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ORIGINAL RESEARCH ARTICLE

Diaphragmatic excursion by ultrasound: reference values for the normal population;
a cross-sectional study in Egypt

ABSTRACT

Ahmed E. Kabil,1 Eman Sobh,2,3 Mahmoud Elsaeed,1 Houssam Eldin Hassanin,1 Ibrahim H. Yousef,1
Heba H. Eltrawy,2 Ahmed M. Ewis,1 Ahmed Aboseif,1 AbdAllah M. Albalsha,1 Sawsan Elsawy,2
Abdul Rahman H. Ali3,4
1
Chest Diseases Department, Faculty of Medicine, Al-Azhar University, Cairo, Egypt
2Chest Diseases Department, Faculty of Medicine for Girls, Al-Azhar University, Cairo, Egypt
3College of Medical Rehabilitation Sciences, Taibah University, Medina, Saudi Arabia
4Mahatma Gandhi University, Meghalaya, India
Background: Measurement of diaphragmatic motion by ultrasound is being utilized in different aspects of clinical
practice. Defining reference values of the diaphragmatic excursion is important to identify those with diaphragmatic
motion abnormalities. This study aimed to define the normal range of diaphragmatic motion (reference values) by Mmode ultrasound for the normal population.
Methods: Healthy volunteers were included in this study. Those with comorbidities, skeletal deformity, acute or
chronic respiratory illness were excluded. Diaphragmatic ultrasound in the supine position was performed using a lowfrequency probe. The B-mode was applied for diaphragmatic identification, and the M-mode was employed for the
recording of the amplitude of diaphragm contraction during quiet breathing, deep breathing and sniffing.
Results: The study included 757 healthy subjects [478 men (63.14%) and 279 women (36.86%)] with normal spirometry and negative history of previous or current respiratory illness. Their mean age and BMI were 45.17 ±14.84 years
and 29.36±19.68 (kg/m2). The mean right hemidiaphragmatic excursion was 2.32±0.54, 5.54±1.26 and 2.90±0.63 for
quiet breathing, deep breathing and sniffing, respectively, while the left hemidiaphragmatic excursion was 2.35±0.54,
5.30±1.21 and 2.97±0.56 cm for quiet breathing, deep breathing and sniffing, respectively. There was a statistically
significant difference between right and left diaphragmatic excursion among all studied subjects. The ratio of right to
left diaphragmatic excursion during quiet breathing was (1.009±0.19); maximum 181% and minimum 28%. Only 19
cases showed a right to left ratio of less than 50% (5 men and 14 women). The diaphragmatic excursion was higher in
males than females. There was a significant difference in diaphragmatic excursion among age groups. Age, sex and
BMI significantly affected the diaphragmatic motion.
Conclusions: Diaphragmatic excursion values presented in this study can be used as reference values to detect
diaphragmatic dysfunction in clinical practice. Diaphragmatic motion is affected by several factors including age, sex
and body mass index.
Key words: diaphragmatic ultrasound; diaphragmatic excursion; diaphragmatic motion; M-mode ultrasound;
reference values; normal values.

Correspondence: Ahmed Elshahat Kabil, Chest Diseases Department, Faculty of Medicine, Al-Azhar University, Cairo,
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Conflict of interest: The authors declare that they have no competing interests, and all authors confirm accuracy.
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the left midclavicular and midaxillary lines below the left costal
margin. The probe was directed in the same way as the right side
[8]. Targeting to improve visualization of the left hemidiaphragm,
and overcome the small acoustic window of spleen, the probe was
sometimes displaced caudally in the abdomen to obtain a better
angle for visualization. The diaphragm was seen as a single
echogenic line (Figure 1), moving towards the probe during inspiration and away from the probe during expiration [5].
Diaphragmatic excursion was defined as the difference between
the highest point and steep point (amplitude). The diaphragmatic
excursion was recorded in different respiratory phases; tidal
breathing (normal quiet inspiration), deep inspiration (holding up
breathing after maximal inspiration), and sniffing (quick nasal
inspiration with a closed mouth) (Figure 2). The direction of movement was also observed (normal or paradoxical), as absent or paradoxical motion may indicate diaphragm paralysis.

Introduction
The diaphragm is the main muscle of respiration [1].
Diaphragmatic excursion is 1-2 cm during tidal breathing and 7-11
cm during deep inspiration [2]. The assessment of diaphragmatic
function is important for diagnosis and follow up of various physiologic and pathologic conditions [1-4]. Several methods exist for the
evaluation of diaphragmatic function. These methods include fluoroscopy [3], computed tomography [4], magnetic resonance imaging
[2], and ultrasonography [5]. Thoracic ultrasound has been reported
to be a useful tool for the examination of diaphragmatic function [6].
It is a bedside non-invasive tool that provides various techniques for
evaluation of diaphragmatic function including measurement of
diaphragmatic excursion and thickness as well as changes during
different phases of inspiration [7]. Ultrasonography has been proved
to be superior to fluoroscopy and can provide accurate measurement
of diaphragmatic excursion [3]. Previous studies highlighted the lack
of reference values for diaphragmatic excursion in the normal population which complicates diagnosing abnormal diaphragmatic
motion in certain diseases. No data is available about diaphragmatic
motion in the normal Egyptian population and no reference data are
available to compare with. This study aimed to explore the normal
diaphragmatic excursion in the Egyptian population by M-mode
ultrasonography.

Statistical analysis
All data were analyzed by SPSS (Statistical Package for Social
Sciences) software version 19 (IBM corp., Armonk, NY, USA) after
data cleaning and check. Numerical data were presented as mean
±SD, while categorical data were presented as number (percentage).
Independent sample t-test and ANOVA were used for comparisons,
Pearson correlation coefficient for testing the relationship between
diaphragmatic excursion and demographic parameters, and linear
regression analysis for the detection of factors affecting diaphragmatic motion. The significance level was set at a p≤0.05.

Methods
This is a cross-sectional study that initially included 780 participants. Twenty-three subjects were excluded due to poor images
or failed visualization of one hemidiaphragm, rendering the finally
included number 757 individuals (478 males and 279 females), all
had normal lung functions with no history of chest disease.
Smokers, those with acute respiratory illness, chronic respiratory
disease, associated comorbidities, physical disability, abnormal
pulmonary function tests or history of anesthesia within the past
six months were excluded from the study.

Results
Totally, 757 healthy subjects with normal spirometry were
included in this study [478 men (63.14%) and 279 women
(36.86%)]. The mean age of the study population was 45.17±14.84
years. Men were significantly older, had significantly higher FVC%
and VT%, while women had significantly higher body mass index
(BMI) and better FEF25-75% (Table 1). There was a statistically
significant difference between right and left diaphragmatic excursion among all studied subjects (Table 2). The ratio of right to left
diaphragmatic excursion during quiet breathing was (1.009±0.19);
maximum 181% and minimum 28%. Only 19 cases showed a right
to left ratio less than 50% (5 men and 14 women). Right diaphrag-

Spirometry
Pulmonary functions were done using spirometry (Spirosift
5000; Fukuda Denshi, Beijing, China). The operator encouraged all
subjects verbally to exhale as fast and as deep as possible. Each subject performed at least three technically accepted measurements, and
the best of them was selected for statistical analysis. All measurements were performed according to ERS/ATS standards [7].

Diaphragmatic ultrasound
All sonographic examinations were done by the research team.
Inter-operator and intra-operator variability were excellent (data
not shown). Examinations were performed at quiet temperature
(22-25C°). All subjects were asked to rest for 30 min before sonography. Ultrasonography was done using an ultrasound device
(SSI6000; Sonoscape, Nanshan, China), while subjects located in
the supine position. Examinations were performed using 3.5 MHz
curvilinear probe. Each hemidiaphragm was first visualized by Bmode, then M-mode was used to evaluate diaphragmatic excursion
in tidal breathing, deep breathing and sniff. The right hemidiaphragm was measured by positioning the probe between the midclavicular and midaxillary lines below the right costal margin (subcostal approach), using the liver as an acoustic window. The probe
was directed medially, cephalic and dorsally. When the hemidiaphragm was well visualized, the M-mode was applied to measure
the excursion [8]. The left hemidiaphragm was visualized using the
spleen as an acoustic window. The probe was positioned between

Figure 1. Right diaphragm visualization by B-mode ultrasound.
The diaphragm is seen as a thick white line moving with respiration. The liver is used as an echogenic window.
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matic motion was significantly higher in men than in women (Table
3). There were significant differences in diaphragmatic excursion
among age groups (Table 4). However, there were no statistically
significant differences among BMI categories (Table 5). A statistically significant positive correlation was found between age and
right diaphragmatic excursion during both deep breathing and sniffing, and between age and left hemidiaphragmatic excursion during
deep breathing (r=0.045, p˂0.001, r=0.117, p=0.001, r=0.190,
p˂0.001, respectively). A statistically significant negative correlation was observed between age and left hemidiaphragmatic excursion during quiet breathing (r=-0.098, p=0.007). On the other hand,

a statistically significant negative correlation was detected between
BMI and right hemidiaphragmatic excursion during deep breathing
and sniffing, and between BMI and left hemidiaphragmatic excursion during deep breathing (r = 0.182, p˂0.001; r = -0.094, p=0.009;
r = -0.142, p˂0.001, respectively). A positive correlation between
BMI and left hemidiaphragmatic excursion was found during quiet
breathing (r = 0.148, p˂0.001) (Table 6). Regression analysis
revealed that sex, age, BMI and pulmonary functions affect
diaphragmatic motion (good predictors). Age, sex and BMI index
significantly affect diaphragmatic motion by variable extents during different types of breathing.

Figure 2. Visualization and measurement of right diaphragmatic excursion by M-mode ultrasound. The diaphragm is seen as a white
line moving with respiration. The diaphragmatic excursion is measured as the amplitude of wave seen in M-mode during breathing.
Table 1. Demographic data and pulmonary functions of the studied population.
Age (year)
BMI (kg/m2)
FEV1%
FVC%
VT (L)
VT%
FEF25-75%

Total (n=757)

Men (n=478)

Women (n=279)

p#

45.17±14.84
28.36±5.2
88.22±9.06
87.64±11.14
0.57±0.53
90.41±7.70
81.67±10.63

49.21±14.99
27.26±4.43
87.80±8.65
87.99±12.31
0.60±.0.66
90.43±8.43
80.27±10.31

38.25±11.707
29.63±6.03
88.94±9.69
87.03±8.75
0.052±0.099
90.38±6.27
84.07±10.75

0.001*
0.001*
0.067
0.023*
0.001*
0.013*
0.001*

Comparison between men and women; *p<0.05.

#

Table 2. Diaphragmatic excursion in the normal population.
Right hemidiaphragm
mean±SD
min-max
Quiet breathing (cm)
Deep breathing (cm)
Sniffing (cm)

2.32±0.54
5.54±1.26
2.90±0.63

Left hemidiaphragm
mean±SD
min-max

0.72-3.90
2.28-8.80
1.01-4.90

2.35±0.54
5.30±1.21
2.97±0.56

1.26-3.95
2.4-7.74
1.40-4.88

p
0.009
<0.001
0.001

Table 3. Diaphragmatic excursion according to sex.
Right hemidiaphragm

Left hemidiaphragm

Quiet breathing
Deep breathing
Sniffing 3.02±0.54
Quiet breathing
Deep breathing
Sniffing 2.98±0.53

Comparison between men and women; *p<0.05.

Men (n=478)

Women (n=279)

p#

2.37±0.53
5.74±1.26
2.69±0.71
2.33±0.54
5.46±1.21
2.96±0.59

2.22±0.54
5.20±1.19
0.001*
2.38±0.55
5.03±1.15
0.201

0.004*
<0.001*

#
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ences in height, weight, age [6,8], diaphragmatic mass, diaphragmatic fiber type property, metabolic activity, contractile properties
and environmental factors [9].
In the current study, a statistically significant positive correlation was observed between age and diaphragmatic excursion during both deep breathing and sniffing in the right side, and during
deep breathing only in the left one. Besides, a statistically significant negative correlation was revealed between age and left
hemidiaphragmatic excursion during quiet breathing (Table 4).
Kantarci et al. [13] found that diaphragmatic function is significantly lower in the individuals below 30 years when compared to
those aged more than 30 years.
We did not find any significant statistical differences among
BMI categories (Table 5). However, there was a significant positive correlation between BMI and left hemidiaphragmatic excursion during quiet breathing (Table 6). Moreover, regression analysis showed that age, sex and BMI are the main factors that significantly affect diaphragmatic excursion. Kantarci et al. [13] reported a significant difference in diaphragmatic motion according to
BMI categories and explained this by the difference in fat and muscle composition. In the same context, Scarlata et al. [12] reported
a significant correlation between diaphragmatic motion and gender, age, weight and height. This difference is clinically important
for the identification of those with a risk of low diaphragmatic
function to include them in rehabilitation programs. This discrepancy between studies may be due to different demographic characters and distribution of population in different body mass index
categories. Increased diaphragmatic motion with increased BMI
may be attributed to differences in height or the increased
diaphragm weight with increased body weight [10]. This can be
confirmed through the assessment of diaphragmatic thickness by

Discussion
Diaphragm accounts for three fourths of lung ventilation [9].
Diaphragmatic imaging is important for the diagnosis of diaphragmatic dysfunction or paralysis [3,9]. Normal values of diaphragmatic excursion are important to evaluate abnormalities in different diseases [8]. Diaphragmatic dysfunction (weakness or paralysis) is usually underdiagnosed in clinical practice [10]. Normal values can be used to detect either hypokinesia or hyperkinesia [11].
In this study we found that the mean diaphragmatic excursion for
right hemidiaphragm during quiet breathing was 2.32±0.54 cm,
while that for the left one was 2.35±0.54 cm. The mean diaphragmatic excursion during deep breathing was 5.54±1.26 cm for the
right side and 5.30±1.21 cm for the left, whereas the excursion during sniffing was 2.90±0.63 cm for the right side and 2.97±0.56 cm
for the contralateral hemidiaphragm. These results are in line with
the results of previous reports [5-7]. Normal diaphragmatic excursion in tidal breathing in previous studies was reported to be from
1-2.5 cm [8]. These values can be affected by age, sex, body composition [12,13], scanning position, and phase of inspiration [14].
Right diaphragmatic excursion was shown to be significantly better in men than in women (Table 3). The same results were reported by Kantarci et al. who in their study reported a significant difference in diaphragmatic motion between male and female subjects [13]. In their study, sex was the most significant factor affecting diaphragmatic function. In our study, there was a significant
difference in diaphragmatic excursion among age groups (Table 4).
Similar results were reported in previous studies [6,8]. Boussuges et
al. [8] reported a higher diaphragmatic excursion in men than
women in all types of breathing. This can be attributed to differTable 4. Diaphragmatic excursion according to age groups.
Age in groups
<30 year (n=129)
31-50 year (n=292)
51-65 year (n=277)
>65 year
p

Quiet breathing
2.34±0.55
2.26±0.55
2.37±0.54
2.31±0.41
0.003*

Right hemidiaphragm
Deep breathing
Sniffing
5.51±1.16
5.33±1.17
5.67±1.35
6.10±1.19
0.001*

Quiet breathing

Left hemidiaphragm
Deep breathing

Sniffing

2.39±0.56
2.38±0.58
2.32±0.50
2.20±0.46
0.001*

5.22±1.19
5.10±1.11
5.42±1.31
5.91±1.03
0.001*

3.03±0.59
2.98±0.62
2.95±0.47
2.96±0.55
0.000*

Quiet breathing

Left hemidiaphragm
Deep breathing

Sniffing

1.90±0.62
2.24±0.60
2.33±0.54
2.45±0.48
≤0.001

6.13±0.66
5.44±1.10
5.34±1.21
5.12±1.28
0.005

2.67±0.29
2.94±0.56
2.99±0.57
3.00±0.55
0.056

2.87±0.74
2.83±0.69
2.96±0.52
3.04±0.46
0.579

*p<0.05.

Table 5. Diaphragmatic excursion according to BMI.
BMI in groups
<18.5 (n=11)
>18.5-24.9 (n=183)
25-29.9 (n=302)
≥30 (n=261)
p

Quiet breathing
2.12±0.50
2.26±0.56
2.33±0.54
2.35±0.52
0.089

Right hemidiaphragm
Deep breathing
Sniffing
6.47±0.73
5.73±1.08
5.62±1.24
5.28±1.36
≤0.001

2.98±0.37
2.89±0.60
2.94±0.61
2.85±0.67
0.55

Table 6. Correlation with body mass index and age and diaphragmatic excursion.
BMI in groups
BMI (n=757)
Age (n=757)

Quiet breathing
Pearson Correlation
Significance (2-tailed)
Pearson Correlation
Significance (2-tailed)

0.031
0.395
0.045
0.221

BMI, body mass index; **correlation is significant at the 0.01 level (2-tailed).

Right hemidiaphragm
Deep breathing Sniffing
-0.182**
≤0.001
0.164**
˂0.001
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-0.094**
0.009
0.117**
0.001

Left hemidiaphragm
Quiet breathing Deep breathing Sniffing
0.148**
≤0.001
-0.098**
0.007

-0.143**
≤0.001
0.190**
˂0.001

0.040
0.273
0.041
0.266
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ultrasonography.
The strengths of this study include the large number of studied
populations, different age groups and body composition. This
study reflects the normal distribution of diaphragmatic excursion
in the normal population in Egypt. Knowing normal references for
diaphragmatic ultrasound measurements can be of clinical value in
identifying and diagnosing diaphragmatic paralysis, as well as
exploring the cause and predicting the prognosis of diaphragm
paralysis [15]. Diaphragmatic ultrasound normal values can be
also used to predict the response to treatment as in rehabilitation
programs, in addition to setting cut-off values to predict successful
weaning parameters from mechanical ventilation. Likewise, it can
be used to evaluate diaphragmatic function before and after surgeries. Furthermore, these values can also predict diaphragmatic dysfunction and deconditioning [15]. They can be applied as a predictor of mechanical ventilation-induced diaphragm dysfunction, too
[16]. The unequal distribution of age groups, the disparity of BMI
among different age groups, together with the inability to perform
a simultaneous assessment of pulmonary functions and diaphragmatic motion by ultrasound due to technical difficulties are the
main limitations of this study. The study included only Egyptian
volunteers, which may be considered another limitation, so large
worldwide studies are recommended to reach worldwide normal
values that can be applied to all countries. Also, further studies are
needed for assessments of diaphragmatic functions in patients with
chronic respiratory diseases.

Goodman LR. Diaphragmatic motion: Fast gradient-recalledecho MR imaging in healthy subjects. Radiology
1995;194:879-84.
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4. Li G, Wei J, Huang H, Gaebler CP, Yuan A, Deasy JO.
Automatic assessment of average diaphragm motion trajectory
from 4DCT images through machine learning. Biomed Phys
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5. Epelman M, Navarro OM, Daneman A, Miller SF. M-mode
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2005;35:661–7.
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Gentiloni Silveri N. Ultrasound M-Mode assessment of
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9. Gerscovich EO, Cronan M, McGahan JR, Jain K, Jones CD,
McDonald C. Ultrasonographic evaluation of diaphragmatic
motion. J Ultrasound Med 2001;20:597-604.
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Conclusions
Diaphragmatic excursion values presented in this study can be
used as reference values to detect diaphragmatic dysfunction in
clinical practice. There is a significant statistical difference
between right and left hemidiaphragmatic movement during all
types of breathing (quiet, deep and sniffing). Age, sex and BMI
significantly affect diaphragmatic motion with variable extents
during different types of breathing. The assessment of diaphragmatic motion by ultrasound could be a useful indicator for the
diagnosis and follow up of respiratory diseases, and could be
added to outcomes in clinical trials. Further studies to assess other
factors that may affect the diaphragmatic motion including metabolic factors and other anthropometric parameters are required.
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Background: Chronic obstructive pulmonary disease (COPD) is a condition resulting from a persistent inflammatory
state in the airways even after smoking cessation. Intriguingly, the reasons behind this persistence of the inflammatory
influx without smoking exposure have not been fully unraveled. We aimed to explore the hypothesis that systemic
inflammation in COPD patients influences lung cell inflammatory response.
Methods: We cultured human lung fibroblast and human airway epithelial cell lines with plasma from COPD patients
(four emphysematous-COPD, four asthma-COPD overlap, four chronic bronchitis-COPD, and four bronchiectasisCOPD), and four smokers or ex-smokers without COPD as controls. Non-stimulated cells were used as controls. We
measured Interleukine-8 (IL-8), C-reactive protein (CRP) and matrix metalloproteinase-9 (MMP-9) in plasma and culture supernatants by ELISA.
Results: Cells stimulated with plasma from COPD patients and non-COPD smoker subjects produced higher CRP, IL8 and MMP-9 levels, an increase for COPD in CRP (p=0.029) in epithelial cells and IL-8 (p=0.039) in fibroblasts and
decrease for MMP-9 (p=0.039) in fibroblasts, compared with non-stimulated cells. The response was higher in epithelial cells for IL-8 (p=0.003) and in fibroblasts for MMP-9 (p=0.063). The plasma from chronic bronchitis and
bronchiectasis phenotypes induced higher IL-8 in fibroblasts.
Conclusions: Plasma from COPD patients increases the inflammatory response in lung epithelial cells and lung
fibroblasts, with a different response depending on the cell type and clinical phenotype.
Key words: COPD; inflammation; MMP-9; IL-8; CRP.
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Introduction
Chronic obstructive pulmonary disease (COPD) is associated
with several extra-pulmonary manifestations [1,2] including nutritional abnormalities and weight loss, skeletal muscle dysfunction
and cardiovascular, nervous system, metabolic, and osteoskeletal
effects. Additionally, systemic inflammation, with an increase in
serum levels of inflammatory mediators and an activation of circulating inflammatory cells [3-5], has been considered as an important systemic effect of COPD with three main implications. First,
it seems to be a key link between the pulmonary disease and its
related systemic manifestations [6]. Second, the persistence and
intensity of this systemic inflammation have been associated with
the clinical expression and prognosis of the disease [7]. Finally,
this systemic inflammation has been associated with the risk of
COPD [8], suggesting a potential, albeit not yet fully understood,
role in the initiation of the disease.
Up to now, the relationship between respiratory and systemic
inflammation has been explored in a unidirectional way. In particular, different authors have explored the lung tissues as a potential
origin of this systemic inflammation, coining the spill-over
hypothesis [9-11]. However, the potential relationship of systemic
inflammation with respiratory inflammation has not yet been
explored. When it is, this might reveal a mechanism worth studying further as a potential factor in the perpetuation of the inflammatory load after quitting exposure to risk factors (smoking) [1214] or the initiation of a different inflammatory response leading to
lung damage, as proposed by others [8].
In the present paper, we would therefore like to explore the
hypothesis that the systemic inflammation response could have an
influence on inflammation in the respiratory system. To test this
hypothesis, we aimed to study the influence of systemic inflammation on lung epithelial cells and lung fibroblasts by culturing lung
cells with plasma from COPD patients and non-COPD patients,
where we measured the expression of the inflammatory biomarkers associated with COPD pathogenesis.

Materials and Methods
Subjects
From June 2016 to February 2017, plasma samples from
COPD cases and non-COPD smokers were obtained. COPD cases
and non-COPD patients (4:1) were recruited from our COPD-dedicated outpatient pulmonary clinic. Inclusion criteria for COPD
cases were as follows: 1) male current and former smokers with a
diagnosis of COPD with a post-bronchodilator forced expiratory
volume in 1 second (FEV1)/forced vital capacity (FVC) ratio <0.7;
2) a negative history of acute exacerbations in the previous three
months; and 3) age 50-70. Nowadays, it is well-recognized that the
clinical expression and long-term implications of gender may be
influenced by gender. Therefore, as an initial evaluation of this
effect, we focused on males, since in the majority of countries,
COPD keeps being a predominantly males’ disease (this is changing though). Now, with these results, we are planning to validate
these results in patients of both sexes, and with a large sample size.
The presence of a chronic or inflammatory disease
(immunosuppression, chronic bronchial colonization, acute
ischemic event in the previous six months, mechanical ventilation,
congestive heart failure, end-stage renal failure, liver cirrhosis,
autoimmune diseases, and diseases rheumatologic or active
neoplastic disease), that may be associated with higher inflammatory markers, was considered as an exclusion criterion. To test for
the different clinical COPD presentations, we aimed to include

samples from four clinically relevant phenotypes: 4 patients with
emphysematous-predominant COPD, 4 patients with asthmaCOPD overlap, 4 patients with chronic bronchitis predominant
COPD and 4 patients with COPD-associated bronchiectasis. The
diagnostic criteria for each one of the phenotypes were those
accepted in the current national clinical guidelines [15]. We rely on
GesEPOC to define a COPD patient as emphysematous [16].
Current and former smokers without COPD aged >50 years
with an FEV1/FVC ratio ≥0.7 were deemed eligible as controls.
Samples from 4 non-COPD were selected from the smoking cessation unit at our hospital during the same period. The study protocol
was approved by the Ethics Committee at Virgen del Rocio
University Hospital and followed institutional and Good Clinical
Practice guidelines.
Blood samples were drawn by venipuncture from each subject
at rest and were centrifuged at 3000 rpm for 15 min and stored at
-80°C until assayed. Written informed consent was obtained from
all participants, and institutional review board approval was
obtained (approval record 10/12, internal code 2012PI/244). All
the samples were blinded by a numerical code, and the laboratory
personnel were unaware of the COPD case-non-COPD status of
each specimen.

Cell culture
Human lung fibroblast cell line (MRC-5) was obtained from
the European Collection of Cell Culture (ECACC, Salisbury, UK)
and human airway epithelial cell line (Nuli-1) was purchased from
the American Type Culture Collection (ATCC, Rockville, MD,
USA). MRC-5 cells were cultured as monolayers in MEM supplemented with 10% heat-inactivated fetal bovine serum, 100 U/ml
penicillin-streptomycin and 2 mM L-glutamine (Gibco, Grand
Island, NY, USA). Nuli-1 cells were cultured in airways epithelial
cell basal medium supplemented with bronchial epithelial cell
growth kit additives (ATCC) and cell culture plates were pre-coated with a 60 mg/ml solution of human placental type IV collagen
(Sigma GmbH, Germany). MRC-5 and Nuli-1 were cultured at 5%
CO2 at 37ºC and were seeded in 3.3 cm2 wells (Nunc, Roskilde,
Denmark) and co-cultured with 25% plasma from each one of the
COPD patients included and from the non-COPD subjects, for 24
h. We also included one well with cells cultured without plasma,
non-stimulated cells, which served as a control. The supernatants
were collected, centrifuged and frozen until further measurements
were taken. Interleukin (IL)-8, C-reactive protein (CRP), and
matrix metalloprotease 9 (MMP-9) were selected as markers of the
different biological pathways associated with COPD pathogenesis,
i.e. neutrophilic inflammation [17], systemic inflammation [18]
and proteinase imbalance [19], respectively. ELISA (R&D System,
Minneapolis, MN, USA) was used to measure the levels of these
markers in culture supernatants and plasma from the subjects
included, following the manufacturer’s recommendations. To evaluate cultured cell production, the levels of cytokines in the
patients’ plasma were subtracted to the levels produced by the
stimulated cells and to the level in the non-stimulated cells well.
Data are expressed as means and standard error for continuous
variables and frequencies and percentages for categorical variables. Group differences were explored using the Mann-Whitney
U test (continuous variables) or the χ2 or Fisher exact test (categorical variables). Due to the low number of experiments, statistical
significance was assumed if p<0.1.

Results
The characteristics of all plasma donors are summarized in
Table 1. The baseline plasma levels of CRP, IL-8 and MMP9 in
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COPD and non-COPD patients prior to incubation are summarized
in supplementary Table 1. Neither the characteristics of the subjects, nor the results of the assays were influenced by the smoking
status of the plasma donors. However, COPD patients were slightly older than non-COPD.

Table 1. Characteristics of the patients included.
COPD
(n=16)
Age
65.3 (5.6)
Body mass index
28.1 (4.2)
Current smokers
4 (25)
Tobacco history (pack/year) 59.6 (21.9)
Receiving ICS
8 (50.0)
FVC (%)
86.8 (18.9)
FEV1 (%)
59.3 (20.5)

CRP protein expression in supernatants
The human lung fibroblasts stimulated with plasma from the
COPD patients and non-COPD subjects produced higher levels
of CRP than non-stimulated cells, with no difference between
those stimulated with plasma from COPD and from non-COPD
(Figure 1A). In the case of epithelial cells, those stimulated with
plasma from COPD produced higher levels of CRP as compared
to plasma from non-COPD and non-stimulated cells, with differences between those stimulated with plasma from COPD and

non-COPD
(n=4)
58.0 (4.8)
28.7 (7.5)
2 (50)
28.7 (44.6)
0 (0)
119.4 (22.5)
113.5 (7.7)

p*
0.030
NS
0.003
NS
NS
0.038
0.002

* Calculated by Mann-Whitney test or Fisher exact test.

Figure 1. CRP levels in fibroblast (A) and epithelial cell (B) supernatants. *p<0.001 compared to non-stimulated cells. Whiskers represent standard error.
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from the non-COPD (Figure 1B). Notably, the protein expression for epithelial cells did not increase compared to fibroblasts
(no significant differences). The differential expression of CRP
according to the different phenotypes is shown in Figure 2. Both
cell types presented a higher expression with plasma from
chronic bronchitis phenotype patients. However, although there
were visual differences between the different groups, only the
comparison between the asthma-COPD overlap and the chronic
bronchitis phenotypes reached the pre-specified significance
threshold, in fibroblasts (Figure 2A). Interestingly, fibroblasts
cultured with plasma from the non-COPD subjects presented
increased expression in a similar way to different disease phenotypes, which did not occur for epithelial cells, although these
differences did not reach the pre-specified significance threshold. No significant differences were observed between the different groups in epithelial cells (Figure 2B).

IL-8 protein expression
The human lung fibroblasts stimulated with plasma from
COPD patients and non-COPD subjects produced higher levels of
IL-8 than non-stimulated cells (Figure 3A), with an increased
expression with plasma from COPD patients compared to the nonCOPD subjects (p=0.039). In the case of epithelial cells, we
observed that COPD patients and non-COPD subjects produced
higher levels of IL-8 than non-stimulated cells, and although there
were visual differences between non-COPD subjects and COPD
patients, the differences did not reach the pre-specified significance threshold (Figure 3B). Notably, the protein expression for
epithelial cells was higher compared to fibroblasts (p=0.003 for
COPD and p=0.086 for non-COPD). The differential expression of
IL-8 according to the different phenotypes is shown in Figure 4. In
fibroblasts, we found that the bronchiectasis phenotype behaved
differently and produced significant differences to the non-COPD,
the emphysematous phenotype and the asthma-COPD overlap

Figure 2. CRP levels from fibroblast (A) and epithelial cell (B) supernatants among different phenotypes, showing significant associations. Whiskers represent standard error.
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(p=0.029 for all comparisons) (Figure 4A). Interestingly, although
there were visual differences between the non-COPD and the different phenotypes for epithelial cells, the differences did not reach
the pre- specified significance threshold (Figure 4B).

is shown in Figure 6. In fibroblasts, we found various differences,
with the asthma-COPD overlap producing the highest expression,
followed by bronchiectasis, chronic bronchitis and, finally, the
emphysematous patients (Figure 6A). As for epithelial cells,
bronchiectasis produced the highest protein expression among the
different phenotypes (Figure 6B).

MMP9 levels in plasma and supernatants
The human lung fibroblasts stimulated with plasma from
COPD patients and non-COPD subjects produced higher levels of
MMP-9 than non-stimulated cells with an increased expression
with plasma from non-COPD subjects compared to COPD patients
(p=0.039) (Figure 5A). In the case of epithelial cells, we observed
significant differences between non-stimulated cells and two of the
groups, although these differences were not statistically relevant
when comparing non-COPD subjects and COPD patients (Figure
5B). Notably, the protein expression for fibroblasts was higher
compared to epithelial cell only for COPD (p=0.063). The differential expression of MMP-9 according to the different phenotypes

Discussion
The present study explores the potential influence of the systemic inflammatory load on the inflammatory expression of lung
cells. Our results show that i) the cells stimulated with plasma from
the COPD patients and non-COPD subjects produced higher levels
of CRP, IL-8 and MMP-9, with a significant increase for COPD
compared with plasma from non-COPD in CRP in epithelial cells
and IL-8 in fibroblasts, together with a decrease for MMP-9 levels

Figure 3. IL-8 levels from fibroblast (A) and epithelial cell (B) supernatants. *p<0.001 compared to non-stimulated cells, showing significant associations between groups. Whiskers represent standard error.
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in fibroblasts; ii) comparing both cell types, the response was significantly higher in epithelial cells for IL-8 and in fibroblasts for
MMP-9; iii) when exploring the different phenotypes, plasma from
chronic bronchitis and bronchiectasis phenotypes exerted a higher
inflammatory response in both cell types for CRP and for IL-8 in
fibroblasts. Non-COPD patients were slightly older than COPD
patients, however, their FVC and FEVI values were normal.
Therefore, this age difference did not interfere with the results
observed. MMP-9 did not increase in plasma from emphysematous
patients. This evidence in an in vitro model does not necessarily
demonstrate that systemic inflammation has an in vivo effect on
inflammation of the respiratory system, since similar mediators
may also be locally present in the airways. However, our results
show preliminary data from a possible in vitro model, which will
allow us to explore further the systemic inflammatory response.
The study of the persistence of the inflammatory response in

COPD is a current topic of debate [12]. To determine the degree of
systemic inflammation could help assess disease severity and
follow up in these patient groups. One of the main drivers of systemic inflammation is cigarette smoke, which subsequently
reduces lung function. A number of studies have indicated that airway inflammation in smokers persists even after smoking cessation [12-14], with differences according to the smoking cessation
time [20,21] and the type of inflammation [22]. Intriguingly, the
reasons behind this persistence of the inflammatory influx without
smoking exposure are not fully known, with a possible role of
auto-immune phenomena [23] and immunosenescence [24] as
potential explanatory mechanisms. A previous study in patients
with COPD provided early insight into likely phenotypical differences between lifelong never-smokers and ever-smokers [25].
Furthermore, cigarette smoking and pro-inflammatory cytokine
influence blood cell activation and release. Previous studies report-

Figure 4. IL-8 levels from fibroblast (A) and epithelial cell (B) supernatants among the different phenotypes, showing significant associations between groups. Whiskers represent standard error.
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ed that plasma from COPD had elevated concentrations of tissue
inhibitor of metalloproteinase-1, α1-anti-trypsin, tumor necrosis
factor-α, fibrinogen, an increased circulating neutrophil and activated neutrophils and eosinophils levels; which can affect the production of inflammatory markers [26,27]. A recent study
determined the systemic inflammatory state by measuring the
levels of indicators such as IL-8 and CRP, among other parameters.
There is a typical pattern of inflammation with increased numbers
of neutrophils and macrophages in the airway lumen of COPD
patients [17]. The increase in neutrophils results in an increase in
the production of chemokines, such as IL-8. Our results agree with
these findings. We proposed that supernatants of fibroblast stimulated with plasma from patients with bronchiectasis, were capable
of increasing the release of IL-8. The release of IL-8 observed in
supernatants of epithelial cell stimulated with plasma from nonCOPD could be due to the airway epithelial cells are the first cells

to encounter infections; in addition, these non-COPD are smoker,
which is risk factors for inflammatory response.
Previous study observed lower CRP levels in never-smokers
and increased in former and current smokers, which supports the
“spill-over” theory in the development of COPD [28]. Our results
agree with this theory. In particular, our results revealed that
patients’ plasma with chronic bronchitis induced higher CRP levels
in bronchial epithelial cells of ever-smokers, which suggests that
this cell type may be involved, at least in part, in the systemic
inflammation found in these patients.
Many in vitro studies, conducted in lung airway epithelial
cells, have shown the changes in extracellular levels of various signaling molecules such as CRP. Also, in a previous study [9], our
group demonstrated that the epithelial cells from COPD patients
produced higher levels of CRP than fibroblasts, hence the
relevance of conducting a study into the different phenotypes of

Figure 5. MMP-9 from fibroblast (A) and epithelial cell (B) supernatants. *p<0.001 compared to non-stimulated cells. Whiskers represent standard error.
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COPD, in order to determine the specific mechanisms involved in
systemic inflammation. This finding could support that CRP levels
are an indirect marker of inflammatory process that impacts on the
lung function [18]. The potential implications of our findings may
support the hypothesis of a possible self-perpetuated inflammatory
stimulus between systemic and local inflammation. Our data represent a first approach, subsequent studies should evaluate this further in cells from COPD patients and study the potential clinical
implications in patients. Although both cell types are involved in
COPD pathogenesis, our results show that their behavior differs
after culturing with plasma. The present results confirm the key
role played by this cell type in the inflammatory load. Epithelial
cells are the first barrier and are seriously affected by the remodeling that occurs in the lung tissue of patients with COPD [29]. In
this regard, recent data suggest the central role of epithelial-mesenchymal transition in COPD [30]. Our study did not allow us to
explore the role of epithelial-mesenchymal transition in this

inflammatory response, but it should be evaluated in future studies.
Conversely, MMP-9 stimulation was higher in fibroblasts compared to epithelial cells. MMPs are zinc- and calcium-dependent
endopeptidases responsible for extracellular matrix remodeling
[31]. While their levels are reportedly low in normal human lungs,
MMP-9 is abundant in COPD [19], with a specific participation of
keratinocytes, monocytes, leukocytes, macrophages and fibroblasts as the source [32]. MMP-9 is an enzyme secreted by several
cell types, including neutrophils, airway epithelial cells and
macrophages. The increase in fibroblasts compared to epithelial
cells may indicate that this cell type has an important role to play
in MMP-9 mediated lung damage. Interestingly, the increase in
MMP-9 after exposure to non-COPD plasma requires an explanation and warrants further research. Since airway inflammation has
a compartmentalized importance [10], it is possible that the systemic influx interacts differently in the airways than in parenchyma
participation.

Figure 6. MMP-9 from fibroblast (A) and epithelial cell (B) supernatants among the different phenotypes. Whiskers represent standard
error.
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Although the different clinical expression of the disease is a
characteristic feature of COPD, it was only from 2010 onwards
when clinical phenotypes started to be studied more systematically,
and some better characterized clinical phenotypes have been established [33]. Interestingly, the relationship between phenotypes and
endotypes has not yet been studied in depth in COPD [34]. In the
present study, we have been able to make an initial exploration of
some differences in the inflammatory response of these clinical
phenotypes. Of note is that MMP-9 does not increase after culturing with COPD plasma from emphysematous patients, as opposed
to other phenotypes. This merits further study, but it may suggest
that the MMP-9-dependant mechanism could be more dependent
on the local than the systemic inflammatory influx. On the other
hand, the pulmonary macrophages did not produce MMP in
healthy lung, while, conversely, in the COPD lung microenvironment, immunocompetent cells are the main source of MMP-9 [35].
Furthermore, Koo et al. found a significant correlation between
MMP-9 levels and severity of emphysema [36]. Consequently, the
lower MMP-9 levels may be due to fact that the patient’s
emphysema is not so severe as to induce high levels of MMP-9 in
the cells studied. Nevertheless, the role of endotypes in COPD and
their relation to the clinical expression of the disease is relatively
uncharted territory [37] and the data presented here should help to
stimulate specific hypotheses for future work [38].
Several limitations of the present study should be taken into
account. A potential major weakness is the cross- sectional design
of the study, which could limit our results. On the other hand,
another limitation of the present study relates to the cellular model
used. Using commercial cell lines has allowed us to study cellular
models and evaluate their cellular response in vitro. However, the
actual conditions in the airway may differ considerably. Therefore,
the next step in this line of research should involve the study of primary culture cell models in patients with COPD, and then move on
to animal models to study this inflammatory response in vivo.
Another stage will be to perform a stimulation experiment with a
previously contrasted mediator, since this has been an exploratory
proof-of-concept study to see if there was an answer. Sample size
is a limitation of the study. The techniques used are complex and
costly and we really aimed to do a proof-of-concept design, in
which we wanted to verify whether the described effect exists.
Now, with these results, we are planning to validate these results in
patients of both sexes, and with a large sample size.
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ABSTRACT

2

Background: Interstitial lung diseases (ILDs) comprise a group of multiple entities sharing some clinical, functional,
and radiological similarities. In many countries primary care setting has been devoid of pre- and post-graduate educational interventions focused on basic knowledge on ILD. This, along with usual nonspecificity of symptoms at presentation, may contribute to diagnostic delay in this disease setting.
Methods: We designed a study questionnaire to assess the level of awareness on basic diagnostic and management
aspects of core ILDs – idiopathic pulmonary fibrosis (IPF), hypersensitivity pneumonitis, sarcoidosis, connective tissue disease related-ILD, and drug-induced ILD - among primary care physicians (GPs) from five “ACeS Baixo Vouga”
health centres and to perceive possible weaknesses. Differences in awareness between GPs under 45 and over 45 yearsold were also assessed.
Results: Globally, 69% of questions were correctly answered but only 21.9% of GPs considered to have a satisfactory
self-perceived level of knowledge on ILD. Except sarcoidosis (p=0.017) and some isolated questions on other diseases,
no significant differences were found between physicians below 45 years and above. Though, there was a trend to
higher awareness in the younger group. The best awareness was seen in sarcoidosis. IPF questions had the worst performance and only 48.5% of GPs recognized the importance of velcro-type crackles in suggesting a possible diagnosis.
Conclusion: Specific attention should be devoted to educational interventions directed to GPs on basic notions on the
main ILDs. This could improve the usual diagnostic delay in many ILDs, as a timely diagnosis is essential for an early
treatment and prolonged patient survival.
Key words: Interstitial lung diseases; primary care.
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- among primary care physicians working on the five health care
centres of “ACeS Baixo Vouga”, located in the central region of
Portugal. These five community health care centres usually refer
respiratory patients to the Pulmonology Department of Centro
Hospitalar do Baixo Vouga, where a dedicated ILD outpatient clinic and multidisciplinary ILD team were place, receiving around
160 new patients yearly.

Introduction
Interstitial lung diseases (ILDs) comprise a group of multiple
entities with different relative rarity and oftenly sharing some
degree of similarities, regarding their clinical, functional, and radiological manifestations. Many of these diseases, particularly progressive fibrosing ILDs, usually inflict substantial burden to
patients, their families, and to the healthcare systems. Among the
most prevalent entities one can find: sarcoidosis, idiopathic pulmonary fibrosis (IPF), hypersensitivity pneumonitis (HP), and
connective tissue disease related-ILD (CTD-ILD). Although ILDs
are classically managed by dedicated pulmonologists, primary care
physicians (GPs) are often at the interface with symptomatic
patients and, accordingly to the prerogative of family medicine,
they tend to follow these same patients and their families longitudinally. Desirably, an interconnected dialogue between the two
medical specialties during both pre-diagnostic assessment and
patient follow up could be argued as a quality standard.
Nonetheless, in many countries primary care setting has been
chronically devoid of pre- and post-graduate educational interventions attentive on basic knowledge about ILD, namely non-existing
contact with dedicated ILD clinics and multidisciplinary ILD
meetings within the postgraduate internships in pulmonology
departments, also not including ILD in the context of respiratory
update courses (chronically devoted to COPD and asthma).
Importantly, aspects such as the semiological recognition of
“velcro” like-rales, knowledge of the demographic profile of some
diseases, the proper valorisation of certain inhalational exposures
(organic antigens and occupational chemicals) or drugs, and
knowing the potential pulmonary manifestations of certain
connective-tissue-diseases, may all be decisive to an early
diagnostic insight. The non-acknowledgment of this clues, along
with the usual nonspecificity of symptoms at presentation, can be
contributing causes for the diagnostic delay oftenly found in various forms of ILD. Namely, in IPF it has been shown that patients
commonly experience significant delays in receiving an accurate
diagnosis, with recent series showing a mean delay of about 2.1
years from symptom onset to diagnosis [1,2]. This can lead to a
delayed start of effective treatment and a negative influence on the
disease course and prognosis [1,2].
Also, given the relatively recent advances on the pathobiological understanding [3] and diagnostic [4] and therapeutic management [5] of some of these entities and the growing role of ILD in
the scope of many clinical journals, different awareness between
recent and older generations of primary care physicians could possibly exist.
Therefore, we designed a study to assess the level of awareness
regarding general aspects of ILD diagnosis and management of
core ILDs - IPF, HP, sarcoidosis, CTD-ILD and drug-induced ILDs

Methods
This was an observational cross-sectional study by application
of a multiple-choice questionnaire (Appendix A) with 38 questions, under anonymity, to all the primary care doctors (specialists
and residents) from five AceS Baixo Vouga health units. These five
health units follow around 58,000 patients.
In the first part of the survey, demographic characteristics of
physicians (age, gender) were assessed and used to demarcate two
age subgroups – “doctors under 45 years old” and “doctors equal
or above 45 years old” – for comparative analysis. The second
section consisted in a framework of questions regarding general
aspects of ILD definition, heterogeneity, “anamnestic pearls” and
general diagnostic framework, followed by other subgroups of
intermixed questions related to basic diagnostic profiles and management features of IPF, HP, CTD-ILD, sarcoidosis and druginduced ILD. Table 1 represents this survey’s questions divided by
subgroups, evaluated by our analysis.
The results were used to assess the level of knowledge on ILDs
in the setting of primary care practice, perceive possible specific
weaknesses and eventually reflect on possible solutions to improve
the level of proficiency related to some basic concepts. Differences
in awareness between <45 years and ≥45 years doctors were also
assessed. Data was recorded with the Excel 2010 and SPSS 22.
Categorical variables were reported as number (%). Levene’s test
for independent samples were used to assess differences by age
group. A p lower than 0.05 was considered to be statistically significant.

Results and discussion
The mean age of the responding physicians was approximately
43 years (SD ± 14.9), with a clear female predominance (81.8%),
otherwise reflective of the allocated human resources currently
working in the 5 targeted centres. The younger (<45-years-old) and
the older subgroup (≥45-years-old) comprised 18 (54.5%) and 13
(39.4%) physicians, respectively. Two doctors (6.1%) have not
informed about their age. Globally, 69% (832 of the 1,205) of the
questions were correctly answered. Among the remaining 31%,
73% were wrong answers and 27% were “do not know” answers.
No statistically significant differences were found between the

Table 1. Subgroups of questions.
Questions
I
II
III
IV
V
VI

Concept, semiology and general management of ILD
2, 4, 5, 6, 8, 10, 12, 16, 17, 18, 19, 22, 23, 25, 27, 28, 31, 32, 34, 36, 38
Features conducive to early diagnostic suspicion
5, 9, 12, 13, 16, 17, 27, 28, 34, 36
Idiopathic pulmonary fibrosis (IPF)
5, 7, 8, 12, 14, 15, 17, 19, 20, 21, 24, 26, 31, 35, 37
Sarcoidosis
9, 29, 33
Hypersensitivity pneumonitis (HP)
3, 11, 21, 27, 30, 31, 34
Connective tissue disease interstitial lung disease (CTD-ILD) and drug induced-ILD
4, 13, 28, 31
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subgroup of physicians below 45 years of age (younger subgroup)
and those aged ≥45 (older subgroup), except for the sarcoidosis
group (p=0.017) (Table 2) and some specific isolated questions:
- Concept, semiology and general management of ILD group:
question 18 (p=0.009) with better results in the older GPs subgroup (≥45 yrs), and questions 23 (p=0.006), 25 (p=0.001), 32
(p=0.011) and 38 (p=0.000) with better results in the younger
GPs subgroup (<45 yrs);
- IPF group: question 7 (p=0.012) with better results in the
younger GPs subgroup;
- Sarcoidosis group: The overall result to this subgroup of questions was statistically better in the older subgroup (p=0.017);
- HP group: questions 3 (p=0.000) and 30 (p=0.006), both with
better results in the younger GPs subgroup;
- CTD-ILD and drug induced-ILD group: question 13 (p=0.000)
with better results in the younger GPs subgroup.
Concerning the first question of the questionnaire – “As a GP,
I feel that I have sufficient knowledge about ILD for what my
duties are” - we observed that only 21.9% of the global GPs considered having, in fact, a satisfactory self-perceived level of
knowledge on ILDs. In the subgroup <45-years-old, an affirmative
answer was given by 27.8% and in the subgroup of physicians
≥45-years-old, remarkably only 8.3% were comfortable with their
self-perceived level of knowledge. Possible reasons for this difference may have been the fact that some of the younger physicians
of the five health care centres had previously taken contact with the
hospital ILD outpatient clinic in the setting of their programmed 2month (optional) internship on pulmonology. Nonetheless, 69% of
the total questions were correctly answered, which was quite better
than what could be expected based on their self-perception of
knowledge.
Regarding basic features and concept of ILDs, awareness to
key semiology findings and general diagnostic steps, 61.2% of
these subsets of questions were correctly answered by the group,
with 22,2% choosing a wrong answer and 16.6% choosing “do not
know” (Table 2). Nonetheless, no GP achieved all the correct
answers on this matter and, worryingly, only 48.5% and 60.6% of
the total GPs recognized the importance of finding velcro-crackles
and digital clubbing, respectively, to elicit the possibility of a
fibrosing ILD [6].
A better result was achieved in acknowledging the value of a
proper (high-resolution) chest CT protocol to investigate a possible
ILD, with 78.8% of correct answers. Importantly, the possible
presence of relevant weight loss and anorexia was associated only
to lung cancer and not presumed possible in ILD by 21.2% of the

GPs. Presently there is solid evidence that decrements in body
mass are predictive of increased mortality in ILD, specially IPF
[7,8].
Taken together, the roll of questions encompassing an early
insight to the possibility of ILD (Table 1) and the chance to a timely referral to a hospital ILD outpatient clinic had 70,7% of global
correct answers, though only 9.1% of the responding physicians
had a completely correct set of answers. The older GPs subgroup
was found to have a lower performance (64.8% versus 73.9% in
the younger subgroup) (Table 2). The nosological diagnosis associated with the best awareness was sarcoidosis, with 94.9% of correct answers (Table 2). Sarcoidosis was easily associated to both a
tendentially younger age of incidence and to the possibility of
acutely presenting itself as Lofgren syndrome (questions 9 and 33).
The possibility of extrapulmonary involvement was acknowledged
by 96.9%, with better results in the older GPs subgroup. This result
may possibly relate to the higher prevalence of this disease among
ILDs and, thus, to a greater representativeness in the patient files
of each GP.
The IPF set of questions had the worst performance with only
55.9% of correct answers, with a lower performance by the GPs
≥45 yrs (50.0% of correctly answered questions) (Table 2). Clearly
there was unawareness regarding the importance of forced vital
capacity to monitor IPF patients (question 7), with only 38.7% of
correct answers, possibly reflecting a rigid focus on forced expiratory volume in the first second (FEV1) due to educational interventions traditionally focused on COPD and asthma. Another weak
point was related to the concept, indication and purpose of antifibrotic agents in IPF and the risk associated to steroids (questions
19 and 20 with 9.1% and 3% correct answers, respectively). These
results could be explained by the considerable progress made in
recent years in the pathophysiological understanding of the disease, with a departure from the traditional model of postimmunoinflammatory damage to the current concept of primarily
fibrotic disease. The unawareness regarding the positioning of pirfenidone and nintedanib can be framed in the fact that treatment
management falls entirely on hospital clinics and on the absence of
educational initiatives on IPF focused on primary care. Another
interesting aspect regards to the impact of specific comorbidities in
IPF. Globally about 30.3% of the GPs showed not to be aware of
the potential impact of untreated obstructive sleep apnea [9] or
symptomatic gastroesophageal reflux [10,11].
The set of questions addressing awareness towards HP was
successfully answered, with 82.8% of globally correct answers
with a superior performance of the younger GPs subgroup (87.3%

Table 2. Performance by subgroup of questions and age group.

Concept, semiology and general management of ILD
Early disease suspicion
Idiopathic pulmonary fibrosis
Sarcoidosis
Hypersensitivity pneumonitis
CTD-ILD and drug induced-ILD

Total group
(correct answers %)

Global performance
<45 yrs physicians
(correct answers %)

≥45 yrs physicians
(correct answers %)

p*

61.2%
70.7%
55.9%
94.9%
82.8%
81.5%

63.2%
73.9%
59.5%
92.4%
87.3%
83.3%

55.1%
64.8%
50.0%
97.4%
74.7%
76.0%

0.329
0.177
0.265
0.017*
0.903
0.322

*t-test for independent; ILD, interstitial lung disease; CTD-ILD, connective tissue disease-related ILD.
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vs 74.7% in the older subgroup) (Table 2). Globally, 87.9% of the
GPs considered to be familiar with the designation of the disease,
7.8% knew that HP is a disease with variable prognosis and 87.9%
understood how important the avoidance of specific antigen exposures can be for treatment and prognostic purposes. Although, the
fact that 12.1% did not address the possibility of isocyanate
induced-HP can easily point to the risk of insufficient insight for
the diagnostic possibility in certain settings.
The performance related to CTD-ILD and drug induced-ILD
also presented good results, with 81.5% of correct answers, once
again with better outcomes in the younger GPs subgroup (83.3%
vs 76.0% correct answers) (Table 2). Namely, 78.8% of GPs recognized the fact that interstitial lung disease may be a privileged
manifestation of systemic sclerosis and rheumatoid arthritis [12].
However, importantly nearly one third of the GPs (34.4%) were
not aware that nitrofurantoin and amiodarone are among the drugs
more commonly associated with drug-induced ILD (question 28)
[13,14].
Respiratory rehabilitation is presently positioned as an important strategy in the treatment of ILD patients, able to provide
improvements in exercise capacity, dyspnoea and quality of life, at
least in the short term [15,16]. The potential applicability of respiratory rehabilitation was also addressed in the questionnaire with
90.9% of physicians acknowledging that this type of intervention
can also have a role in the ILD setting.
Lastly, regarding patient follow up 93.9% of primary care
physicians think ILD patients should have a complementary
surveillance by both pulmonology and primary care during their
longitudinal follow up.
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ABSTRACT
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Background: Snoring constitutes a worldwide public health concern that may be associated with daytime fatigue,
endothelial dysfunction, vascular injury, stroke, cardiovascular diseases, and diabetes among female patients. This
study explored the effects of the so-called Lin Oral Appliance (LOA) on Taiwanese adults’ snoring rates.
Methods: A time series analysis was conducted to examine the associations between LOAs’ tongue compressors of
different lengths, and snoring rates were calculated using the SnoreClock app. The LOA comprises 2 components: custom-made dental braces and tongue compressors of adjustable lengths; different versions had different-length compressors.
Results: Our multiple linear regression time-series model revealed the effects of the LOA on snoring rates. The results
indicated the following: i) LOA tongue compressor lengths of 1 and 2.5 cm (LOA-1 and LOA-2.5, respectively) were
associated with reduced snoring rates; ii) sleep durations of 5.5-7.5 h and daytime sleepiness were associated with
increased snoring rates; and iii) among participants with snoring rates above 10%, the snoring rates observed 1-7 days
before a given day constituted a significant factor influencing snoring rates on the given day.
Conclusions: We discovered that the LOA could reduce snoring rates and that the 2.5-cm compressor length in the
LOA produced the best results.
Key words: Oral appliance; snoring rates; trend analysis.
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between August 1 and December 31, 2019, to participate in this
study. Those who had snoring problems and were willing to
participate in the study were included, and those who were aged
<20 years were excluded from the study. Participation was
voluntary, and all participants signed informed consent forms before
enrollment. The included participants were required to install the
paid SnoreClock app on their smartphones. Additionally, they
received training for ameliorating snoring through remedial
interventions, such as oropharyngeal exercises. The Ieto’s study
reported that oropharyngeal exercises included four components,
were effective in reducing snoring [23]. In the current study, the
participants were instructed to push forcefully the dorsal part of their
tongue against the hard palate and close their mouths for 10 min
before sleep. The advantage was to train the muscle strength of the
oropharyngeal cavity. The study protocol was reviewed and
approved by the Research Ethics Committee of the Buddhist Dalin
Tzu Chi Hospital in Taiwan (No. B10703013).

Introduction
Snoring is a prevalent condition that considerably affects public
health. Not all individuals with snoring have clinically significant
obstructive sleep apnea (OSA); nevertheless, snoring is the earliest
and most common symptom of OSA, occurring in 70-95% of
patients with OSA [1,2]. Additionally, the intensity of snoring
increases with OSA severity [1], and snoring increases the risk of
vascular diseases [3]. Increasing bodies of evidence indicate that
snoring may be associated with excessive daytime sleepiness,
xerostomia upon waking up, endothelial dysfunction, vascular
injury, stroke, cardiovascular diseases, and diabetes among female
individuals [4-9]. Snoring has been reported to affect more than 40%
of the populations of some Asian countries, including Taiwan
(59.1%) [10], Malaysia (47.3%) [11], and Turkey (40.7%) [12].
Variations in the prevalence of snoring can be attributed to ethnicity;
for example, people of Chinese descent have a narrower cranial base
(smaller thyromental distance) and a flatter midface structure (larger
thyromental angle) than do people of other ethnicities after
adjustment for body mass index (BMI) and neck circumference
[13].
The American Academy of Sleep Medicine and American
Academy of Dental Sleep Medicine recommend administering oral
appliances (OAs) not only to adult patients who require treatment
for primary snoring, but also to patients with OSA who are
intolerant of continuous positive airway pressure therapy or prefer
alternate therapy [14]. A study reported that OAs i) have a 50%
success rate in reducing the apnea/hypopnea index to <10, and ii)
reduce snoring by 45% [15]. Currently, OAs are commonly used to
treat snoring and other types of sleep-disordered breathing [16].
Although various types of OAs are available on the market, an
effective OA must be custom made and adjustable and should be
provided by a qualified dentist [14].
OAs can be classified into two categories: mandibular
advancement devices (MADs) and tongue-repositioning or tongueretaining devices for stabilization [17]. The possible mechanism
through which MADs reduce snoring and OSA involves mandibular
protrusion and induction of changes in the anterior position of the
tongue, soft palate, lateral pharyngeal walls, and mandible, resulting
in improved anatomical airway patency [18] and decreased upper
airway collapsibility due to the neuromuscular activation of the
upper airway dilator muscles [19]. Additionally, MADs engender
decreased lower arch crowding, overbite, and mandibular intermolar
width over time [20]. Tongue-retaining devices apply suction to
retain an individual’s tongue while they sleep [21]. We previously
presented a new patented MAD with a tongue compressor, called
Lin Oral Appliance (Airflow-Interference-type Nasal-CongestionRelieving and Snore-Ceasing Oral Appliance, LOA; Taiwan Patent
No. I602555; China Patent No. ZL 2013 1 0753192.9) [22]. We used
a smartphone snoring app (SnoreClock) to detect snoring during
ordinary sleep over approximately 5 weeks. The aim of current
study was to examine the efficacy of the LOA in reducing snoring
and performed a time-series analysis to analyze the time-dependent
effect of the device on snoring among Taiwanese adults.

LOA device
The LOA is composed of medical-grade ethylene/vinyl acetate,
and the cost of each LOA unit is NT$ 10,000 (approximately US$
361). The LOA comprises two components: custom-made dental
braces and tongue compressors of varying adjustable lengths. The
LOA braces are fixed on the entire dental arch of the upper jaw. The
tongue compressor is applied behind the center of the upper jaw;
one of its edges is anchored between the first and second molars on
the left side of the mandible, and the other edge is anchored between
the first and second molars on the right side of the mandible. The
compressor exerts force at the center of the tongue, and it allows
airflow to the back of the throat, thus avoiding obstructions from
the back of the mouth and tongue and expanding the mouth space
during breathing. Moreover, the length of the compressor ranges
from 0.5 to 3.5 cm and can be adjusted accordingly (Figure 1). The
LOA reduces snoring through three possible mechanisms. First, it
maintains a patent upper airway and expands the
orolaryngopharyngeal volume by compressing the tongue and
pushing it forward (through the tongue compressor), if necessary,
during sleep. Second, the tension in the oropharynx may be
increased through the support of the tongue compressors. Third, the
tongue compressor stabilizes the deeper fascia that runs along the
tongue to the caudal part of the respiratory muscles during breathing
movements during sleep, which simultaneously reduces snoring.

Methods
Study participants
We recruited 24 individuals with snoring (International
Classification of Diseases, Tenth Revision, Clinical Modification
Code R06.83) who were administered the LOA at a dental clinic

Figure 1. Different versions of the Lin oral appliances.
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Snoring detection
Snoring apps are typically user friendly, and they record sound
information while the user sleeps. They also provide convenient and
personalized sleep care [24]. They predict snoring with 93-96%
accuracy, but their performance varies considerably between
smartphone models [25]. In the current study, snoring rates were
detected by smartphones that had been installed with the paid app
SnoreClock. The app provides information on the following
variables: sleep duration, snoring duration, snoring loudness (in dB),
maximum snoring loudness (in dB), and snoring duration rate (%).
We then carefully listened to the recordings; any equivocal sounds
were confirmed by an ear, nose, and throat (ENT) specialist: this is
referred to as the “manual method” hereafter. The snoring epoch is
composed of several snoring signals interrupted by pauses (<10 s).
Therefore, the duration of snoring was represented by the sum of
total snoring epochs. Moreover, the sensitivity, specificity, positive
predictive value, and negative predictive value of the app were
calculated. A strong correlation was observed between the results
obtained through a manual measurement of snoring and
SnoreClock, which were reviewed by an ENT specialist. The
correlation between SnoreClock and the manual method for
detecting snoring was 0.907 (p<0.001). The results indicated that
SnoreClock is a highly accurate app for detecting snoring, with a
mean accuracy rate of 94.6% in our previous study [26]. This app
was used to collect time-series data regarding snoring rates in this
study. Snoring rate was used as a measure and was derived by
dividing the snoring duration by the total sleep time. The recording
time - defined as the time interval from the pressing of the start
button to the pressing of the stop button on the SnoreClock app was used as a proxy for the total sleep time. Generalized additive
models (GAMs) were used to detect nonlinear effects of continuous
covariates.

Statistical analysis
Because the data on snoring rates were not normally distributed,
the outcome (snoring rates) was log transformed. Time-series
analysis was conducted on the snoring rates to identify significant
time-dependent factors influencing snoring. To explore the potential
1-7-day lag effects and autocorrelation, the day lags for snoring rates
were created. The 1-7-day lags for past snoring rates were also
included during the stepwise variable selection.
All the relevant significant and nonsignificant covariates from
the univariate analysis was included in the variable list to be
selected. The linear regression time-series model provided direct
predictions of responses and an easily interpretable goodness-of-fit
measure (R2) for assessing the quality of prediction [27]. Data
analysis was performed using R 4.1.2 software (R Foundation for
Statistical Computing, Vienna, Austria). A two-sided p≤0.05 was
considered statistically significant.

Results
The total data comprised 1,846 recordings from 24 participants.
We constructed variables for the 1–7-day lags and added the
corresponding data to the original data set. Because recording was
interrupted during some days, the corresponding missing data were
deleted. Finally, 1,525 recording files from 21 male and 3 female
participants (mean recording days: 63.5±76.5) were included for
analysis. The mean age of the participants was 40.0±9.5 years; Table
1 presents the demographic characteristics of the participants.
Snoring rates were detected using the SnoreClock app. Table 1 also
presents the different versions of the LOA used in the study. The
tongue compressor lengths ranged from 0.5 to 3.5 cm (Figure 1).

Among the participants wearing the LOA, those for whom the
tongue compressor length was set to 1 cm (LOA-1) provided the
highest number of recordings (469, 30.8%), followed by those for
whom the tongue compressor length was set to 2 cm (LOA-2; 450,
29.5%) and those for whom the tongue compressor length was set
to 3 cm (LOA-3; 238, 15.6%). Because the data on snoring rates
were not normally distributed, they were log transformed, and any
zero values were adjusted to 0.000001 before log transformation.
This log transformation was monotonic; that is, higher snoring rates
had higher logit-transformed values. The mean snoring rate was
19.0±18.6%, and the mean logit of snoring rates was −3.6±5.44.
Dripping and nausea were the most frequent complaints by the
participants while wearing the LOA, but most of the participants
could usually tolerate these discomforts within 2 weeks of daily use
of the device.
Our univariate linear regression demonstrated that the
compressor lengths were negatively associated with snoring rates
and the corresponding logit values (Table 2). We also created a plot
of the effect of sleep durations on snoring rates derived after
smoothing (Figure 2). Sleep durations between 5.5 and 7.5 h were
associated with a higher risk of snoring rates.
We performed a multivariate analysis to identify major
predictors of the logit values of snoring rates by fitting multiple
linear regression time-series models by using stepwise variable
selection (i.e., by iterating between the forward and backward
steps). The results are presented in Table 3. According to these
results, first, participants with sleep durations between 5.5 and 7.5
h had higher snoring rates. Second, those who experienced daytime
sleepiness had higher logit values of snoring rates compared with
Table 1. Demographic characteristics of participants
Variables

Value*

n (male/female)
Age, years
BMI
Hypertension, yes
Diabetes, yes
Education level
Graduate school
College
Others
Number of recording files
Recording number
Snoring rate, %
Logit of snoring rates
Sleep duration, hours
Daytime sleepiness, yes vs no
LOA-x# (cm) use, n (%)
LOA-0§
LOA-0.5
LOA-1
LOA-1.5
LOA-2
LOA-2.5
LOA-3
LOA-3.5
Oropharyngeal exercises, yes vs no

24 (21/3)
40.0±9.5
25.0±3.5
4(16.7%)
1(4.2%)
10(41.7%)
8(33.3%)
6(25.0%)
1525
63.5±76.5
19.0±18.6
-3.6±5.44
6.7±1.2
38(2.5%)
111(7.3%)
141(9.2%)
469(30.8%)
14(0.9%)
450(29.5%)
45(3.1%)
238(15.6%)
54(3.5%)
229(15.0%)

*Mean ± SD or n (%); BMI, body mass index; LOA, Lin oral appliance; #LOA-x, different lengths
of tongue compressor of the LOA, and the length included 0.5 cm, 1.0 cm, 1.5 cm, 2.0 cm, 2.5 cm,
3.0 cm, and 3.5 cm; §LOA-0, participants not using the LOA.
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0.316 (Table 3). The Pearson correlation between the observed and
the predicted snoring rates was as high as 0.562 (0.5622≈0.316).
Therefore, snoring rates could be predicted using this well-fitted
regression model. The current model could be used to calculate the
predicted snoring rate based on the patient’s condition; some
examples are provided in the supplementary file. For example, for
a patient with a 6-h sleep duration, daytime sleepiness, LOA-1, an
8% t-1 snoring rate (49th day), a 7% t-3 snoring rate (47th day), an
8% t-5 snoring rate (45th day), a 20% t-6 snoring rate (44th day), and
a 25% t-7 snoring rate (43rd day), our final model predicted that the
snoring rate on the 50th day was 3.8%.

those who did not. Third, different tongue compressor lengths
exerted different effects on the logit value of snoring rates, with the
2.5-cm length having the strongest effect. Fourth, among
participants with snoring rates of >10%, higher logit values of
snoring rates at the 1-, 3-, 5-, 6-, and 7-day lags - which indicated
the degree of the inherited autocorrelation - were associated with
higher logit values of snoring rates observed for a given day. In the
time-series effect in snoring, 1 day before the given day had the
most effect, and followed by 3 days and 5 days before the given day
(the estimate = 2.108, 1.673, and 1.319, respectively).
The R2 value of the final multiple linear regression model was

Figure 2. Predicted estimate of sleep duration for the snoring rates.
Table 2. Univariate linear regression for the original snoring rates and the logit values of snoring rates (number of recording files=1525).
Variable
Age
Male vs female
Daytime sleepiness, yes vs no
BMI
Sleep duration, hour
LOA length, cm

Snoring rates, %
Estimate
-0.04
-0.44
-3.34
0.67
0.42
-7.61

Logit of snoring rates
Estimate
p

p
0.363
0.730
0.247
<0.001
0.277
<0.001

-0.002
-0.09
1.75
-0.05
-0.52
-1.55

0.848
0.818
0.050
0.277
<0.001
<0.001

BMI, body mass index; LOA, Lin oral appliance.

Table 3. Predictors of snoring rates by the fitted multiple linear regression time-series model.
Covariates
Intercept
LOA 1 cm
LOA 2.5 cm
Daytime sleepiness, yes vs no
Recording duration, 5.5-7.5 hours
Snoring rate (t-1)*, >10%
Snoring rate (t-3), >10%
Snoring rate (t-5), >10%
Snoring rate (t-6), >10%
Snoring rate (t-7), >10%

Estimate

Std. error

t value

p

-8.038
-0.630
-5.037
2.516
0.696
2.108
1.673
1.319
0.987
1.238

0.256
0.264
0.672
0.751
0.244
0.297
0.304
0.311
0.321
0.309

-31.433
-2.387
-7.500
3.351
2.853
7.091
5.510
4.247
3.078
4.006

<0.001
0.017
<0.001
0.001
0.004
<0.001
<0.001
<0.001
0.002
<0.001

LOA, Lin oral appliance; Multiple R2 = 0.316; note that t was the number of days since the beginning; *(t-n) denotes “n days before the given day of the observed response”, where “n” specifies the
number of lagged days.
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Discussion
Our data revealed that the LOA can reduce snoring rates,
especially when the length of the tongue compressor was set to 2.5
cm. Major factors associated with higher snoring rates comprised a
sleep duration between 5.5 and 7.5 h and daytime sleepiness.
Additionally, time-series analysis revealed the time-dependent
effects of the device on snoring. Among participants with a snoring
rate above 10%, the snoring rate observed for a given day was
associated with the snoring rates observed for previous days, and
the snoring rate observed 1 day before the given day was the most
significant factor influencing snoring.
A noteworthy methodology in the current study is the repeated
measurements of snoring rates for 24 participants. The mean
number of recordings was 63.5±76.5, and the mean snoring rate was
19.0±18.6%. Measuring periodic snoring (threshold ≥15%) at home
is a simple and useful method for predicting the probability of OSA
[28]. The participants could immediately contact the dentist via
phone communication apps to adjust their LOA devices according
to their tolerance and symptom severity, because the snoring rates
could change from day to day. Accordingly, repeated measurements
could demonstrate the trend of treatment effects and help detect
daily variations in snoring rates. However, sleeping position was
not considered during the recording process in the current study; a
wrong negative result may occur in position-dependent OSA, which
was avoided by using repeated measurements.
OAs, designed for treating snoring and other sleep-disordered
breathing conditions, are portable, noninvasive, well tolerated, and
commonly used currently [16,29]. A previous study classified OAs
into two categories: i) MASs, and ii) tongue-repositioning or
tongue-retaining devices [17]. In the current study, we applied a
novel LOA to effectively reduce snoring. The LOA includes tongue
compressors of various lengths. For the participants in this study,
the tongue compressor length in the LOA was initially set to 0.5 cm
(LOA-0.5). Subsequently, the tongue compressor length could be
adjusted at 0.5-cm intervals according to the preference and
tolerance levels of the participants. We observed that the various
tongue compressor lengths were associated with different snoring
rates. The tongue compressor length of 2.5 cm was found to exhibit
the highest effectiveness in reducing snoring rates compared with
the other lengths (LOA-3.0 and LOA-3.5). A possible explanation
is that some participants, especially male participants, with severe
snoring may have used longer tongue compressor length settings
(such as LOA-3.0 or LOA-3.5). Once the LOA decreased snoring,
the 1-day lag effect was associated with a decrease in snoring rate
the following day. Additionally, the 7-day lag effect was similar. A
possible explanation for the 1-day lag effect is that the condition of
the previous day may have influenced the next day’s condition.
Moreover, a possible explanation for the similar 7-day lag effect is
that lifestyle patterns may have been unchanged throughout the
week.
Previous studies have reported that sleep duration and snoring
are associated with a higher risk of cardiovascular disease,
metabolic disorders, and esophageal cancer [30-32]. Short sleep (<6
h) and long sleep (>9 h) durations have been associated with high
risks of cardiovascular disease and all-cause mortality [33,34].
However, few studies have investigated the association between
sleep duration and snoring. Our data indicated that participants with
a sleep duration of 5.5-7.5 h tended to have higher snoring rates. A
possible explanation is the “diluted” effect for patients with longer
sleeps hours. Moreover, patients with shorter sleep hours might have
more effective sleep quality with less snoring. Further investigation
with larger samples is warranted to clarify this phenomenon.
In the present study, daytime sleepiness (which was selfreported through a “yes” or “no” answer) was positively associated

with snoring, consistent with findings in the literature [4]. Previous
studies have identified other potential risk factors for snoring,
including obesity (BMI >30), alcohol consumption, cigarette
smoking, age >40 years, male sex, use of sleep medication, neck
circumference >40 cm, family history of snoring, and daytime
sleepiness [4,35-37].

Limitations
The present study has some limitations. First, the recording
duration on the SnoreClock app was used as a proxy for sleep
duration. Therefore, some extra waking time may have been
included in the total sleep time, and the snoring rates might have
been underestimated. Nevertheless, the corresponding bias could be
limited if the participants usually fell asleep quickly. Second, the
number of participants using the LOA-3 (n=2) and LOA-3.5 (n=1)
settings was small. Finally, the side effects of LOA use were not
explored in this study. Future studies should identify the associations
between snoring and health-related consequences of LOA use.

Conclusions
This study revealed that the LOA can reduce snoring rates,
especially when the tongue compressor length in the LOA was set
to 2.5 cm. We also observed that factors influencing snoring rates
were a sleeping duration between 5.5 and 7.5 h, daytime sleepiness,
and time-series effects. Among participants with a snoring rate
above 10%, the snoring rate observed on the given day was
associated with the snoring rates observed for previous days, with
the rate observed 1 day before the given day exerting the highest
effect.
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Background: Early postoperative hypoxemia is a common problem after general anesthesia. The identification of factors associated with an increased occurrence of it might help healthcare professionals to hypoxemia risk patients, therefore this study aims to assess the incidence and factors associated with early postoperative hypoxemia among surgical
procedures.
Methods: A prospective cohort study design was conducted from February 1, 2020 to June 30, 2020, on a total of 424
patients who underwent surgery under general anesthesia in Debre Tabor Comprehensive Specialized Hospital. The
data was collected using a structured checklist. Bivariable and multivariable logistic regressions were used to check
the association.
Results: The incidence of early postoperative hypoxemia was 45.8%. Patients having a BMI of 25-29.9 kg/m2 and
BMI of 30-39.9 kg/m2, patients having a chronic disease, current smokers, SPO2 reading before induction of less than
95%, emergency surgery, and the absence of oxygen therapy during the period of transfer and/or in the post anesthesia
care unit were significantly associated with an increased risk of hypoxemia in the early postoperative period
Conclusions: The incidence of early postoperative hypoxemia was high in Debre Tabor Comprehensive Specialized
Hospital. Obese patients, patients having a chronic disease, current smokers, and lower oxygen saturations before
induction, emergency surgery, and the absence of oxygen therapy were the main predictors of an increased occurrence
of early postoperative hypoxemia.
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Sample size determination and sampling technique

Introduction

The sample size was calculated by taking the following
assumption; the proportion of early postoperative hypoxemia is
50%, confidence interval of 95%, and margin of error of 0.05. The
sample size was determined using the following single population
proportion formula:

The early postoperative period is considered to be the critical
period for the development of hypoxemia [1,2]. This occurrence is
common in the post-anesthesia care unit after major abdominal,
orthopedic, gynecologic, and obstetrics procedures [1]. It is not
restricted to the seriously ill patients but may occur in otherwise
healthy ones [3,4]. Postoperative hypoxemia occurred secondary
to impaired gas exchange during anesthesia as a result of reduced
tone in the muscles of the chest wall persisting into the postoperative period [5,6]. Pulse oximetry is commonly used monitoring to
diagnose hypoxemia. Normal pulse oximeter readings should
always be 95 to 100% during anesthesia and recovery from anesthesia. If the oxygen saturation is 94% or lower, the patient is
hypoxemic and needs to be treated quickly. A saturation of less
than 90% is a clinical emergency in postoperative patients.
Diagnosis of hypoxemia with the help of a pulse oximeter would
lead to early correction of the hypoxemic event [7].
Despite recent advances in anesthesia and surgical care, the
incidence of hypoxemia has remained high because of the increasing complexity of the surgery and condition of patients [8,9]. The
incidence of hypoxemia is highest during the early postoperative
period which results in worse outcomes such as myocardial ischemia, organ dysfunction, mental confusion, delirium, wound infection, prolonged hospital stay, and increased cost for the hospital
and patient [10-14].
Factors that may involve hypoventilation, diffusion hypoxia,
V/Q imbalance, atelectasis, and increased oxygen demand are respiratory depressants (opioids, anesthetic drugs), shock, prolonged
surgery, pre-existing cardiovascular diseases, respiratory disease,
positioning, acute trauma, ASA level, age, and obesity [15-18].
This study aims to assess the incidence and factors associated with
early postoperative hypoxemia among surgical procedures.

n= (Zα/2)2P(1-P)/d2
whereas: n=sample size; z=confidence interval (1.96); p=estimated
prevalence (0.5); d=margin of sampling error to be tolerated
(0.05). By adding 10% of sample size (non-respondent rate) final
sample size was 385+39 = 424. A non-probable convenient sampling technique was used.

Data collection
Data were collected using a structured questionnaire and the
collection of information commenced from the start of the transfer
of the patient from the operation theatre and continued to the first
20 min in the post anesthesia care unit (PACU). As patient returned
to the recovery room, the arterial oxygen, saturation level was
measured immediately with pulse oximetry then every 5 min till 20
min. A questionnaire was developed from different bibliographic
research [2,20,21], which includes demographic and patient-related data, surgery-related data, and anesthetic-related data.
Demographic and patient-related characteristics: age, sex, ASA,
BMI, smoking status, history of the medical disease; surgery-related characteristics: Type of surgery, the urgency of the procedure,
positioning, the estimated blood loss, necessity of blood transfusion; anesthetic-related characteristics: premedication, SPO2 reading before induction, IV induction agent, muscle relaxant, use of
reversal (neostigmine), analgesics used, the total amount of intraoperative fluid, time from intubation to extubation, oxygen therapy
during patient transfer and/or PACU, and sedation score.

Data quality assurance

Methods

After training, the questionnaire was given to data collectors,
and data was properly collected and filled in the prepared format.
The principal investigator will supervise the data collectors and
check for the completeness of the data daily. To ensure the quality
of data, a pre-test of the questionnaire was done on surgical
patients at Felege Hiwot Referral hospital.

Study design, area, period and population
This prospective observational study was conducted in Debre
Tabor Comprehensive Specialized hospital from February 01,
2020 to June 30, 2020. Debre Tabor Comprehensive Specialized
Hospital is a public Hospital established in 1934 and located in
South Gondar Zone, Amara region 667 km NorthWest of Addis
Ababa, the capital city of Ethiopia. The climate of this town is
warm-moderate and has a latitude and longitude of
11051’N3801’E/11.8500N 38.0170E with an elevation of 2,706
meters above sea level [19]. The Hospital has three surgical operation rooms, two orthopedic operation rooms, and two gynecologic
and obstetrics operation rooms. The study population of our study
consists of patients who underwent surgery under general anesthesia and met the inclusion criteria.

Data analysis
After completion of data collection, the data were manually
checked for errors; coded, and entered into STATATM v. 16 for
analysis. Descriptive statistics were used to summarize data.
Bivariate and multivariate analyses were used to check the association between the independent variables with the dependent variable (early postoperative hypoxemia). Independent variables were
analyzed by using binary logistic regression with the dependent
variable and those with a p of ≤0.2 were fitted to a multivariate
analysis. In multivariate analysis, a p of less than or equals to 0.05
was used as a cut of point for the presence of association. Tables
were used to display the results of this study.

Inclusive criteria
Patients older than 18 years undergoing surgery under general
anesthesia, and patients who were extubated on the operation table
were included.

Operational definition
Early postoperative hypoxemia: the appearance of hypoxemia
(SpO2 <90%) during the transfer of the patient from operation
theatre and within 20 min postoperatively in the PACU [1].
Hypoxemia was categorized as mild (90% > SpO2 ≥86%), moderate (86% >SpO2 ≥ 81%), and severe (SpO2 <81%) [1].

Exclusive criteria
Preoperative hypoxemia; patients entering the surgical unit
having had oxygen therapy; intraoperative use of methylene blue;
problems in taking an SPO2 reading; patients who were transferred
to intensive care unit (ICU) were excluded.
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Results
A total of 424 patients were included in this study with a
response rate of 100 %. The majority (72.9%) of the study participants were between the ages of 18 to 65, and most of the study participants were ASA physical status I (46%) (Table 1).

Among the various types of surgeries, the highest proportion of
early postoperative hypoxemia occurred in patients who
underwent abdominal surgery (20.3%). Early postoperative
hypoxemia was found to be more common in emergency surgeries
compared with elective surgeries (23.1% vs 22.6% - 98/166 vs
96/258) (Table 2).

Table 1. Demographic and patient-related characteristics of the study participants at Debre Tabor Comprehensive Specialized Hospital
2020/2021 (n=424).
Variables
Age (years)
18-65
>65
Sex
Female
Male
BMI (kg/m2)
18.5-24.9
25-29.9
30-39.9
<18
ASA physical status
ASA I
ASA II
ASA III
Smoking
Yes
No
Presence of coexisting disease
Had no chronic disease
Hypertension
Bronchial asthma

Yes, n (%)

Hypoxemia

No, n (%)

Total, n (%)

139 (32.8)
55 (12.9)

170 (40.1)
60 (14.2)

309 (72.9)
115 (27.1)

92 (21.7)
102 (24.1)

10 7(25.2)
123 (29.0)

199 (46.9)
225 (53.1)

105 (24.8)
26 (6.1)
41 (9.7)
22 (5.2)

157 (37.0)
17 (4.0)
24 (5.7)
32 (7.5)

262 (61.8)
43 (10.1)
65 (15.3)
54 (12.7)

91 (21.5)
73 (17.2)
30 (7.1)

104 (24.5)
102 (24.1)
24 (5.7)

195 (46.0)
175 (41.3)
54 (12.7)

30 (7.1)
164 (38.7)

18 (4.2)
212 (50.0)

48 (11.3)
376 (88.7)

108 (25.5)
42 (9.9)
44 (10.4)

186 (43.9)
30 (7.1)
14 (3.3)

294 (69.4)
72(17.0)
58(13.7)

Table 2. Surgery-related characteristics of the study participants at Debre Tabor Comprehensive Specialized Hospital 2020/2021
(n=424).
Variables
Urgency of the procedure
Elective
Emergency
Type of surgery
Abdominal
Thyroidectomy
Orthopedic
Gynecologic and Obstetric
Positioning
Supine
Lithotomy
Estimated blood loss (ml)
<500
500-1000
1000-1500
1500-2000
Necessity of transfusion
Yes
No

Yes, n (%)

Hypoxemia

No, n (%)

Total, n (%)

96 (22.6)
98 (23.1)

16 2(38.2)
68 (16.0)

258 (60.8)
166 (39.2)

86 (20.3)
36 (8.5)
24 (5.7)
48 (11.3)

116 (27.4)
48 (11.3)
18 (4.2)
48 (11.3)

202 (47.6)
84 (19.8)
42 (9.9)
96 (22.6)

147 (34.7)
47 (11.1)

185 (43.6)
45 (10.6)

332 (78.3)
92 (21.7)

79 (18.6)
66 (15.6)
30 (7.1)
16 (3.8)

120 (28.3)
75 (17.7)
35 (8.3)
3 (0.7)

199 (46.9)
141 (33.3)
65 (15.3)
19 (4.5)

17 (4.0)
177 (41.7)

15 (3.5)
215 (50.7)

32 (7.5)
392 (92.5)
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- 98/166 vs 96/258). Early postoperative hypoxemia was common
in patients who had lower oxygen saturation before induction
(SPO2 <95%) as compared to patients who had higher oxygen saturations before induction (SPO2 ≥95%) (4.3% vs 41.5% - 18/56 vs
176/368) (Table 3).

Among the various types of surgeries, the highest proportion of
early postoperative hypoxemia occurred in patients who
underwent abdominal surgery (20.3%). Early postoperative
hypoxemia was found to be more common in patients who had no
oxygen supplementation compared with patients on oxygen therapy during patient transfer and/or in the PACU (23.1% vs 22.6%

Prevalence and factors associated with early postoperative hypoxemia of the study participants
Early postoperative hypoxemia was found to be in 149 patients

Table 3. Anesthetic-related characteristics of the study participants at Debre Tabor Comprehensive Specialized Hospital 2020/2021
(n=424).
Variables
Premedication
Neither
Opioids
Benzodiazepines
SPO2 (%) reading before induction
≥95
<95
Intravenous induction agent
Ketamine
Propofol
Ketofol
Thiopental
Muscle relaxant used
Suxamethonium
Vecuronium
Suxamethonium and vecuronium
Not used
Number of intubation attempts
Single
Multiple
Neostigmine used
Yes
No
Intraoperative analgesic used
Diclofenac
Pethidine
Diclofenac and pethidine
Intraoperative fluid used (ml)
<1000
1000-2000
2000-3000
>3000
O2 therapy
Yes
No
Shiver in PACU
Yes
No
Sedation score in PACU
0
1
2
3
Time from intubation to extubation (min)
<60
≥60
PACU, post anesthesia care unit.

Yes, n (%)

Hypoxemia

No, n (%)

Total, n (%)

103 (24.3)
79 (18.6)
12 (2.8)

122 (28.8)
85 (20.0)
23 (5.4)

225 (53.1)
164 (38.7)
35 (8.3)

17 6(41.5)
18 (4.3)

192 (45.3)
38 (8.9)

368 (86.8)
56 (13.2)

24 (5.7)
51 (12.0)
66 (15.6)
53 (12.5)

30 (7.1)
56 (13.2)
59 (13.9)
85 (20.0)

54 (12.7)
107 (25.2)
125 (29.5)
138 (32.5)

6 (1.4)
11 (2.6)
146 (34.4)
31 (7.3)

10 (2.4)
18 (4.2)
177 (41.7)
25 (5.9)

16 (3.8)
29 (6.8)
323 (76.2)
56 (13.2)

128 (30.2)
66 (15.6)

182 (42.9)
48 (11.3)

310 (73.1)
114 (26.9)

157 (37.0)
37 (8.7)

188 (44.3)
42 (9.9)

345 (81.4)
79 (18.6)

13 (3.1)
107 (25.2)
749 (17.5)

18 (4.2)
113 (26.7)
99 (23.3)

31 (7.3)
220 (51.9)
177 (41.7)

24 (5.7)
25 (5.9)
84 (19.8)
61 (14.4)

23 (5.4)
36 (8.5)
135 (31.8)
36 (8.5)

47 (11.1)
61 (14.4)
219 (51.7)
97 (22.9)

18 (4.2)
176 (41.5)

44 (10.4)
186 (43.9)

62 (14.6)
362 (85.4)

47(11.1)
147 (34.7)

45 (10.6)
185 (43.6)

92 (21.7)
332 (78.3)

145 (34.2)
29 (6.8)
10 (2.4)
10 (2.4)

172 (40.6)
39 (8.8)
11 (2.6)
8 (1.9)

317 (74.8)
68 (16.0)
21 (5.0)
18 (4.2)

30 (7.1)
164 (38.7)

42 (9.9)
188 (44.4)

72 (16.9)
352 (83.0)
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Table 4. Factors associated with early postoperative hypoxemia of the study participants at Debre Tabor Comprehensive Specialized
Hospital 2020/2021 (n=424).
Variables
BMI (kg/m2)
18.5-24.9
25-29.9
30-39.9
<18
Smoking
Yes
No
Urgency
Elective
Emergency
Having chronic disease
Neither
Hypertension
Bronchial asthma
SPO2 (%) reading before induction
≥95
<95
O2 therapy
Yes
No

Yes

Hypoxemia

No

COR (95% CI)

AOR (95% CI)

p

0.009
0.007
0.662

105
26
41
22

157
17
24
32

1
2.287 (1.183, 4.422)
2.554 (1.458, 4.477)
1.028 (0.566, 1.866)

1
2.588 (1.269, 5.276)
2.411 (1.278, 4.548)
1.165 (0.589, 2.304)

30
164

18
212

2.154 (1.160, 4.001)
1

2.192 (1.095, 4.391)
1

96
98

162
68

1
2.432 (1.631, 3.625)

1
3.193 (2.013, 5.064)

<0.0001

108
42
44

186
30
14

1
2.411 (1.426, 4.076)
5.413 (2.836, 10.336)

1
3.334 (1.835, 6.056)
7.519 (3.706, 15.256)

<0.0001
<0.0001

176
18

192
38

1
1.935 (1.065, 3.515)

1
3.011 (1.535, 5.908)

0.001

18
176

44
186

1
2.313 (1.288, 4.155)

1
2.55 9(1.310, 5.001)

0.006

(45.8%). In this study, obesity was significantly associated with
postoperative hypoxemia. Hypoxemia was mild in 80% of these
cases (n = 155); moderate (86 N SpO2 ≥81%) in 12% of cases
(n=23); and severe in 8% of cases (n=16). Patients who had a BMI
of 25-29.9 kg/m2 were 2.6 times more likely to develop postoperative hypoxemia than normal patients (AOR = 2.588, 95% CI:
1.269, 5.276). Current smokers were 2.2 times more likely to develop postoperative hypoxemia compared with non-smokers (AOR =
2.192, 95% CI: 1.095, 4.391). Emergency surgical procedures
(AOR = 3.193), 95% CI: 2.013, 5.064), patients who had a history
of bronchial asthma (AOR = 7.519, 95% CI: 3.706, 15.256), hypertensive patients (AOR = 3.334, 95% CI: 1.835, 6.056), patients
who had lower oxygen saturation before induction (SPO2 <95%)
before induction (AOR = 3.011, 95% CI: 1.535, 5.908), and the
absence of oxygen therapy during the period of transfer of the
patient from operation theatre and/or in the PACU (AOR = 2.559,
95% CI: 1.310, 5.001) were more likely to develop early postoperative hypoxemia than their counterparts (Table 4).

Discussion
Early postoperative hypoxemia was found to be in 149 patients
(45.8%). In this study, obesity was significantly associated with
postoperative hypoxemia. Patients who had a BMI of 25-29.9 kg/m2
were 2.6 times more likely to develop postoperative hypoxemia than
normal patients (AOR = 2.588, 95% CI: 1.269, 5.276). Despite the
recent advances in anesthesia and surgical care, early postoperative
hypoxemia is still a common problem after general anesthesia. The
identification of factors associated with an increased occurrence of
early postoperative hypoxemia could help alert staff to hypoxemia
risk patients. In this study, the overall incidence of early postoperative hypoxemia was found to be 45.8%. In line with our result, a
study conducted in Canada by Denise et al. showed that 41% of
patients had at least one episode of hypoxemia during their PACU
stay following surgery [22]. In contrary to our finding studies

0.027

showed a lower incidence of early postoperative hypoxemia such as
studies conducted in Japan by Ishikawa et al. [23] (12.7%), a study
done in Brazil by Filho et al. [24] (24.1%), and a study in the USA
by Ramachandran et al. 10.7-22% [22]. This discrepancy might be
due to a variation in study settings where the above developed countries could have a better perioperative patient care as compared to
the developing ones like Ethiopia. The incidence of hypoxemia in
studies done in Ethiopia was 22.7% [25] and 26.7% [20] in Tikur
Anbesa Comprehensive Specialized hospital and in University of
Gondar hospital, respectively. In this study, we identified that
patients with a BMI >25 kg/m2, having a chronic disease (hypertension and bronchial asthma), current smokers, with lower oxygen
saturation before induction (SpO2 <95%), emergency surgery, and
the absence of oxygen therapy during the period of transfer of the
patient from operation theatre and/or in the PACU were all significantly associated with increased hypoxemia in the early postoperative period. This finding was similar to various studies, which
showed that patients who had respiratory co-morbidity [25,26] and
were smokers [20,23,26], patients who were obese [23,26], withlower preoperative oxygen saturation (SPO2 < 95%) [7,20,24,] were
significantly associated with increased hypoxemia.

Conclusions
The findings of this study showed that obese patients, patients
having a chronic disease (hypertension and asthma), current smokers, lower oxygen saturation before induction (SpO2 <95%), emergency surgery, and the absence of oxygen therapy during patient
transfer and/or in the PACU were the main predictors of an
increased occurrence of early postoperative hypoxemia. The identification of these factors may help to alert healthcare professionals
to hypoxemia risk patients.
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ABSTRACT

1

Background: Currently, the prognosis of bronchiectasis is based on different prognostic indicators, like BSI and
FACED score, founded on clinical-demographic, functional and radiological criteria. Both scoring systems include the
number of lobes involved in bronchiectasis, which represents an adverse prognostic index. Our study aimed to investigate the prognostic role of the clinical-functional parameters and the number of involved lobes ratio in adult
bronchiectasis.
Methods: The study was conducted on 52 patients diagnosed with non-cystic fibrosis bronchiectasis (NCFB) between
2015 and 2017 who attended the Pneumology Unit of Monaldi Hospital in Naples, Italy. Correlations between clinical-functional parameters (BMI, smoking history, number of exacerbations in the previous year, spirometry, DLCO,
ABG test, and 6MWT) and number of involved lobes were investigated.
Results: At baseline, the number of exacerbations in the previous year had a statistically significant association with
the number of involved lobes. Furthermore, at baseline, the radiological criterion was also negatively associated with
some functional parameters (FEV1/FVC ratio e FEF25-75%). Statistical significance was lost during the follow up,
demonstrating the effectiveness of the therapy.
Conclusions: Imaging extension represents a promising biomarker of disease severity as well as a helpful follow up
tool for non-Cystic Fibrosis bronchiectasis (NCFB).
Key words: Bronchiectasis; HRCT; lobe; pulmonary function tests; exacerbations; NCFB.
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Introduction
The term “bronchiectasis” indicates a permanent and irreversible dilation of the bronchial wall, associated with the occurrence of cough, dyspnoea, daily production of sputum, and recurrent respiratory infections [1]. Intraluminal neutrophils, having
come into contact with the aetiological agent, produce inflammatory mediators, destroying elastin, cartilage, and muscles of the
large airways, with consequent irreversible bronchodilation.
Besides, macrophages and lymphocytes form infiltrates in the
inflamed airways. Repeated damage causes a thickening of the
bronchial walls, formation of mucus plugs, and the presence of
varying degrees of hyperinflation [2]. It has a huge social-health
impact, caused mainly by frequent hospitalizations and mortality
[3,4]. The overall prevalence of bronchiectasis in the Italian population, according to data provided by general practitioners (GPs),
is 163 per 100,000, whereas annual incidence is 16.3 per 100,000
person-years [5]. Both prevalence and incidence increase with age,
with the highest rates reported in patients aged > 75 [5].
The aetiology of non-cystic fibrosis bronchiectasis (NCFB)
differs between childhood and adulthood. The localized forms are
mostly secondary to chronic obstructive factors, represented in the
child by the accidental aspiration of a foreign body. In adults,
localized forms of NCFB are caused by infections or tumour
pathology, generally benign. Both age groups may be subjected to
obstruction due to the inflammatory-infectious hypertrophy of the
peri-interbronchial lymph nodes.
In the aetiology of diffuse forms, the alteration of the pulmonary defence mechanisms prevails due to primary immunodeficiency, detected in the dysgammaglobulinemia, or by altered
mucociliary clearance due to ciliary dyskinesia, systemic disorders
(systemic lupus erythematosus, rheumatoid arthritis, Sjögren syndrome, inflammatory bowel disease) or alteration of the rheological characteristics of secretions and facilitated bacterial adhesiveness, as observed in cystic fibrosis (CF) [6]. However, very often,
NCFB remains idiopathic (40-50%).
Mucus removal and local defence mechanisms against
microorganisms are essential in keeping the lungs free from infections [2]. When these mechanisms are impaired, exacerbations
worsen inflammation, resulting in fibrosis and dilation of the
bronchial wall. Therefore, there is a progressive decrease in respiratory function, confirmed by spirometry. Usually, FEV1 declines
according to the disease’s progression, and thus it might be preferred for monitoring bronchiectasis [7]. Likewise, both arterial
blood gas analysis (ABGs) and diffusing capacity of the lung for
CO (DLCO) may be abnormal due to these alterations.
The 6-minute walking test (6MWT) is a sub-maximal, simple
exercise test used to assess the respiratory system’s functional
responses during physical effort, representing a helpful index of
the aerobic capacity of bronchiectasis patients [8]. Of course, early
diagnosis allows for quick and targeted treatment that improves the
long-term prognosis.
Chest high-resolution computed tomography (HRCT) of the
chest is currently the gold standard for correct diagnosis and staging of the lesions, assessing morphological aspects, localization,
and extent of wall damage. Furthermore, it is useful to evaluate
complications, such as emphysema and pulmonary hypertension.
The latter condition can be identified early by measuring the pulmonary artery’s cross-sectional area and comparing it to that of the
aorta (AP/A ratio is strictly linked to the mean pulmonary artery
pressure value) [9]. Emphysema can be identified by CT scans as
low attenuation areas (LAA) with a different degree of vascular
compartment involvement [9]. Also, thin slice reconstructions are
preferred to detect lesions smaller than 5 mm and visualize the

“air-trapped” areas [9]. Upper lobe predominance is seen in sarcoidosis, aspergillosis, post-tuberculous scarring, and post-radiation fibrosis. Calcified hilar or mediastinal lymph nodes and calcified pulmonary granulomas suggest granulomatous infections,
such as tuberculosis [6]. Anterior segment distribution (middle
lobe and lingula) is generally observed in atypical mycobacterial
disease, which usually involves two or more lobes and often
affects middle-aged or elderly female patients [6]. Lower lobe distribution is most often seen in post-infectious bronchiectasis,
chronic aspiration, immunodeficiencies, and primary ciliary dyskinesia [6].
The significant aetiological variability of bronchiectasis could
explain the different extent of lesions in the lung lobes.
Immunodeficiencies, genetic diseases, chronic colonization by
multidrug-resistant strains of Pseudomonas aeruginosa, tuberculous and non-tuberculous mycobacterial infections are examples of
conditions that predispose the onset of bronchiectasis [6]. These
often have a severe prognosis due to the high number of annual
exacerbations and the rapid deterioration of respiratory function
towards lung failure, as confirmed by this study.
The analysis carried out in this study is focused on the relationship between clinical-functional parameters and imaging, examining
the correlations among clinical data, lung function tests, and the number of lobes affected by bronchiectasis on chest HRCT. Functional
data of interest were collected at baseline and at three and six months.

Methods
Study population
The study population included 52 adults diagnosed with NCFB
referred to our Respiratory Medicine Unit at the Monaldi Hospital
in Naples, Italy, between December 2015 and October 2017. Lung
function testing and chest HRCT were available for all patients
along with clinical data. The inclusion criteria were:
Age ≥ 18;
Chest HRCT confirmed diagnosis;
Exclusion of cystic fibrosis history.

Baseline clinical data
Fifty-two patients with an average age of 55.8 ± 17.3 years (21
to 81 years) were enrolled (Table 1). Main anamnestic data, including smoking habits and the recurrence of exacerbations in the previous year, were collected at enrolment. Thirty-two (61.5%) were
females, twenty (38.5%) were male. There were seventeen former
smokers (32.7%), six current smokers (11.5%), and twenty-eight
non-smokers (55.8%).
Eleven patients (28.9%) reported no exacerbation in the previous year, thirty-tree patients (50%) reported one exacerbation, and
eight (21.1%) reported more than one. Thirteen patients (25%)
were affected by chronic infection of Pseudomonas aeruginosa.
Twenty patients (38.5%) were overweight (25.0 – 29.99
kg/cm2), five (9.6%) had mild obesity (30.0 – 34.99 kg/cm2), and
two (3.8%) had moderate-severe obesity (> 35 kg/ cm2).

Pulmonary function tests (PFTs)
The patients’ pulmonary function was investigated through
global spirometry, diffusing capacity of the lung for carbon
monoxide (DLCO), 6MWT, and ABGs. Functional data were collected at the first visit and subsequently at 3 and 6 months. Some
controls are missing at T3 and T6 because the patients could not
perform functional tests or did not show up for the outpatient visit.
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Chest HRCT

(PFTs) were performed according to the American Thoracic
Society / European Respiratory Society guidelines [12].
Greater bronchiectasis involvement was found in the lower
lobes (23.5% in the left lobe and 19.7% in the right lobe) and in the
middle lobe (22.0%). The lingula was affected in 14.4% of cases,
the left upper lobe in 9.8%, the right in 10.6%. These data are
based on often multi-lobar involvement.
Regarding ABG analysis, only 4 (9.5%) patients experienced
hypoxemia, and there was only one patient with severe hypoxemia.
However, twelve patients had altered PaCO2 values: eight (19.0%)
showed an increase, generally associated with a bronchial or bronchiolar obstruction; four (9.5%) patients had hypocapnia, a sign of
hyperventilation more related to a restrictive or mixed pattern.
At baseline, patients with more than two lobes involved in
bronchiectasis showed significantly lower levels of FEV1/FVC
ratio (-8.16; 95% CI: -16.18 to -0.14) and FEF25-75% (-20.8; 95%
CI: -40.8 to -0.8) (Table 2). No other significant differences were
observed, at baseline, in the other functional and tomographic
parameters. FEF25-75% remained significantly lower in the second
evaluation (-25.13; 95% CI: -45.57 to -4.59), and afterward, mainly due to the decline observed in subjects with less than two
involved lobes, the two groups become comparable. No other differences were observed between the two groups during the whole
follow up.

All patients underwent chest high resolution computed tomography. Lingula was considered as a separate lobe [10].
The patients were grouped into two subsets according to imaging criteria: the first group included twenty-nine patients (55.8%)
with up to 2 involved lobes and the second group consisting of
twenty-three patients (44.2%) with more than 2 affected lobes (3 to
6). This categorization was designed to make the two groups
homogeneous, such that the two groups were quite numerically
balanced.

Statistical analysis
Standard descriptive statistics were used to characterize the
overall cohort and the two groups defined, based on the numbers
of involved lobes. Numerical variables were described using mean
± standard deviation (SD) with range, and categorical factors were
synthesized using absolute frequencies and percentages.
Accordingly, between-group comparisons were based on the
Student’s t-test for unpaired samples and the Fisher exact test.
Longitudinal changes of functional data were assessed using
Linear Mixed Models with time (baseline, 3, and 6 months), the
number of lobes (1-2 vs 3-6), and their interaction as the only predictors. Results of LMMs were expressed as the difference in the
Estimated Marginal Means (EMMs) with the corresponding 95%
Confidence Intervals (95% CIs). Statistical significance was set at
p<0.05; all statistical analyses were conducted using the R
Platform, v. 4.0.1 [11].

Discussion
The current literature faces two main challenges in the management of bronchiectasis:
- Identifying patients with a high symptomatic burden, at risk of
frequent exacerbations or rapid decline in lung function, who
may benefit from faster aggressive treatment and closer follow
up in reference centres, to reduce possible complications [13];
- Identifying low-risk patients who could benefit from non-specialist follow up or less aggressive treatment regimens to
reduce health costs and improve patient satisfaction [13].
The incidence of the disease has undergone a notable increase
in recent years. Bronchiectasis is no longer considered a rare condition as it was in the past (16.3:100,000 people per year), possibly
due to better quality imaging techniques and more frequent use of
HRCT to detect emphysema in COPD patients. The importance of
HRCT in the diagnosis and monitoring of bronchiectasis is evident. This is also indicated by the high number of patients (55.8%)

Results
Association between clinical data and number of lobes
According to the numbers of involved lobes (Table 1), all the
patients were classified into two groups: no significant differences
were found at baseline in the two groups concerning age, gender,
BMI, and smoking habit. Patients with more than two involved
lobes were characterized by more exacerbations in the last year
(p=0.014).

Longitudinal change of functional and tomographic
parameters
Plethysmography showed that all patients had lung hyperinflation (Motley Index >30% predicted). The pulmonary function tests

Table 1. Clinical features and number of lobes involved in bronchiectasis. Values expressed as n (%) or as mean ± SD.
Parameters

All patients

Age, years
52. 55.8 ± 17.3 (21 - 81)
Gender
Female
32 (61.5)
Male
20 (38.5)
BMI, kg/m2
25.8 ± 4.4 (18.4 - 42.8)
Smoking
Former smokers
17 (32.7)
Non-smokers
29 (55.8)
Smokers
6 (11.5)
Exacerbations* (number)
0
11 (28.9)
1
19 (50)
>1
8 (21.1)

1-2 lobes

3-6 lobes

p

Statistical significance

29 60 ± 16.1 (21 - 81)

2353 ± 17.4 (21 - 81)

0.141

Not significant

16 (55.2)
13 (44.8)
25.2 ± 3.4 (18.9 - 33.7)

16 (69.6)
7 (30.4)
27 ± 6 (18.4 – 42.8)

0.39

Not significant

11 (37.9)
14 (48.3)
4 (13.8)

6 (26.1)
15 (65.2)
2 (8.7)

0.221
0.608

Not significant
Not significant

7 (31.8)
14 (63.6)
1 (4.5)

4 (25)
5 (31.2)
7 (43.8)

0.014

Significant

BMI, body mass index; *exacerbation in the previous year.
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with limited pulmonary involvement (1-2 lobes).
Another crucial observation concerns the correlation between
the number of lobes and functional parameters (FEV1/FVC ratio
and FEF25-75%). As previously described, at baseline, it resulted statistically significant; on the contrary, in the following steps (at T3
and T6 for FEV1/FVC ratio, at T6 for FEF25-75%), the values
became insignificant between the two groups (involvement of 1-2
lobes and 3-6 lobes). This result could be motivated by the
response to treatment, influencing both inflammation and hypersecretion.
Comparing the study results with many papers described in literature, there is great heterogeneity regarding the relationship
between radiology and clinical-functional aspects of bronchiectasis. In particular, a Chinese study published in 2016 showed the
absence of correlation between the extent of bronchiectasis and
age, smoking history, BMI, exacerbations in the previous year,
FEV1/FVC ratio and predicted FEV1% in a patient cohort suffering
from post-COPD bronchiectasis [14].
In contrast, in 2014, a Korean study found a negative correla-

tion between the extent of bronchiectasis and BMI in moderate to
severe disease [15]. Patients experienced weight loss as the disease
progressed.
The following year, an Italian team carried out a study on neutrophilic bronchial inflammation in NCFB patients. As a result,
predicted FEV1% was negatively correlated with the number of
pulmonary lobes involved in the disease [16].
According to another paper published in 2019, which included
bronchiectasis patients performing pulmonary rehabilitation, disease progression seems to be associated with a reduction in exercise capacity [17,18]. The 6-minute walk distance correlated with
the extent of bronchiectasis on CT scan and was found by
McDonnell et al. to reflect disease severity measured by the
Bronchiectasis Severity Index (BSI) [18]. Patients with severe disease walked an average of 83 m less than patients with moderate
disease and 198 m less than those with mild disease [17].
The BSI was set up and validated for bronchiectasis by
Chalmers et al. in 2014 [17] .This is a 9-item scale that includes a
radiological severity parameter [19]. This is evaluated with the

Table 2. Pulmonary function tests (PFTs) and number of lobes involved in bronchiectasis. Values expressed as mean ± SD.
FVC% (% predicted)
FEV1% (% predicted)
FEV1/FVC ratio
FEF25%-75% (% predicted)
DLCO% (% predicted)
TLC (% predicted)

MI

RV% (% predicted)

6MWT (m)

PaO2 (mmHg)
SaO2 (%)
PaCO2 (mmHg)

Timing

1-2 lobes

3-6 lobes

Difference (95% C.I.)

Statistical significance

Baseline (43)
T3 (30)
T6 (20)
Baseline (43)
T3 (30)
T6 (20)
Baseline (43)
T3 (30)
T6 (20)
Baseline (43)
T3 (30)
T6 (20)
Baseline (30)
T3 (27)
T6 (16)
Baseline (24)
T3 (21)
T6 (13)
Baseline (24)
T3 (21)
T6 (13)
Baseline (30)
T3 (27)
T6 (16)
Baseline (18)
T3 (6)
T6 (4)
Baseline (41)
T3 (25)
T6 (15)
Baseline (41)
T3 (25)
T6 (15)
Baseline (41)
T3 (25)
T6 (15)

78.6 ± 31.7
79.5 ± 26
78 ± 26
75.3 ± 34.4
78.1 ± 30.8
76.8 ± 29.2
76.6 ± 14.5
77.4 ± 12.1
79.9 ± 12
56.6 ± 38.3
61.6 ± 33
59.7 ± 30.4
76.5 ± 24.6
73.9 ± 20.1
76 ± 20.8
150.3 ± 39.1
137.5 ± 47.8
138.8 ± 41.2
52.8 ± 11
49 ± 10.7
57.2 ± 13.5
83.6 ± 26.8
77.2 ± 23.4
88.8 ± 22.3
181 ± 196
121 ± 28
156 ± 44.1
76 ± 14.8
76.6 ± 13.5
79.8 ± 5.82
96.6 ± 3.97
96.5 ± 2.43
97.6 ± 1.72
41.4 ± 8.23
39.8 ± 5.06
39.5 ± 5.48

76.2 ± 19.6
75 ± 17.9
62 ± 15.1
63.6 ± 20.7
61.6 ± 19.1
52.8 ± 18
68.5 ± 13.4
68 ± 12.5
74.1 ± 13.4
35.8 ± 20
31.5 ± 20.7
34.2 ± 15.1
68.4 ± 16.6
71.2 ± 22.4
64 ± 13.2
140.8 ± 49.2
129.3 ± 41.2
153.5 ± 30
49.3 ± 8.02
53 ± 5.97
52.8 ± 8.22
76.8 ± 28.6
68.1 ± 18.6
67 ± 14.1
100 ± 33.9
83.3 ± 34.3
86 ± 12
73.5 ± 10.5
71.3 ± 12.4
70.3 ± 7.59
96.6 ± 2.68
96.3 ± 1.51
84.6 ± 34.2
41 ± 6.79
41.9 ± 8.81
42.1 ± 8.06

-2.34 (-18.93 to 14.25)
2.5 (-14.72 to 20.03)
-8.75 (-26.97 to 9.74)
-11.72 (-30.18 to 6.74)
-9.79 (-28.5 to 9.01)
-12.48 (-31.5 to 6.65)
-8.16 (-16.18 to -0.14)
-8.66 (-17.4 to 0.14)
-0.74 (-10.26 to 8.99)
-20.8 (-40.8 to -0.8)
-25.13 (-45.57 to -4.59)
-20.41 (-41.42 to 0.7)
-8.15 (-22.82 to 6.52)
-4.78 (-19.47 to 9.7)
-9.52 (-26.22 to 7.29)
-3.48 (-41.27 to 34.7)
-0.02 (-38.35 to 38.65)
-30.1 (-71.55 to 9.94)
-3.15 (-12.37 to 6.24)
3.91 (-6.13 to 13.85)
-4.51 (-17.38 to 8.29)
-7.16 (-25.15 to 10.67)
-8.62 (-26.45 to 9.42)
-19.46 (-43.03 to 4.47)
-74.23 (-197.02 to 49.21)
-82.99 (-212.66 to 43.52)
-119.71 (-252.38 to 10.36)
-2.48 (-10.09 to 5.13)
-2.76 (-11.41 to 6.29)
-4.43 (-14.81 to 6.46)
-0.02 (-6.06 to 6.02)
-0.23 (-8.06 to 7.61)
-13.03 (-27.4 to +2.67)
-0.39 (-4.82 to 4.04)
1.12 (-3.67 to 5.84)
-1.09 (-6.31 to 4.01)

Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Significant
Not significant
Not significant
Significant
Significant
Not significant
Not significant
Not significant
Not significant
0.861
0.999
0.171
0.531
0.471
0.520
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant
Not significant

FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; FEF25-75%, forced expiratory flow at 25-75% of the vital capacity; DLCO, diffusing capacity of the lung for carbon monoxide (CO); RV,
residual volume; TLC, total lung capacity; MI, Motley index; 6MWT, six minute walking test; PaO2, partial pressure of oxygen; SaO2, arterial oxygen saturation; PaCO2, partial pressure of carbone monoxide
(CO2).
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modified Reiff score, based on two tomographic parameters: the
number of lobes affected by bronchiectasis and the degree of dilation (tubular = 1, varicose = 2, and cystic = 3). The maximum score
is 18, and the minimum score is 1 [20].

function decline in patients with bronchiectasis. Clin
Microbiol Infect 2021;27:428-34.
8. Huang HY, Sheng TF, Lin CW, Wang TW, Lo CY, Chung FT,
et al. Oxygen desaturation during the 6-min walk test as a risk
for osteoporosis in non-cystic fibrosis bronchiectasis. BMC
Pulm Med 2019;19:28.
9. Pino Peña I, Cheplygina V, Paschaloudi S, Vuust M, Carl J,
Møller Weinreich U, et al. Automatic emphysema detection
using weakly labeled HRCT lung images. PLoS One
2018;13:e0205397. Erratum in: PLoS One 2019;14:e0220873.
10. R Core Team. R. A language and environment for statistical
computing. R Foundation for Statistical Computing: Vienna;
2020. Available from: https://www.r-project.org/
11. Miller MR, Crapo R, Hankinson J, Brusasco V, Burgos F,
Casaburi R, et al. General considerations for lung function testing. Eur Respir J 2005;26:153-61.
12. Piatti G, De Santi MM, Farolfi A, Zuccotti GV, D’Auria E,
Patria MF, et al. Exacerbations and Pseudomonas aeruginosa
colonization are associated with altered lung structure and
function in primary ciliary dyskinesia. BMC Pediatr
2020;20:158.
13. Costa JC, Machado JN, Ferreira C, Gama J, Rodrigues C. The
Bronchiectasis Severity Index and FACED score for assessment of the severity of bronchiectasis. Pulmonology
2018;24:149-54.
14. Jin J, Yu W, Li S, Lu L, Liu X, Sun Y. Factors associated with
bronchiectasis in patients with moderate-severe chronic
obstructive pulmonary disease. Medicine (Baltimore)
2016;95:e4219.
15. Bak SH, Kim S, Hong Y, Heo J, Lim MN, Kim WJ.
Quantitative computed tomography features and clinical manifestations associated with the extent of bronchiectasis in
patients with moderate-to-severe COPD. Int J Chron Obstruct
Pulmon Dis 2018;13:1421-31.
16. Dente FL, Bilotta M, Bartoli ML, Bacci E, Cianchetti S,
Latorre M, et al. Neutrophilic bronchial inflammation correlates with clinical and functional findings in patients with noncystic fibrosis bronchiectasis. Mediators Inflamm
2015;2015:642503.
17. Chalmers JD, Crichton ML, Brady G, Finch S, Lonergan M,
Fardon TC. Pulmonary rehabilitation after exacerbation of
bronchiectasis: a pilot randomized controlled trial. BMC Pulm
Med 2019;19:85.
18. McDonnell MJ, Aliberti S, Goeminne PC, Dimakou K,
Zucchetti SC, Davidson J, et al. Multidimensional severity
assessment in bronchiectasis: an analysis of seven European
cohorts. Thorax 2016;71:1110-8.
19. He M, Zhu M, Wang C, Wu X, Xiong X, Wu H, et al.
Prognostic performance of the FACED score and bronchiectasis severity index in bronchiectasis: a systematic review and
meta-analysis. Biosci Rep 2020;40:BSR20194514.
20. Chalmers JD, Goeminne P, Aliberti S, McDonnell MJ, Lonni
S, Davidson J, et al. The bronchiectasis severity index. An
international derivation and validation study. Am J Respir Crit
Care Med 2014;189:576-85.

Conclusions
HRCT is a key exam in NCFB diagnostics and monitoring. Its
role in managing the NCFB is well established both in clinical
practice and in the literature. The number of involved lobes seems
to represent a useful prognostic index and an important follow up
tool.
The study carried out showed a crucial correlation between
imaging and the number of exacerbations in the previous year, as
well as some functional parameters, FEV1/FVC ratio and FEF2575%. Regarding the latter, the lack of correlation in the follow up
could be associated with an improvement of lung function due to
the treatment. In fact, the main strategy in bronchiectasis consists
of the prevention and treatment of exacerbations.
Further studies are needed with greater sample size.
Furthermore, the prognostic role of FEF25-75% could be investigated, considering its possible inclusion in the scoring systems currently used in the bronchiectasis staging, like the BSI.
However, the best tool to improve disease management is to
strengthen GPs’ awareness of bronchiectasis. With their collaboration, an early diagnosis will make the treatment faster and more
targeted.
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ABSTRACT

1

Background In 2003, the JNC 7 reported obstructive sleep apnea (OSA) as a cause of secondary hypertension. The
prevalence of OSA in hypertension ranges from 30-80%. There are limited data on the prevalence and risk factors of
OSA in hypertensive patients. This study thus aimed to evaluate prevalence and clinical predictors of obstructive sleep
apnea (OSA) in these patients.
Methods: This was a cross-sectional study and conducted at the hypertension clinic at Khon Kaen University’s
Srinagarind Hospital, Thailand. We enrolled patients with hypertension treated at the clinic. OSA was defined as
apnea-hypopnea index of 5 events/hour or over according to cardiopulmonary monitoring. Patients whose hypertension was due to any other causes were excluded. The prevalence of OSA was calculated and risk factors for OSA were
analyzed using multivariate logistic regression.
Results: There were 726 hypertensive patients treated at the clinic. Out of those, 253 (34.8%) were randomly studied
and categorized as either non-OSA (147 patients, 58.1%) or OSA (106 patients, 41.9%). There were four independent
factors associated with OSA-induced hypertension: age, sex, history of snoring, and history of headache. Headache
had an adjusted odds ratio (95% confidence interval) of 3.564 (95% confidence interval of 1.510, 8.411).
Conclusion: Age, male sex, history of snoring, and headache were independent predictors of hypertension caused by
OSA.
Key words: Age; snoring; predictors; headache.
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Statistical analysis

Introduction
Obstructive sleep apnea (OSA) is a common disease. It is estimated that 936 million adults aged 30-69 years have mild to severe
OSA [1]. A systematic review found that OSA may be found in
61.9% of patients with cardiovascular diseases [2]. The European
Heart Association has also announced in 2016 that OSA is a strong
risk factor for several major cardiovascular diseases such as hypertension, coronary artery disease, atrial fibrillation, stroke, and heart
failure [3].
In 2003, the JNC 7 reported that OSA is a secondary cause of
hypertension [4]. The prevalence of OSA in cases of hypertension
ranges from 30-80% with an average of 50% [5]. Several risk factors are related to OSA such as obesity, age, and gender [6-8]. Men
have a two to three times higher risk of suffering from OSA than
women [9]. For every 10% increase in weight, risk for OSA
increases six-fold [10,11]. These risk factors have not been studied
in any particular population such as patients suffering from hypertension. Additionally, clinical factors predictive of OSA may be
helpful to detect OSA in patients with hypertension in resourcelimited setting of polysomnography. This study aimed to evaluate
the prevalence and risk factors for OSA in cases of hypertension.

Methods
This was a cross-sectional study conducted at Khon Kaen
University’s hypertension clinic in Khon Kaen, Thailand. The
study period was from July to October, 2016. We enrolled adult
patients diagnosed with hypertension who were treated at the clinic. Obstructive sleep apnea was defined as an apnea-hypopnea
index (AHI) value of five events/hour or greater as measured using
cardiopulmonary monitoring [12]. Patients with other causes of
hypertension were excluded. We used a simple random sampling
method to enroll patients from the clinic database. The cardiopulmonary monitoring device used in this study was the Alice PDX
ambulatory test (Philips Respironics, USA). This device has been
found to exhibit 94.4% agreement with standard polysomnography
[13]. Severity of OSA was categorized as mild, moderate, or severe
based on AHI of 5-14, 15-29, or 30 events/hour or over [12].
Scoring of apnea or hypopnea was made based on a previous report
[13].
Baseline characters and physical signs of all eligible patients
were studied and recorded. Data since the time of diagnosis of
hypertension were retrospectively reviewed. Risk factors, symptoms, and complications of OSA were also evaluated. Risk factors
of OSA included body mass index, neck circumference, and
anatomical features such as Mallampati classification, macroglossia, toruses, tonsillar enlargement, retrognathia, history of tonsillectomy, and denture. Neck circumference was measured over the
crico-thyroid junction. Macroglossia was identified by evidence of
dentation marks on the lateral side of the tongue. Five main OSA
symptoms were studied: history of snoring, apnea having been
observed, morning headaches, unrefreshed sleep, and daytime
sleepiness. Complications of OSA were also recorded including
diabetes, stroke, coronary artery disease, heart failure, atrial fibrillation, and gastroesophageal reflux disease.

Sample size calculation
The average prevalence of OSA in cases of hypertension is
50% [5], while the prevalence of OSA in our hypertension clinic
was 40% by a pilot study. Based on a 95% confidence interval and
power of 90%, the estimated sample size was 210. With the 10%
of missing data, the required sample size was 231 subjects.
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Eligible patients were categorized into two groups: hypertensive patients with and without OSA. Baseline and clinical characteristics of both groups were compared by using descriptive statistics. When appropriate, a Wilcoxon rank sum/Student’s t-test and
Fisher’s exact tests/chi-square test were applied to compare the differences between the two groups in terms of numbers and proportions, respectively. Univariate logistic regression analysis was
applied to calculate the crude odds ratio (OR) of individual variables for OSA-induced hypertension. All clinically significant
variables were included in subsequent multivariate logistic regression analysis. Analytical results were presented as crude OR,
adjusted OR, and 95% confidence intervals (CI). The goodness of
fit of the multivariate logistic regression model was tested using
the Hosmer-Lemeshow method. All data analysis was performed
using STATA software version 10.1 (StataCorp LP, College
Station, TX, USA).

Results
There were 726 hypertensive patients treated at the clinic. Out
of those, 253 (34.8%) were randomly studied and categorized as
either non-OSA (147 patients, 58.1%) or OSA (106 patients,
41.9%). Those with OSA had a median AHI of 22 events/hour (1st3rd percentile of 10-40) with a median lowest oxygen saturation of
79% (1st-3rd percentile of 74-86). Percentages of mild, moderate,
and severe OSA were 30.39%, 31.37%, and 38.24%, respectively.
Baseline characters and physical signs of both groups are
shown in Tables 1 and 2, respectively. There were nine factors significantly different between the two groups in terms of baseline
factors including age, sex, history of snoring, witnessed apnea,
morning headaches, unrefreshing sleep, daytime sleepiness, history of coronary artery disease, and previous alcohol consumption
(Table 1). In terms of physical signs, there were three factors in
which the two groups differed significantly including diastolic
blood pressure, macroglossia, and tonsillar enlargement (Table 2).
The OSA group had higher proportions of macroglossia (41.5% vs
8.2%; p<0.001) and tonsillar enlargement (11.3% vs 1.4%;
p 0.001) than the non-OSA group. The median diastolic blood
pressure was also higher in the OSA group than in the non-OSA
group (80 vs 76.5 mmHg). There were four independent factors
associated with OSA-induced hypertension including age, sex, history of snoring, and history of morning headaches. The adjusted
odds ratios (95% confidence interval) of these factors were as follows: age = 0.974 (95% CI of 0.951, 0.998), sex = 2.052 (95% CI
of 1.072, 3.926), history of snoring = 8.044 (95% CI of 4.053,
15.962), and history of morning headaches = 3.564 (95% CI of
1.510, 8.411) as shown in Table 3. The Hosmer-Lemeshow chisquare of the model was 13.99 (p=0.082).

Discussion
This study shows new knowledge regarding predictors of OSA
in hypertensive patients. Only age, sex, history of snoring, and history of morning headaches were independent risk factors for OSA
in patients with hypertension. These predictors can be categorized
as risk factors and symptoms of OSA. The first two factors are risk
factors of OSA, while histories of snoring and morning headache
are symptoms of OSA.
Generally, increasing age is a risk factor for OSA, but not for
hypertensive patients in this study. An age increases of one year
lowered the risk for OSA in hypertensive patients by 3% (Table 3).
These results can be explained by the characteristics of the study
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population. The non-OSA hypertension group had an average age
of 62.7 years (Table 1). OSA prevalence increased with age and
was steady after the sixth decade of life [1,14,15]. Another explanation of younger age in the OSA group in this study is proportion
of female patients. In a study of OSA patients with female ratio of

21.8% found that female patients with OSA had significantly older
age than male patients (48.4 vs 43.4 years; p=0.004) [16]. In this
study, the OSA group had a proportion of female patients of 41.5%
but the average age of female patients was not different from male
patients (59.9 vs 58.2 years; p=0.349). These findings may result

Table 1. Baseline characters of hypertensive patients categorized by presence of obstructive sleep apnea (OSA).
Factor
Male sex
Median (1st-3rd quartile) age, years
Median (1st-3rd quartile) BMI, kg/m2
Obesity
Snoring
Witnessed apnea
Morning headaches*
Unrefreshed sleep
Daytime sleepiness
Diabetes mellitus
Stroke
Coronary artery disease
Heart failure
Atrial fibrillation
Gastroesophageal reflux disease
Allergic rhinitis
Previous smoking
Previous alcohol consumption
Current smoking
Current alcohol consumption

Non OSA
N=147

OSA
N=106

p

60 (40.8)
65 (57-71)
25.7 (23.0-27.7)
33 (22.45)
36 (24.5)
9 (6.1)
15 (10.2)
12 (8.2)
24 (16.3)
48 (32.7)
8 (5.4)
1 (0.7)
4(2.7)
3 (2.0)
27 (18.4)
9 (6.1)
19 (12.9)
25 (17.0)
8 (5.4)
18 (12.2)

62 (58.5)
56 (47-63)
30.5 (26.5-35.0)
54 (50.94)
83 (78.3)
42 (31.1)
29 (27.4)
20 (18.9)
20 (18.9)
34 (32.4)
34 (32.4)
7 (6.6)
2 (1.9)
2 (1.9)
30 (28.3)
13 (12.3)
18 (17)
30 (28.3)
5 (4.7)
19 (17.9)

0.006
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.014
<0.001
0.923
0.499
0.030
0.669
0.931
0.064
0.093
0.369
0.033
0.797
0.210

*Excludes other causes such as medication or infection; data presented as number (percentage) unless indicated otherwise; BMI, body mass index.

Table 2. Physical signs of hypertensive patients categorized by presence of obstructive sleep apnea (OSA).
Factors
Median (1st-3rd quartile) SBP, mmHg
Median (1st-3rd quartile) DBP, mmHg
Median (1st-3rd quartile) neck circumference, cm*
Mallampati classification*
Class I
Class II
Class III
Class IV
Macroglossia
Torus palatinus
Torus mandibularis
Tonsillar enlargement
Retrognathia
Tonsillectomy
Denture

Non OSA
N=147

OSA
N=106

p

142 (130-151)
77 (69-84)
37.0 (34.0-44.0)

140 (129-151)
82 (72-90)
41.5 (37.5-45.0)

2 (5.9)
9 (26.5)
18 (52.9)
5 (14.7)
12 (8.2)
7 (4.8)
5 (3.4)
2 (1.4)
4 (2.7)
1 (0.7)
3 (2.0)

2 (2.5)
31 (38.8)
34 (42.5)
13 (16.3)
44 (41.5)
11 (10.4)
1 (0.9)
12 (11.3)
8 (7.5)
1 (0.9)
5 (4.7)

0.827
0.004
0.082
0.492

<0.001
0.135
0.406
0.001
0.131
0.999
0.243

Data presented as number (percentage) unless indicated otherwise; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; obesity defined by body mass index of 30 kg/m2
or over; *indicated missing data.
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Table 3. Factors associated with obstructive sleep apnea in hypertensive patients according to logistic regression analysis.
Factors
Age
Male sex
History of snoring
History of morning headaches
Daytime sleepiness
Body mass index
Smoking

Unadjusted odds ratio (95% confidence interval)

Adjusted odds ratio (95% confidence interval)

0.950 (0.930, 0.970)
2.043 (1.230, 3.394)
11.127 (6.134, 20.183)
3.314 (1.673, 6.567)
4.752 (2.661, 8.488)
1.037 (0.995, 1.080)
0.860 (0.273, 2.706)

0.974 (0.951, 0.998)
2.052 (1.072, 3.926)
8.044 (4.053, 15.962)
3.564 (1.510, 8.411)
1.633 (0.785, 3.398)
0.995 (0.977, 1.014)
0.488 (0.107, 2.212)

in lower average age in the OSA group.
Male sex was still an independent risk factor for OSA in
patients with hypertension with a similar adjusted odds ratio to that
of the general population (Table 3) [2,9]. Another meta-analysis
also found that OSA was related with hypertension in male subjects with OR of 1.698 (95% CI of 1.319, 2.077) which is comparable with adjusted OR in this study (1.953) as shown in Table 3
[17]. A history of snoring is a strong indicator for OSA in hypertensive patients as well as the general population. The risk of OSA
was eight times greater in hypertensive patients with a history of
snoring compared with non-snorer hypertensive patients [18-20].
Approximately 10-30% of patients with OSA experienced
bifrontal, squeezing headaches without nausea or photophobia.
The headaches could last for several hours on a daily basis [21].
OSA causes several events of intermittent hypoxemia during sleep
resulting in increasing sympathetic nervous system activation leading to headaches [22]. Additionally, increased carbon dioxide levels during apneic events may result in cerebrovascular dilatation
leading to headache as well [23]. Both mechanisms also lead to
hypertension. From these mechanisms, patients with OSA may
have both headaches and hypertension.
A clinical study found that morning headache was related to
moderate to severe OSA with an adjusted OR of 2.00 (95% CI of
1.03, 3.85) and lowest oxygen saturation in REM sleep [24, 25].
Patients with OSA who had headaches also had lower oxygen saturation during REM sleep than those without headaches (82% vs
84%). In this study, there was no significant difference in severity
of OSA or oxygen saturation in those with and without headache.
The proportions of patients with mild, moderate, and severe OSA
with headache were 38.71%, 31.25%, and 17.95% (p=0.143)
respectively, while median lowest oxygen saturation in those with
and without headache was 79% and 80%, respectively (p 0.740).
Our results were similar to those of a study from Poland which
found no correlation between morning headache and oxygen saturation or AHI [26]. However, morning headache was significantly
associated with hypertension with an odds ratio of 1.25 (95% CI of
1.06, 1.46). These data may indicate that though morning headache
is associated with hypertension in patients with OSA, the causes
may be multifactorial. Finally, headache in patients with OSA may
be related to sleep bruxism, which may be improved by using an
oral appliance [27].
Daytime sleepiness was a significant factor for OSA in hypertensive patients according to univariate logistic analysis, but was

no longer significant after adjustment for other factors (Table 3).
The reason why sleepiness was not a significant factor in this study
is that it is more common in severe cases of OSA [28]. OSA
patients with severe daytime sleepiness had significantly higher
AHI than those without daytime sleepiness (55.7 vs 36.6 events/h;
p<0.0001). The median AHI in this study was only 22 events/hour.
Also, daytime sleepiness may have several causes such as poor
sleep hygiene or medications [29]. Therefore, it may not be directly related to OSA. Another study confirmed that daytime sleepiness was not related to resistant hypertension with adjusted OR of
1.00 (95% CI of 0.91, 1.10) [30].
Obesity is the main risk factor for OSA [1,2]. This study
showed that higher body mass index was not an independent factor
associated with OSA in hypertensive patients. Even though the
average body mass index in the OSA group was significantly higher than in the non-OSA group in this study (30.9 vs 27.5 kg/m2), it
was not significant after adjusted with other factors. As previously
reported, Chinese or Japanese patients with OSA had lower body
mass index than Caucasians [31,32]. The average body mass index
in Caucasian group was significantly higher than the Chinese
group (30.7 vs 28.4 kg/m2: p=0.03). Anyway, the Chinese patients
had narrower airway space than the Caucasians including shorter
cranial bases, maxilla, and mandible length. These findings may
explain why elevated body mass index was not the significant clue
for OSA in Asian hypertensive patients (Table 3).
There are some limitations to this study. It was conducted in a
university hospital. The patients may have more complex conditions. Some data may be missing due to the retrospective nature of
the data collection including Mallampati classification, neck circumference, diagnosis of chronic obstructive pulmonary disease,
and sleep bruxism. Further studies may be required to confirm the
results of this study such as in other ethnicities. Finally, this study
did not study the effects of CPAP or other aspects of OSA [33,34].

Conclusions
This study found a high prevalence of OSA in patients with
hypertension. Physicians should pay attention on age, sex, history
of snoring, and history of headaches in hypertensive patients in
order to detect OSA. Body mass index was not a predictor for OSA
associated with hypertension in this study population.
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COMMENTARY

The practical role of the respiratory therapist in the standard apnea test procedure
for declaration of death via neurologic criteria in adults
Adrian A. Jarquin-Valdivia,1 Earl B. Glasgow,1 Todd J. Meyer2
TriStar Centennial Medical Center, Nashville, TN; 2Respiratory Care Services, Mayo Clinic, Rochester, MN, USA

ABSTRACT

1

Introduction: Respiratory therapists (RTs) in the intensive care unit can at times find themselves involved in and
assisting during the performance of the apnea test (ApT). The ApT is a clinically complex procedure and is the last
part of the clinical declaration of death by neurologic criteria (DNC) protocol and requires close collaboration between
the physicians and the RTs. As such, the ApT should be performed with the upmost attention to detail.
Context and Aims: The RTs need to be versed on the intricacies of the ApT. Except in very large medical centers, the
ApT is not a procedure performed with high enough frequency as to maintain high level of proficiency. For a successful ApT, structured knowledge and preparation are paramount. This publication attempts to fill that gap, for adult hospitalized patients not on ECMO (extracorporeal membrane oxygenation). To generate this report, we make use of the
published guidelines, and our personal experience on performing ApTs in large medical centers.
Conclusion: We provide a structure by means of a checklist, from the RTs’ perspective, to guide and help them lead
on the efficient performance of the ApT.
Key words: brain; apnea; death; respiratory therapy; neurologic; timeout; criteria; critical; neurocritical.
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Introduction
Patient death can be declared via 1 of 2 mechanisms: cardiopulmonary death or neurologic death [1]. The RTs are usually
involved in both death declarations pathways, but the ApT has layers of complex, multistep and time-sensitive knowledge, timely
collaborations and targeted skills [2,3].
More recently there has been a global attempt to standardize
death by neurologic criteria (DNC) declaration through the World
Brain Death Project (WBDP) [1]. As this effort continues to
expand, the need for the RTs’ knowledge and skills on the technique when participating in the performance of the ApT becomes
even more relevant.

•
•
•
•

Background
The ApT procedure is a group effort, where the physically (or
virtually) present attending physician is responsible for deciding
the appropriateness and timing of the ApT. The goal of the ApT is
to maximally stimulate the respiratory centers in the lower brain
stem by acute hypercarbia and respiratory acidemia, when there is
no restriction or limitation to being able to do so (i.e., no chemical
paralysis, high cervical spine injury, chronic pCO2 retention or
severe obesity, among others). All while the patient remains perfused, normothermic and normoxic [1,4].
The ApT is the last key portion of the clinical declaration of
death via neurologic criteria. Once a patient has been declared
dead via neurologic criteria, then he/she has become a cadaver. If
reconnected to the mechanical ventilator, then becomes an oxygenated and perfused cadaver.
Checklists have proven themselves to be useful in improving
efficiency, efficacy, and safety. Checklists, when thoughtfully built
and maintained, can be powerful tools for standardization of clinical care [5]. The declaration of DNC has evolved into a checklist
that the licensed physician is responsible to follow [1,6]. To assist
the RTs, a checklist is being provided here for the bedside navigation of the performance of the ApT procedure, from the RTs perspective, in a more smooth and seamless fashion.
The checklist provided (Table 1) is a general approximation, a
set of reminders and guideposts for the RTs to have at-hand and in
mind for more effective leadership and collaboration with the
physician and clinical team during the ApT procedure.

Elements of DNC
The declaration of DNC requires meeting a sequence of clinical contexts and criteria [1,6]:
• In the context of a severe and irreversible neurological injury,
in the absence of sedation and paralysis (chemical, anatomical
or disease condition), and while the patient’s systolic blood
pressure (SBP) is >100 (MAP>60) mmHg and normothermic
(>36°C):
1) the presence of coma, Glasgow Coma Score (GCS) =3,
and
2) lack of brain stem reactivity: no pupillary, no corneal and
no oculocephalic or oculovestibular reflexes, no extraocular
movements, no gag/cough response, and no spontaneous
respirations, and
3) absence of respiratory effort during the ApT.
• The diagnosis of DNC is predominantly (>90% of the time)
clinical. In less than 10% of cases paraclinical tests may be
needed, such as transcranial Doppler, or electroencephalo-

gram, or nuclear medicine scans, and others). These are used
when a component of the clinical exam is missing or cannot be
obtained.
The presence of simple spinal cord reflexes or spontaneous
muscle contractions is compatible with the diagnosis of DNC.
The physician is in the room (physically or virtually) during
the entire evaluation and clinical testing.
Active monitoring during the ApT may include cardiac rhythm
telemetry, continuous O2 saturation, continuous or frequent (12 min) blood pressure, and waves and visual respiratory rate.
Apnea test – beginning from normocarbia, no respirations are
observed for around 10 minutes of disconnection of the endotracheal tube from the mechanical ventilator tubing, and documenting an increase from pre-disconnection arterial partial
pressure of carbon dioxide (PaCO2) 4.7-6.0 kPa (PaC02 35-45
mmHg) to at least or greater than PaCO2 ≥2.67 kPa (≥20
mmHg), or paCO2 ≥8.0 kPa (≥60 mmHg).

In the United States of America (USA), there are 2 pathways
to declare death:
1) cardiopulmonary criteria, or
2) neurologic criteria.
The apnea test is a key component of the declaration of DNC.
Generally, in the adult, only 1 ApT test is needed. If a second
ApT is performed, then the same steps are followed. The patient is
declared at the end of the last ApT, if criteria are met.
The ApT comes with some potential complications to be aware
of, that include: hypotension, hypoxia, bradycardia, cardiac arrest,
pneumothorax, among others, and can lead to aborting the procedure until adjustments and corrections can be implemented to
decide if the ApT could repeated [7].
After ApT, if the patient is declared dead, then the family will
be approached by the organ procurement organization (OPO)
about organ donation (in the USA [8], the clinical team does NOT
talk to family regarding organ donation.) If the patient is NOT an
organ donor, and the patient is reconnected to the mechanical ventilator, then a time is set to disconnect the patient from the critical
care devices, including the mechanical ventilator. RTs will be notified, if not done already. If the patient is an organ donor, then the
OPO will take over the case, and the healthcare team will assist, as
needed, and requested.

Time-out!
Time-outs, as far as we know have not been studied, nor have
been reported (in PubMed) as a component of the ApT procedure.
But, time-outs have become an integral part of clinical practice to
enhance patient safety. Time-outs are part of the Universal
Protocol [9] from The Joint Commission, that aims to enhance
patient safety. We believe that performing a time-out before performing the ApT should be considered part of the standard of care.
RTs may play a leading role in implementing ApT time outs.
Suggested statements and questions are itemized in Table 2.

Conclusions
A systematic, itemized, step-by-step approach is offered for the
RTs, on how to confidently assist and lead during the performance
of the complex multi-step standard ApT in adults, which is an integral part of the procedure for DNC. The ApT time-out is introduced.
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Table 1. The RTs ApT itemized checklist, with comments - partially adapted from [1,4,7,9].
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?

1) Agree on timing of the ApT procedure, and personnel.
2) Discuss if patient has contraindications such as being a chronic CO2 retainer, severe obesity, high cervical spine injury, hemodynamic instability,
flail chest, ongoing severe cardiac arrhythmias, etcetera, and confirm ApT can proceed.
3) If available, consider ETCO2 or other non-invasive CO2 monitoring device, as it could help adjust breathing tidal volume and/or rate in preparation
for disconnection.
4) Optimize patient: pulmonary recruitment maneuvers, and preoxygenate the patient with 100% FiO2 for ≥10 minutes to PaO2 ≥26.7 kPa
(≥200 mmHg)., with a PEEP of 0.49 kPa (5 cmH2O).
5) Obtain pre-ApT ABG. Ventilator settings adjusted to reach normocarbia 4.7-6.0 kPa (PaC02 35–45 mmHg).
6) If PaCO2 out of range, then, note the difference between ETCO2 and the PaCO2, and adjust ventilator (rate and/or volume), to reach target
pre-ApT PaCO2 of 4.7-6.0 kPa (35-45 mmHg).
7) Confirm oxygen saturation sensor in place, and not in a limb with active blood pressure cuff. Ideally, listen to SpO2 signal, to auditorily monitor heart
frequency, rhythm and oxygen saturations.
8) Gather ABG equipment: ideally a point-of-care ABG device, with 3-4 ABG kits, gloves, tape, cup with ice, and patient labels.
9) Gather apneic oxygenation/airway equipment: a) oxygen source, tubing, catheter for apneic oxygenation (endotracheal), or b) T-piece-CPAP, or
c) resuscitation airway bag with PEEP valve, depending on your institutions practice preferences.
10) Confirm how and by who the ABGs will be obtained (direct arterial punctures, or via arterial line), and who is going to run the ABG test.
11) Determine who and how (such as with a stopwatch) is going to monitor and call-out every minute of the time from disconnection to reconnection.
12) Perform Time-Out (see Table 2).
13) Physician is in the room, supervising physically or virtually via telemedicine, from disconnection to reconnection of airway tubing.
14) Uncover the chest and upper abdomen, down to the gown, for direct visualization of potential respiratory movements.
15) Prepare for disconnection from the mechanical ventilator, generally for 8-12 minutes (duration at the discretion of the supervising physician).
16) During the ApT the patient’s SBP ≥90 mmHg, is normothermic (>36°C), and normoxic.
17) Time tracking begins at disconnection and ends at reconnection. Note and document actual disconnection and reconnection times.
18) Apply agreed upon apneic oxygenation system.
19) Remind to minimize bed movements or touching the bed (this decreases the potential confounders, such as respiratory tracing deflections
on the monitor, that may be interpreted as breathing motion).
20) Notify physician if the patient is noted to have cough, yawns, or breathes over the set rate of the mechanical ventilator or when disconnected from
ventilator (any of these would prompt stopping the ApT procedure).
21) After minute-7 off the mechanical ventilator, be ready to draw ABG. As long as patient is hemodynamically stable, or the patient has not taken any
breath, then the test can and may continue for several more minutes.
22) When physician gives order, draw ABG. Label the sample.
23) Run ABG test, and place the remaining and labeled blood sample in cup with ice.
24) Be ready to run another ABGs.
25) Positive test is an increase from pre-ApT values of: PaCO2 ≥8.0 kPa (PaCO2 ≥60 mmHg), or pCO2 rise of ≥2.67 kPa (≥20 mmHg).
26) The ApT may be aborted if, for example, there is presence of respiratory drive, SBP <90, hypoxia (O2 saturation <85% for >30 secs),
unstable cardiac dysrhythmia, etc.). ApT may need to be repeated after necessary readjustments.
27) Reconnect patient to mechanical ventilator, using prior ApT settings, or as instructed by physician.
28) Stop stopwatch, note and document actual time. Calculate total procedure/apneic time (reconnection or final time – disconnection or initial time,
in minutes).
29) Document procedure, including total duration, disconnection time, complications, or deviations.
30) Only the OPO will approach the family about organ donation.

Table 2. Ten suggested time-out statements and questions for before the ApT procedure.
1)
2)

Begin with: “We are going to perform a time-out”
“I am (your name), Respiratory Therapist, and I will be assisting with the ApT”, then ask other members of the team to please introduce themselves
and their roles, including the physician. If family present in the room, have them introduce themselves, too.
3) What procedure are we performing?
4) On what patient (name, room number and date of birth) is the ApT being performed on?
5) Has the physician (name) given the order, and is he/she physically or virtually in the room?
6) Is the necessary equipment in the room, including ABG equipment?
7) Who will collect, and from what site, are the ABG samples going to be collected?
8) Who will keep track of the time?
9) Announce: “please, do not touch or move the bed after disconnection, unless strictly necessary”.
(Movements of the bed may induce spontaneous muscle contractions or cause confounding artifacts on the monitoring equipment and waveforms.)
10) Ready to proceed?
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Abbreviations
RTs, respiratory therapists;
ApT, apnea test;
DNC, death by neurologic criteria;
SBP, systolic blood pressure;
MAP, mean arterial blood pressure;
OPO, organ procurement organization.
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SARS-CoV-2 viral load dynamics in immunocompromised critically ill patients on
remdesivir treatment
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The relationship between SARS-CoV-2 quantitative viral load and risk of disease progression, morbidity such as longCOVID or mortality in immunosuppressed, remains largely undefined in COVID-19 patients. Critically ill immunosuppressed patients potentially benefit from remdesivir treatment because of the prolonged course of their infection.
Four critically ill immunocompromised patients and the impact of remdesivir on viral dynamics in lower respiratory
samples were studied. Bronchoalveolar lavage (BAL) samples were assessed to measure SARS-CoV-2 quantitative
viral load using real-time PCR. Corresponding plasma levels of remdesivir and its metabolite GS-441524 were determined. Mean virus load of 39.74 x 107 geq/ml (±33.25 x 107 geq/ml) on day 1 dropped significantly (p<0.008) to 3.54
x 106 geq/ml (±6.93 x 106 geq/ml) on day 3 and to 1.4 x 105 geq/ml (±2.35 x 105 geq/ml) on day 5 of remdesivir treatment. Mean virus load dropped below <1% between day 1 and 5 of remdesivir treatment. Parent prodrug remdesivir
and also GS441524 metabolite levels of antiviral activity in our patients were far in excess of EC 50. Our data present
that remdesivir treatment potentially reduces the SARS-CoV-2 viral load in immunosuppressed critically ill patients.
However, the implication of viral load reduction on morbidity and mortality needs further investigation.
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Introduction

Patients and methods

Immunocompromised critically ill COVID-19 patients are at
maximum risk of mortality, due to a dysregulated immune
response to the infection and this subgroup of patients has been
underrepresented in recent studies. Although the new antiviral drug
molnupiravir is promising, treatment of SARS-CoV-2 by an antiviral small molecule is still limited to remdesivir [1]. The relationship between SARS-CoV-2 quantitative viral load and risk of disease progression, morbidity such as long-COVID or mortality in
immunosuppressed, remain largely undefined in COVID-19
patients [2,3]. Remdesivir acts as an inhibitor of viral RNA
dependent RNA polymerases, originally developed to combat
Ebola. In the early phase of the pandemic, remdesivir was authorized for emergency use in patients with severe SARS-CoV-2 infection and received full FDA approval in October 2020.
Although currently not generally recommended for critically
ill patients, immunosuppressed potentially benefit from remdesivir
treatment because of the prolonged course of their infection.

Four critically ill, mechanically ventilated, immunocompromised patients and the impact of remdesivir on viral dynamics in
lower respiratory samples were studied.
The study was approved by the Institutional Review Board,
Klinikum rechts der Isar, Technical University of Munich (Ref.
807/20S). Bronchoalveolar lavage (BAL) samples were assessed
on day 1, 3, 5, 10 and 14 of the remdesivir treatment regimen (200
mg on day 1, followed by 100 mg for day2-5; all patients received
6mg dexamethasone for 10 days) to measure SARS-CoV-2 quantitative viral load using real time PCR (RT-PCR).
Anti-SARS-CoV-2-IgG and -IgM structure protein antibodies
were detected with the iFlash 1800 Chemiluminescence
Immunoassay Analyzer (YHLO Biotech, Shenzen, China).
Plasma levels of both remdesivir and its metabolite GS-441524
were determined on day 1, 3 and 5 and were analyzed by liquid
chromatography / mass spectrometry as recently described [4]. The
precision (accuracy) of remdesivir and GS-441524 spiked quality

Table 1. Baseline characteristics.
Parameters
Age (years)
Sex
BMI (kg/m2)
GFR
Hospital days before ICU admission (days)
Days with symptoms before hospital admission (days)
Severity of COVID-19
Severity of ARDS
SOFA Score
Laboratory parameters (at ICU admission)
Leukocyte count (G/l)
C-reactive protein (mg/dl)
Procalcitonin (ng/ml)
Interleukin-6 (pg/ml)
Procedures during ICU stay (Yes/No)
Mechanical ventilation
Prone positioning
Glucocorticoid (6 mg dexamethasone for 10 days)
Renal replacement therapy
Secondary infections during ICU stay

Outcome
ICU stay (d)
death (Y/N)
Underlying disease

Comorbidities (yes/no)
Arterial hypertension
DM2
Anticoagulation
Immunosuppressive medication

Patient 1

Patient 2

Patient 3

Patient 4

65
Male
29
>90
2
3
Severe
Severe
10

81
Male
28
>90
5
2
Severe
Severe
9

76
Male
23
77
3
5
Severe
Severe
11

64
Male
20
73
3
2
Severe
Severe
10

3.46
9.9
0.1
31.9

4.55
12.8
0.5
68.6

13.71
12.3
0.4
70.4

5.31
8.7
0.4
57.3

Y
Y
Y
N
None

Y
Y
Y
N
Pneumonia related
to Pseudomonas
aeruginosa

Y
Y
Y
N
Invasive aspergillosis
with Asp. fumigatus

Y
Y
Y
N
None

35
N
Granulomatosis
with polyangiitis
Y

16
Y
Rheumatoid
arthritis

32
Y
Myasthenia gravis

15
N
Kidney transplantation

Y
N
Rituximab
Prednisolone

N
Low dose MTX
Prednisolone
Azathioprin

Y
Y
N
N
Mycophenolate mofetil
Tacrolimus
Prednisolone
Mycophenolate mofetil
ATG

BMI, body mass index; ICU, intensive care unit; SOFA score, sequential organ failure score; DM2, diabetes mellitus type 2; MTX, methotrexat; ATG, anti-thymocyte globulin.
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control samples in plasma ranged from 4.7% to 6.1% (93.9101.6%) and from 2.7% to 7.2% (97.6-102.8%), respectively. For
statistical analysis SPSS 24.0 (IBM Corp.) was used.

Results and Discussion
Baseline characteristics of the four immunosuppressed critically ill patients are presented in Table 1. Immunosuppressive medication was stopped (or was already stopped before transmission to
the ICU) in all patients, except in patient 4, in which a baseline
immunosuppressive regime with tacrolimus was continued.
Initiation of remdesivir treatment was started in all patients until
day 3 after ICU admission. Mean viral load (from BAL) before
treatment was 40.92 x 107 Geq/ml (day 1 of ICU admission). The
mean virus load of 39.74 x 107 Geq/ml (±33.25 x 107 Geq/ml) on
day 1 dropped significantly (p<0.008) to 3.54 x 106 Geq/ml (±6.93
x 106 Geq/ml) on day 3 and to 1.4 x 105 Geq/ml (±2.35 x 105
Geq/ml) on day 5 of remdesivir treatment. This means a viral load
reduction rate of 91.1% between day 1 and 3 and 96% between day
3 and day 5 with a total reduction rate of 99.65% between day 1
and day 5 of remdesivir treatment (Figure 1). The viral load
remained constant at a low level until day 14 of the observation.
Seroconversion with detection of IgG antibodies against SARS
CoV-2 structure proteins could be detected after 14-25 days after
ICU admission in three out of four patients (CLIA IgG levels 40.347.24 U/ml). In one patient, anti-SARS-CoV-2-IgG antibodies
could be detected upon administration of convalescent plasma
which was consecutively given after remdesivir due to flow-cytometric iatrogen B-cell depletion as a consequence of previous rituximab treatment.
We describe the effects of a five-day treatment of remdesivir in
four immunocompromised patients with quantitative high SARS-

CoV-2 pulmonary viral loads and found a decrease to less than 1%
of the initial viral load. After the outbreak of COVID-19 a study
using Vero E6 cells showed that remdesivir inhibited the replication of SARS-CoV-2 [5]. These findings could be confirmed in
post-exposure experiments of SARS-CoV-2-infected rhesus
macaques by inhibiting viral replication [6].
In contrast, Goldberg et al. did not find significant reduction
rates of viral load in nasal swabs of COVID-19 patients receiving
remdesivir treatment [7]. These results are in line with previous
results from a macaque experiment, showing that remdesivir did
not reduce the viral load in the upper but in the lower respiratory
tract which is for the lower respiratory tract in the line with our
results [6]. Yet, we cannot exclude that the reductive effect on the
viral load may be explained by a T- and B-cell immune response.
This delay of detected anti-SARS-CoV-2-IgG and IgM might have
been influenced by the type of applicated immunosuppressive
medication. We favor a drug effect because of the unique pharmacokinetic properties of remdesivir. When infused it has little blood
hydrolysis; most of the drug enters target cells following an enzymatic step of the cell and of the prodrug a phosphorylated S 441
524 which interacts with the RNA which leads to viral blockade.
Plasma levels of GS 441 524 are extremely sensitive to small
changes in kidney function [4]. In our patients a moderate renal
dysfunction led to higher levels of GS 441 524 and these two
patients were those who had the highest viral load before therapy.
Parent prodrug remdesivir levels of antiviral activity in our
patients were far in excess of EC 50 of 47,6 ng/mL, the levels of
the GS441524 metabolite in patients 1 and 2 were below to clearly
above EC50 of GS441524 of 250,5 ng/mL for patients 3 and 4.
Although the effects of high viral loads on the outcome of
affected patients remain unclear to date, clinical and postmortem
data in critically ill patients have shown that SARS-CoV-2 viremia
leads to a systemic spreading of the viral disease into several other
organs beyond the primary affected lungs e.g., to the kidneys or the

Figure 1. Viral dynamics during remdesivir treatment and corresponding remdesivir and metabolite plasma levels.
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heart [3]. While these organ complications are commonly reported
in critically ill COVID-19 patients, the underlying mechanisms
remain unclear and the potential effects of antiviral medication on
those observations have not been investigated yet.
Moreover, persistent viral shedding (PSV) is a common event
and is associated with immunosuppression, increased IL-6 levels,
and the need for mechanical ventilation as known from other viral
infections. Treatment with remdesivir potentially reduces SARSCoV-2 viral load in critically ill immunosuppressed patients: however, the implication of viral load reduction on morbidity and mortality is not very clear, however, new real-life data suggest benefits
in patients treated with remdesivir [1,8,9].
Although remdesivir is not recommended for treatment of critically ill COVID-19 patients at the moment, future perspectives of
combination therapies with new COVID-19 medications may be
interesting and should be investigated.

Conclusion
Our data presents that remdesivir treatment potentially reduces
the SARS-CoV-2 viral load in immunosuppressed critically ill
patients. However, the implication of viral load reduction on morbidity and mortality needs further investigation.

Abbreviations
BAL: bronchoalveolar lavage;
RT-PCR: real-time polymerase chain reaction;
SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.
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LETTER TO THE EDITOR

“Tracheostomy healing time after decannulation”: can we improve it?
Özlem Özkan Kuşcu,1 Dilek Özcengiz,2 Antonio M Esquinas3
Department of Anesthesiology and Reanimation, Faculty of Medicine, Baskent University, Ankara, Turkey
Department of Anesthesiology and Reanimation, Faculty of Medicine, Cukurova University, Adana, Turkey
3
Hospital General Universitario Morales Meseguer, Molina Segura, Murcia, Spain
1
2

Dear Editor,
We read with great interest the article “Tracheostomy healing time after decannulation” by Christiansen et al. [1]. The authors
aimed to determine the tracheostomy wound healing time after decannulation. Few studies addressed the factors affecting the tracheostomy healing time, such as patient’s age, consciousness, oxygenation, duration of spontaneous breathing before decannulation, and cough effectiveness [2,3]. However, eligibility criteria for decannulation have not been studied on formal criteria, and
unfortunately, large, randomized, and multicenter clinical studies investigating the factors affecting decannulation are still insufficient. We commend the authors for raising awareness about this issue. In this study, the duration of tracheostomy healing time after
decannulation was found to be related to cannulation time. However, in our opinion, some issues need to be considered for proper
clinical extrapolation.
First, as the authors mentioned in the article, pulmonary secretions may accumulate around the stoma site [4], which may increase
the risk of wound infection and impaired wound healing [5]. The effect of wound infection on tracheostomy healing time after
decannulation needs further research.
Second, nutritional problems may impair wound healing. Critical patients are at risk of malnutrition. Wound healing is challenging
for malnourished patients [6]. Furthermore, we think that the effect of nutritional status on tracheostomy healing time after
decannulation is another essential issue that needs further research.
We appreciate the study by Christiansen et al. exploring the duration of tracheostomy healing time after decannulation and look
forward to future studies on this issue.
Key words: Tracheostomy healing time; decannulation; wound healing; wound infection; nutrition.
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1. INFORMATIVA PRIVACY
La SOCIETA’ ITALIANA DI PNEUMOLOGIA INTERDISCIPLINARE – SIPI con sede legale in Milano, Viale Brianza 22 ed email
segreteria@sipimrm.it, in qualità di Contitolari del trattamento (di seguito, i “Contitolari”), ai sensi e per gli effetti dell’art. 13 del D.Lgs. 30
giugno 2003, n. 196 (di seguito, il “Codice privacy”) e dell’art. 13 del Regolamento UE n. 679 del 2016 (di seguito, il “Regolamento privacy”), e
successive modificazioni ed integrazioni, raccolgono e successivamente trattano i dati personali [1] dei propri associati (di seguito, l’“Interessato”
o l’“Associato”).
Finalità e modalità del trattamento.
I dati personali dell’Interessato – inclusi quelli relativi alla carta di credito dell’Interessato ove forniti – sono trattati nell’ambito dell’attività
istituzionale dei Contitolari per il perseguimento delle seguenti finalità:
•
•
•
•
•

costituzione e successiva gestione del rapporto associativo, rispettivamente, con SIPI
adempimenti di carattere fiscale, amministrativo e contabile strettamente connessi al citato rapporto associativo;
adempimento di specifici obblighi previsti dalla legge, da un regolamento o dalla normativa comunitaria;
invio periodico delle riviste scientifiche e degli altri prodotti editoriali di SIPI ;
invio della newsletter periodica per aggiornare l’Interessato su tutti i progetti, le iniziative, gli eventi promossi da SIPI in ambito
associativo;

Il trattamento dei dati personali avviene, sotto l’autorità dei Contitolari del trattamento, da parte di soggetti specificamente incaricati, autorizzati
ed istruiti al trattamento ai sensi dell’art. 30 del Codice privacy e degli artt. 28 e 29 del Regolamento privacy, mediante strumenti manuali,
informatici o telematici, con logiche strettamente correlate alle finalità e comunque in modo da garantire la riservatezza e la sicurezza dei dati
personali. Nello specifico, i dati trattati vengono inseriti in un database informatizzato, il cui accesso è ubicato in un’area protetta del sito di
www.sipimrm.it (di seguito, il “Sito”), solo dopo autenticazione con credenziali ovvero login e password.
Base giuridica del trattamento, natura del conferimento e conseguenze di un eventuale rifiuto, consenso dell’Interessato.
2.1) Finalità di cui al precedente paragrafo 1, punti 1., 2., 3., 4., 5. e 6.
Con riferimento alle finalità di cui al precedente paragrafo 1, punti 1., 2., 3., 4., 5. e 6., il conferimento dei dati personali è obbligatorio e
costituisce requisito necessario per la costituzione e la successiva gestione del rapporto associativo con SIPI ; infatti, il mancato conferimento
determina l’impossibilità di iscrivere l’Interessato a SIPI e coinvolgerlo in ogni iniziativa della vita associativa; pertanto, la base giuridica del
relativo trattamento è la corretta instaurazione e amministrazione del contratto associativo, ai sensi dell’art. 6, comma 1, lett. b) del Regolamento
privacy.
Soggetti o categorie di soggetti ai quali i dati personali possono essere comunicati e ambito di comunicazione.
In relazione alle finalità del trattamento sopra indicate, e nei limiti strettamente pertinenti alle medesime, i dati personali dell’Interessato potranno
essere comunicati in Italia, o comunque all’interno o all’esterno della UE, ai seguenti soggetti, ai fini dell’attuazione del rapporto associativo:
(i) all’Amministrazione finanziaria e ad altre pubbliche Autorità, ove imposto dalla legge o su loro richiesta;
(ii) con riferimento ai dati finanziari, agli istituti di credito per le disposizioni di pagamento afferenti la quota sociale;
(iii) alle strutture e/o società esterne di cui i Contitolari si avvalgono, preposte allo svolgimento di attività connesse, strumentali o conseguenti alla
costituzione e successiva prosecuzione del rapporto associativo (ad esempio, per la spedizione dei programmi congressuali, per le attività
formative, per i progetti scientifici, per l’invio in abbonamento delle riviste scientifiche, ecc.);
(iv) ai consulenti esterni (ad esempio, per la gestione degli adempimenti fiscali), se non designati per iscritto Responsabili del trattamento;
I soggetti sopra indicati, ai quali i dati personali dell’Interessato saranno o potranno essere comunicati (in quanto non designati per iscritto
Responsabili del trattamento), tratteranno i dati personali in qualità di Titolari del trattamento ai sensi del Codice privacy e del Regolamento
privacy, in piena autonomia, essendo estranei all’originario trattamento eseguito dai Contitolari.Senza il consenso alla comunicazione dei dati
personali e dei correlati trattamenti, nei casi in cui esso è richiesto ai sensi del Codice privacy e del Regolamento privacy, non potrebbero essere
eseguite quelle operazioni che richiedono tali comunicazioni, con le conseguenze che sono note all’Interessato. Un elenco dettagliato e
costantemente aggiornato di questi soggetti, con la indicazione delle rispettive sedi, è sempre disponibile presso la sede legale di SIPI. Previo
specifico consenso, i dati dell’Interessato potranno essere pubblicati sul Sito di SIPI o sulle riviste e/o pubblicazioni scientifiche della stessa,
ovvero in occasione di altre iniziative – cartacee o telematiche – strettamente connesse con la partecipazione alla vita associativa. In caso di
pubblicazione di immagini e/o fotografie, di volta in volta verrà rilasciata apposita informativa e richiesti specifici liberatoria e consenso.
Qualora i dati dell’Interessato finissero al di fuori della UE, i Contitolari si impegnano a rispettare tutte le prescrizioni della normativa
comunitaria e italiana in materia di trasferimento di dati personali al di fuori del territorio comunitario.

pag. 2

Società Italiana di Pneumologia Interdisciplinare

Viale Brianza 22, 20127 Milano – Italia |
P.IVA / C.F. 13408190158
www.sipimrm.it
Mail: segreteria@sipimrm.it

Diritti dell’Interessato.
L’art. 7 del Codice privacy e gli artt. 15 e segg. del Regolamento privacy conferiscono all’Interessato il diritto di ottenere:
la conferma dell’esistenza o meno di dati personali che lo riguardano, anche se non ancora registrati, e la loro comunicazione in forma
intelligibile;
• l’indicazione dell’origine dei dati personali, delle finalità e modalità del trattamento, della logica applicata in caso di trattamento
effettuato con l’ausilio di strumenti elettronici, degli estremi identificativi dei Contitolari;
• l’aggiornamento, rettifica, integrazione, cancellazione, trasformazione in forma anonima o il blocco dei dati trattati in violazione di
legge – compresi quelli di cui non è necessaria la conservazione in relazione agli scopi per i quali i dati sono raccolti o successivamente
trattati – l’attestazione che tali operazioni sono state portate a conoscenza, anche per quanto riguarda il loro contenuto, di coloro ai quali
i dati sono stati comunicati o diffusi, eccettuato il caso in cui tale adempimento si riveli impossibile o comporti un impiego di mezzi
manifestamente sproporzionato rispetto al diritto tutelato.
L’Interessato ha inoltre il diritto:
• di revocare in qualsiasi momento il consenso prestato al trattamento dei dati personali (senza pregiudizio della liceità del trattamento
basata sul consenso prestato prima della revoca);
• di opporsi, in tutto o in parte, per motivi legittimi, al trattamento dei dati personali che lo riguardano, ancorché pertinenti allo scopo
della raccolta;
• di opporsi, in tutto o in parte al trattamento di dati personali che lo riguardano a fini di invio di materiale pubblicitario o di vendita
diretta o per il compimento di ricerche di mercato o di comunicazione commerciale;
• di proporre reclamo al Garante per la protezione dei dati personali nei casi previsti dal Regolamento privacy.
Per conoscere l’elenco dettagliato e costantemente aggiornato dei soggetti cui i dati personali dell’Interessato possono essere comunicati e per
esercitare i diritti di cui all’art. 7 del Codice privacy e gli artt. 15 e segg. del Regolamento privacy, il medesimo può rivolgersi ai recapiti dei
Contitolari del trattamento sopra indicati.
•

Durata del Trattamento
Fatti salvi gli obblighi di legge ed eccezion fatta per l’ipotesi in cui l’Interessato ha prestato specifico consenso alla pubblicazione dei propri dati
personali, quest’ultimi saranno conservati per l’intera durata del rapporto associativo.
[1] Ai sensi dell’art. 4 del Regolamento privacy, per “dato personale” si intende: “qualsiasi informazione riguardante una persona fisica
identificata o identificabile («interessato»); si considera identificabile la persona fisica che può essere identificata, direttamente o indirettamente,
con particolare riferimento a un identificativo come il nome, un numero di identificazione, dati relativi all’ubicazione, un identificativo online o a
uno o più elementi caratteristici della sua identità fisica, fisiologica, genetica, psichica, economica, culturale o sociale”.
2.

CONSENSO AL TRATTAMENTO DEI DATI

Dichiaro di avere preso visione dell’informativa esposta al precedente punto 1 e sottoscrivendo in calce il presente documento e esprimo il mio
consenso al trattamento dei miei dati personali da parte di SOCIETA’ ITALIANA DI PNEUMOLOGIA INTERDISCIPLINARE – SIPI.
Luogo: …………………………………………………

Data: ………………………………………………………..

Firma per consenso……………………………………………………………………………………………………………
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La magia del teatro ci porta in un altro mondo
Francesco Iodice
Già Direttore U.O. s.c. di Fisiopatologia Respiratoria, Ospedale A. Cardarelli, Napoli, Italia
email address: jodicef@tin.it
“La differenza fra le persone sta solo nel loro avere maggiore
o minore accesso alla conoscenza”.
Lev Tolstoj
“Festa è condividere la propria gioia con gli altri”.
mons. Nunzio Galatino
di frustrazione e protesta; invece la seconda “recita” si è
verificata durante una cerimonia nuziale a San Marco di
Castellabate (SA): invitato a pronunciare il “wedding speech”, mi impegnai particolarmente e riuscii a far sorridere
parecchi invitati, tanto che alla fine uno di quei simpatici e
caratteristici personaggi cilentani – viso bruciato dal sole,
immancabile coppola e abito scuro di panno grosso e indistruttibile – nel salutarmi mi disse: «Signurì, sienti a mmè,
tu sì n’attore!».
Spesso, vedendo file di pullman che scaricano infelici
scolaresche, specialmente se composte da giovanissimi,
davanti ai teatri dove si programmano dei paludatissimi
“classici” – perché le scolaresche si portano a vedere i “classici”, che altro se no? – provo l’impulso di incitare i poverini
alla fuga perché dovranno sorbirsi, buoni e zitti, un paio
d’ore e mezza di modeste messinscene goldoniane, con
regie piatte ma “rispettose” dell’autore, di maniera, senza
scarti, perché alle scolaresche non è il caso di proporre
certi eccessi spiazzanti o trasgressivi.
Va però detto che i teatri hanno scarsi mezzi di sopravvivenza e i biglietti venduti nelle scuole sono per loro una
fondamentale fonte di sostentamento. Non bisogna neppure banalizzare o sottovalutare un’esperienza che forse
una piccola traccia, una piccola suggestione in qualcuno

A molti ragazzi sarà capitato di stare davanti a un palcoscenico perché papà e mamma li hanno portati a teatro
e restare coinvolti nello svolgersi degli avvenimenti che
si verificano sul palcoscenico: si entra in una vera magia,
quella di sentirsi partecipe, di soffrire, combattere, gioire
assieme agli attori. E molti vorrebbero apparire come protagonisti sulla ribalta. Quando ciò accade, la sensazione
non abbandonerà mai più gli adolescenti, alcuni dei quali
potranno per tutta la vita ritenere il teatro come un luogo
in cui sentirsi un cavaliere, un mago, un cattivo, un re, una
principessa, in una finzione che lo farà sognare, in una parola sentirsi attori o attrici.
Perché, in fondo, nella vita di ogni giorno c’è un po’ di
finzione. Recitiamo tutti una parte: quella che mamma e
papà vogliono da noi, il ruolo che ci danno gli amici, quello
che credono di noi maestre e professori. Ricordo due episodi di “recitazione” – uno antico, l’altro piuttosto recente
– in cui per caso mi sono imbattuto. Nel dopoguerra, l’istituto delle suore organizzava alle elementari rappresentazioni teatrali (bisogna ammettere che erano veramente
delle pioniere, malgrado le inevitabili bacchettate sulle
mani di noi monelli, ndr.) e il capitano con spada di ferro
nominava cavaliere il sottoscritto con spada di cartone
che si piegava nell’inginocchiamento e provocava lacrime
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Figura 1 La più grande opera di Picasso: “Sipario per Parade” del teatro Chatelet di Parigi (1917).
fra poche persone. La scoperta del teatro, invece, è qualcosa di totalmente intimo e soggettivo, vorrei dire quasi
di segreto. La scuola può indirizzare, può procurare dei
biglietti a prezzi di favore, ma la responsabilità della scelta
deve essere soltanto dell’alunno o dell’alunna, giusta o
sbagliata che sia. Al teatro ci si accosta per un’imprevedibile folgorazione, magari andandoci per seguire degli
amici, per seguire un ragazzo o una ragazza e venendo
investiti da qualcosa di inaspettato e sorprendente. Infatti,
non deve essere un obbligo culturale, un dovere sociale
al quale sottomettersi (che rischia di rivelarsi negativo).
L’incontro col teatro deve essere un momento di assoluta
libertà interiore, fuori dagli schemi. Il teatro serve a pro-

dei ragazzi potrà anche lasciarla, ma dubito da sempre che
questo momento di partecipazione collettiva imposto e
organizzato dall’alto possa offrire a un adolescente l’occasione giusta per scoprire quella forma di incontro unico
e irripetibile fra esseri umani che è il teatro. Tutti coloro
che amano questa forma d’arte, a un certo punto del loro
cammino, si sono trovati di fronte a uno spettacolo che ha
acceso in loro la fiamma. Ma è solo il caso a decidere. Ci
sono attori e registi che hanno iniziato la loro militanza
artistica grazie al fatto di avere trovato professoresse colte
e illuminate che li hanno contagiati con la loro passione,
che li hanno portati ai festival, introdotti alle tendenze più
avanzate; ma si trattava di gruppetti limitati, di relazioni

Figura 2 La scenografia rappresenta una casa rurale pugliese denominata “L’arco delle meraviglie”.
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vocare, a graffiare, non a mettere in pace con la coscienza
di buoni scolari e buoni cittadini. Non ci si deve fidare di
chi vuole trasmettervi l’idea di un teatro fatto soprattutto
di “classici”, dicendovi che i “classici” sono una fonte del
sapere, un patrimonio dell’umanità. Temo che questa convinzione crei una falsa percezione di ciò che davvero è il
teatro, movimento continuo, incessante progettazione, ricerca costante di nuove strade, di nuovi e insospettabili
modi di comunicare. I “classici” sono vecchi, per questo
sono classici: solo col tempo, solo facendosi molto le ossa
stando seduti in platea ci si accorge di quanto quei vecchi
autori possano non essere affatto vecchi, di quanto moderni possano risultare Euripide o Ibsen. Ma è qualcosa,
credo, di non immediato, di non istintivo. Forse, a far nascere l’amore per il palcoscenico potrebbe essere il teatro
che si fa oggi, che appartiene al tempo reale in cui vive il
ragazzo. I giornali, la televisione, la scuola ce la mettono
tutta per non informare che esiste un modo “contemporaneo” di far spettacolo, spiazzante, creativo, fatto di strappi
e di sconfinamenti. La via migliore per essere conquistati
dal teatro, senza dubbio, è farlo: farlo a scuola con i compagni, sotto la guida di figure qualificate che spingano a
provare dall’interno la sua forza liberatoria e la sua ferrea
disciplina, senza barbe finte e spade di latta. Lungi da me
mancare di rispetto ai grandi del passato, ma entrare in
contatto con questo tipo di teatro potrebbe cambiare per
sempre la sensibilità di spettatore a molti teenager.
La scoperta del teatro è tanto più preziosa in quanto
non è affatto scontata, potrebbe avvenire, ma potrebbe
anche non avvenire, e proprio in questa meravigliosa aleatorietà sta la bellezza e la magia dell’iniziazione ai suoi
misteri.

Vediamo ora cosa conviene cercare in questo incontro
con il teatro: innanzitutto, non è come vedere la televisione
per passare due ore, cambiando canale continuamente. Il
teatro richiede impegno, partecipazione. Può essere a volte
divertente, ma esige sempre uno sforzo, spesso anche una
certa fatica intellettuale; a casa, a scuola – ieri, come oggi
– alcuni genitori e molti maestri spiegano che il teatro si
basa su una finzione, sull’azione di un attore che deve dare
l’impressione di essere qualcun altro, un personaggio le cui
gesta sono state scritte in precedenza da un autore. Non
è sempre e del tutto così perché ci sono momenti storici,
ci sono culture in cui il teatro serve a far nascere sul palco
delle figure fittizie, principi di Danimarca o eroine dell’antica Grecia, e tanto più bravo verrà ritenuto l’interprete
quanto più sarà stato in grado di identificarsi con loro.
Tuttavia ci sono momenti storici e culture in cui il teatro
viene mostrato per ciò che è, gioco di maschere, rappresentazione dichiarata, e l’attore si presenta in quanto tale
alla platea per dire ciò che deve dire, per fare ciò che deve
fare. È chiaro che una certa percentuale di finzione è sempre presente quando una persona esce dalla sua esistenza
di ogni giorno per apparire davanti a un pubblico, anche
solo per leggere le previsioni del tempo. È se stesso, ed è
insieme un’altra cosa. La finzione, però, deve essere sempre considerata comunque uno strumento, un mezzo per
inquadrare qualcosa che riguarda la sua e nostra realtà, i
suoi e i nostri sentimenti. Chi vede solo la finzione, è stato
messo fuori strada. Proprio in quanto è così indissolubilmente legato al concetto di finzione, il teatro – per un singolare paradosso – è anche vicinissimo al suo contrario,
ovvero a qualcosa di simile a un’idea di totale, lampante verità. Sono due territori strettamente confinanti, sono le due

Figura 3 A teatro con mamma e papà per scoprire la “Fattoria allegria”.
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Figura 4 I tre grandi del teatro: Shakespeare, Molière e Goldoni.
facce di uno stesso enigma. Il teatro affonda le sue radici in
questa contraddizione: non c’è lettura di un libro o visione
di un film o contemplazione di un quadro che ti possa dare
una sensazione di verità quanto te la dà la finzione teatrale.
Una verità che d’altronde è garantita e testimoniata dalla
presenza fisica di chi recita, che si trova lì davanti a te, a
pochi passi di distanza. Nei Sei personaggi in cerca d’autore di Pirandello la scenografia lascia letteralmente senza
fiato: si vedono i muri nudi del palco, le scritte che indicano
le uscite di sicurezza, le luci di servizio, le porte per raggiungere il corridoio dei camerini. Alcuni attori indossano
i panni di “attori” impegnati nelle prove di uno spettacolo,
mentre altri – quelli di maggior talento – incarnano dei
personaggi che esistono solo nelle fantasie del loro autore,
che non possono acquisire un’esistenza materiale e che solo
restando dei fantasmi della scena riescono a dare un senso
di sconvolgente verità alle loro vicende. In quello spettacolo vero e falso si intrecciano di continuo, si mescolano
inestricabilmente: in esso il vero è falso e il falso è vero, di
una verità tanto piena e assoluta proprio in quanto nasce
dal rapporto con la finzione. I “personaggi” sono pure apparizioni, ma, contrapposti alle figure in carne e ossa fra
le quali si sono materializzati, esprimono delle ansie, delle
passioni così autentiche e reali che sembra di trovarsi di
fronte a un frammento di vita vera, costruita passo passo
partendo dalla finzione. Un esempio del tutto diverso può
essere costituito da un’opera lirica o similare, in cui uno dei
personaggi declama parole alate, muovendosi a fatica con
dei pesanti gambali e un’assurda spadina di latta. Qui si
corre il rischio che lo spettatore si accorge più dei gambali
che dei sentimenti espressi dal testo. Quei gambali di cuoio

saranno bellissimi, come bellissimi possono essere certi costumi, certi apparati scenografici, certi effetti di luce, ma
non bisogna cascarci: se queste ricche decorazioni servono
a sviare l’attenzione da ciò che effettivamente viene fatto
e viene detto, significa che è in atto un inganno. È meglio
uno spettacolo disadorno, ma mosso da una vera esigenza
di comunicare, che uno spettacolo scintillante ma vuoto,
fatto solo per buttare fumo negli occhi. Bisogna diffidare di
un attore che mostra troppo il proprio talento: si fa meno
fatica ad assumere atteggiamenti plateali che a cercare
stati d’animo più profondi. Il bravo attore è quello che fa in
modo di non mostrare che sta recitando. Lo sfarzo, serve
spesso a coprire la mancanza di idee. Inoltre, a teatro non
si devono trasmettere delle opinioni precostituite: il teatro
serve a suscitare dubbi, inquietudini, non a imporre dei
punti di vista fissati una volta per sempre.
Va anche detto che non sempre si esce dal teatro completamente appagati: spesso gli spettacoli che lasciano
davvero una traccia sono quelli che agiscono dentro lentamente, che durano nel tempo, costringendoci a pensare
e ripensare. Bisogna poi ricordare che nel teatro il bello e
il brutto sono categorie relative, opinabili. Ciò che conta
davvero è la sincerità delle intenzioni con cui ci si presenta
davanti alla platea. È la necessità, e vorrei dire l’urgenza,
della materia che le si offre. Senza di essa il teatro si riduce a un superfluo esercizio di narcisismo. Distinguere
una sincerità vera da una sincerità artefatta, di maniera,
richiede occhio, orecchio e una lunga esperienza: ma chi
volesse frequentare non occasionalmente i teatri, ricordi
che sono proprio queste le capacità che dovrà cercare a
poco a poco di acquisire.
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WHEN

WHERE

WHAT

WHO TO CONTACT
2022

4-6
September

Barcelona
(Spain)

ERS International Congress 2022

www.ersnet.org

15-17
September

Hannover
(Germany)

International Workshop on Pulmononary Functional Imaging:
”10th IWPFI - Lung Imaging Together in Hannover”

http://www.iwpfi2022.com/

20-21
September

Liverpool
(UK)

British Association for Lung Research Congress 2022

admin@balr.co.uk

27-30
September

Athens
(Greece)

The 26th Conference of the European Sleep Research Society:
“Sleep Europe 2022”

https://esrs.eu/sleep-congress/

10-12
October

Naples
(Italy)

Skills course: paediatric bronchoscopy

www.ersnet.org

16-19
October

Nashville, TN
(USA)

Chiest 2022

www.chestnet.org

27-28
October

Rome
(Italy)

Course: “Clinical Exercise Testing: Basic principles and practice”

www.ersnet.org

5-7
November

Acireale, CT
XXIII Congresso Nazionale della Pneumologia
(Italy)		

Infomed Srl, Milano
segreteria.congressi@infomed-online.it

9-10
November

Antwerp
(Belgium)

Course: “Sleep Disordered Breathing in Children –
Diagnosis and Treatment”

www.ersnet.org

17-20
November

Seoul
(Korea)

6th Congress of the Asian Pacific Society of Respirology

https://apsr2022.org/

23-25
November

London
(UK)

British Thoracic Society Winter Meeting 2022

https://www.brit-thoracic.org.uk/

24-26
November

Taormina, ME
Pneumomeeting 2022: “I nuovi scenari in Medicina respiratoria”
(Italy)		

SA.MA, Messina
www.samacongressi.it

2023
9-12
March

Estoril
(Portugal)

Lung Science Conference 2023

www.ersnet.org

20-22
April

Prague
(Czech Republic)

Congress: “Sleep and Breathing 2023”

https://sleepandbreathing.org/

9-11
June

Bari
(Italy)

XXIV Congresso Nazionale della Pneumologia Italiana:
“L’Illuminismo della Pneumologia per la Salute respiratoria”

http://www.pneumologia2023.it/

9-13
September

Milan
(Italy)

ERS International Congress 2023

www.ersnet.org
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RIASSUNTO DELLE CARATTERISTICHE DEL PRODOTTO
1. DENOMINAZIONE DEL MEDICINALE
BORNILENE 30 mg/ml sospensione spray per mucosa orale.
2. COMPOSIZIONE QUALITATIVA e QUANTITATIVA
100 ml di sospensione contengono 3 g di Xibornolo.
Eccipienti con effetti noti: etanolo e olio di ricino.
Per l’elenco completo degli eccipienti, vedere paragrafo 6.1.
3. FORMA FARMACEUTICA
Sospensione spray per mucosa orale.
4. INFORMAZIONI CLINICHE
4.1 Indicazioni terapeutiche
Coadiuvante nel trattamento delle infezioni e degli stati infiammatori della sfera faringea causate da germi sensibili allo
xibornolo (faringiti, laringiti, rinofaringiti, tonsilliti acute e croniche). Igiene locale pre e post operatoria. Adiuvante e antisettico nella pratica dentistica.
4.2 Posologia e modo di somministrazione
Posologia
Da 4 a 6 nebulizzazioni faringee al giorno ad intervalli regolari.
Modo di somministrazione
Sollevare il beccuccio. Dirigere il getto verso l’area interessata,
mantenendo il flacone verticale. Agitare bene prima di ogni
erogazione. Per il primo impiego premere tre volte per innescare la pompa ad alta precisione.
4.3 Controindicazioni
Ipersensibilità al principio attivo o ad uno qualsiasi degli eccipienti elencati al paragrafo 6.1 o a sostanze strettamente correlate dal punto di vista chimico. Controindicato in gravidanza
e in allattamento (vedere paragrafo 4.6).
4.4 Avvertenze speciali e precauzioni d’impiego
Evitare l’impiego in soggetti affetti da asma allergica.
4.5 Interazioni con altri medicinali e altre forme d’interazione
Nessuna interazione è stata finora riscontrata.
4.6 Fertilità, gravidanza e allattamento
Sebbene gli studi sperimentali di tossicità non abbiano evidenziato attività teratogena né tossicità fetale, a scopo precauzionale, è preferibile non utilizzare il prodotto in gravidanza
e durante l’allattamento.
4.7 Effetti sulle capacità di guidare veicoli e sull’uso di
macchinari
BORNILENE non influenza la capacità di guidare veicoli e
usare macchinari.
4.8 Effetti indesiderati
Non sono stati riportati effetti indesiderati.
Segnalazione delle reazione avverse sospette
La segnalazione delle reazioni avverse sospette che si verificano dopo l’autorizzazione del medicinale è importante, in
quanto permette un monitoraggio continuo del rapporto beneficio/rischio del medicinale. Agli operatori sanitari è richiesto di segnalare qualsiasi reazione avversa sospetta tramite
il sistema nazionale di segnalazione all’indirizzo www.agenziafarmaco.gov.it/content/come-segnalare-una-sospettareazione-avversa.
4.9 Sovradosaggio
In letteratura non sono riportati casi di sovradosaggio.
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5. PROPRIETA’ FARMACOLOGICHE
5.1 Proprietà farmacodinamiche
Categoria farmaco-terapeutica: preparati per il cavo faringeo,
antisettici, vari.
Codice ATC: R02AA20
Il principio attivo del Bornilene è lo xibornolo (6-isobornil-3,4 xilenolo), un derivato fenolico del bornano dotato di attività batteriostatica e battericida sulla maggior parte dei germi
gram-positivi e sull’Haemophilus influenzae, nonché di azione
virucida di contatto e di azione fungistatica. Il clorobutanolo è
presente nella formulazione quale agente antalgico topico.
6. INFORMAZIONI FARMACEUTICHE
6.1 Elenco degli Eccipienti
Glicerolo, etanolo 96% v/v, cellulosa microcristallina e carmellosa sodica, 30% simeticone emulsione, mentolo clatrato, ammonio glicirrizinato, clorobutanolo emiidrato, saccarina sodica,
citrale clatrato, silice colloidale anidra, olio di ricino polietossilato, potassio sorbato, acqua depurata.
6.2 Incompatibilità
Nessuna finora nota.
6.3 Periodo di Validità
2 anni: in confezionamento integro, correttamente conservato.
Dopo prima apertura del flacone: 3 mesi.
6.4 Precauzioni particolari per la conservazione
Questo medicinale non richiede alcuna condizione particolare
di conservazione.
6.5 Natura e contenuto del contenitore
Flacone in vetro ambrato contenente 30 ml di prodotto dotato di valvola metrica predosata e di beccuccio erogatore e
cappellotto protettivo.
6.6 Precauzioni particolari per lo smaltimento
Nessuna istruzione particolare.
7. TITOLARE DELL’AUTORIZZAZIONE ALL’IMMISSIONE
IN COMMERCIO
ABIOGEN PHARMA S.p.A. - Via Meucci, 36 - Ospedaletto - Pisa
8. NUMERO DELL’AUTORIZZAZIONE ALL’IMMISSIONE
IN COMMERCIO
BORNILENE 30 mg/ml sospensione spray per mucosa orale
flacone nebulizzatore da 30 ml
AIC n. 026642052
9. DATA DI PRIMA AUTORIZZAZIONE/RINNOVO
DELL’AUTORIZZAZIONE
Data della prima autorizzazione: 14 novembre 1997
Data del rinnovo più recente: 14 novembre 2007
10. DATA DI REVISIONE DEL TESTO
Ottobre 2020
30 mg/ml sospensione spray per mucosa orale
flacone 30 ml
Euro 14,80
Classe C - RR

NUOVO
barramento antinfettivo
di prima linea
della sfera faringea
Euro 14,80
Classe C - RR
1. RCP Bornilene; 2. Scaglione F. GIMT-Giornale Italiano delle Malattie del Torace 2009;63(1): 17-23.
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1,2

Cambia veste rimanendo se stesso

1

Coadiuvante nel trattamento delle infezioni e degli stati infiammatori
della sfera faringea causate da germi sensibili allo xibornolo (faringiti,
laringiti, rinofaringiti, tonsilliti acute e croniche). Igiene locale pre e post
1
operatoria. Adiuvante e antisettico nella pratica dentistica.

