 6 to 8 mm were used, according to the tracheal diameter of the
expe-rimental animal.
Study groups.
The animals were divided into four groups, based on the length of the
substituted airway segment (between 5 and 10 mm) and the length the
animal maintenance period after implant (45 and 90 days). Thus, four
groups were established: group 1 with 5 mm substituted and maintained
for 45 days, group 2 with 10 mm and 45 days, group 3 with 5 mm and 90
days and, finally, group 4 with 10 mm and 90 days.
The study of different lengths was done to determine if the prosthesis’
capacity for tis-sue integration is influenced by its length. Post-implant
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periods were selected to study the evolution of integration and the substitution of inflammatory conditions with scar-ring.
Initially, 5 animals were assigned to each group. However, deaths in the
preoperative phase and during follow-up as well as several sample losses resulted in additional ani-mals being assigned to the affected groups.
Thus, a total of 25 rabbits were included to reach a sufficient number in
each group.
Chosen anesthesia and surgical technique.
The anesthesia administered to experimental animals was selected according to existing information in the literature and past experience. The
drugs ketamine and xylazine were used, both administered intramuscularly, at a dose of 35 and 5 mg/kg, respectively. This dosage allowed for
the animal’s spontaneous breathing, avoiding problems arising from manipulating the airway and decreasing the postanesthetic recovery period.
The intended surgical technique was similar to that performed in humans. After remov-ing a segment of trachea from the experimental animal, both ends of the trachea were sutured at the upper and lower edge
of the synthetic prosthesis, using 4-0 absorbable interrupted sutures.
Postoperative maintenance and follow-up for experimental animals.
After surgery, the animals were returned to their holding cages. The
first week after intervention they were administered 0.2 mg/kg of meloxicam at 12-hour intervals. This analgesia pattern was modified, administering additional medication (2-5 mg/kg of morphine, occasionally) in
cases where signs of pain or stress were noted.
Visual inspections of the animals’ comfort and wellbeing were done at
least twice a day throughout the period for which the animals were held.
Sacrificing animals.
35 and 90 days after the prosthesis implant, according to the established dates and with the animal previously sedated to avoid any type of
stress. A double anesthetic intraven-ous dose of xylazine and ketamine
was used, according to weight.
Those animals showing signs of stress such as decreased eating or
refusal to eat, lethargy or stridor were immediately sacrificed without
waiting until the end of the period corresponding to the group to which
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they belonged. The reason sacrifice was required was registered.
Obtaining, examining and preserving tissue samples.
After sacrificing the animal, the tracheal segment containing the
prosthesis was ex-tracted, along with at least 5 mm of the trachea proximal and distal to the implant. Once extracted, it was examined and
photographed to complete the macroscopic evaluation of the residual
airway diameter. Then, recipients were injected with a 10% formaldehyde
solution and handed over to pathological anatomy for study.
Animals suffering unexpected exitus before the planned sacrifice date
were frozen at the moment we were informed of their death to avoid
excessive tissue deterioration.
Anatomopathological study of samples.
The objective of the histological examination was to determine the
variation in lumen at the endoprosthesis site and the cellularity of the
area where the prosthesis attaches to the normal trachea. The samples
were embedded in paraffin, cut in 5 micrometer (⌠m) sec-tions with a
microtome and stained with hematoxylin and eosin. Sections were cut
lon-gitudinally across the trachea to show the changes in the anterior,
transition and pros-thesis areas.
The inflammatory component was evaluated according to the type of
cells present (po-lymorphonuclear cells, eosinophils, lymphoplasmacytic
cells and giant cells) and the cellularity of the airway wall was evaluated
according to the semiquantitative scale: 0 = absence, 1 = slight, 2 = moderate, 3 = intense.
The results were interpreted keeping the different phases of a healing wound in mind, distinguishing three clearly different phases: inflammation, appearance of granulation tissue and fibrosis. Similarly, attention
was given to the appearance of granulomas or ulcerative lesions and the
appearance of epithelium.
The images were taken with an Olympus SC20® (Olympus Corporation) camera and they were analyzed with the image programs Analysis
GetlT® and Cell B® from the same company.
Measuring the tracheal lumen.
Immediately after obtaining the samples, a visual inspection of the
Rev Esp Patol Torac 2017; 29 (3) 179-187
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airway lumen was done, samples were photographed and, based on the
images, the diameter at the site of the endoprosthesis was determined.
To do this, Adobe Photoshop CC software (Adobe Systems Software
Ltd, Ireland) was used. As it was a visual examination, the residual airway
lumen values were rounded to simplify results.
As longitudinal histological cross-sections were cut, it was not possible
to directly measure the reduction in tracheal diameter as we did not have
the complete circumfe-rence. The calculation was made indirectly, measuring the thickness of the tracheal wall in the area immediately proximal
to the prosthesis and comparing wall thickness in the central area of the
prosthesis. The difference between these two sizes is the increased thickness of the wall at the prosthesis site.
Assuming the internal diameter of the trachea in the species and size
of rabbit used is an average of 6 mm, twice the value calculated after
the histological examination was sub-tracted from this diameter. Using
the classification from a similar study14 as a base, we classified a normal
lumen (6 mm), slight stenosis (4 - 6 mm), moderate stenosis (2 - 4 mm)
and sever stenosis (lumen less than 2 mm).
Ethical and legal aspects.
This project was approved by the Ethics Committee at the Hospital
Universitario Virgen del Rocío and animals were cared for and worked
with in accordance with the legisla-tion included in Spanish Royal Decree
1201/2005 on the protection of animals used for experimentation and
regulated by Law 32/2007 on caring for animals, their use, trans-portation, experimentation and sacrifice.
Statistical analysis
This is a descriptive study. The small number of animals per study
group made powerful statistical studies possible. To illustrate the results,
direct numerical data and the simple calculation of percentages were
used.
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RESULTS
Surgical process and postoperative follow-up.
The synthetic prosthesis was implanted in 25 animals as planned for in
the design of the study. The technical aspects of the procedure are shown
in Figure 1.
Table 1 includes the data for the procedure and the follow-up for the
experimental ani-mals.
It should be noted that, of the treated rabbits, 5 died during intervention or in the mi-nutes immediately following. The cause could not be
determined for two of these cases (ventilation was apparently adequate
throughout the entire intervention and no signifi-cant hemorrhages occurred). In the other three cases, we observed the appearance of liquid and
pink bubbles in the distal trachea. Deaths related to the surgical intervention were concentrated within group 1, with four animals.
During the follow-up period, six animals died unexpectedly. The majority of these were in groups 2 and 3.
In one case (R3), the animal needed to be sacrificed before the planned
date after detecting signs of stress (lethargy, immobility and lack of eating).
Macroscopic sample evaluation.
The trachea was removed en bloc, along with the surrounding muscular tissue, from the larynx to the chest entry (Figure 2). Tissue not belonging to the trachea was then re-moved to facilitate the histological study.
Samples were collected from all animals. However, three of them were
too degraded to obtain reliable histopathological results. Thus, 18 valid
samples were obtained in the end.
Once the samples were prepared, a macroscopic examination of the
airway diameter at the site of the prosthesis was done, comparing it to
the diameter in the area immediately preceding the prosthesis. Detailed
results are shown in Table 1. The diameter of the airway at the site of the
prosthesis in group 1 animals was observed to be, on average, 85% of the
normal trachea diameter, with a range between 80 and 90%. In group 2,
it was 67.3% (65-80%). In group 3, it was 78.7% (70-85%). And in group
4, it was 39% (15-60%).
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The presence of dehiscence at the sutures or inflammatory excrescent
lesions like gra-nulomas were not observed in any case.
In the cases in which diameter was reduced, it appears to have been
due to the growth of fibrous scar tissue inside the airway.
Of the animals that died unexpectedly, there was significant stenosis in
the airway in three, the cause of death could not be determined for one
(R16) and an examination of the airway could not be done for the other
two due to sample deterioration.
One animal (R3) was sacrificed due to dyspnea. Significant stenosis in
the lumen was found in the study of the airway which was very similar to
that found in the other ani-mals.

Figure 1. Completely dissected trachea of experimental animal (A) and once a segment was resected (B). Resected segment (C) and prosthesis of the same length to replace it (D). Finalized
anastomosis. We see that airway continuity is restored with the endoprosthesis (E).
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Table 1. Summary of the results immediately and significantly after implant. Rabbits are shown numbered in order of intervention. Group they belong to, comments
on follow-up (follow-up), total length of implant and the airway lumen percentage
at the site of prosthesis compared to the normal tracheal diameter.
Rabbit

Group

Follow-up (days)

Macro diameter

R1

1

Exitus in operating room.

Follow-up

-

-

R2

1

Unexpected exitus.
Deteriorated samples.

-

-

R3

1

Early sacrifice. Dyspnea.

27

85%

R4

1

Exitus in operating room.

-

-

R5

1

Exitus in operating room.

-

-

R6

1

Scheduled sacrifice.

45

85%

R7

1

Scheduled sacrifice.

45

80%

R8

1

Scheduled sacrifice.

45

85%

R9

1

Scheduled sacrifice.

45

90%

R10

2

Scheduled sacrifice.

45

80%

R11

2

Exitus in operating room.

-

-

R12

2

Scheduled sacrifice.

45

70%

45

40%

-

-

R13

2

Scheduled sacrifice.

R14

2

Exitus in operating room.

R15

2

Scheduled sacrifice.

45

65%

R16

3

Unexpected exitus.

24

80%

R17

3

Scheduled sacrifice.

90

80%

R18

3

Scheduled sacrifice.

90

70%

90

85%

-

-

R19

3

Scheduled sacrifice.

R20

3

Unexpected exitus.
Deteriorated samples.

R21

4

Scheduled sacrifice.

90

60%

R22

4

Scheduled sacrifice.

90

60%

R23

4

Unexpected exitus.

63

30%

R24

4

Unexpected exitus.

56

30%

R25

4

Unexpected exitus.

81

15%
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prosthesis, signs of granulation and fibrosis were observed. In group 3, only two
animals concluded the study period, but their samples seem to show advanced
inflammation and fibrosis. Finally, in group 4, with a long implant and prolonged
post-implant period, the key finding was fibrosis. In the last group, two of the
animals died before the end of the designated period (at 63 and 56 days after implant). However, the histological examination showed similar re-sults to those from
animals who were sacrificed at 90 days.

Figure 2. En bloc tracheal extraction (A). Tracheal rings can be seen surrounded by tissue.
The prosthesis, a bit more yellow in color, in the central area. On the left is the larynx and the
distal trachea is on the right. Taking of macroscopic measurements (B). Comparison of the
tracheal lumen in the segment of trachea immediately before the prosthesis (orange line) and
the prosthesis (green line).

Study of histological sample modifications.
After the collected samples were embedded in paraffin, cut and stained (Image
3), a cellularity study was done to evaluate the degree of prosthesis integration as
well as cellular colonization. Table 2 includes data obtained from the anatomopathological analysis of each sample, noting the cell group according to the proposed scale.
Three of the samples (R15, R18 and R25) became degraded during the fixing
and cut-ting process as the prosthesis broke loose from the wall, and thus it was not
possible to evaluate the results.
The loss of samples and premature deaths within the different groups complicated inter-pretation. However, the data obtained seemed to indicate that in group
1, with a shorter prosthesis and shorter post-implant period, there was a prevalence of inflammatory con-ditions. In group 2, with the same period and a longer
184

Figure 3. Histological study of the prosthesis and airway tissue with optical microscopy. Cellularity can be seen surrounding and within the prosthesis (grey). The measurements to later
evaluate the reduction in airway diameter are in red.
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Table 2. Evaluation of cellularity in samples. Evaluation according to the proposed scale for
the study (0 - cellularity absent, 1 - slight, 2 - moderate, 3 - intense). A histological interpretation was done correlating cellular findings with the different healing phases.
Group

PMN

Eosino

Lympho

Gia C.

Fibrosis

Ulcer

R3

1

0

0

0

1

2

0

Histological interpretation

Mod. granulat. fibrosis tiss.

R6

1

0

0

1

0

2

0

Initial fibrosis.

R7

1

2

1

0

0

0

0

Moderate inflammation.

R8

1

0

0

1

0

1

1

Granulat. tiss. Initial fibrosis.

R9

1

0

0

1

0

1

2

Granulat. tiss. Initial fibrosis.

R10

2

0

0

2

1

2

0

Granulat. tiss. Mod. fibrosis.

R12

2

1

1

1

0

0

0

Moderate inflammation.

R13

2

0

0

0

0

3

0

Severe fibrosis.

R15

2

-

-

-

-

-

-

R16

3

3

3

1

0

1

3

Intense inflammation.

R17

3

0

0

1

2

2

0

Granulation tissue.

R18

3

-

-

-

-

-

-

R19

3

0

0

0

0

3

0

Severe fibrosis.

R21

4

0

0

1

1

1

1

Granulat. tiss. Initial fibrosis.

R22

4

0

0

0

0

3

0

Severe fibrosis.

R23

4

0

0

0

0

2

0

Moderate fibrosis.

R24

4

0

0

0

1

2

0

Moderate fibrosis.

R25

4

-

-

-

-

-

-

Study of the tracheal lumen diameter at the site of prosthesis implantation.
As shown in Image 3, measurements of airway wall thickness, both normal and
at the site of the prosthetic implant, were taken from the optical microscopy photographs.
Table 3 includes the measurements taken, as well as diameter reduction in numeric val-ues and its expression on the stenosis scale we used.
It was not possible to study the samples degraded in the fixing, cutting and staining
process.
After examining the valid samples, fairly heterogeneous normal tracheal wall
thickness measurements were observed, in spite of the animals being the same
breed and similar weights, with an average value of 285.4 ⌠m and a range between
185

200 and 436 ⌠m.
Values at the prosthesis site also varied significantly (between 601 and 1,007 ⌠m)
with-out differences between the different groups
The difference between normal diameter and that of the prosthesis site was
between 309 and 604 ⌠m, also with no variation between groups.
However, despite the high variability in measurements and regardless of the
time or prosthesis length in all cases, the increase in tracheal wall thickness attributed to in-flammatory condition or scarring attributed to the implant were less than
or equal to one millimeter. This data does not coincide with the macroscopic analysis of the airway lumen, but it must be noted that it only reflects the determination
of wall thickness, without taking the global deformation of the implant into account which partially re-tracts during tissue integration, thus reducing its diameter.
Table 3. Specific diameters in tissue samples. Thickness of normal tracheal wall (T), thickness of prosthesis and periprosthetic tissue (Prosthesis), difference between the two (Diff =
Prosthesis - T). Reduction in diameter (Diff x 2) and degree of stenosis considering a normal
diameter of 6 mm.
T (⌠m)

Prosthesis (⌠m)

Diff. (⌠m)

Reduct. diam (mm)

Degree of stenosis

R3

235

630

395

0.79

Slight

R6

230

680

450

0.9

Slight

R7

200

601

401

0.8

Slight

R8

286

677

391

0.78

Slight

R9

281

693

412

0.82

Slight

R10

375

866

491

0.98

Slight

R12

201

639

438

0.87

Slight

R13

224

628

404

0.8

Slight

R15

-

-

-

-

-

R16

314

920

606

1.21

Slight

R17

241

701

460

0.92

Slight

R18

-

-

-

-

-

R19

397

706

309

0.62

Slight

R21

270

689

419

0.84

Slight

R22

239

674

435

0.87

Slight

R23

358

962

604

1.2

Slight

R24

436

1007

571

1.14

Slight

R25

-

-

-

-

-
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DISCUSSION
With respect to the purely technical aspects of the surgical technique, the
intervention was performed very similarly to how tracheal resections are done
in humans with the difference that, instead of using a termino-terminal anastomosis after the resection, a synthetic prosthesis was inserted. This surgical
technique can be done without major problems in these experimental animals
and the methodology is easily reproduced.
Five animals died during the surgical intervention or in the minutes immediately follow-ing. The cause of death could not be determined for two
of them. Nevertheless, the pink bubbles observed in the trachea in the other
three cases are compatible with the devel-opment of pulmonary edema which
is, in some cases, related to the use of anesthetics or to the stress caused by
surgery. Four of the deaths occurred in the first 5 animals in the study, thus
the high initial mortality rate can be directly attributed to the learning curves
both for the surgical and anesthetic techniques.
In spite of the close follow-up the animals received, seven died unexpectedly and, upon collecting samples, three were too deteriorated to be able to
complete reliable studies. After reviewing the process, the only plausible cause
for the loss of samples is malfunc-tion in the refrigeration system used to
store the bodies. Examining the airway of the other four animals, we observed
that three of them showed significant stenosis (above 30%) and, nevertheless,
there were no signs of stress that pointed to a specific problem. The absence
of symptoms was likely due to the very low level of physical activity in the
housed animals. In future studies conducted under similar conditions, it will
probably be necessary to add an imaging technique or endoscopic study for
postoperative follow-up.
One of the animals (R8) was sacrificed before originally planned after noting signs of stress (immobility, lack of eating and stridor). However, the examination of the airway did not show stenosis or other local problems which
justified the clinical presentation. Just as there are learning curves for the
anesthetic and surgical techniques, it is necessary to become familiar with the
clinical expressions of the postoperative period in order to correctly interpret
them.
The high mortality rate observed, attributed to the previously mentioned
causes, makes the direct move to clinical practice unthinkable. However, a
large part of the conditions that led to the death of the experimental animals
were controllable or avoidable, which facilitates future research in this field.
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No postoperative technical complications like dehiscence or granulomas
were observed in the macroscopic examination of the samples collected after
the animals were sacri-ficed. A good degree of prosthesis adhesion to the
cervical tissue was observed. There was no apparent infection or collection of
periprosthetic liquid.
The airway lumen maintained a good diameter in animals in which 5 mm
of airway were substituted (groups 1 and 3), with an average residual lumen of
85% in the 45-day group and 78.7% in the 90-day group. When substituting
10 mm, the residual lumen percentage decreases strikingly to 67 in group 2.
Stenosis is exacerbated when the pros-thesis is kept in longer, with a lumen
of 39% in group 4. This may explain why this group had more unexpected
deaths.
Although a small number of animals has been used, there seems to be a
clear relationship between the length of airway substituted and the final airway
lumen in such a way that the longer the substituted section, the lower the final
diameter of the trachea. The length of time also seems to influence the appearance of a higher degree of stenosis, with the tracheal lumen being smaller
in the groups which maintained the prosthesis for 90 days compared to the
45-day groups. This temporal effect is likely due to the histological changes
with the appearance of fibrosis and the retraction of the prosthesis.
Thus, the substitution of short airway segments with synthetic prostheses
seems to be safer and obtain better results with regard to final diameter. This
is not the case for long segments, in which significant stenosis occurred.
In the histological examination, the time frames established for animal sacrifice were shown to correspond fairly well to the healing stages. Thus, the
animals sacrificed less than 45 days after intervention showed clear inflammatory signs, those sacrificed at 45 days predominantly showed granulation
tissue and for those sacrificed at 90 days, the most notable tissue was fibrous
scar tissue. However, for the various reasons explained, there was a large loss
of samples, which significantly limited the final number per group, so findings
need to be confirmed by increasing the number of animals included in the
study.
There are several publications in the literature that support the hypothesis
that the pres-ence of fibrosis acts as a base for the later growth of functioning respiratory epithe-lium15-19. Nevertheless, the appearance of respiratory
epithelium over fibrous tissue formed inside the prosthesis was not observed
in any of the animals.
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Studying the variation in diameter with optical microscopy, it is striking
that the reduc-tion attributable to the increase in wall thickness caused by the
prosthesis and the peri-prosthetic tissue was about one millimeter in each case.
Assuming an airway to be 6 mm, this means only a 16.7% reduction, which
does not correlate with the macroscopic findings. This is due to the fact that
only a longitudinal section of the tracheal wall was available rather than the
specific circumference. As a result, structural changes to the prosthesis which
have been widely observed in other types of implants20, 21 were not taken into
account, such as those caused by wall collapse due to less consistency than
the airway and the contraction or retraction of the synthetic material. The set
of these three conditions (fibrosis, structural collapse and retraction) is what
causes the macros-copically-observed stenosis. However, the results of the
microscopic examination are very encouraging as the stenosis caused by tissue
reaction to the prosthetic material is minimal.
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CLINICAL NOTE
T-CELL LYMPHOBLASTIC LYMPHOMA DIAGNOSED WITH PLEURAL BIOPSY
J.M. Gálvez Lozano, N.P. De La Cruz Castro, J.C. Rodríguez Fernández.
Pulmonology-Allergy CMU. Hospital de Jerez de la Frontera.
First award-winning clinical case at the 2017 Congress

Abstract:
We present the case of a 47-year-old male, without any significant history of disease, who
was admitted to the pulmonology department with slowly progressing dyspnea. A left pleural
effusion was observed.The patient’s epidemiological background, clinical progress and the
cytobiochemical analysis of the pleural fluid initially pointed towards a diagnosis of pleural tuberculosis (TB).However, the pleural biopsy done to complete the study confirmed a definitive
diagnosis of t-cell lymphoblastic lymphoma.
The patient was transferred to the Hematology department, beginning a chemotherapy
treatment after the completion of an extended study.After several complications that arose
during said treatment, the patient was released and continues follow-up. He is currently in a
state of complete remission.
Key words: lymphoblastic lymphoma, pleural effusion, pleural biopsy.

LINFOMA LINFOBLÁSTICO TIPO T DIAGNOSTICADO POR BIOPSIA
PLEURAL
Resumen
Presentamos el caso de un hombre de 47 años, sin antecedentes patológicos importantes, que
ingresa a cargo de neumología con clínica de disnea lentamente progresiva, objetivándose un
derrame pleural izquierdo. Los antecedentes epidemiológicos del paciente, su evolución clínica y el análisis citobioquímico del liquido pleural, orientaban inicialmente al diagnóstico de
tuberculosis (TBC) pleural. Sin embargo, la biopsia pleural realizada para completar el estudio
confirmó el diagnóstico definitivo de Linfoma linfoblástico tipo T.
El paciente pasó a cargo del Servicio de hematología, comenzando tratamiento quimioterápico tras realizar estudio de extensión. Posteriormente a varias complicaciones que surgen
durante dicho tratamiento, el paciente es dado de alta y continua en seguimiento, permaneciendo actualmente en estado de remisión completa.
Palabras clave: linfoma linfoblástico, derrame pleural, biopsia pleural.

INTRODUCTION
Under the WHO’s classification system for hematologic neoplasms, lymphoblastic neoplasms, which can present as leukemia or lymphoma, are divided into two general categories: B-cell lymphoblastic leukemia/lymphoma, also called precursor B-cell acute lymphoblastic leukemia (precursor
B-ALL) and T-cell lymphoblastic leukemia/lymphoma, also called precursor
T-cell acute lymphoblastic leukemia (precursor T-ALL).
This is largely done because the prognosis and treatment differ between
B-cell and T-cell neoplasms. These can be divided into lymphoblastic lym-

phoma or lymphoblastic leukemia. Clinically, a case is defined as lymphoma
if there is a mass lesion in the mediastinum or another area and there are
<25% blasts in the bone marrow. Leukemia is classified as >25% blasts in
the bone marrow, with or without a mass lesion.
Although some patients present with predominantly lymphomatous involvement (for example, a mediastinal mass or other defined lesion), the majority later show medullary involvement. Similarly, patients presenting with
leukemia may have or develop extramedullary tumors. As a result, acute
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lymphoblastic lymphoma and lymphoblastic leukemia should be considered
the same disease with different clinical presentations.
A diagnosis is made based on an aspiration/biopsy of bone marrow and/
or other involved tissues. In this paper, we present the case of a diagnosis
made using pleural biopsy.
CLINICAL CASE
47-year-old Maghreb male, residing in Spain for 7 years, with no known
allergies to medication or dangerous habits, who does not refer to any noteworthy preexisting pathology. No at-home treatment is provided. He has
9 siblings (4 male, 5 female) and 6 children. Family history of tuberculous
lymphadenitis is unlikely. He has no oncological or hematological family history.
The patient goes to the hospital emergency department presenting with
signs of progressively worsening dyspnea that has evolved over 2 months to
the point of making minimal effort and suffering from pleurisy. No registered
fever. No weight loss. No nausea or vomiting.
Physical examination: Glasgow Coma Scale: 15/15, with no neurological
focality; no nuchal rigidity. No signs of dehydration and normal skin and mucus coloring.
Lung auscultation: reduced vesicular murmur in the left lung base, with
no other pathological sounds. Cardiac auscultation: normal intensity tones
without bruit.
Abdomen: soft, no tenderness, splenomegaly unlikely and positive peristalsis.
Extremities: no edema or deep vein thrombosis; no peripheral perfusion
deficit.
Left submandibular, bilateral cervical and inguinal lymphadenopathies of
about 4-5 cm can be felt.
Complementary tests:
1. Analysis: Hemogram. Slight leukocytosis without other notable changes.
Serum iron, coagulation study, basic biochemistry and immunoglobulins:
normal. Proteinogram: slightly elevated alpha-2. HIV, cytomegalovirus,
Epstein Barr virus, syphilis, and hepatitis B serology: negative for active
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infection. Hepatitis C virus antibody: negative.
2- Chest x-ray: practically complete opacification of the left hemithorax, with
right displaced cardiomediastinal structures; the presence of the polylobulated surface observed in the small area of this hemithorax with air density
suggests an extensive and very thick, mesothelioma-type pleural mass.
3- Chest CT: marked nodular thickening of the left pleural cavity and mediastinal masses and lymphadenopathies, findings very likely caused by neoplasm. Initially assessed as mesothelioma or adenocarcinoma (Figure 1.
Admission chest CT).
4- Thoracic ultrasound: moderate left pleural effusion. Linear images with
“snowy” interior, suggesting partitioning. Marked parietal and visceral
pleural thickening. Subjacent lung with mamelonated pleural thickening. It
was not possible to clearly view the pulmonary echostructure. Diagnostic
thoracentesis was done and 20 cc. of blood tinged fluid was extracted,
which was sent to Cytobiochemisty, Microbiology and Anatomic Pathology. After studying the pleural fluid, a lymphocyte-predominant exudate
with elevated ADA was observed. Pleural fluid cytology: highly cellular
smear made up of limited reactive mesothelial cells and primarily by an
intense population of small lymphocytes, heterogeneous without cellular
atypia. Said findings were nonspecific, including the differential diagnosis
of different infectious and inflammatory processes such as tuberculosis.
Negative for neoplastic cells. Microbiological study of pleural fluid: negative. A pleural biopsy to confirm pleural TB and resistance study were also
done. The biopsy confirmed the definitive diagnosis of t-cell lymphoblastic lymphoma
5- Pleural biopsy: after signing the informed consent, a pleural biopsy (x3) with
Tru-cut (18G) using ultrasound was done without immediate complications and thoracentesis was done with Abbocath Nº16, draining 850 cc of
serosanguinous fluid without immediate complications. Result: infiltration
of the pleural wall by a population of small cells with limited cytoplasm
and a round nucleus with dense chromatin, which appear to correspond to
small lymphocytes and have the following profile:
Chromogranin: negative.
CD10: negative.
CD20: negative.
CD79a: barely positive.
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CD3: positive.
CD5: positive.
CD23: negative.
CD56: negative.
Ki 67: near 99%.
Pleural wall with T-CELL LYMPHOBLASTIC LEUKEMIA/LYMPHOMA INFILTRATION.
6- Medullary aspiration: bone marrow with representation of all cell lines in
which 2% immature cells are observed, lymphomatous bone marrow infiltration is ruled out.
Bone marrow biopsy: bone cylinder that shows general conserved architecture with a good relationship between hemopoietic tissue and adipose
tissue, conserving all series, with no observed neoplastic lymphoid infiltrate. Bone marrow within normal limits.
7- Spine-chest-abdominal CT: marked left pleural thickening associated with pleural effusion and atelectasis of the left lung. Mediastinal adenopathy masses
and hilar, cervical, supraclavicular and, to a lesser extent and less likely
significance, abdominal and axillary adenopathies.
8- Echocardiogram: inconclusive study from the cardiological perspective with
imaging of the parasternal region and an apical dense mass over fluid background, with good edge motility, suggesting a mediastinal mass.
Definitive diagnosis: stage IV-a lymphoblastic lymphoma with bulky mediastinal mass.
Once the diagnosis was established, staging was determined with an extended study and chemotherapy treatment was then started with the hyper-CVAD
regimen (Cycle A: cyclophosphamide, vincristine, doxorubicin, Adriamycin
and dexamethasone; Cycle B: methotrexate and cytarabine) after signing the
informed consent. The third day of the cycle, an alteration was seen in urea,
creatinine, uric acid, calcium and phosphorus amounts, a sign compatible with
tumor lysis syndrome, which required increased hydration, intensifying diuresis, and substituting allopurinol with Rasburicase, as well as maintaining close
analytical control. There were also isolated episodes of bradycardia, chest pain
and dyspnea. All of these symptoms were quickly controlled with the measures taken. After one month of hospitalization and in light of favorable clinical
evolution, the patient was released for outpatient monitoring.
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Patient evolution.
After diagnosis, the patient received chemotherapy treatment with the
hyper-CVAD regimen (4 cycles), achieving partial remission. As a result, he
underwent 6 additional cycles. At 7 months, he shows disease progression,
and thus begins a 2nd line treatment with nelarabine (4 cycles) and local mediastinal radiation therapy, achieving partial remission. Hematopoietic stem
cell transplantation (HSCT) was not done due to the patient presenting with
febrile neutropenia after induction with the DHAP regimen (cisplatin, cytarabine, dexamethasone).
To date, the patient has suffered several post-chemotherapy complications:
tumor lysis syndrome; hospitalization for toxic hepatopathy; neutropenic fever; esophageal candidiasis; cytomegalovirus infection with gastric, pulmonary, retinal and hepatic involvement; and septic shock from pneumococcal
pneumonia that required admission to the Intensive Care Unit.
The patient continues to undergo periodical examinations at hematology clinics and is currently in a state of complete remission (Figure 2. Chest CT after
chemotherapy).

Figure 1.
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Figure 2.

DISCUSSION
T-cell lymphoblastic lymphoma most often affects adolescents and
adults, primarily males at a ratio of 2:1 and accounts for 2% of adult
non-Hodgkin lymphomas1. Incidence in the United States is approximately three cases per one million people a year and does not vary according
to ethnicity2.
Patients are usually male, in their early 20s, and present with cervical,
supraclavicular and axillary lymphadenopathies (50%) or a mediastinal
mass (50-75%)3.
In most patients, the mediastinal mass is anterior, bulky and associated
with pleural effusions. These masses can cause complications like superior vena cava syndrome, tracheal obstruction and pericardial effusions
(with or without tamponade). The evolution of the disease can vary, with
some patients showing symptoms which slowly progress over weeks or
months and others present with more acute symptoms4.
Less commonly, patients present with extranodal disease (for example,
cutaneous, testicular or bone involvement). Abdominal involvement is
very infrequent, but when it does occur, it is mainly found in the liver and
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spleen5.
More than 80% of patients with the disease are stage III or IV and
almost 50% of all patients have B symptoms. In the majority, lactate
dehydrogenase (LDH) serum levels are elevated. Although the bone marrow often appears normal, approximately 60% of patients develop bone
marrow infiltration and subsequent leukemia6.
Evaluation of cerebrospinal fluid is essential to rule out central nervous system (CNS) involvement which is often observed. Patients with
bone marrow involvement show a particularly high incidence of CNS
infiltration7.
A diagnosis of T-cell lymphoblastic leukemia/lymphoma is made by
performing a bone marrow aspiration and/or biopsy and/or aspiration
with or without biopsy of other involved tissues, such as the mediastinum. In addition to histological analysis, portions of the aspirated material or the biopsy sample must be sent for flow cytometry and cytogenetic
evaluation8.
The term T-cell acute lymphoblastic leukemia is used when there are
more than 25% blasts in bone marrow, with or without a mass lesion. In
cases with a mass lesion and less than 25% bone marrow involvement, the
term T-cell lymphoblastic lymphoma is used9.
Our clinical case confirms the importance of pleural biopsy in patients
with suspected pleural TB.
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LARYNGEAL TUBERCULOSIS. INITIAL DIAGNOSIS THROUGH
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CASE DESCRIPTION
54-year-old male prisoner, 82 kg in weight and 175 cm in height (body
mass index 26.78), gave up smoking 2 packs per day 1 year ago, with a
history of chronic arterial grade III ischemia in lower left limb and trigeminal neuralgia. This is being treated with clopidogrel, ASA and omeprazole.
He went to the emergency room with a cough, initially productive and
then dry for 2 months, accompanied by scarce episodes of hemoptysis
and odynophagia, but without dysphonia or weight loss. Physical examination was anodyne. The blood analysis detected PCR levels of 98.40
mg/L, revealing no leukocytosis. He was assessed by the otolaryngologist, who observed a thickened epiglottis with vocal cord involvement, to
rule out epiglottic neoformation.
A multiple detector computed tomography (MDCT) scan of the neck
was carried out to show the uniform thickening of the epiglottis with
diffuse involvement of the left aryepliglottic fold (Figure 1).
A chest x-ray revealed a cavitated lesion in the apex of the right hemithorax and pseudo condensation images in the apex of the left he-

mithorax (Figure 2). Before this finding, a MDCT of the thorax was
carried out, where a cavitated lesion with a thickened wall could be seen
in the upper right lobe measuring approximately 47.61 x 48.91 mm, with
several micro-cavitated lesions observed in both upper lobes. Also, nodular and centrilobular lesions were observed with a “tree-in-bud” pattern,
affecting both lungs and practically all lobes (Figure 3).
There is a broad differential diagnosis, ranging from a neoplastic process to inflammatory and infectious processes. Nevertheless, the first
diagnosis to take into account, judging by the findings in the MDCT of
the neck and thorax and the chest X-ray, would be laryngeal and pulmonary tuberculosis, even though pathological lymphadenopathy wasn’t
identified (Figure 3).
The Mantoux test results were negative. The Ziehl-Neelsen stain detected a few acid-fast bacilli, while the Lowenstein 2 culture tested positive for microbacteria. Tetraconjugate tuberculosis treatment began. After
8 days, he showed clear clinical respiratory and laryngeal improvement.
After 18 days the smear was repeated, which did not detect any acid-fast
bacilli.
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Tuberculosis has a global incidence of 9.6 million cases, with 1.5 million annual deaths1, making it the main cause of global death by infectious diseases2. In Spain, the incidence is slightly less than the rest of the
EU at 10.80 cases per 100,000 people in 20141. But within the prison
environment it’s 200 times higher, reaching 2,283 cases per every 100,000
inmates3.
Laryngeal tuberculosis is an infection produced by mycobacteria,
which usually comes secondary to pulmonary tuberculosis in 80% of cases, although it can also be primary4. It is the most frequent granulomatous disease of the larynx5. Even though it only represents 1 to 2% of all
extrapulmonary tuberculosis cases, it’s the second leading cause of tuberculosis in the neck and head, only surpassed by lymphatic tuberculosis6.
This disease affects 2 men for every woman and the average age of
detection is usually 44, although in recent years an important increase has
been detected in cases within the age range of 55-65 years1.
The most frequent symptoms are cough, dysphonia and odynophagia
and, to a lesser extent, weight loss. In patients who smoke, the number of
laryngeal lesions was greater than in those who don’t8.
Laryngeal tuberculosis is frequently diagnosed late or misdiagnosed
due to the symptomology being slow and deceptive2. This brings about
a very important public health issue9. In cases of primary laryngeal tuberculosis, it’s important to carry out a proper differential diagnosis with
laryngeal neoplasms, as well as in cases of pulmonary tuberculosis accompanied by laryngeal neoplasia5.

Figure 1. Neck MDCT with contrast: thickening uniformity of the glottis with diffuse involvement of the left aryepliglottic fold. The red arrow indicates the thickening of the epiglottis with
involvement of the left aryepliglottic fold.

Figure 2. Chest X-ray: cavitated lesion in the apex of the right hemithorax and pseudo condensation images in the apex of the left hemithorax. The red line surrounds the cavitated lesion
while the blue lines surround the pseudo condensation images.
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Figure 3. MDCT of the thorax with contrast in the mediastinal and lung windows: cavitated lesion with a thickened wall in the superior right lobe that measures approximately 47.61 x 48.91
mm, observing various micro-cavitated lesions in both superior lobes. Furthermore, nodular
and centrilobular lesions with a “tree-in-bud” pattern. The red arrow indicates the cavitated
lesion. The blue arrow indicates the nodular and centrilobular lesions.
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LETTER TO THE DIRECTOR
PHARYNGEAL WALL EFFECTS OF SLEEP APNEA SYNDROME (OSAS)
AND CONTINUOUS POSITIVE AIRWAY PRESSURE (CPAP) MEASURED BY ULTRASONOGRAPHY
J.M. Benítez Moya, S. Morales Horrillo.
Respiratory and Radiodiagnostics Clinical Management Units. Hospital Virgen Macarena. Seville.
Mr. Director:
Our initial objective was to know the role of ultrasonography in patients with
obstructive sleep apnea syndrome (OSAS). The hypothesis of our work was:
1) The density of the lateral pharyngeal wall is greater for patients with
OSAS than patients without the syndrome.
2) This density will lessen with the application of CPAP treatment.
In order to guarantee a good technique, an ultrasound scan of the neck was
initially performed on 30 people without OSAS. The objective of this was to
measure the distance between the common carotid artery and three points
(A, B, C), which seemed the most likely to correspond to the pharyngeal wall.
This was measured with a 3-5 Mhz curvilinear transducer, used to look for the
posterolateral orientation. The distance to point A ranged from 1.2–5.7 mm.
The distance to point B ranged between 2-7 mm, and to point C, between 3.68.7 mm (Table 1).
This range of values obtained through ultrasonography led us to assume
that it would not be very rigorous to accept a measurement for the assessment
of the lateral pharyngeal wall in OSAS and its changes when using CPAP as
valid.

Subsequently, a patient underwent a computerized axial tomography (CAT)
scan of the neck, followed by an ultrasound, and the measurements that were
obtained from the common carotid artery to the pharyngeal wall were: right
CAT: 11.7 mm; ultrasound: 5.7 mm. Left CAT: 9.7 mm; ultrasound: 7.2 mm.
After looking at CAT and MRI scans of the neck, which were done for
other reasons, it was observed that the lateral pharyngeal wall is irregular and
curvilinear. However, given that the resolution of these scans is much better
than the ultrasound, we obtained reliable and concurrent values. Nevertheless,
the high cost and radiation for both techniques makes it impossible to recommend this study.
Therefore, we believe the dispersion of the data obtained in the measurements of these thirty neck ultrasounds is caused by:
1) The irregular and curvilinear lateral pharyngeal wall.
2) Wall anfractuousness.
3) Reverberation of echoes.
Its comparison with the CAT scan and neck resonances leads us to conclude that it is not an adequate method of assessing the modifications of the
lateral pharyngeal wall in OSAS and, therefore, we have ceased with the study.
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Table 1. Ultrasonography measurements from the common carotid artery to three approximate
points in the lateral pharyngeal wall (A, B, C), in an area contiguous with the carotid bifurcation.

MEAN

STANDARD DEVIATION

POINT A

3.22

+/- 1.30

POINT B

4.76

+/-1.43

POINT C

5.95

+/-1.71
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