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The Gender–Age–Physiology system as a prognostic model 
in patients with idiopathic pulmonary fibrosis treated 
with nintedanib: a longitudinal cohort study

Abstract
Introduction: The Gender-Age-Physiology (GAP) system is a tool for predicting prognosis in patients with idiopathic pulmonary 
fibrosis (IPF). Yet, to date, the GAP system has not been evaluated in patients with IPF who received nintedanib. 
Material and methods: This single-center retrospective study included 89 patients with IPF who received nintedanib for at least 
3 months. All-cause mortality was set as the end point. Clinical parameters, including the GAP stage, were statistically analyzed 
for risk factors leading to mortality using the Cox proportional hazard model.
Results: The median follow-up was 16.4 months (range 3.7–37.4 months), during which 23 patients died. Univariate analysis 
revealed that the GAP stage (hazard ratio [HR] 3.00, 95% confidence interval [CI] 1.52–5.92, p = 0.0014) and PaO2 (HR 0.95, 95% 
CI 0.92–0.98, p = 0.0063) were significant prognostic factors. Multivariate analysis revealed that the GAP stage was a significant 
prognostic factor (HR 2.26, 95% CI 1.07–4.78, p = 0.031). Log-rank analysis revealed that there were no significant differences in 
“Gender” (p = 0.47) and “Age” (p = 0.18) factors. However, there were significant differences in “Physiology” factors (% of forced 
vital capacity, p = 0.018; % of diffusing capacity of lung carbon monoxide, p < 0.001). The cumulative incidences of mortality at 
1 and 2 years were as follows: GAP I: 5.1% and 6.8%; GAP II: 9.5% and 29.3%; and GAP III: 18.9% and 84.2%.
Conclusions: The GAP system is useful as a prognostic tool in patients with IPF who have been treated with nintedanib. 

Key words: diffusing capacity of lung carbon monoxide, forced vital capacity, GAP stage, idiopathic pulmonary fibrosis, nintedanib
Adv Respir Med. 2020; 88: 369–376

Introduction

Idiopathic pulmonary fibrosis (IPF) is 
a chronic progressive interstitial pneumonia [1]. 
IPF exhibits a poor prognosis similar to many 
types of cancers, with an average survival time 
of 2–3 years after diagnosis [2–4]. Pulmonary 
function tests are important in the evaluation 
of the severity of IPF [1, 4]. In pulmonary func-
tion testing, the forced vital capacity (FVC) and 
the diffusion capacity of lung carbon monoxide 
(DLCO) have been identified as important prognos-
tic factors in patients with IPF [2, 5, 6]. 

Nintedanib is a tyrosine-kinase inhibitor 
that targets vascular endothelial growth factor 

receptors, fibroblast growth factor receptors, and 
platelet-derived growth factor receptors [7, 8]. 
In the most recent international clinical practice 
guidelines, nintedanib received a conditional 
recommendation for the treatment of IPF [9]. It 
should be noted that although nintedanib was 
useful in patients with severe IPF who did not 
meet the eligibility criteria for clinical trials of 
nintedanib (INPULSIS-1/2 trial [10]), we previ-
ously reported that the prognosis of these patients 
was worse [11].

An accurate evaluation of a patient’s clinical 
severity combined with a theory regarding progno-
sis are both very important clinical issues in deter-
mining appropriate treatment. Several prognostic 



Advances in Respiratory Medicine 2020, vol. 88, no. 5, pages 369–376

370 www.journals.viamedica.pl

factors for IPF have been reported including male 
gender [12], elderly age [13], %FVC at baseline 
[13–15], and %DLCO at baseline [14]. In addition, 
serum biomarkers (surfactant proteins A and D 
[16], C-C motif chemokine ligand 18 [15], and 
matrix metalloproteinase collagen fragments [17]) 
and gene polymorphisms (MUC5B promoter poly-
morphism [18]) have been reported as prognostic 
factors. However, as these biomarkers are difficult 
to measure in general hospitals, they are not always 
used as prognostic factors in clinical practice.

The Gender-Age-Physiology (GAP) system 
has been reported as a simple and useful tool 
for the prediction of prognosis in patients with 
IPF in several nationwide IPF registries (e.g., 
Germany, Australia, and South Korea) [19–22]. 
However, these registries include many patients 
who were registered prior to the increased use of 
antifibrotic drugs. Since 2015, antifibrotic agents 
(e.g., pirfenidone and nintedanib) have been rec-
ommended as treatments for IPF [9]. 

Recently, the GAP system was evaluated as 
a prognostic model in patients with IPF treated 
with pirfenidone [23–25]. However, to date, the 
GAP system has not been evaluated in patients 
with IPF who received other recommended anti-
fibrotic agents such as nintedanib. Therefore, in 
this study, we retrospectively examined whether 
the GAP system is useful as a prognostic model in 
patients with IPF who have received nintedanib.

Materials and methods

This single-center, retrospective study was 
performed in accordance with the amended 
Declaration of Helsinki. The research protocol 
was approved by the Human Ethics Committee 
of Chiba University Hospital (approval number: 
3481). We obtained informed consent with an 
option to opt out.

Patients
Overall, 142 consecutive patients received 

nintedanib in the Chiba University Hospital 
between November 2015 and December 2018. Pa-
tients who did not have IPF (n = 31), patients with 
lung cancer at the start of nintedanib (n = 8), and 
patients who received nintedanib for acute exac-
erbations (n = 3) were excluded. Of the remaining 
100 patients, 11 patients were excluded because 
they discontinued treatment within 3 months 
of starting therapy with nintedanib. Ultimately, 
89 patients with IPF were enrolled (Figure 1). IPF 
was diagnosed based on the American Thoracic 
Society/European Respiratory Society Thoracic 

Association/Japanese Respiratory Society (JRS)/
Latin American Thoracic Association IPF guide-
lines from 2018 [26].

GAP system
The GAP score was calculated according 

to the report by Ley et al. [19]: gender (female, 
0 points; male, 1 point), age (≤ 60 years, 0 points; 
61–65 years, 1 point; > 65, 2 points), %FVC (> 
75%, 0 points; 50–75, 1 point; < 50, 2 points), and 
%DLCO (> 55%, 0; 36–55, 1 point; ≤ 35, 2 points; 
cannot obtain DLCO, 3 points). The GAP stage was 
determined based on the total GAP score: stage 
I (0–3 points), stage II (4–5 points), and stage III 
(6–8 points).

JRS severity staging system
The JRS severity staging system consists of 

the combination of two known prognostic vari-
ables which are resting arterial partial pressure of 
oxygen (PaO2) and peripheral capillary oxygen sat-
uration (SpO2) in the 6-minute walk test (6MWT) 

Figure 1. Study flow chart. In total, 124 patients received nintedanib 
in our hospital between November 2015 and December 2018. Pa-
tients who did not have IPF (n = 26), with lung cancer at the start of 
nintedanib treatment (n = 6), and who received nintedanib for acute 
exacerbation stage (n = 3) were excluded. Of the remaining 92 pa-
tients, 12 were excluded because they discontinued treatment within 
3 months of nintedanib administration. Ultimately, 82 patients with IPF 
were enrolled (GAP stage I, n = 20; GAP stage II, n = 45; GAP stage 
III, n = 17). GAP — Gender-Age-Physiology stage; IPF — idiopathic 
pulmonary fibrosis
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[27]. The present severity staging system for IPF 
defines PaO2 ≥ 80 Torr at rest as stage I, 70–79 Torr 
as stage II, 60–69 Torr as stage III, and < 60 Torr 
as stage IV. If the SpO2 at the end of 6MWT is 
< 90%, then the severity should be increased by 
one stage for patients with stage II or III.

Statistical analysis
The clinical data regarding continuous vari-

ables are expressed as the mean ± standard 
deviation. The categorical variables are given as 
percentages. The Cox proportional hazard model 
analysis was used to identify significant factors for 
predicting patient mortality. Kaplan-Meier surviv-
al curves and log-rank tests were used to compare 
patient survival according to GAP stages. The level 
of significance [p value (p) < 0.05] was adopted 
as statistically significant. All statistical analyses 
were performed using the EZR software package 
(Saitama Medical Center, Jichi Medical University, 
Saitama, Japan) [28] and the graphical user inter-
face for R (R version 3.2.0, The R Foundation for 
Statistical Computing, Vienna, Austria).

Results

The baseline characteristics of the included 
patients (GAP I, n = 22; GAP II, n = 48; GAP III, 

n = 19) are shown in Table 1. The median dura-
tion of follow-up time, which started following 
3 months of treatment, was 16.4 months (range 
3.7–37.4 months). Twenty-three deaths (25%) 
were observed during the follow-up time (GAP 
I, n = 2 [9%]; GAP II, n = 11 [22%]; GAP III, n 
= 10 [52%]). The causes of death are shown in 
Table 2. Ten patients died of chronic pulmonary 
failure and eight patients died due to an acute 
exacerbation of disease. 

The log-rank test result revealed a significant 
difference in mortality among the three groups 
(GAP I, II, and III; p = 0.0013; Figure 2). The cu-
mulative incidences of mortality at 1 and 2 years 
were as follows: GAP I, 5.1 % and 6.8 %; GAP II, 
9.5 % and 29.3 %; and GAP III, 18.9 % and 84.2 %.

The survival curves drawn for each of the 
four factors comprising the GAP system (gender, 
age, %FVC, and %DLCO) are shown in Figures 
3–6. There were no significant differences be-
tween male and female patients (p = 0.47; Figure 
3), or among the three age groups (p = 0.18; Figure 
4). There was a significant difference among the 
three groups in %FVC (p = 0.018; Figure 5) and 
%DLCO (p < 0.001; Figure 6).

The log-rank test result also revealed a sig-
nificant difference in the survival of patients who 
were not admitted for hospital care among the 

Table 1. Baseline characteristics of 89 included patients

Total (n = 89) GAP I (n = 22) GAP II (n = 48) GAP III (n = 19)

Age 71.3 ± 6.2 70.3 ± 5.4 71.6 ± 7.0 71.5 ± 4.6

Male, n (%) 68 (76%) 15 (68%) 39 (81%) 14 (73%)

Smoker, n (%) 68 (76%) 15 (68%) 38 (79%) 15 (78%)

BMI (kg/m2) 23.8 ± 4.0 23.9 ± 4.0 23.9 ± 4.1 23.4 ± 3.7

Severity staging system in JRS (I/II/III/IV) 29 / 4 / 26 / 30 13 / 1 / 5 / 3 14 / 2 / 17 / 15 2 / 1 / 4 / 12

UIP pattern in HRCT 66 (74%) 13 (59%) 37 (77%) 16 (84%)

Pre-treatment with PFD 32 (35%) 4 (18%) 15 (31%) 13 (68%)

Long-term home oxygen therapy 23 (25%) 3 (13%) 9 (18%) 11 (57%)

PaO2 (mm Hg) 73 ± 13 81 ± 13 73 ± 12 63 ± 11

Minimum SpO2 by 6MWT (%) 80 ± 9 83 ± 10 80 ± 7 75 ± 12

KL-6 (U/mL) 1421 ± 1114 1252 ± 953 1323 ± 1106 1889 ± 1242

FVC (mL) 2172 ± 802 2735 ± 833 2129 ± 706 1601 ± 544

%FVC (%) 67 ± 19 86 ± 17 64 ± 14 50 ± 11

%DLCO (%) 56 ± 21 71 ± 9 54 ± 22 32 ± 7

Follow-up duration, median [range] (month) 16.4 [3.7–37.4] 16.5 [4.5–33.9] 18.1 [3.7–37.4] 12.5 [4.0–36.0]

Death, n (%) 23 (25%) 2 (9%) 11 (22%) 10 (52%)
6MWT — 6 minutes walk test; BMI — body mass index; DLCO — diffusing capacity of the lungs for carbon monoxide; FVC — forced vital capacity; GAP — Gender 
Age-Physiology; HRCT — high-resolution computed tomography; JRS — Japan respiratory society; KL-6 — Krebs von den Lungen-6; PFD — pirfenidone; UIP — usual 
interstitial pneumonia



Advances in Respiratory Medicine 2020, vol. 88, no. 5, pages 369–376

372 www.journals.viamedica.pl

Figure 2. Survival curves of GAP stages I, II, and III. The log-rank test 
result reveals a significant difference in mortality among the three 
groups (GAP I, II, and III) (p = 0.0013). GAP — Gender-Age-Physi-
ology stage.

Figure 3. Survival curves between male and female patients. The log-
rank test result reveals no significant difference between male and 
female patients (p = 0.40)

Table 2. Cause of death

Total (n = 89) GAP I (n = 22) GAP II (n =4 8) GAP III (n = 19)

Death, n (%) 23 (25%) 2 (9%) 11 (22%) 10 (52%)

Chronic pulmonary failure 10 0 6 4

Acute exacerbation 8 0 4 4

Lung cancer 2 1 1 0

Pneumonia 3 1 0 2
GAP — Gender-Age-Physiology

Figure 4. Survival curves of the three age groups. The log-rank test 
result reveals no significant difference among the three age groups 
(p = 0.14). Y.o. — years old

Figure 5. Survival curves of the three groups of %FVC. The log-rank 
test result reveals a significant difference among the three groups of 
%FVC (p = 0.015). %FVC — percentage of forced vital capacity
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three groups (GAP I, II, and III; p = 0.033; Figure 7). 
The cumulative incidence of admission or death 
at 1 and 2 years were as follows: GAP I, 5.1% 
and 6.8%; GAP II, 14.9% and 34.6%; and GAP 
III, 46.8% and 91.5%.

Univariate analysis revealed that the GAP 
stage [hazard ratio (HR) 3.00, 95% confidence 
interval (CI) 1.52–5.92, p = 0.0014], PaO2 (HR 
0.95, 95% CI 0.92–0.98, p = 0.0063), and long-
term home oxygen therapy (HR 2.72, 95% CI 
1.17–6.28, p = 0.018) were significant risk factors 
(Table 3). Additionally, the %FVC (HR 0.96, 95% 
CI 0.93–0.98, p = 0.0042) and the %DLCO (HR 0.93, 
95% CI 0.90–0.97, p < 0.001), which constitute 
the GAP stage, were demonstrated as significant 
risk factors. Multivariate analysis with the GAP 
stage, PaO2, and body mass index (BMI), which 
had low p-values in the univariate analysis, 
showed that the GAP stage (HR 2.26, 95% CI 
1.07–4.78, p = 0.031) and BMI (HR 0.89, 95% CI 
0.80–0.99, p = 0.048) were significant prognostic 
factors (Table 3).

Discussion

To the best of our knowledge, this is the first 
study to demonstrate that the GAP system, which 
is a prognostic model for patients with IPF, also 
has prognostic value in patients with IPF that had 
been treated with the antifibrotic agent nintedanib 
(Figure 2). In Japan, the JRS severity system is 
a classification system based on PaO2 and the low-
est SpO2 in the 6MWT. In the present study, we 
found that while PaO2 was a significant prognos-

tic factor in univariate analysis, the JRS severity 
system was not (Table 3). Moreover, multivariate 
analysis revealed that the GAP system and BMI 
were also significant prognostic factors. The GAP 
system has been reported as a simple and useful 
tool for the prediction of prognosis in patients 
with IPF [19], However, the use of the GAP sys-
tem as a prognostic model was proposed before 
the widespread use of antifibrotic drugs for IPF 
treatment. Therefore, it was potentially less use-
ful in the context of antifibrotic drug treatment. 
Recently, the GAP system has been validated as 
a prognostic model for patients with IPF receiving 
the antifibrotic drug pirfenidone [23–25]. Our 
current results confirm these findings and sug-
gest that the GAP system is also an appropriate 
prognostic model for patients with IPF receiving 
the antifibrotic drug nintedanib.

In this study, %FVC was the strongest prog-
nostic factor among the four items evaluated in 
the GAP system. The effects of age and gender 
were weaker than those of %FVC and %DLCO 
(Figures 3–6). We found no significant differences 
in sex (HR 0.72, 95% CI 0.29–1.76, p = 0.47) in 
the univariate analysis, although male patients 
tended to have a better prognosis (Figure 3). In 
the original report of the GAP system by Ley et al. 
[19], sex had a lower impact on prognosis com-
pared with other factors. Although mortality due 
to IPF was initially reported to be higher in men 
[12], a recent study by Song et al. [29] found that 
among 380 patients with IPF, survival time was 
nearly equivalent between male (46.6 months) 
and female (45.0 months) patients (Chi-squared 

Figure 6. Survival curves of the three groups of %DLCO. The log-rank 
test result reveals a significant difference among the three groups of 
%DLCO (p < 0.001). %DLCO, diffusing capacity of lung carbon monoxide

Figure 7. Admission-free survival curves of GAP stages I, II, and III. 
The log-rank test result reveals a significant difference in admission 
free survival time among the three groups (GAP I, II, and III) (p = 
0.033). GAP — Gender-Age-Physiology stage
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Table 3. Univariate and multivariate analysis of survival

Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value

Age 0.98 0.93–1.04 0.63

Male 0.72 0.29–1.76 0.47

Smoker 0.96 0.35–2.60 0.94

BMI 0.90 0.82–1.00 0.056 0.89 0.80–0.99 0.048

Severity staging system in JRS 1.37 0.95–1.99 0.091

GAP stage 3.00 1.52–5.92 0.0014 2.26 1.07–4.78 0.031

UIP pattern in HRCT 2.30 0.68–7.77 0.17

Pre-treatment with PFD 1.47 0.88–2.45 0.13

Long-term home oxygen therapy 2.50 1.10–5.68 0.027

PaO2 0.95 0.92–0.98 0.0063 0.97 0.93–1.00 0.11

Minimum SpO2 by 6MWT 0.96 0.93–1.00 0.061

KL-6 1.00 0.99–1.00 0.91

FVC 0.50 0.27–0.90 0.022

%FVC 0.96 0.93–0.98 0.0042

%DLCO 0.95 0.92–0.98 0.0023
6MWT — 6 minutes walk test; BMI — body mass index; CI — confidence interval; DLCO — diffusing capacity of the lungs for carbon monoxide; FVC — forced vital 
capacity; GAP — Gender-Age-Physiology; HR — hazard ratio; HRCT — high-resolution computed tomography; JRS — Japan Respiratory Society; KL-6 — Krebs von 
den Lungen-6, UIP — usual interstitial pneumonia; PFD — pirfenidone

test, p = 0.887). These findings are consistent 
with the outcome of our study and together sug-
gest that the administration of nintedanib does 
not affect the relationship between gender and 
prognosis. 

In the present study, elderly people (> 65 years) 
did not have a worse prognosis than young peo-
ple (≤ 60 years). While Song et al. [29] reported 
that younger patients (< 50 years) tended to have 
a good prognosis compared to that of elderly 
patients (> 75 years), the difference was not sig-
nificant (Kolmogorov-Smirnov test, p = 0.268). 
One potential reason for this difference is due 
to nintedanib’s high frequency of side effects 
(e.g., diarrhea, anorexia, liver injury) [10]. El-
derly patients with a poor general condition 
might not have received nintedanib due to their 
attending physician’s preferences. This may 
have affected the assessment of differences in 
prognosis by age.

In this study, the cumulative incidences of 
mortality at 1 and 2 years were as follows: GAP 
I, 5.1% and 6.8%; GAP II, 9.5% and 29.3%; and 
GAP III, 18.9% and 84.2%, respectively. These 
results are similar to those reported by Harari et 
al. [25] in their study of patients who received pir-
fenidone (GAP I, 8.4% and 17.2%; GAP II, 17.6% 
and 34.2%; and GAP III 28.3% and 51.2%, respec-

tively) thus indicating the validity of the present 
study. Together, these findings also suggest that 
the therapeutic effects obtained by nintedanib 
and pirfenidone might be similar. 

Notably, our results showed that patients 
with GAP stage III have an extremely poor prog-
nosis. Therefore, it is desirable to start treatment 
of these patients immediately. However, our 
results indicate that for patients with IPF with 
GAP stage I/II, it is also important to start early 
treatment with antifibrotic drugs. In the origi-
nal report of the GAP system by Ley et al., [19] 
the cumulative incidences of mortality at 1 and 
2 years were as follows: GAP I, 5.6% and 10.9%; 
GAP II, 16.2% and 29.9%; and GAP III 39.2% and 
62.8%. Although obtaining a direct comparison 
between the studies is difficult due to differences 
in patient background, the overall mortality rate 
in the present study tended to be better than that 
reported by Ley et al. [19]. However, it should 
be noted that the 2-year mortality rate for GAP 
III patients was higher in the present study. The 
long-term effects of nintedanib in patients with 
advanced IPF are unknown and should be clari-
fied in further studies.

Our study revealed that the GAP system is not 
only a prognostic model, but also an appropriate 
predictive model of survival in non-admitted pa-
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tients with IPF who were receiving the antifibrotic 
drug nintedanib (Figure 7).

This study had some limitations. Firstly, the 
study had a retrospective, single-center design 
with a small sample size. Secondly, the median 
follow-up duration was short. Therefore, in the 
future, it will be necessary to demonstrate the 
usefulness of the GAP system in patients receiving 
antifibrotic drugs in a large-scale, nationwide, 
prospective study.

Conclusions

The GAP stage is useful as a prognostic tool 
in patients with IPF who have been treated with 
nintedanib. The physiological parameters of the 
GAP system (%FVC and %DLCO) are of particular 
importance with regard to patient prognosis.
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Exposure to stressful life events among patients with chronic 
obstructive pulmonary disease: a prospective study

Abstract
Introduction: Although depression and anxiety have been widely investigated among patients with chronic obstructive pulmonary 
disease (COPD), experiencing stressful life events and its effect on increasing risk of exacerbations was rarely assessed. This 
study aimed to clarify the association between facing with stressful events among COPD patients and their disease severity 
leading to hospitalization.
Material and methods: A prospective study was conducted among 128 COPD patients from the population of Qazvin, a north-
west, industrialized city of Iran from December 2017 to December 2018. Patients were followed up for one-year and their related 
measures were gathered. To compare variables among patients stratified by reporting stressful life conditions, Pearson’s chi- 
-square and Fisher’s exact tests were used. Furthermore, to assess the effect of several covariates on the response variable, 
a logistic regression modelling was applied. Results were reported in form of odds ratios and their 95% confidence intervals.
Results: Study findings affirmed that patients who had experienced stressful situation had lower BMI, were retired, experienced 
more frequent exacerbations, and reported higher levels of anxiety/ depression. Moreover, those with stressful conditions were 
among current or former smokers (p < 0.05). Logistic regression analysis revealed that facing with stressful situations was 
significantly associated with the severity of COPD disease (OR 1.9; 95% CI 2.5 to 5.6), smoking habit (OR 2.8; 95% CI 1.6 to 4.2; 
OR 1.5; 95% CI 1.4 to 2.2), and hospitalization during one-year follow up (OR 1.2; 95% CI 1 to 3.3). 
Conclusions: To improve health outcomes of COPD patients, close attention should be given to their psychological disorder and 
appropriate strategies should be applied to reduce patients’ exposure to stressful life events and subsequent anxieties. 

Key words: anxiety, depression, stressful life event, chronic obstructive pulmonary disease, severity
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Introduction

Chronic obstructive pulmonary disease 
(COPD) is defined as a disease leading to reduced 
air flow in pulmonary function, and shortness 
of breath which is largely due to an exposure to 
irritants like air pollution, noxious particles or 
tobacco smoking [1, 2]. It is anticipated that the 
disease will have become the fourth prominent 
death cause and the seventh prominent factor of 
disability worldwide by 2030. High blood pres-
sure, diabetes mellitus, lung cancer, ischemic 
heart disease, anxiety disorder, and depression 
are among important comorbidities for advanced 

COPD. Literature has affirmed that COPD patients 
who suffer from comorbidities are more likely 
to be hospitalized in a frequent manner [3]. Psy-
chological issues like anxiety and depression 
are key factors which cause significant burden 
of mortality, and morbidity, among patients [4]. 

Indeed, patients with symptoms of depression 
experience more frequent hospitalization, failure 
in smoking cessation, and worse prognosis of the 
disease. Furthermore, such mental disorders might 
lead to desperateness, and distress among patients 
which subsequently would lead to a defective 
cycle that perpetuates anxiety and depression [5, 
6]. Thus, addressing psychological disorders in 

https://en.wikipedia.org/wiki/Hypertension
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the clinical management of COPD has got a great 
importance, though still little is known about the 
diagnosis and management strategies of such dis-
orders and their impact on COPD patients’ health 
status. In a study conducted by Gianjoppe-Santos 
to compare anxiety and depression symptoms 
between patients in stable and post-exacerbated 
groups, findings revealed that the latter group 
of patients experienced more anxiety symptoms 
compared to the former one [7]. Furthermore, some 
of the studies have surveyed the potential relation-
ships between psychological distress, and COPD 
exacerbation. Almost all the studies affirmed that 
patients with depression or potential anxiety faced 
with more exacerbations and subsequent hospital-
ization [8–10]. Similarly, Laurin et al. found that 
patients with anxiety and depressive disorders 
were at higher risk of exacerbation [11].

Identification of these influencing factors em-
powers policy makers to develop more effective 
strategies for the disease management. Although 
depression and anxiety have been widely in-
vestigated in patients with chronic obstructive 
pulmonary disease, experiencing stressful life 
events and its effect on increasing risk of exacer-
bations or death was rarely assessed [12, 13]. Due 
to lack of evidence about the impact of stressful 
life events on patient health outcomes in cohort 
studies, mainly in Iran, this study aimed to clar-
ify the association between facing with stressful 
events among COPD patients and their disease 
severity leading to hospitalization.  

Material and methods

Study design, participants and ethics
This was a prospective study conducted 

among 128 patients with COPD who referred to 
an outpatient pulmonary clinic in Qazvin, Iran 
between December and June 2018. Patients aged 
over 40 years old, with a COPD diagnosis accord-
ing to Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) guidelines were included 
in the study (n = 146); among which 18 patients 
excluded from the research due to having con-
current pulmonary disease, or taking drugs other 
than those for COPD. Finally, 128 patients (78.1% 
male, mean age 65.3 ± 11.9) were enrolled. The 
patients were followed up for a year and their 
related measures were gathered and recorded 
during this period of time. 

Ethics statement
The ethics committee of Qazvin University of 

Medical Sciences approved the study, and written 

informed consent was obtained from each of the 
participants.

Measurements
Hospital Anxiety and Depression Scale 

(HADS) was used to measure anxiety/ depression 
among patients. The 7-item subscale with a score 
scale ranging from 0 to 21 has been previously 
used in several studies and was proved to have 
validity and reliability [8, 14]. According to de-
fined cut-off points, those who got score under 
11, were regarded to have low level of anxiety, 
while patients with 11 to 14 score were mentioned 
in moderate and those with 15 to 21 score were 
categorized in severe anxiety group. 

Besides assessing patients’ anxiety, re-
searchers asked a number of questions to assess 
stressful situations which patients faced with 
during 1-year follow up. The questions were 
mainly about the issues including losing a fam-
ily member, patient’s disability due to severe 
illness, lack of adequate support from relatives 
and friends, financial difficulties, retirement, 
and divorce. They also asked the patients to try 
to recall the date/month/year of the occurrence 
of the events.

Statistical analysis
Statistical analysis was conducted using 

Stata software, version 12.0. Patients’ charac-
teristics including their age, BMI, educational 
level, profession, and living situation, also their 
mean HADS score comprised of depression and 
anxiety were calculated for each of the patients 
based on their exposure to stressful life situa-
tions. Furthermore, for each patient who had at 
least one distressful situation during 1-year pe-
riod of follow-up time, number of exacerbations 
was calculated. To compare variables among 
patients stratified by reporting stressful life con-
ditions, Pearson’s chi-square and Fisher’s exact 
tests were used. 

Finally, using a logistic regression modelling, 
the impact of exposure to stressful situations on 
some of the measures including disease severity, 
smoking behavior, and hospitalization was as-
sessed. For all analyses, P < 0.05 was considered 
statistically significant.

Results

This study included and followed 128 pa-
tients for a year. Table 1 depicts the characteris-
tics of study participants based on their hospi-
talization during the follow-up period. Results 

https://www.atsjournals.org/doi/full/10.1164/rccm.201105-0939PP
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affirmed that the mean age of patients who were 
hospitalized was slightly higher (65.5 ± 11.3 ver-
sus 62.4 ± 12.6). In relation to smoking, 30% of 
patients who continued smoking at the time of 
study experienced at least one hospitalization. 
Furthermore, 12.64% of patients with severe 
COPD and 14.2% with comorbidity faced with the 
disease exacerbation leading to hospitalization. 
Average score of anxiety and depression among 
patients who reported hospitalization during 
1-year period was respectively 18.7 ± 10.2 and 
17.1 ± 8 confirming higher levels of psychological 
disorder among these patients (p < 0.05). 

In the second step, stressful conditions which 
patients were facing during the follow up period 
of time, were assessed. Table 2 shows patients’ 
characteristics based on their report of stressful 
life events. Overall, seventy percent of patients 
declared that they had encountered with at least 
one stressful and distressing situation during the 
last year. Those who had experienced stressful 
situation had lower BMI, were retired, lived 
alone, experienced more frequent exacerbations, 
and reported higher levels of anxiety/ depression. 
Moreover, those with stressful conditions were 
among current or former smokers (p < 0.05). 

Table 1. Patients’ characteristics based on reporting stressful situations

Characteristics 
Encountered with stressful situation

p-value
Yes No

Age, mean [SD] 63 (10.7) 62.7 (18.5) 0.21

BMI, mean [SD] 25.2 (12.5) 24.9 (9.8) 0.04

Education, n [%] Diploma 27 (30) 26 (70) 0.15

University degree 63 (70) 12 (30)

Smoking status, n [%] Smoker 20 (22) 7 (18) < 0.001

Former smoker 64 (71.7) 24 (64)

Non-smoker 6 (6.3) 7 (18)

Living condition, n [%] Alone 67 (25) 10 (25) 0.12

With family 23 (75) 28 (75)

Occupation, n [%] Employed 18 (20) 6 (15) 0.01

Un-employed 13 (15) —

Retired 59 (65) 32 (85)

Number of exacerbations, n [%] 0 20 (22.3) 18 (47.9) < 0.001

≥ 1 70 (77.7) 20 (52.1)

HADS anxiety, mean [SD] 12.2 (7.7) 10.7 (6.9) < 0.001

HADS depression, mean [SD] 14.5 (6.5) 11.1 (5.7) < 0.001

BMI — body mass index; HADS — Hospital Anxiety and Depression Scale

Table 2. Patients’ health outcomes and behavior based on reporting stressful situations

Patients’ characteristics Stressful life event reported 
(baseline to follow-up)

Mean (95% CI) p-value

Number of hospitalization Yes
No

0.8 (0.5–1.1)
0.7 (0.4–0.9)

< 0.001

Cigarette use (number per day) Yes
No

5.2 (4.5–7.7)
3.5 (2.8–4.6)

< 0.001

HADS anxiety Yes
No

12.2 (10.6–14.2)
10.7 (9.2–11.6)

< 0.001

HADS depression Yes
No

14.5 (10.2–18.7)
11.1 (9.7–13.5)

< 0.001

HADS — Hospital Anxiety and Depression Scale
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Then the impact of exposure to stressful situ-
ations on some of the measures including disease 
severity (FEV1 GOLD measure) was analyzed. Data 
are reported in Table 3. 

Logistic regression analysis revealed that 
facing with stressful situations was significantly 
associated with the severity of COPD disease (OR 
1.9; 95% CI 2.5 to 5.6), smoking habit (OR 2.8; 
95% CI 1.6 to 4.2; OR 1.5; 95% CI 1.4 to 2.2), and 
hospitalization during one-year follow up (OR 
1.2; 95% CI 1 to 3.3). 

Finally, we adjusted the model for age, gen-
der, educational level, occupation, income, and 
smoking history and assessed the impact of 
stressful conditions on the risk of COPD exacer-
bation among study patients. Results are shown 
in Table 4.  

After adjusting the model for mentioned 
variables, results revealed that patients who faced 
with stressful situations were 2.8 times more 
likely to be hospitalized due to exacerbation (OR 
2.28; 95% CI 1.04 to 2.84). 

Discussion 

In our study, we found that experiencing 
stressful life events is associated with COPD 
exacerbation. This finding emphasizes on the 
importance of psychological factors in COPD 

patients which has been similarly confirmed in 
several studies. Literature highlights that patients 
with psychological stress may reveal unhealthier 
behaviors which ultimately worsens their health 
condition and increases the risk of COPD exacer-
bation [15]. In a survey conducted by Yohannes et 
al., results revealed higher rate of hospitalization 
among depressed patients [16]. Similar studies 
also affirmed significant associations between 
psychological disorder and exacerbation leading 
to disease-related hospitalizations. This suggests 
that COPD patients are more in danger when 
experiencing stressful events [11, 17].

Regarding this issue, Xu et al. reported that 
after one-year follow up, patients with some 
degrees of anxiety and depression encountered 
significantly more exacerbations and subsequent 
hospitalizations [18]. These findings were in 
line with Laurin et al. report emphasizing on 
a significant association between psychological 
distress and higher rates of exacerbations [11]. 
However, Fan and colleagues stated that using 
various types of cut-off scores through the Beck 
Depression Inventory leads to different find-
ings. In fact, analysis of depressive symptoms as 
continuous predictors is not going to be associ-
ated with hospitalizations. While, using quantile 
measurements approves the relationship between 
depressive symptoms and higher risk of COPD-re-

Table 3. Univariate analysis to compare patients experiencing hospitalization during one-year follow-up

HospitalizationCharacteristics

95% CIORPYesNoCategorical variables

0.83–2.61.20.119 (9)91 (91)MaleGender, n [%]

0.92–4.41.10.259 (7.4)112 (92.6)MarriedMarital status, n [%]

0.77–2.020.80.261 (14.2)6 (85.8)University 
degree

Educational level, n [%]

2.1–5.72.9< 0.0019 (30)21 (70)Current smoker, n [%]

0.87–3.081.10.064 (3.12)62 (48.4)ModerateCOPD grade, n [%]

1.12–5.31.20.0014 (3.12)32 (25)Severe

1.38–3.11.5< 0.00112 (9.25)3 (2.34)Very severe

1.17–2.21.3< 0.0016 (14.2)36 (85.8)Comorbidity, n [%]

9.02–2.41.070.5211 (12.3)79 (87.7)YesExperiencing stressful 
life event, n [%]

95% CIORPMean (SD)Mean (SD)Continuous variables

0.77–1.361.120.0765.5 (11.3)62.4 (12.6)Age

0.87–1.00.950.0523.3 (3.8)25.5 (4.9)BMI

1.01–4.81.17< 0.00118.7 (10.2)7 (2.1)HADS anxiety

1.12–3.71.21< 0.00117.1 (8)10.2 (4.5)HADS depression

BMI — body mass index; COPD — chronic obstructive pulmonary disease; HADS — Hospital Anxiety and Depression Scale
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lated hospitalizations [19]. In a study conducted 
by Yu et al. results disclosed that stressful life 
events were significantly related to symptoms 
of depression and anxiety among patients. Oth-
erwise, stressful life events were not associated 
with COPD exacerbations which reported to be 
due to the small sample size of study or short 
time frame of follow-up [8]. Similarly, some of 
the researches highlighted that after adjusting 
the model for covariates namely gender, disease 
severity, oxygen use, history of COPD hospital-
ization, and comorbidity the association between 
psychological distress and hospitalizations be-
came non-significant. Such uneven results also 
highpoint the effect of differences in analysis 
methods and use of varying cutoffs.

Our findings also affirmed that facing with 
stressful conditions reinforces the smoking be-
havior as a risk factor for severity of COPD, 
hospitalization and restriction for daily activities 
which could also increase the risk of depression 
or anxiety in patients. In agreement with these 
results, several studies have shown that anxiety 
and depression are associated with feelings of 
desperateness and lack of self-confidence which 
will consequently lead to poor health behaviors 
namely smoking or physical inactivity [16, 20]. 
Andrenas et al. ascertained that most of the 
patients evaluated their stressful situation as 
a threat, and challenging issue which inversely 
affects their coping skills with distressful disor-
ders [21]. They also believed that such worrying 
conditions have a harmful effect on patients’ 
mental health and their quality of life [22–24]. 
Literature also revealed that deterioration in the 
immune system of patients with anxiety and de-
pression is more likely which eventually weakens 
their resistance toward pathogens [25–27]. 

Despite several studies conducted to ex-
plore the relationship between the experience of 
stressful situations and increased risk of COPD 
exacerbation, our research tried to obtain more 
robust findings through applying a prospective 

study design and choosing shorter time frame for 
asking patients to recall their stressful life expe-
riences. In our study, stressful situations were 
asked monthly from patients and documented 
through a prospective approach. Otherwise, there 
are some limitations regarding the current study. 
First, we were dependent on a self-reported scale 
which identified exposure to stressful conditions 
based on patients’ perception. 

Conclusions

In conclusion, our study found that experi-
encing stressful conditions was connected with 
more anxious and depressing signs among COPD 
patients which ultimately worsened the disease 
severity. Thus, to improve health outcomes of 
COPD patients, close attention should be given 
to their psychological disorder and appropriate 
strategies should be applied to reduce patients’ 
exposure to stressful life events and subsequent 
anxieties. 
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Association of smoking and drug abuse with treatment failure 
in individuals with tuberculosis: a case-control study

Abstract
Introduction: Treatment failure in tuberculosis (defined as a positive sputum smear 5 months after the initiation of anti-TB treat-
ment) is a major threat to the control over TB. This study aimed to investigate the association of smoking and drug abuse with 
treatment failure among individuals with TB.
Material and methods: Out of 286 TB patients with available data registered by the health system of Hamadan Provinces in 
western Iran, 24 TB patients with treatment failure (positive sputum smear, 5 months after initiation of anti-TB treatment) and 
262 patients without treatment failure (negative sputum smear, five months after initiation of anti-TB treatment) were selected 
as case and control groups, respectively. These two groups were compared to each other in terms of demographic status which 
include age, sex, job, residence, and risk factors such as smoking and drug abuse status. An odds ratio (OR) with a 95% confi-
dence interval was used as a measure of association. The Bonferroni correction was used to counteract multiple comparisons, 
therefore, a p-value of less than 0.004 was statistically significant. 
Results: No significant association was found between treatment failure and age, residence, comorbidity, education level, job 
status, sex, smoking, and method of drug abuse (P > 0.004). However, a significant association was found between duration of 
smoking, number of cigarettes per day, and drug abuse with treatment failure in univariate analysis (P < 0.004). In multivariate 
analysis, only an association with drug abuse was significantly associated with treatment failure (P = 0.047). 
Conclusion: Drug abuse substantially increases the risk of treatment failure. Therefore, in order to control TB, it is suggested that 
preventive programs are designed in order to decrease drug abuse among TB patients before starting treatment.
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Introduction

Tuberculosis (TB) is a contagious and air-
borne disease caused mainly by Mycobacterium 
tuberculosis, but also rarely by Mycobacterium 
bovis and africanum [1]. Many of the health and 
medical interventions used to control TB have 
resulted in a remarkable reduction of the disease 
over recent decades [2]. Despite this substantial 
progress against TB, it has remained as one of ten 
major causes of death in the world. Based on the 
global tuberculosis report of 2018 conducted by 

the World Health Organization (WHO), 10 million 
people developed TB disease and 1.3 million 
people died from TB [3, 4]. In addition, the re-
port reveals that 90% of cases of TB and deaths 
due to the disease occur in developing countries 
[5]. Moreover, the studies report that nearly one-
third of the world’s population is infected with 
tuberculosis [6, 7]. 

Many risk factors have been identified that 
increase the risk of developing TB. Poverty, HIV 
infection, substance abuse, alcohol consumption, 
silicosis, diabetes mellitus, severe kidney disease, 
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low body weight, organ transplants, and head 
and neck cancers are examples of risk factors 
that are confirmed to increase the risk of being 
infected with TB [8–11]. Therefore, preventing 
and removing these risk factors may decrease the 
prevalence of TB remarkably.

The WHO’s recommended strategy for con-
trolling TB is via treatment of patients using 
the DOTS (Directly Observed Treatment, Short-
course) program [12]. As the WHO claims, “the 
most cost-effective way to stop the spread of TB 
in communities with a high incidence is by cur-
ing it” [13]. This strategy has five elements that 
include government commitment, case detection, 
treatment regimen, standardized recording, and 
a structured reporting system. The major threat to 
this strategy is treatment failure of TB [14]. Treat-
ment failure occurs in patients who, five months 
after initiation of anti-TB treatment, have positive 
sputum smears [15]. Treatment failure increases 
the probability of drug resistance and may result 
in the spread of TB.  Several factors contribute 
to treatment failure such as age, sex, education 
level, alcohol consumption, HIV, and weight loss 
[16-19]. Another two suspected risk factors that 
may have a role in treatment failure are smoking 
and drug abuse. However, findings on these two 
risk factors are not clarified well, and results are 
contradictory. While some studies confirm ex-
istence of an association between smoking and 
drug abuse with treatment [20], other studies did 
not endorse such an association [21]. Reaching 
a consensus on this issue requires more research. 
Therefore, in this study, we aimed to investigate 
the identity and existence of this association 
between smoking and drug abuse with treatment 
failure of TB in Hamadan province, western Iran. 

Material and methods

Type of study
This study was a case-control study. 

Setting and population
The study was conducted in Hamadan prov-

ince, western Iran. The study population included 
all patients with confirmed tuberculosis who were 
registered by the health system of the province 
from 2010 to 2018 and who underwent anti-TB 
treatment. Based on the Iranian national guide-
lines for the control of TB, sputum smear micros-
copy (SSM) was used to diagnose TB in patients. 

After confirmation of TB in individuals, they 
underwent directly observed treatment based on 
the short-course (DOTS) program. However, if 

positive sputum smear results remained 5 months 
after the initiation of treatment, the result was 
labelled treatment failure. Accordingly, in this 
case-control study, we defined the case group 
(with treatment failure) as TB patients who, five 
months after initiation of anti-TB treatment, had 
positive sputum smear results. On the other hand, 
we defined the control group as TB patients who, 
5 months after initiation of anti-TB treatment, 
had negative sputum smears. In the case that 
the patients died before completion of treatment 
course, or if there was no available data, they 
were excluded from the study. Accordingly, out 
of 321 patients registered by the system, 24 had 
treatment failure (case) and 262 patients were 
without treatment failure (control) and with 
available data included in the study. Thirty-five 
patients were excluded from the study because 
there was no data available for them.

Variables
According to data registered by the system, 

variables of this study included age, sex, educa-
tion level, job, residence, comorbidity, family his-
tory of TB, smoking status, number of cigarettes 
per day, duration of smoking, drug abuse status, 
and type of drug abuse. For this study, we defined 
a “smoker” as an individual who smokes at least 
one cigarette every day.

Statistical analysis
We used bivariate analysis including ANOVA 

and the chi-square test to assess the difference 
between case and control groups. Moreover, we 
used logistic regression to adjust the confounding 
effect of other variables. An odds ratio with a 95% 
confidence interval was used as a measure of as-
sociation. Further, in order to deal with multiple 
comparison problems in the tests, we used the 
Bonferroni correction to adjust the p-value. There-
fore, a p-value less than 0.004 was statistically sig-
nificant. The Hosmer and Lemeshow test was used 
to verify goodness of fit for the regression model.

Ethical considerations
The study has been registered by the Ethics 

Committee of Hamadan University of Medical 
Sciences (NO. IR.UMSHA.REC.1397.498). Fur-
thermore, all information collected was consid-
ered as confidential.

Results 

Out of the 321 registered patients who un-
derwent anti-TB treatment, data for 286 patients 
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was available. Five months after initiation of 
anti-TB treatment, sputum results were positive 
for 24 patients and negative for 262 patients (con-
trol group). Out of 35 patients that were without 
data for analysis, 28 patients (80%) died before 
completion of the treatment course. Moreover, 
data for the outcome of seven patients was not 
retrievable. 

Table 1 demonstrates the demographic and 
risk factor characteristics for the case and control 
groups. As shown in the table, despite 75% of 
the case group and 48.5% of the control group 
being men, the p-value, according to the Bonfer-
roni correction, was less than 0.01. Therefore, 
sex difference between case and control group 
was not statistically significant at a level of 
0.004. Moreover, we did not find a significant 

difference between two groups in terms of age, 
education, job, residence, family history of TB, 
and co-morbidity (p > 0.004). 

In terms of smoking, results presented in 
table 1 showed that the percentage of smokers 
in case groups is substantially higher than in the 
control group (58% vs 35%). In other words, the 
odds of patients being smokers was 2.58 times 
higher in the case group than in the control group. 
However, this difference was not statistically 
significant at a level p > 0.004. The duration of 
smoking was significantly associated with treat-
ment failure (p = 0.001). Moreover, patients in 
the case group smoked on average eight cigarettes 
per day more than patients in the control group 
(p < 0.001). In terms of duration of smoking, 
the mean duration of smoking in the case group 

Table 1. Demographic and risk factor description in case and control groups

Case
(n = 24)

Control
(n = 262)

Mean (SD) age [year] 54 ± 20.9 53.6 ± 20.6 ANOVA [F (1,284) =  0.008, p = 0.93)]

Mean (SD) duration of smoking [year] 17.7 ± 14.3 9.4 ± 13.3 ANOVA [F (1,284) = 8.54, p = 0.004)]

Mean (SD) cigarettes smoked per day [number] 14.7 ± 11.4 6.4 ± 9.4 ANOVA [F (1,276) = 15.86, p = < 0.001)]

Male 18 (75%) 127 (48.5%) 0.01

Education level

0.33

    Illiterate 5 (20.7%) 71 (27.1%)

    Primary 4 (16.7%) 55 (21%)

    Guidance school 10 (41.7%) 70 (26.7%)

    High school 1 (4.2%) 38 (14.5%)

    Diploma and more 4 (16.7%) 28 (10.7%)

Urban 16 (66.7%) 167 (63.7%)

Job status

0.17

    Employee 2 (8.3%) 29 (11.1%)

    Worker 0 (0%) 28 (3.1%)

    Housewife 5 (20.8%) 105 (40 %)

    Freelance 9 (37.5%) 55 (21%)

    Unemployed 3 (12.5%) 6 (2.3%)

    Student 1 (4.2%) 12 (4.5%)

    Other 4 (16.7%) 47 (18%)

Family history of TB 5 (20.8%) 64 (24.5%) 0.95

Comorbidity 6 (25%) 55 (21%) 0.16

Smoker 14 (58.3%) 92 (35%) 0.02

Drug abuser 11 (45.8%) 57 (21.8%) 0.001

Drug abuse method

0.32
    Swallowing 1 (7.3%) 21 (37.6%)

    Injection 8 (57%) 12 (21.4%)

    Inhalation 5 (35.7%) 23 (41%)
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was eight years longer than in the control group, 
which was statistically significant (p = 0.004).

In terms of drug abuse status, as demon-
strated In table 1, we found that 46% of patients 
in the case group and 22% in the control group 
were drug abusers. Therefore, drug abusers were 
4 times more likely to have treatment failure 
(p < 0.001). However, when investigating the 
method of drug abuse between the two groups, 
the method of abuse did not result in a significant 
difference (p = 0.32).

To adjust for the confounding effect of the 
variables, we used logistic regression. As shown 
in Table 2, only drug abuse is significantly asso-
ciated with treatment failure in TB patients, with 
a 3 times greater likelihood that failure occurs 
(p = 0.047). The result of the Hosmer and Leme-
show test for goodness of fit for logistic regres-
sion models was not significant, which means 
that the model is a good fit (Chi-square = 3.08, 
df = 8, p = 0.93).

Discussion 

In this study, we aimed to explore the associ-
ation of smoking and drug abuse with treatment 
failure in TB patients (defined as a positive 
sputum smear five months after the initiation of 
treatment). Our study showed that drug abuse was 
significantly associated with treatment failure. 
Although the failure rate among smokers and drug 
abusers was higher than non-smokers and drug 
abusers, after adjusting for the effects of other 
factors, only the effect of drug abuse remained as 
significant (increasing the risk of treatment failure 
by 3.5 times). This result reveals the major effect 
of drug abuse on treatment failure. Although we 
did not observe a significant association between 
smoking and treatment failure in multivariate 
analysis, it seems that this association exists. The 
most important reason for a lack of association 
between smoking and treatment failure in our 
study was our small sample size (low power of 

study). However, there is significant evidence for 
this association being present in our study. In this 
study, we investigated the association between 
the number of cigarettes smoked per day and 
duration of smoking with treatment failure. We 
found that a significant association exists between 
them seeing as the number of cigarettes per day 
and duration of smoking was substantially higher 
in patients with treatment failure than patients 
without treatment failure. In epidemiology, this 
issue is called “dose–response relationship” [22], 
which is one of the major criteria for a causal 
association to be made between an exposure and 
an outcome of interest. In addition, given that 
data for smoking and drug abuse was collected 
before the initiation of treatment, another crite-
rion of causality which is called “temporality” is 
likely established [22]. This criterion is the most 
important factor for establishing causality in 
epidemiology. Another criterion for establishing 
causality is identifying a consistency of findings 
[22]. The majority of previous studies confirmed 
our results.  In a cohort study in Peru, it was 
found that both smoking and drug abuse were 
significantly associated with treatment failure, 
and that the effect of drug abuse was stronger than 
the effect of smoking. The paper recommended 
identifying smokers and drug abusers before 
initiating treatment to increase the probability 
of treatment success of TB [23]. In addition, in 
a study conducted in Brazil aimed to examine 
the role of drug abuse as a predictor of treatment 
failure, it was reported that 33% of drug abusers 
and 7% of non-drug abusers had treatment failure. 
Our study had similar results showing that about 
34.8% of smokers and 12.5% of non-smokers had 
treatment failure [24]. However, some studies 
did not find a significant association between 
smoking and drug abuse with treatment fail-
ure. For example, El-Shabrawy et al found that, 
despite a high rate of treatment failure in smokers 
compared with non-smokers, no significant asso-
ciation between smoking and treatment failure 

Table 2. Logistic regression analyses of factors associated with treatment failure in TB patients

Variable Crude odds ratio (95% CI) p-value Adjusted odds ratio (95%CI) p-value

Age 1 (0.98,1.02) 0.93 1 (0.98–1.02) 0.79

Sex 3.2 (1.22,8.2) 0.02 1.55 (0.45–5.31) 0.48

Smoker 2.58 (1.1, 6.1 0.02 1.26 (0.42–3.76) 0.67

Drug abuser 4.2 (1.8, 9.95) 0.001 2.98 (1.02–7.14) 0.047

Constant — — 1.210 0.84
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existed [21]. Apparently, a small sample size of 
their study was the main reason for this result. 
Further, Alo in Fiji did not observe a significant 
association between smoking status and treatment 
failure [25]. However, despite these contradictory 
results, the existence of an association is likely. 
To properly explain these differing results, we 
recommend performing a meta-analysis since 
there is evidence indicating that there is an as-
sociation between drug abuse and smoking with 
treatment failure.

With consideration to the association be-
tween smoking and drug abuse with treatment 
failure and the global prevalence of smoking 
(20%) and drug abuse (2%) in the world [26–28], 
especially in low and middle-income countries 
where the prevalence of TB is high, it will be very 
difficult to control the spread of TB [29]. Many 
studies show that the prevalence of smoking and 
drug abuse among TB patients is a critical aspect 
of disease control. In a study by Burnet, the es-
timated prevalence of smoking in patients with 
active and latent infection was 56% and 60%, 
respectively[30]. Therefore, this high prevalence 
of smoking in TB patients results in treatment 
failure and eventually, death. In addition, failure 
to properly control TB increases the spread of 
TB in the population. It is also important to note 
the role of drug abuse and the AIDS epidemic as 
important factors in the spread of TB [31, 32]. 

Literature explains the mechanisms of how 
smoking and drug abuse affect treatment failure. 
It seems that two likely pathways exist for how 
smoking and drug abuse influence the treatment 
outcome. The studies reveal that an interaction 
of TB with smoking and drug abuse exists at 
a cellular level and may result in a decreased 
level of immunity through reduction in activity 
of macrophages, dendritic cells, and natural killer 
cells [33].  Moreover, studies demonstrated that 
smoking and drug abuse are associated with a low 
adherence to treatment in male TB patients [34].   

This study has two messages to policy-mak-
ers: Firstly, statistics regarding the high amount 
of patients with treatment failure in TB is re-
markable. As noted before, treatment failure is 
the biggest threat for the control of TB and, as 
such, paying special attention to treatment failure 
is necessary. Secondly, smoking and drug abuse 
showed a significant effect on treatment failure, 
and this has been reciprocated by many other 
studies which also confirm this issue. Therefore, 
it is recommended to design programs for the ces-
sation of smoking and drug abuse before initiating 
treatment of TB.

This study has limitations. Firstly, sample 
size, especially in our case group, is small. Small 
sample size may reduce the power of study to 
detect significant differences. This issue is one of 
the determinants for a non-significant association 
between smoking and treatment failure. Secondly, 
we used data registered by the TB system which 
is known to have problems in accuracy and in 
incomplete registrations. Thirdly, we could not 
obtain some important information such as per-
centage of multidrug resistance and HIV disease 
status among TB patients. This information may 
present a more clarified picture of the TB patients 
we studied. Fourthly, a number of the patients 
died or were lost to follow up before completion 
of the treatment course. Therefore, we performed 
our analysis only on patients who survived, 
which may have led to selection bias affecting our 
final result. Based on these limitations, designing 
a prospective cohort with an accurate registration 
of information and with interventional studies 
to assess the effectiveness of smoking and drug 
abuse cessation programs on treatment failure is 
recommended.

Conclusion

Our results confirm that drug abuse is associ-
ated with treatment failure in TB patients. How-
ever, smoking significantly increased the risk of 
treatment failure as well. Therefore, it suggested 
that cessation of smoking and drug abuse accom-
pany the initiation of treatment programs for TB 
patients. Training health workers to be able to 
detect smokers and drug abusers should also be 
incorporated into treatment programs to increase 
the efficacy of TB treatment.  
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Diagnostic implications of bronchial lavage 
in patients with pleural tuberculosis

Abstract
Introduction: The presence of Mycobacterium tuberculosis in a respiratory specimen is diagnostic in patients with pleural 
effusion. It is difficult to obtain sputum even after induction in these patients. An alternative method of acquiring respiratory 
specimens is via bronchial lavage. This study was undertaken to evaluate the diagnostic yield of acid-fast bacilli (AFB) smear, 
AFB culture, and Xpert assay of bronchial lavage fluid in the workup of pleural tuberculosis patients.
Material and methods: All patients who met the inclusion criteria of the study underwent thoracentesis, pleural biopsy, and 
bronchial lavage. Specimens of pleural fluid, pleural biopsy, and bronchial lavage fluid were sent for acid fast bacilli smear, culture, 
and Xpert assay.
Result: Bronchial lavage AFB smear, culture, and Xpert assay was positive in 9.5%, 17.9%, and 26.2% of patients, respectively. 
It gave an immediate diagnosis in 22 (26.2%) patients.
Conclusion: Bronchial lavage, though not a surrogate to pleural biopsy, offers an additional approach to the early diagnosis of 
pleural tuberculosis in patients not producing sputum. Besides being diagnostic, this method also has epidemiologic significance in 
containing the tuberculosis epidemic because detecting Mycobacterium in bronchial lavage confirms that the patient is infectious.

Key words: bronchial lavage, bronchoscopy, pleural tissue, pleural tuberculosis, Xpert assay
Adv Respir Med. 2020; 88: 389–393

Introduction

Globally, tuberculosis (TB) remains one of the 
most important public health problems. Tubercu-
lous pleural effusion affects approximately 5% of 
people infected with Mycobacterium tuberculosis 
(MTB) and is one of the most common forms of 
extrapulmonary tuberculosis [1]. According to 
the World Health Organization, Pakistan is ranked 
fifth among high-burden TB countries worldwide 
with an estimated 510,000 new TB cases emerging 
each year.

Diagnosing pleural tuberculosis is difficult 
due to paucibacillary infection and often requires 
invasive procedures like pleural biopsy [2]. For 
a confirmatory diagnosis of tuberculosis, isolation 
of the bacterium from pleural fluid or pleural tissue 
is required which is mostly not possible due to the 
pathogenesis of the disease [3]. It is known that 

pleural space infections are acquired from initial 
parenchymal lesions which are usually not obvious 
on chest radiography [4, 5]. With the use of com-
puted tomography, parenchymal lesions and focal 
areas of subpleural cavitation can be visualized [6].

The presence of Mycobacterium tuberculosis 
in a respiratory specimen is diagnostic in patients 
with pleural effusion. Sputum specimens are 
often not tested because these patients usually 
do not produce sputum even after efforts of 
sputum induction. An alternative to getting re-
spiratory samples in such patients is by testing 
fluid acquired via bronchial lavage. It is a safe 
and minimally invasive procedure done under 
local anesthesia. In addition to having diagnostic 
value, it can also be used to monitor the progress 
of patients who test positive and are given anti-
tuberculous treatment (ATT). Apart from these 
diagnostic implications, it may have epidemio-
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logic significance as patients in whom MTB is 
isolated in bronchial lavage are likely contagious 
and demand thorough contact tracing, especially 
in endemic countries like Pakistan.

This study was carried out to evaluate the 
diagnostic yield of acid-fast bacilli (AFB) smear, 
AFB culture, and Xpert assay in bronchial lavage 
in the workup of pleural tuberculosis patients. 

Material and methods

This was a prospective study completed from 
September 2016 to December 2018 in Fatima Jin-
nah General and Chest Hospital and Taj Medical 
Complex. All patients aged 18 years or older 
with lymphocytic exudative pleural effusion 
who were not expectorating and who had failure 
of sputum induction were included in the study. 
Patients with known HIV infection, parenchymal 
abnormalities on chest imaging (radiograph or 
computed tomography scan), or those who were 
already on antituberculous drugs for more than 
1 week were not included in the study.

The diagnosis of pleural tuberculosis was 
made if any of the microbiologic tests came out 
positive or clinically if the patient responded to 
antituberculous drugs (resolution of fever, weight 
gain on 2 months of treatment). Patients not meet-
ing the diagnostic standards for tuberculosis were 
treated as controls.

All patients underwent thoracentesis, pleural 
biopsy, and bronchial lavage. Pleural fluid was 
sent for AFB smear, AFB culture, and Xpert assay 
(Gene Xpert). An ultrasound of the chest was done 
in all study participants. Abram’s pleural biopsy 
was done in patients with no intrapleural septa-
tions on ultrasound. Medical thoracoscopy under 
local anesthesia was done for those with multisep-
tated or multi-loculated pleural effusions. Pleural 
tissue specimens were sent for AFB smear, AFB 
culture, and histopathology in formalin. Tissue 
for the Xpert assay was sent in normal saline. 
Bronchial lavage was done under local anesthesia 
using flexible bronchoscope. Normal saline was 
instilled into large airways of both lungs and as-
pirated back. Bronchial lavage fluid was sent for 
AFB smear, AFB culture, and Xpert assay. The 
investigation which confirmed the diagnosis of 
tuberculosis earliest was also documented as the 
test giving an ‘immediate microbiologic diagnosis’.

Out of a total of 188 patients, 148 patients 
were included in the final analysis. A study flow 
diagram is shown in Figure 1.

Written informed consent was obtained for 
the procedures from study participants. Ethical 

approval was obtained from the study hospitals 
ethical review committee. The study was done 
according to the principles laid down in the 
Declaration of Helsinki.

SPSS (version 23) was used for statistical 
analysis. Mean and standard deviation were 
calculated for age. The independent samples 
t-test was used to compare the mean between 
groups where the data was normally distributed. 
Frequencies and percentages were calculated for 
categorical variables and compared using the Chi 
square test and Fisher’s exact test (if cells had 
an expected count of less than 5). A P-value of 
< 0.05 was identified as being statistically signif-
icant. Sensitivity and specificity was calculated 
for various diagnostic tests. 

Result

A comparison of the demographic variables 
between tuberculosis and non-tuberculosis pa-
tient groups is shown in Table 1. The sensitivity 
of bronchial lavage fluid AFB smear, AFB culture, 
and Xpert assay was 9.5%, 17.9%, and 26.2%, 
respectively. The yield of different diagnostic 
methods is shown in Table 2. The immediate 
microbiologic diagnosis of tuberculosis based 
exclusively on bronchial lavage was obtained in 
(22) 26.2% patients. The yield of different micro-
biologic tests for immediate diagnosis of pleural 
tuberculosis is shown in Table 3. The overlap 
of positive results among various diagnostic 
methods is shown in Figure 2. No significant 
complications of bronchoscopy were noted in 
any of the patients.

Discussion

In Pakistan, as a result of TB being a common 
infection, a mostly exudative lymphocytic pleural 

Figure 1. Study flow diagram



Kamran Khan Sumalani et al., Bronchial lavage in pleural tuberculosis

391www.journals.viamedica.pl

Table 1. Demographic characteristics of patients

Characteristic Tuberculosis (n=84) Non tuberculosis (n=64) p-value

Age in years ± SD 37.39 ± 16.74 39.48 ± 15.60 0.43

Gender

0.56   Male 54 44

   Female 30 20

Co morbidities 

0.24

   Nil 68 49

   Hypertension 4 0

   Diabetes mellitus 9 9

   Chronic liver disease 2 4

   Malignancy 1 2

Smoking status

0.44
   Non-smoker 64 51

   Ex-smoker 2 0

   Current smoker 18 13

Table 2. Yield of different diagnostic methods in pleural tuberculosis

Investigation Tuberculosis (n=84) Non-tuberculosis (n-64) Sensitivity (%) Specificity (%) p-value

Pleural fluid

   AFB smear 1 0 1.2 100 1.00

   Xpert assay 9 0 10.7 100 0.005

   AFB culture 1 0 1.2 100 1.00

Pleural tissue

   AFB smear 14 0 16.7 100 0.001

   Xpert assay 46 0 54.8 100 <0.001

   AFB culture 32 0 38.1 100 <0.001

   Caseous necrosis 
   on histopathology

56 0 66.7 100 <0.001

Bronchial lavage fluid

   AFB smear 8 0 9.5 100 0.10

   Xpert assay 22 0 26.2 100 <0.001

   AFB culture 15 0 17.9 100 <0.001
AFB: acid fast bacilli

Table 3. Yield of different diagnostic methods for immediate microbiologic diagnosis of pleural tuberculosis

Diagnostic methods Immediate diagnosis Only investigation giving immediate diagnosis

Pleural tissue 45 (53.6%) 38 (45.2%)

Pleural fluid 9 (10.7%) 0

Bronchial lavage fluid 22 (26.2%) 12 (14.3%)
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Figure 2. Diagram showing diagnostic overlap among various mi-
crobiologic investigations (numbers show the frequency of positive 
results for tuberculosis)

effusion is treated as TB until proven otherwise. 
However, without microbiologic confirmation, 
there remains a problem of delayed diagnosis or 
misdiagnosis. Due to the low amount of MTB in 
pleural fluid, tests are often negative for MTB. The 
current study demonstrates that microbiologic 
tests done on bronchial lavage fluid in patients 
with no parenchymal lesions can help in diag-
nosing tuberculosis. 

In our study, the sensitivity of bronchial 
lavage fluid AFB smear, AFB culture, and Xpert 
assay was 9.5%, 17.9%, and 26.2%, respectively. 
Levine and colleagues described that 33% (7/21) 
of patients with a tuberculous effusion had pos-
itive sputum, gastric, or bronchial lavage speci-
mens [7]. There has not been a significant amount 
of research done on the role of bronchial lavage, 
but studies have demonstrated that induced 
sputum has a good diagnostic yield in pleural 
tuberculosis in patients with and without paren-
chymal lesions. Conde et al. [8] demonstrated 
that the yield of sputum culture was 6% to 13% 
higher than that described previously (4–9%) in 
patients with no parenchymal lesions and similar 
to those with lesions on chest radiograph [3, 9, 
10]. Other similar studies from Los Angeles [11] 
and India [5, 12] also reported a high yield of 
sputum induction in pleural tuberculosis.

In our study, AFB was detected in pleural 
fluid in 1 (1.2%) case on smear, 1 (1.2%) in cul-
ture, and 9 (10.7%) on Xpert assay. Antoniskis et 
al. [11] found that 7% of patients had a positive 
AFB smear on pleural fluid testing. Other studies 
have shown that AFB culture is positive in < 30% 
of pleural fluid specimens [9, 13–15].

In the current study, it is shown that pleural 
tissue AFB smear, culture, and Xpert assay was 

positive in 16.7%, 38.1% and 54.8% of cases, re-
spectively. The yield of the microbiological tests 
on pleural fluid and tissue reported by Christo-
pher et al. agrees with our results; pleural tissue 
Xpert was 45%, pleural tissue culture was 39%, 
pleural fluid culture was 17%, and pleural fluid 
Xpert was 14% [16].

Bronchial lavage gave an immediate diag-
nosis in 22 (26.2%) patients and was the only 
investigation giving an immediate diagnosis in 
12 (14.3%) patients. Hence, it gives another ap-
proach in the early diagnosis of pleural tubercu-
losis and it can also help in monitoring patients 
who test positive during their treatment course.

In contrast to other forms of extrapulmonary 
tuberculosis, pleural TB can be infectious as 
demonstrated by the finding of AFB in bronchial 
lavage. Questions arise whether pleural tubercu-
losis patients should be isolated until they cease 
being infectious and whether contact tracing 
should be done like in pulmonary TB cases. Fur-
ther studies are needed to evaluate the infectivity 
of this form of disease as it has significant impli-
cations on public health.

Conclusion

Bronchial lavage, though not a surrogate to 
pleural biopsy, offers an additional approach 
in the early diagnosis of pleural tuberculosis in 
patients not producing sputum. Besides being di-
agnostic, this method also has epidemiologic sig-
nificance in containing the tuberculosis epidemic 
as detecting Mycobacterium in bronchial lavage 
fluid shows the infectivity of pleural tuberculosis.
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A comparative study evaluating C-reactive protein, sputum 
eosinophils and forced expiratory volume in one second 
in obese and nonobese asthmatics

Abstract
Introduction: Asthma and obesity are considered inflammatory disorders. Inflammatory markers — sputum eosinophils, 
C-reactive protein (CRP) and the forced expiratory volume in one second (FEV1) were analysed to find their association in obese 
asthmatics and compared with their asthma control test (ACT) to understand these parameters in this phenotype.
Material and methods: After completing the asthma control test (ACT), the CRP, FEV1 and sputum eosinophils of sixty asthmat-
ics were compared to find the association of them in obese and nonobese asthmatics and contrasted with their ACT. The data 
were analysed using IBM SPSS V20.0, Mann-Whitney U test (non-parametric test), Pearson’s correlation coefficient and Fisher’s 
exact test.
Results: We found significant differences for CRP (P = 0.001) and sputum eosinophils (P = 0.001) between obese and nonobese 
asthmatics, both higher in obese asthmatics and with a significant association with body mass index (BMI) (P < 0.05). The FEV1 
levels were independent of the BMI levels of asthmatics. There was a significant correlation between the CRP and sputum eosin-
ophils (0.52, P = 0.001) for all asthmatics. There was no significant correlation between FEV1 and sputum eosinophils (nonobese 
P = 0.120, obese P = 0.388) and between FEV1 and CRP (obese P = 0.423, nonobese P = 0.358) in both obese and nonobese 
asthmatics. Obesity had an association (P = 0.001) with ACT scores (≤ 19).
Conclusions: Sputum eosinophils and CRP were raised in obese asthmatics and had a positive association with BMI. Obese 
asthmatics had a poorer subjective asthma control than nonobese asthmatics despite FEV1 being independent of the BMI levels. 
Measuring the systemic inflammatory markers could help in additional interventions in reducing systemic inflammation and thus 
possibly facilitating better symptom control.

Key words: C-reactive protein, sputum eosinophils, FEV1, obese asthmatics, systemic inflammation
Adv Respir Med. 2020; 88: 394–399

Introduction

Asthma is a syndrome characterised by recur-
rent episodic airway obstruction, airway inflam-
mation and bronchial hyper-responsiveness. It is 
a syndrome with a variety of phenotypes, where 
various precipitating factors result in clinical, 
physiological and pathological manifestations. The 
main pathogenesis of asthma is the infiltration of 
inflammatory cells such as eosinophils, basophils, 
and CD4 + lymphocytes in the airways [1, 2].

Obesity is also considered an inflammatory 
disorder conveyed by various systemic inflam-

matory mediators like C-reactive protein (CRP) 
that leads to an increase in circulating levels 
of the pro-inflammatory cytokines. CRP is also 
raised in various systemic inflammations such 
as diabetes, cardiovascular diseases, collagen 
vascular diseases, malignancies, and also obesity 
[3–5]. Various studies have shown that severe 
asthma is more prevalent in obese patients as 
compared with patients with normal body mass 
index (BMI) and that BMI is positively associated 
with asthma severity [6]. Also, BMI correlates 
positively with the level of asthma control, with 
more severe asthmatics having a higher BMI than 
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those with milder asthma [7, 8]. Thus, obesity 
seems to be related with asthma severity, but the 
mechanisms responsible for this relationship are 
not yet clarified.

There is growing evidence that asthma and 
obesity are strongly associated with each other 
and can alter each other’s status [9]. Also, the 
inflammatory cells, sputum eosinophils and 
interleukin-5 play a major role in airway inflam-
mation in asthmatics, more so in obese asthmat-
ics who are already in a pro-inflammatory state 
[10]. Evidence of neutrophilic inflammation of 
the airways in obese asthmatics has also been 
documented [11], but the association between 
the non-neutrophilic airway inflammation in 
obesity, the systemic inflammation and the lung 
function remains poorly understood, especially 
in different phenotypes and endotypes of asthma. 
As the treatment of asthma has evolved from 
the airway obstruction-based approach to a tai-
lored-endotype and phenotype-based approach, 
especially in special subsets of asthma like the 
obese phenotypes, it helps to know the relation-
ship between the inflammatory markers both 
systemic (CRP) and airway (sputum eosinophils), 
with the forced expiratory volume in one second 
(FEV1) in this regard. 

As our understanding of various subtypes 
of asthma has evolved over years, here we try 
to evaluate the obese asthmatic subtype and the 
inflammatory markers associated with both the 
airway (sputum eosinophils) and systemic marker 
(CRP), and correlate them with their lung func-
tion (FEV1) and compare the same with nonobese 
asthmatics. This might help us to understand 
the systemic inflammatory component of asth-
ma, specifically concerning the obese asthmatic 
phenotype and the markers associated with it. 
Correlating these inflammatory markers with the 
patient’s subjective control of symptoms through 
the asthma control test (ACT) could give us a bet-
ter understanding of the roles these inflammatory 
markers play in the symptom control.

The purpose of this cross-sectional study 
was to evaluate the systemic inflammation using 
CRP, airway inflammation by measuring sputum 
eosinophils and the measure of lung function by 
FEV1 in obese and nonobese asthmatics, compare 
and correlate these parameters between the obese 
and nonobese groups. We also try to ascertain 
whether there is a significant association between 
the inflammatory markers (sputum eosinophils, 
CRP) amongst each other and with FEV1 and to 
compare BMI with the asthma control test (ACT) 
scores. 

Materials and methods

Sixty asthmatic patients who presented to 
the outpatient department of Respiratory Medi-
cine, in Sree Balaji Medical College and Hospi-
tal, Chennai. were recruited for the study from 
2018 to 2019. We aimed to compare and evaluate 
CRP, FEV1 and sputum eosinophils in obese and 
nonobese asthmatics and to find the association 
of CRP, FEV1, and sputum eosinophils among each 
other and compare BMI with the asthma control 
test scores (ACT) [12].

Patients with a primary diagnosis of asthma 
according to the Global Initiative for Asthma 
(GINA) guidelines, 18 years of age or older were 
included in this study. Individuals with nonre-
versible airway obstruction on spirometry (< 12% 
change in FEV1) who were unable to do spirom-
etry due to a history of myocardial infarction, 
congestive heart failure, coronary artery disease, 
who had a history of smoking, with known co-
morbidities like diabetes, cardiovascular diseases, 
collagen vascular diseases and malignancies were 
excluded from the study.

All the patients who satisfied the inclusion 
criteria, filled up the asthma control test and were 
later told to do pulmonary function test — spi-
rometry, serum CRP and sputum sample after 
deep coughing in a sterile container. Then sputum 
quality was assessed using both macroscopic and 
microscopic criteria [13]. Sputum was stained 
with eosin and haematoxylin and analysed using 
microscopy to determine the count of eosinophils 
expressed in percentage, and counts ≥ 3 % was 
considered to be high [14], BMI ≥ 30 kg/m2 were 
considered obese, and CRP > 1 mg/dL was con-
sidered high-risk. The ACT is a patient-completed 
questionnaire for individuals above 12 years of 
age and consists of five items evaluating the pre-
ceding 4 weeks (limitation of activities, shortness 
of breath, awakenings at night, use of reliever 
medication and patient’s perception of asthma 
control). Each question has five response options, 
resulting in scores of 1–5. The sum of all scores 
yields the total ACT score, a score of less than 
equal to 19 indicates poorly controlled asthma, 
and a score greater than equal to 20 indicates 
good asthma control, the maximum being 25. All 
the participants had forced expiratory volume 
1 second/functional vital capacity (FEV1/FVC) 
< 70% with post-bronchodilator reversibility 
FEV1 > 12% on spirometry. 

Statistical analysis: A total of 60 patients 
were included in the study. The data were an-
alysed using IBM SPSS V 20.0. Mann-Whitney 
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U test (non-parametric test) was performed for 
comparing outcome variables between obese and 
nonobese groups, Pearson’s correlation coeffi-
cient was computed to measure the association 
of the outcome variables amongst each other and 
Fisher’s exact test was used to find the associa-
tion of BMI with the asthma control test score. 
P-value < 0.05 was considered to be statistically 
significant.

Results

There were a total of 60 subjects. Among 
them, the number of males were 22 (37%) and fe-
males were 38 (63%). The mean age was 41.48 (SD 
= 10.98). All of the participants were classified 
as obese (BMI ≥ 30) and nonobese (BMI < 30) 
(Table 1). Among the 60 subjects, 32 were obese 
and 28 were nonobese (Table 1). 

We found statistically significant differences 
in CRP (P = 0.001) and sputum eosinophils (P = 
0.001) between obese and nonobese asthmatics 
(Table 1). We noted that the median CRP was 

higher, 2 mg/dL for obese asthmatics compared to 
1 mg/dl for nonobese asthmatics (Table 1, Figure 1). 
Also, the same trend was reflected in median spu-
tum eosinophils, being 6% for obese asthmatics 
and 2% for nonobese asthmatics (Table 1, Figure 2). 
However, we did not find any significant differ-
ence in FEV1 between obese and nonobese asth-
matics (P = 0.882) (Table 1).

Among the associations between the param-
eters themselves (Table 2), we observed that there 
was a significant correlation between the CRP 
and sputum eosinophils (0.52, P = 0.001) for all 
asthmatics (Figure 3). We found no significant 
correlation between FEV1 and sputum eosinophils 
(nonobese P = 0.120, obese P = 0.388) and also 
between FEV1 and CRP (obese P = 0.423, nonobese 
P = 0.358) in both obese and nonobese asthmat-
ics. Comparing the BMI with the asthma control 
test scores (Table 3), we noticed that asthma was 
not controlled (ACT scores ≤ 19) for 94% of obese 
asthmatics as compared to only 25% for nonobese 
asthmatics, and there was a significant association 
(P = 0.001) between obesity (BMI) and ACT scores.

Table 1.	 Comparison of outcome variables between obese and nonobese asthmatics. Values presented as median with 
interquartile range in parenthesis. *Mann-Whitney-u non-parametric test; P value < 0.05 — statistically significant

Outcome Non-obese (N = 28) Obese (N = 32) P value*

CRP 1 (0–1) 2 (1–4) 0.001

FEV1 60 (59–70) 64 (55–71) 0.882

Sputum eosinophils 2 (2–3) 6 (4–7) 0.001
CRP — C-reactive protein; FEV1 — forced expiratory volume in one second

Figure 1. Comparison of C-reactive protein between obese and non-
obese asthmatics. BMI — body mass index

Figure 2. Comparison of sputum eosinophils between obese and 
nonobese asthmatics
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Discussion

This study aimed to compare the CRP, 
FEV1 and sputum eosinophils in obese and non-
obese asthmatics and to ascertain whether there 
is an association between the groups. We also 
sought to find a link between the inflammatory 
markers — CRP and sputum eosinophils and 
FEV1, and also among each other in asthmatics 
and correlate it with asthma control test scores. To 
the best of our knowledge, this study is one of the 
very few studies done to compare the various in-
flammatory markers in both obese and nonobese 
asthmatics and probably the first study to try to 

find an association between the inflammatory 
markers themselves and with the BMI. We also 
tried to correlate the inflammatory markers with 
the self-perception of symptom control through 
the asthma control test. 

With our data, we found that median CRP 
and sputum eosinophils were higher in obese 
asthmatics than in nonobese asthmatics. Also, 
CRP and sputum eosinophils had a positive as-
sociation with BMI. However, the FEV1 did not 
correlate positively with BMI. Our findings were 
in concordance with the findings of Van Veen et 
al. regarding FEV1 that has not decreased in obese 
asthmatics and has not shown a significant dif-
ference between obese and nonobese asthmatics 
[15]. Interestingly, our study was in contrast to the 
other finding reported in the same study wherein 
the authors showed that obese asthmatics do not 
have more airway inflammation as compared with 
nonobese asthmatics. But in our study, sputum 
eosinophils and CRP were also found to be higher 
in obese asthmatics and had a positive correlation 
with each other for all asthmatics.

Obese asthmatics had a significant associa-
tion with asthma control test scores, predominant 
number of obese asthmatics (94%) had uncon-
trolled ACT (score ≤ 19). Even if the FEV1 was 
independent of the BMI levels, our patients who 
were obese had an increased perception of symp-
toms reflected through the poor asthma control 
scores of less than equal to 19. An increase in 
systemic inflammation in obesity has been well 
described [16]. It has been suggested that high lev-
els of pro-inflammatory molecules released from 
adipose tissue into the systemic circulation could 

Table 2. Association between outcomes in obese and nonobese asthmatics

  Outcome FEV1 Sputum eosinophils

Non-obese (N = 28) Correlation* CRP 0.069 0.080

P value 0.358 0.337

Correlation* FEV1 -0.221

P value 0.120

Obese (N = 32) Correlation* CRP -0.037 0.301

P value 0.423 0.053

Correlation* FEV1 -0.054

P value 0.388

All samples (N = 60) Correlation* CRP -0.012 0.520

P value 0.464 0.001

Correlation* FEV1 -0.082

P value 0.268
*Pearson correlation coefficient. P value < 0.05 — statistically significant. CRP — C-reactive protein; FEV1 — forced expiratory volume in one second

Figure 3. Association between C-reactive protein and sputum eosin-
ophils in all asthmatics
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contribute to the airway inflammation, thus in-
creasing the prevalence and poor asthma control 
in obese asthmatics [17]. In our study, CRP levels 
were found to be elevated in obese asthmatics 
and this probably explains that this pro-inflam-
matory state could lead to increased perception 
of symptoms. The inflammatory markers (CRP 
and sputum eosinophils) were independent of 
the FEV1 in all asthmatics, and thus perception 
of breathlessness reflected by the poor asthma 
control test scores (ACT ≤ 19) in these obese phe-
notypes of asthmatics could indeed be caused by 
the systemic inflammation. Many other studies 
have also demonstrated a positive correlation 
between elevated CRP levels and asthma control, 
respiratory impairment and bronchial hyper-re-
activity [18–21].

Among the associations between the inflam-
matory mediators themselves, the CRP and spu-
tum eosinophils showed a positive correlation in 
all asthmatics. Our study was in agreement with 
a similar study by Abdelsadek et al. who showed 
a positive correlation with CRP and sputum eosin-
ophils in asthmatics [22]. In this study, however, 
the BMI wasn’t correlated with the inflammatory 
markers. The mechanism of airway inflammation 
is complex in obese asthmatics. It can be mediat-
ed through various inflammatory mediators like 
interleukin (IL)-4, IL-5, IL-13, inflammatory cells 
like eosinophils, mast cells and basophils to name 
a few apart from the possible overlay of systemic 
inflammation. Non-eosinophilic inflammation 
and systemic inflammation could also play an 
important role in airway inflammation in obese 
asthmatics.

 Obesity has been demonstrated to be a risk 
factor for asthma and is associated with an in-
creased prevalence of asthma symptoms [23, 
24]. But this, whether it is because of systemic 
inflammation, airway constriction or the change 
in dynamics of respiration and the restrictive 
defect or a contributory factor of both, needs to 
be investigated. 

As the asthma treatment guidelines are evolv-
ing from a symptom-based approach to a tailored 
approach, it will be wise to optimise the treatment 

based on various phenotypes and endotypes, and 
thus probably reducing an impending exacerba-
tion. Interestingly, many studies have previously 
shown that treating the airway inflammation led 
to better asthma control and thus, in turn, reduced 
hospitalisations and fatal events [25], and if the 
treatment strategy is aimed at keeping sputum eo-
sinophils low, patients might have fewer asthma 
exacerbations [26]. Since elevated CRP is often 
associated with accelerated lung function decline 
[27], aiming at the treatment based on markers 
of inflammation both the airway and systemic 
inflammation is a more scientific and rational 
approach than treating the physiological effects 
caused by it, which is particularly relevant, espe-
cially in obese asthmatics. These obese asthmatics 
who have an overlay of systemic inflammation 
could also be phenotyped as a separate entity. 
In our study, the CRP and sputum eosinophils 
were higher in obese asthmatics, which suggests 
concordance between these biomarkers; and simi-
larly to treating the airway inflammation, whether 
treating the systemic inflammation in these obese 
phenotypes leads to better asthma control, needs 
to be examined. Thus, the measure of systemic 
inflammatory markers in obese asthmatics with 
poor disease and symptom control plays an im-
portant role, and this should help to ascertain the 
systemic mediator’s role and thus help to devise 
a treatment plan for these subsets of patients. This 
should ideally include rigorous weight manage-
ment plans apart from pharmacological interven-
tions in obese asthmatics which aim at reducing 
the systemic inflammatory mediators like the 
CRP levels. This might yield a better asthma con-
trol wherein the contributors of breathlessness 
can also be caused by restrictive lung defect in 
obesity. Apart from their airway inflammation, 
measuring the systemic inflammation adds a de-
finitive value in difficult to treat obese asthmat-
ics with poor symptom control. It is hoped that 
these results will help to understand the systemic 
inflammation of the obese phenotype of asthma 
and provide better asthma management. Serial 
measurements of CRP, sputum eosinophils and 
FEV1, additional interventions and follow-ups 

Table 3. Association between body mass index (BMI) and asthma control test (ACT)

Non-obese (BMI < 30) Obese (BMI ≥ 30) P-value*

Asthma not controlled (ACT ≤ 19) 7 (25) 30 (94)
0.001

Asthma controlled (ACT > 19) 21 (75) 2 (6)

Numbers with percentage in parenthesis. *Fisher’s exact test; P value < 0.05 — statistically significant
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could have given us more insights into these 
parameters in different disease states and during 
various levels of asthma controls. 

Conclusions

Thus, the inflammatory markers sputum 
eosinophils and CRP were raised in obese asth-
matics and had a positive association with BMI. 
Obese asthmatics had a poorer subjective asthma 
control than the nonobese asthmatics despite 
FEV1 being independent of the BMI levels. Mea-
suring the systemic inflammatory markers in 
obese asthmatics who do not have adequate sub-
jective symptom control reflected by uncontrolled 
ACT scores, could add a definitive value and 
possibly help in additional interventions aimed at 
reducing systemic inflammation and facilitating 
better symptom control.
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Using a simple open-source automated machine learning 
algorithm to forecast COVID-19 spread: A modelling study

Abstract
Introduction: Machine learning algorithms have been used to develop prediction models in various infectious and non-infectious 
settings including interpretation of images in predicting the outcome of diseases. We demonstrate the application of one such 
simple automated machine learning algorithm to a dataset obtained about COVID-19 spread in South Korea to better understand 
the disease dynamics.
Material and methods: Data from 20th January 2020 (when the first case of COVID-19 was detected in South Korea) to 4th March 
2020 was accessed from Korea’s centre for disease control (KCDC). A future time-series of specified length (taken as 7 days in 
our study) starting from 5th March 2020 to 11th March 2020 was generated and fed to the model to generate predictions with 
upper and lower trend bounds of 95% confidence intervals. The model was assessed for its ability to reliably forecast using mean 
absolute percentage error (MAPE) as the metric.
Results: As on 4th March 2020, 145,541 patients were tested for COVID-19 (in 45 days) in South Korea of which 5166 patients 
tested positive. The predicted values approximated well with the actual numbers. The difference between predicted and observed 
values ranged from 4.08% to 12.77% . On average, our predictions differed from actual values by 7.42% (MAPE) over the same 
period.
Conclusion: Open source and automated machine learning tools like Prophet can be applied and are effective in the context of 
COVID-19 for forecasting spread in naïve communities. It may help countries to efficiently allocate healthcare resources to contain 
this pandemic.
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Introduction

COVID-19, caused by the severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) 
originated in the Wuhan province of China in De-
cember 2019, has since spread to many countries, 
prompting WHO to declare it as a pandemic [1].  
As of 11th March 2020, 118 326 cases have been 
confirmed and 4 292 deaths reported worldwide 
with the pathogen rapidly spreading to newer 
areas [2]. Having never encountered this virus 
before, health care systems are grappling with 
multiple unknowns about this pandemic and 
navigating uncharted territories [3]. One of the 
important parameters to be addressed is the rate 

and scale of spread in disease naïve communi-
ties. Multiple epidemiologic studies are attempt-
ing to determine the epidemiology and estimated 
basic reproduction number (R0) of the disease to 
help assess the spread pattern [4]. Predicting the 
scale of spread will help prepare fragile health 
care systems, especially in the developing world 
to get ready and allocate resources accordingly.

Machine learning algorithms have been used 
to develop prediction models in various infectious 
and non-infectious settings, including interpreta-
tion of images in predicting the outcome of dis-
eases [5].  The ease with which these can be used 
at a low cost and minimum learning curve is an 
advantage, especially in epidemic situations. We 
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demonstrate the application of one such simple 
automated machine learning algorithm to a dataset 
obtained about COVID-19 spread in South Korea 
to better understand the disease dynamics. The 
aim of this study is to demonstrate the ease with 
which simple algorithms can be used effectively 
as disease prediction models to help health care 
systems anticipate new cases and prepare accord-
ingly, especially in resource-limited settings.

Material and methods

Korea’s centre for disease control (KCDC) has 
released in the public domain the database of 
patients who are being tested for COVID-19 and 
those who are diagnosed with the same. This 
dataset is being updated daily and is licensed for 
research purposes by Creative Commons licence 
(CC BY-NC-SA 4.0) [6]. 

“Prophet” is an open-source automated ma-
chine learning actuarial modelling system that has 
been used in insurance and financial services for 
improving risk management available in the public 
domain since 2017 [7, 8]. It uses linear and non-lin-
ear regression techniques and takes into account 
seasonality in the final analysis. This approach is 

a more accurate reflection of patterns of human 
activities as well as biological variables. Python 
3.6 was used as the programming language given 
its many supporting libraries and ease of use.

Data from 20th January 2020 (when the first 
case of COVID-19 was detected in South Korea) to 
4th March 2020 was accessed from the above-men-
tioned source. The columns of date and cumula-
tive sum of COVID-19 cases of the corresponding 
dates were selected and included in the analysis.

A future time series of specified length (taken 
as 7 days in our study) starting from 5th March 
2020 to 11th March 2020 was generated and fed 
to the model to generate predictions with upper 
and lower trend bounds of 95% confidence in-
tervals. We used the future time series of 7 days 
as the disease is rapidly evolving and trends are 
changing in real time. The model was assessed for 
its ability to reliably forecast using mean absolute 
percentage error (MAPE) as the metric.

Results

As of 4th March 2020, 145 541 patients were 
tested for COVID-19 (in 45 days) in South Korea 
of which 5 166 persons tested positive (Figure 1). 

Figure 1. Total number of COVID-19 positive patients in South Korea as of 4th March 2020 plotted over 45 days since the detection of the first case



Advances in Respiratory Medicine 2020, vol. 88, no. 5, pages 400–405

402 www.journals.viamedica.pl

The trend line of the positive and negative cases 
plotted since the day of detection of the first case 
are shown in Figure 2. Forecasts estimates were 
drawn for the next 7 days as shown in Figure 3. 
The forecasts were made with a confidence inter-
val of 95% represented by the upper and lower 
range bounds for each prediction as shown in 
Table 1.

We followed up the actual numbers till 11th 
March 2020. The predicted values approximated 
well with the actual numbers. The difference 
between predicted and observed values ranged 
from 4.08% to 12.77% (Table 1). 

The total increase in the number of actual 
confirmed cases over the predicted period of 
7 days was 1 989, which is an increase of 35.5% 
over the baseline value on 4th March 2020. On av-
erage, our predictions differed from actual values 
by 7.42% (MAPE) over the same period (Figure 4). 

Discussion

COVID-19 is a rapidly evolving pandemic 
with limited data regarding its spreading poten-
tial. Many countries are reporting new cases daily. 
Several large modelling studies have focussed on 

nowcasting and forecasting potential domestic 
and international spread of COVID-19 as well 
as health care system preparedness for handling 
disease spread in Africa [9, 10]. A modelling 
study into COVID-19 evaluating the usefulness 
and feasibility of isolation has also been recently 
published [11].  

We employed public domain data from South 
Korea for demonstrating the use of simple open-
source automated machine learning algorithm 
which has been hitherto used for non-medical 
purposes to help model the current spread of 
disease in South Korea. Although we are ana-
lysing the data of another country, in this digital 
era where the world has been reduced to a global 
village, we expect to replicate the performance of 
a neutral machine learning tool if applied in any 
other context.

MAPE index of our model for one week was 
7.42%, which is indicative of a highly accurate 
forecasting model [12]. Part of this success was 
how machine learning model learnt from the 
training data provided to it and automatically 
detecting the trend changes and estimating the 
predictions (Figure 4). The inaccuracy decreased 
to a minimum over the middle of predictions and 

Figure 2. Total number tested as of 4th March 2020 in South Korea were 146 541, of which 5 766 tested positive and the rest were negative
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Table 1.	 Actual numbers versus the predicted numbers till 11th March 2020 (as of the day of writing this manuscript, with 
upper and lower 95% confidence intervals) with the difference and percentage change of predicted values

Date Actual 
numbers

Predicted 
numbers

Predicted 
lower limit

Predicted 
upper limit

Difference between actual 
and predicted numbers

Percent difference between 
actual and predicted numbers

05.03.2020 5766 6192.34 6144.153 6236.549 -426.3397742 -7.39

06.03.2020 6284 6617.772 6486.003 6744.628 -333.7715647 -5.31

07.03.2020 6767 7043.203 6788.055 7273.402 -276.2033551 -4.08

08.03.2020 7134 7467.634 7064.978 7839.158 -334.6351456 -4.69

09.03.2020 7382 7894.067 7333.481 8455.096 -512.066936 -6.94

10.03.2020 7513 8319.499 7555.599 9061.543 -806.4987264 -10.73

11.03.2020 7755 8744.931 7749.495 9722.656 -989.9305169 -12.77

Figure 3. Black dots represent actual values till 4th March 2020 and the blue line indicates the predictions for the next 7 days with the shaded blue 
designating 95% confidence intervals

then continued to increase towards the  end of the 
predictive period. Machine learning algorithms 
are data hungry and need larger data for more 
accurate predictions over a longer period. In a fast 
moving and novel pandemic we do not have this 
luxury, hence restricting ourselves to a limited 
period as of the date of this analysis, with larger 
data in the future, longer range predictions would 
be possible [13]. 

We have learnt from China and Italy on how 
intensive care units can get easily overwhelmed 
with patients suffering from COVID-19 [14, 15]. 

This outbreak seems to test the capacity of health 
care systems like never before, even in developed 
countries. Hence the application of machine 
learning to anticipate and arrange health care 
resources a week in advance might make a big 
difference in managing the pandemic.

The advantage of this approach of forecasting 
is that it takes local factors into account rather 
than global aspects. This machine learning tool 
is able to factor in changes and figure out any 
pattern in the rise or fall of cases, including sea-
sonality and can be used during the initial slow 
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rise, followed by steep rise, eventual fall in cases 
or even any seasonal recurring trends [7]. The 
approach and threshold of one country’s testing 
strategy might differ from another, so one-size-
fits-all attitude may not work best. Using the data 
from a particular region and forecasting based 
on that may accurately reflect the pattern that is 
likely to arise in that particular region. Although 
we agree that in an ideal world, epidemiology 
should be consistent between countries but on 
the practical plane, the difference between health 
care systems between countries might be too stark 
to make reasonable parallels. As the case fatality 
ratios become clearer, models like these might 
be useful to calculate in advance the number of 
intensive care beds/ECMO units that might be 
required and also to assess whether public health 
strategies are effective.

Our study has several limitations involving 
the assumptions used in the preparation of this 
model. We employed a linear model, as in the 
short term, we don’t anticipate saturation in the 
total number of the vulnerable population. This 
limits the applicability in the long term. Also, 
calculations of replication potential and spread 
potential were not performed as the aim of the 
study was to demonstrate the ease of use and 

applicability of the machine learning algorithm 
rather than a large-scale forecasting project. Also, 
since the intent of the study was to evaluate the 
performance of new technologies into disease 
modelling, we did not go into the aspect of the 
effect of national responses to the pandemic if 
any in the preceding period of forecast, although 
that is certainly a possibility and may need an ap-
propriate selection of response measures and the 
predictive period where the difference between 
predictive and actual numbers may demonstrate 
the effect of measures like social distancing and 
‘lockdown’ on the rate and extent of the spread 
of the pandemic.

Conclusions

Open source and automated machine learn-
ing tools like Prophet can be applied and are ef-
fective in the context of COVID-19 for forecasting 
spread in naïve communities. It may help coun-
tries to efficiently allocate health care resources 
to contain this pandemic.
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Figure 4. Dotted red lines indicate the automatic trend changes detected by our machine learning model
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The role of bronchoscopy in diagnosis of chronic cough in adults: 
a retrospective single-center study

Abstract
Introduction: Cough is one of the most frequent symptoms reported to pulmonologists. The role of bronchoscopy in the diagnostic 
work-up of chronic cough is not clearly defined. The aim of this study was to evaluate the utility of fiberoptic bronchoscopy (FOB) 
and additional testing of samples collected during FOB in the differential diagnosis of chronic cough in adults.
Material and methods: This was a single-center retrospective study. Out of 7115 conventional white light FOB examinations, 
we finally selected 198 with cough as the only indication.
Results: In 40.9% of bronchoscopic examinations, no visible cause of cough was found. Visual signs of chronic bronchitis (CB) 
were detected in 57.6% of reports. Only in 3 cases (1.5%) bronchoscopy revealed a potential cause of chronic cough other than 
CB. Mycobacterium tuberculosis or other mycobacteria were spotted in none of the samples. In 91.1% of bronchoalveolar lavage 
(BAL) cytologic examinations, at least one cell count abnormality was detected, but only in case of increased percentage of 
eosinophils, it might be considered clinically relevant. In 53% of bacteriological culture results, at least one potentially pathogenic 
bacterium was isolated. 
Conclusions: The present study results strengthen the evidence that FOB combined with additional testing of airway specimens 
obtained during FOB is not a powerful tool in the differential diagnosis of chronic cough, and FOB as a diagnostic tool may be 
overused. The appropriate timing and decision regarding referral for FOB and additional testing of achieved material requires 
careful clinical consideration. 

Key words: fiberoptic bronchoscopy, cough, differential diagnosis, bacterial cultures, bronchoalvelar lavage
Adv Respir Med. 2020; 88: 406–411

Introduction

Cough is a protective reflex of the respiratory 
system that clears the airways from mucus, fluids, 
particles or other material [1]. An occasional, 
sporadic cough is normal and healthy. A cough 
that persists for several weeks or one that brings 
the blood, bloody or discolored sputum or an 
excessive amount of airway mucus may indi-
cate a condition that requires medical attention. 
Cough itself belongs to the most frequent respira-

tory symptoms for which patients seek help from 
primary care physicians and/or pulmonologists 
[2]. Taking into account the symptom duration, it 
is subdivided into three categories, namely: acute 
— defined as lasting less than 3 weeks, subacute 
— 3–8 weeks duration, and chronic cough which 
persists longer than 8 weeks [3].

Differential diagnosis of chronic cough in 
the first line should include common causes like 
upper airway cough syndrome (UACS), asthma, 
eosinophilic bronchitis, gastroesophageal reflux 
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disease (GERD), chronic obstructive pulmonary 
disease, pulmonary fibrosis, or bronchiecta-
sis. Additionally, drugs (e.g. ACEI, angioten-
sin-converting enzyme), exposure to cigarette 
smoke and environmental pollution should be 
taken into account [1]. Animal studies indicate 
that cough stress to the airway wall generates 
a self-perpetuating cough-reflex cycle [4]. It is 
of note that the causes of cough may overlap. It 
has been shown in a prospective cohort study of 
patients with chronic cough that this symptom 
was due to one condition in 73%, to two condi-
tions in 23%, and to three conditions in 3% of 
the subjects [5].

According to the most up-to-date ERS guide-
lines on the diagnosis and treatment of chronic 
cough [7], the initial evaluation of a patient 
should include a detailed medical history (most 
importantly ACEI use, smoking history and irri-
tants exposure), physical examination, chest ra-
diography, lung function tests, and conditionally 
FeNo and blood eosinophilia. Recommended ini-
tial management includes: stopping risk factors, 
empirical treatment with oral or inhaled steroids 
or proton pomp inhibitors (PPI) in symptomatic 
GERD [7]. In a patient with normal chest X-ray 
and unsuccessful initial management, additional 
evaluation is suggested, with bronchoscopy at the 
very end of the list, after esophageal manometry, 
induced sputum, sputum acid-fast bacilli (AFB), 
laryngoscopy, methacholine challenge and chest 
CT [6]. Still, fiberoptic bronchoscopy (FOB) 
may be a reasonable tool for the anatomical and 
dynamic assessment of the airways and offers 
a sampling of distal airways for cytologic and 
microbiologic studies.

There is a substantial body of evidence 
suggesting that FOB has a limited role in the 
diagnosis of patients when chronic cough is the 
only indication and when no findings in imaging 
studies are detected [8–10]. However, in selected 
instances, e.g., the necessity of sampling, pres-
ence of risk factors of malignancy, refractory 
cough, in immunocompromised patients or when 
“uncommon causes’’ are considered, the clinical 
benefit of FOB is noted [8, 10–13].

The present study aimed to evaluate the 
utility of FOB and additional testing of samples 
collected using FOB in the differential diagnosis 
of chronic cough. We hypothesize that the visu-
alization of the airways itself is not sufficient to 
determine the underlying cause of chronic cough, 
but reasonably selected additional tests of airway 
samples collected during FOB may increase its 
diagnostic value.

Material and methods

The study is a retrospective, single-center, 
observational cohort study of patients referred 
with a diagnosis of chronic cough to the Bron-
choscopy Unit of the Department of Pneumology 
and Allergy and the Department of General and 
Oncological Pulmonology of Medical Universi-
ty of Lodz FOB examinations were performed 
between November 2006 and April 2017 by 
experienced pulmonologists. During this period, 
7115 conventional white light FOB examinations 
were carried out. The results of examinations 
were routinely collected in a digital database. Due 
to the retrospective nature of the study, no ethics 
committee approval was needed. 

Study inclusion criteria were the following: di-
agnosis of chronic (> 8 weeks) unexplained cough 
as the only indication for FOB and no radiological 
findings (chest radiography and/or chest comput-
ed tomography); aged above 18. Patients with any 
lung-related disease diagnosed before FOB referral 
(e.g. neoplasm, asthma, COPD, sarcoidosis) or pre-
senting with other accompanying symptoms (e.g. 
hemoptysis) were excluded from the study.

All patients’ cases which met study eligibility 
criteria were analyzed. Medical documentation, 
the outcome of FOB examinations and results of 
additional testing of samples collected during 
FOB: tests to exclude tuberculosis infection AFB 
smears and cultures], non-specific microbiologi-
cal cultures of bronchial washings and cytologic 
examinations of bronchoalveolar lavage fluid 
(BALf) were analyzed. 

Drug resistance definitions used in our study 
are based on the previously published definitions 
by Magiorakos [14]. Based on the previously used 
methodology of building worksheets for categoriz-
ing bacteria to a particular group of resistance, we 
created worksheets for bacteria found in our study.

Results

After careful review of the study inclusion 
and exclusion criteria, we have finally enrolled 
198 patients in the study, 121 females (61%) and 
77 males (39%), with the median age of 51.5 years 
(37.75–61). Figure 1 shows the flow chart of pa-
tient selection for the study.

Chronic bronchitis signs were visualized in 
114 (57.6%) patients. The endoscopic diagnosis of 
chronic bronchitis was based on the visual assess-
ment when the following features were present: 
dilated mucus glands’ ducts, atrophic mucosa, 
mucus aggregation, hyperemia, mucosal fragility. 
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In 81 (40.9%) examinations, no visible lesions of 
the airways were noted. In three (1.5%) patients, 
FOB revealed the probable cause of chronic cough: 
suspicion of a tumor (pathology not determined, 
sent to another center and lost to follow-up), 
bronchial polyp, and tracheomalacia (Figure 2).

None of the studied patients had a positive 
result of tuberculosis testing (AFB smear and/or 
culture). In 45 (22.7%) patients, bronchoalveolar 
lavage (BAL) was performed. In 41 cases (91.1%), 
BALf cytologic examination showed at least one 
cell count abnormality, in 12 cases (26.7%), at least 
three abnormalities, see Table 1. In 5 (11.1%) exam-
inations eosinophils count of ≥ 3% was detected.

In 111 (56%) FOB examinations, non-specific 
bacteriological cultures were performed. One 
potentially pathogenic bacterium was detected in 
51 (46%) samples, and 2 potentially pathogenic 
bacteria were detected in 8 (7%) samples. There 
were 2 alert pathogens within cultured bacteria. 
Remaining 52 (46.8%) cultures were sterile.

Multidrug resistance (MDR) was detected in 
case of 40 bacterial strains (59.7%), and in 1 case 
(1.5%), extensive drug resistance (XDR) was iden-
tified. In 21 (36%) patients with positive cultures, 
FOB revealed no visible airway changes. Isolated 
bacterial strains are shown in Table 2.

Discussion

This retrospective, observational, cohort 
study aimed to evaluate the utility of FOB in the 
differential diagnosis of chronic cough. Our study 
results showed that only 1.5% of FOB examina-
tions revealed directly probable cause of chronic 

cough.  57% of the subjects had endoscopic 
signs of chronic bronchitis. However, we need to 
keep in mind that this is a subjective operator’s 
assessment and chronic bronchitis is a clinical 
definition. Therefore, we suggest that such an 
endoscopic conclusion might be overused, espe-
cially when the operator is looking for potential 
cause of chronic cough and does not identify 
any other pathology. It is worth  mentioning that 
according to Markovitz et al., respiratory tract 
inflammation may be induced by the act of cough-

Figure 1. The flow chart showing patient selection to the study

Figure 2. Fiberoptic bronchoscopy outcome
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ing itself [10]. Additionally, 41% of the studied 
subjects had no visible airway changes in FOB. 
Taken together, our results suggest that FOB has 
a limited role in the diagnosis of chronic cough 
as the only indication, which is concordant with 
previously published observations. 

The substantial body of evidence suggests 
that FOB may be overused in the diagnosis of 
respiratory conditions. Sen et al. have suspected 
that unnecessary FOB is most likely overused 
in the evaluation of respiratory symptoms (e.g. 
cough, hemoptysis) [15]. Moreover, Gasparini and 
Barnes have deduced that FOB provides a little 
diagnostic information in the context of patients 
with no radiological findings [8, 9]. It is of note 
that Irwin et al. concluded that FOB has the least 
relative usefulness of the components (e.g. med-
ical history, physical examination, pulmonary 

function testing, upper gastrointestinal studies, 
esophageal pH monitoring, sinus or chest X-rays) 
of the diagnostic protocol of chronic cough [5].

However, many authors, including those 
mentioned above, have agreed that FOB is a very 
useful tool in a properly selected subgroup of 
patients. According to Irwin et al., in case of sus-
picion of malignancy (e.g. smoking or hemoptysis 
history), even if chest radiography is normal, 
FOB is indicated [11]. Moreover, when sampling 
is needed (e.g. BALf, transbronchial biopsy, mi-
crobiologic culture or cytology) FOB is a desired 
technique [2, 5, 8, 15].

Markovitz and Irwin have proposed a simple 
recipe to maximize the yield of FOB and not to 
overuse that examination. They have advised 
performing early FOB only when the radiological 
image is abnormal or when a patient is immuno-
compromised, even if radiological findings are 
absent. Otherwise, delaying FOB until the most 
common causes are excluded, and other diagnostic 
procedures are exhausted, is recommended [10].

Collecting samples from the respiratory tract 
to carry out additional testing to expand the 
diagnostic yield of FOB is a common practice. 
There is a knowledge gap in the literature how 
such sampling and additional testing impact on 
the efficacy of FOB in the differential diagnosis of 
chronic cough. Moreover, clear indications when 
additional testing should be applied are lacking. 
In this retrospective analysis, in 45 (22.7%) cases 
of all 198 FOB examinations, BAL was performed. 
Five results (2.5% of all 198 patients and 11% of 
patients subjected to BAL) of BALf cell counts 
showed an increased number of eosinophils ≥ 
3%. This quantity, but in sputum, is a criterion 
used for the diagnosis of nonasthmatic eosino-
philic bronchitis (NAEB) — one of the probable 
causes of chronic cough. Nevertheless, cytologic 
examination of BALf can equally be used for 
diagnosis of NAEB [16]. Although in our study, 
BALf analysis results were abnormal in almost 

Table 1. BALf cell count analysis 

Normal value Number of abnormal BALf cell count results [n, (%)] Median value (IQR)

All cells < 106 31 (68.9%) 1.4 × 106 (9.8 × 106 – 22.43 × 106)

Neutrophils < 3% 5 (11.1%) 4.3% (3.8–4.65%)

Lymphocytes < 15% 32 (71.1%) 24% (19–29%)

Eosinophils < 0.5% 15 (33.3%) 2% (1–3%)

Monocytes < 0.5% 2 (4.4%) 1% (1%)

Basophils < 0.5% 2 (4.4%) 1.8% (1.2–2.4%)
BALf — bronchoalveolar lavage fluid

Table 2.	 Bacterial species and number of positive culture 
results from bronchial washings

Bacterial species Number of positive results

Moraxella catarrhalis 29

Staphylococcus aureus 12

Streptococcus pneumoniae 9

Serratia mercescens ESBL- 4

Streptococcus agalactiae 3

Acinetobacter baumanii 1

Corynobacterium striatum 1

Escherichia coli 1

Klebsiella oxytoca 1

Klebsiella pneumoniae ESBL+ 1

Streptococcus anginosus 1

Streptococcus C 1

Streptococccus constellatus 1

Streptococcus parasanguinis 1

Streptococcus vestibularis 1
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all patients, the observed abnormalities are not 
characteristic of any specific diagnosis. The 
most commonly observed abnormalities were 
an increased total number of BALf cells and an 
elevated percentage of BALf lymphocytes — the 
finding that is suggestive of many interstitial 
lung diseases [17]. However, according to some 
authors, an increased percentage of lymphocytes 
is a non-specific finding, probably related to the 
cough itself [18]. Both an increased number of 
cells and an elevated percentage of lymphocytes 
may be related to low-grade bronchial inflamma-
tion induced by mechanical insult triggered by 
unrestrained bursts of cough. 

In the case of 111 of all 198 FOB examina-
tions (56%), bronchial washings for cultures 
were collected, 59 (53.1%) of them were positive, 
which potentially could uncover the cause of un-
determined chronic cough. Due to a retrospective 
character of the study, it was impossible to follow 
the patients with positive culture results. Specif-
ically, we do not have any knowledge whether 
the culture-based antibiotic treatment was intro-
duced, and if so, whether was it effective.

Our study results support the use of addi-
tional testing to increase the diagnostic efficacy 
of FOB. The diagnostic yield of FOB increased 
from 1.5% (direct visualization of the tracheo-
bronchial tree) to 33.8% by combining BALf 
cytologic examinations and bronchial washings 
cultures. Similar conclusions were presented 
by Heching et al., who increased the diagnostic 
yield of FOB from 26% to 68% after the addition 
of microbiologic cultures and histopathologic 
analysis of specimens [19]. 

On the other hand, in one study on the utility 
of FOB in the differential diagnosis of chronic 
cough, 27 out of 48 FOB procedures included 
bronchial washings for cultures, and only 3 of 
them were positive. Furthermore, these three pa-
tients were treated with the appropriate course 
of antimicrobials, which has not improved their 
cough. According to the authors, this indicates that 
cultured bacteria have signified contamination, 
colonization, or were not responsible for cough [9].

In the case of our analysis, all 59 positive 
cultures identified a total of 67 bacteria. Among 
them, 40 (59.7%) presented MDR, and 1 (1.5%) 
was XDR. We are unable to determine which and 
how many of these bacteria were causes of chron-
ic cough in the studied cohort, nevertheless, so 
widespread drug resistance might pose a problem 
in bacterial eradication if such a clinical decision 
is undertaken. The simple explanation for so fre-
quent detection of MDR bacterial strains would 

possibly be the common use of antibiotics in 
everyday clinical ambulatory practice in patients 
with cough, however, we do not have any data to 
proof that in our cohort of patients this was true.

Another additional test that is routinely 
performed in patients with chronic cough under-
going FOB is AFB smears and BALf or bronchial 
washings cultures for Mycobacterium tuberculosis 
(MTB). Our results demonstrating none of posi-
tive results for MTB detection clearly show that 
in subjects with normal chest X-ray, and when 
the only symptom was chronic cough, these tests 
were simply useless.

Interestingly, in 21 (36%) of patients with 
positive cultures, FOB revealed no visible airway 
changes. This result may lead to many different 
hypothetical conclusions. Barnes et al. suggest 
that these bacteria can be a contamination, colo-
nization, or do not explain cough [9]. On the other 
hand, if found pathogens are the cause of cough, 
it is a significant argument for collecting samples 
for microbiological cultures during every single 
FOB in such a clinical indication.

Taken together, we and others suggest the 
appropriate balance between the risk and benefits 
of using FOB in the diagnostic process of chronic 
cough. Moreover, when a decision of performing 
FOB is undertaken, additional testing, such as 
microbiological cultures or BALf analysis should 
be considered on the case by case basis. The re-
cently published study by Heching et al. showed 
a marked increase of the diagnostic yield by 
adding microbiological cultures and pathology 
analysis to the visual assessment [20]. The cur-
rent update of “ERS guidelines on the diagnosis 
and treatment of chronic cough in adults and 
children” discuss a non-invasive alternative in 
the diagnosis management. The use of fractional 
exhaled nitric oxide (FeNO) in breath or blood 
eosinophilia have been proposed to assess airway 
eosinophilia, but the evidence is still very low [6].

Limitations 

There are several limitations of our study 
which need to be considered. First of all, as a ret-
rospective, single-institution study, it is saddled 
with all limitations associated with this type of 
data collection, including lack of data or other 
potential confounding factors. Furthermore, cul-
tures were not performed in all studied subjects 
referred for FOB. Moreover, we do not know if 
positive cultures had any impact on how patients 
were treated, what was the outcome of treatment, 
and finally, if cultured microbes were the intrinsic 
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and sole cause of chronic cough. Furthermore, 
agents included in worksheets for categorizing 
bacteria found in our study differ from agents 
used by Magiorakos [14].

Conclusions

The present study results strengthen the evi-
dence that FOB combined with additional testing 
of airway specimens obtained during FOB is not 
a powerful tool in the differential diagnosis of 
chronic cough and may be overused. The appro-
priate timing and decision regarding referral for 
FOB requires careful clinical consideration.  
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Echocardiographic assessment of the right ventricle 
and its correlation with patient outcome in acute 
respiratory distress syndrome

Abstract 
Introduction: Acute respiratory distress syndrome (ARDS) is a life-threatening chest disease associated with a poor outcome 
and increased mortality. It may lead to pulmonary hypertension and, eventually, right ventricular failure. These changes can be 
investigated by transthoracic echocardiography (TTE) which is considered a non-invasive and cost-effective modality. We studied 
the role of right ventricular function in the prediction of the severity and mortality in ARDS. 
Material and methods: In this observational study, 94 patients suffering from ARDS were subjected to TTE to evaluate the pa-
rameters of right ventricular function by measuring tricuspid annular plane systolic excursion (TAPSE), right ventricular fractional 
area change (RV-FAC), myocardial performance index (Tei index), and systolic pulmonary artery pressure (SPAP) to assess their 
relation to the severity and mortality in ARDS. 
Results: TAPSE, SPAP, Tei index, and RV-FAC showed significant differences between survivors and non-survivors after 30 days 
(all p < 0.001). An increased length of intensive care unit stay was significantly correlated with TAPSE, Tei index, and RV-FAC (p 
= 0.002‚ 0.007‚ and 0.013, respectively). Meanwhile, the length of mechanical ventilation days was significantly correlated with 
the Tei index only (p < 0.001). Multivariate regression analysis found that TAPSE and the Tei index were independent factors 
affecting mortality (p = 0.004‚ and 0.006, respectively). RV-FAC, with a cut-off point ≤ 57%, had the highest sensitivity‚ while 
TAPSE, with a cut-off point ≤ 17 mm, had the highest specificity to predict mortality.
Conclusions: Transthoracic echocardiographic parameters of the right ventricle could be used to predict severity and mortality 
in patients with ARDS with high sensitivity and specificity. 

Key words: acute respiratory distress syndrome, transthoracic echocardiography, tricuspid annular plane systolic excursion, 
systolic pulmonary artery pressure, fractional area change

Adv Respir Med. 2020; 88: 412–419

Introduction

Acute respiratory distress syndrome (ARDS) 
is characterized by hypoxemia, non-cardiac alve-
olar edema, and diminished lung compliance [1]. 
It varies in both incidence and outcome in the 
different healthcare facilities‚ but the incidence 
of ARDS was estimated to be between 1.5–79 cas-
es per 100 000 [2]. Death rates in ARDS are still 
significant despite management plans imple-
mented by different health organizations; it was 
estimated to be between 35–45% according to an 

international observational study carried out in 
50 countries [3].

Although ARDS has circulatory complica-
tions such as hypotension, decreased cardiac 
output, myocardial infarction, and arrhythmias, 
it mainly affects the right heart [4]. The patho-
logical effect of ARDS on pulmonary vasculature 
was described more than 30 years ago by the 
term pulmonary vascular disease (PVD). This 
term delineates the functional and structural 
sequences affecting the pulmonary vasculature 
and the right ventricle (RV) in ARDS [5]. Patients 
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with PVD may progress to the severe form called 
acute cor pulmonale, which is classified as right 
ventricular dysfunction with a high mortality 
rate 60–70% [6].

Hypoxemia in ARDS is due to diffuse alveo-
lar damage and pulmonary capillary endothelial 
damage leading to increased permeability of the 
alveolocapillary membrane and influx of exudate 
into the alveoli leading to diminished lung com-
pliance [7]. Pulmonary hypertension in ARDS 
is developed by increased exudate in the alveo-
li, endothelial dysfunction with superimposed 
thrombosis in pulmonary capillaries, pulmonary 
vasoconstriction induced by hypoxemia to redis-
tribute blood flow to ventilated alveoli and limit 
ventilation perfusion mismatch, and a high PEEP 
leading to alveolar distension and an increase in 
the resistance of pulmonary vasculature [8–10]. All 
these changes lead to right ventricular failure [11].

Pulmonary vascular diseases and right-sided 
heart failure could be assessed by invasive and 
noninvasive maneuvers. Most of the research 
about the function of the RV used invasive tech-
niques such as pulmonary artery catheterization 
and transesophageal echocardiography (TEE) [12‚ 
13]. However, due to the limited use and avail-
ability of these maneuvers in the management of 
ARDS across most intensive care units (ICUs), 
a more available screening modality to evaluate 
the function of the RV in ARDS is needed [14]. 
Transthoracic echocardiography (TTE) is a nonin-
vasive and cost-effective method that can assess 
and monitor the right ventricular function [13]. 

Evaluation of the RV by TTE in ARDS could 
be done using indices such as systolic pulmonary 
artery pressure (SPAP), right ventricular fraction-
al area change (RV-FAC), tricuspid annular plane 
systolic excursion (TAPSE), and myocardial per-
formance index (MPI, Tei index) [15].

Our study aimed to identify the role of right 
ventricular function using TTE in predicting the 
mortality in ARDS. 

Materials and methods

Patients
We studied 94 adult patients with ARDS 

criteria according to the Berlin definition. They 
were admitted between January 2018 and March 
2019 to the Critical Care Medicine Department in 
Alexandria Main University Hospital. All patients 
were on invasive mechanical ventilation. We ex-
cluded patients who were less than 18 years old, 
had significant mitral or aortic stenosis and/or 
insufficiency, congestive heart failure, any lung 

disease that may affect the right ventricular func-
tion and pressure such as interstitial lung diseases 
and COPD, a poor echocardiographic window, 
and patients with tricuspid regurgitation. All 
patients meeting the inclusion and exclusion cri-
teria were enrolled in our study. Informed consent 
was taken from the next of kin before conducting 
the study. The study was approved by the ethics 
committee of our institution. 

Data collection
Patients included in the study were classi-

fied as survivors and non-survivors according to 
30 day mortality. Demographic data, arterial blood 
gases (ABG) just before the echocardiographic 
exam, PaO2/FiO2 ratio, Acute Physiology and 
Chronic Health Evaluation II score (APACHE II), 
ventilatory data just before the echocardiographic 
exam (PEEP, plateau pressure, driving pressure), 
days of mechanical ventilation (MV), and length 
of intensive care unit (ICU) stay were analyzed 
between both groups. Furthermore, TTE was done 
within 48 hours of ARDS diagnosis to assess 
the right ventricular function parameters which 
included TAPSE, SPAP, Tei index, and RV-FAC. 

Transthoracic echocardiographic data
The following right ventricular function 

parameters were recorded and measured us-
ing the American society of echocardiography 
2010 guidelines for right heart assessment in 
adults [15]:
1.	 Tricuspid annular plane systolic excursion 

(TAPSE) was obtained by placing the cursor 
of M-mode at the lateral border of the tri-
cuspid annulus and calculating the annulus 
motion longitudinally at peak systole. 

2.	 Right ventricular fractional area change (RV-
FAC) was obtained by making a trace along 
the endocardium of the RV in both relaxation 
and contraction phases starting at the annu-
lus, passing through apex, and ending back 
at the annulus in a four chamber view. FAC 
is calculated as (end diastolic area – end sys-
tolic area) × 100/(end diastolic area). 

3.	 Systolic pulmonary artery pressure (SPAP) 
can be estimated only in the presence of 
tricuspid regurgitation. The doppler signal 
of tricuspid regurgitation was estimated by 
placing the continuous wave doppler line in 
line with the tricuspid regurgitation jet. SPAP 
is calculated using the Bernoulli equation 
[4 (V)2 + right atrial pressure] where V is 
the velocity of the tricuspid regurgitation jet 
(in meters per second), and the right atrial 
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pressure is obtained from central venous 
pressure (CVP). 

4.	 Myocardial performance index (MPI; Tei in-
dex): Tei index is the sum of the isovolumic 
contraction and the isovolumic relaxation 
time divided by ejection time, or [(IVRT + 
IVCT)/ET]. For calculation of the Tei index, 
a pulsed tissue doppler cursor was placed 
along lateral margin of the tricuspid valve 
annulus.

Statistical analysis
Mean differences of age, pH, PaO2/FiO2 ratio, 

PaCO2, serum bicarbonate (HCO3), plateau pres-
sures, PEEP, driving pressures, APACHE II score, 
TAPSE, RV-FAC, Tei index, and SPAP between 
survivors and non-survivors were analyzed using 
the Student t-test. Days of mechanical ventilation 
and length of ICU stay were analyzed using the 
Mann Whitney test. The Chi-square test was used 
to compare between sex‚ comorbidities, and ARDS 
classification (mild-moderate-severe) in both 
groups. The correlation between (TAPSE, RV-FAC, 
Tei index, SPAP) and (PaO2/FiO2 ratio, MV days, 
length of ICU stay) was evaluated using Pearson 
coefficients. The multivariate logistic regression 
model was used to assess the effect of covariates 
on mortality. Agreement (sensitivity, specificity) 
for PaO2/FiO2 ratio, APACHE II score, and echo-
cardiographic right ventricular parameters were 
calculated to predict mortality. The results were 
analyzed using the IBM SPSS software package 
(version 20.0). Sample size calculation was done 
by the Community Medicine Department in our 
institution using Epi 7 software for sample size 
calculation. It was based on a 30% reported mor-
tality rate among ICU-admitted ARDS patients [16] 
in the Alexandria Main University Hospital which 
has an average admission of 120 patients every 
6 months (based on ICUs statistics). The minimum 
sample size required to achieve 80% study power 
and 95% confidence limits was 87 patients.

Results

Patients were classified into 2 groups, sur-
vivors (34 patients, 36.2%) and non-survivors 
(60 patients, 63.8%) according to 30 day mortality. 
With regards to demographic data, there was a sig-
nificant difference between both groups regarding 
age; survivors were younger than non-survivors 
(p = 0.045). The same, however, was not true with 
regards to sex and the cause of ARDS (p = 0.092, 
0.261 respectively). The arterial blood gases 
significantly differed between both groups with 

survivors having a higher pH (p < 0.001), a lower 
PaCO2 (p < 0.001), and a lower HCO3 (p = 0.013) 
as compared to non-survivors. The PaO2/FiO2 ratio 
was significantly lower in the non-survivor group 
compared with the survivor group (p = 0.006). 
There was a significant difference between the 
two groups in terms of ARDS classification (p = 
0.025) and APACHE II score as it was lower in sur-
vivors than non-survivors (p < 0.001) (Table 1).

Regarding the ventilatory parameters in both 
groups, there were a significant difference with 
regards to PEEP and plateau and driving pressures 
(p < 0.001). Survivors had lower days of mechan-
ical ventilation compared to non-survivors (3.0 vs 
7.5 days, respectively; p = 0.001). Also, survivors 
had a lower length of ICU stay in comparison to 
non-survivors (5.0 vs 8.0 days, respectively; p = 
0.001) (Table 1). 

Regarding the right ventricular function 
parameters survivors had a higher RV-FAC com-
pared to non-survivors (57.91 ± 12.89 vs 41.88 ± 
11.70%, respectively; p < 0.001). TAPSE was 
significantly higher in survivors in comparison to 
non-survivors (20.91 ± 3.79 vs 14.12 ± 3.22 mm, 
respectively; p < 0.001). Survivors had a lower 
SPAP than non-survivors (46.76 ± 6.73 vs 54.65 ± 
7.25 mm Hg, respectively; p < 0.001). Also, survi-
vors had a lower Tei index compared to non-sur-
vivors (45.15 ± 4.48 vs 51.67 ± 5.02, respectively; 
p < 0.001) (Table 1).

The right ventricular function parameters 
were analyzed according to their correlation with 
the severity of ARDS in terms of PaO2/FiO2 ratio, 
days of mechanical ventilation, and length of ICU 
stay. PaO2/FiO2 ratio and length of ICU stay were 
significantly correlated with RV-FAC, Tei index, 
and TAPSE, while the length of mechanical ven-
tilation days was significantly correlated with the 
Tei index only (Table 2).

The association of the echocardiographic pa-
rameters of the right ventricle with mortality was 
further assessed with a logistic regression model 
using age, PaO2/FiO2 ratio, PEEP, RV-FAC, SPAP, Tei 
index, and TAPSE. Univariate analysis revealed 
that age, PaO2/FiO2 ratio, PEEP, RV-FAC, SPAP, Tei 
index, and TAPSE were associated with increased 
hospital mortality in ARDS. Multivariate regres-
sion was analyzed to determine which parame-
ters were independently related to mortality and 
revealed that TAPSE (p = 0.004), Tei index (p = 
0.006), and PEEP (p = 0.036) were independently 
associated with mortality (Table 3).

The ROC curve was used to test the right ven-
tricular function parameters, PaO2/FiO2 ratio, and 
APACHE II score to predict mortality as shown 
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Table 1.	 Comparison between survivors and non-survivors of ARDS regarding baseline characteristics and right ventricular 
function parameters

Characteristics Survivors  
(n = 34)

Non-survivors 
(n = 60)

P value

Age[years] (mean ± SD) 50.88 ± 14.99 57.2 ± 13.28 0.045

Sex [n%]
   Male
   Female

22(64.7)
12(35.3)

28(46.7)
32(53.3)

0.092

Cause of ARDS [n%]
   Pulmonary causes
   Pneumonia
   Lung contusions
   Drowning
   Extra pulmonary causes
   Pancreatitis
   Intra-abdominal sepsis
   Postoperative

18 (52.9)
10 (29.4)
6 (17.6)

0 (0)
0 (0)
0 (0)

32 (53.3)
13 (21.7)

9 (15)

3 (5)
2(3.3)
1 (1.6)

0.261

Diabetes mellitus [n%] 5 (14.7) 10 (16.6) 0.803

Hypertension [n%] 2 (5.8) 3 (5) FEp=1.00

Chronic kidney disease [n%] 3 (8.8) 6 (10) FEp=1.00

Liver failure [n%] 1(2.9) 2(3.3) FEp=1.00

Shock [n%] 4 (11.8) 9 (15) FEp=1.00

APACHE II (mean ± SD) 14.76 ± 4.60 42.57 ± 12.22 < 0.001

PaO2/FiO2 ratio (mean ± SD) 150.0 ± 42.69 123.1 ± 46.19 0.006

ARDS classification [n%]
   Mild 
   Moderate 
   Severe 

5 (14.7)
26 (76.5)
3 (8.8)

7 (11.7)
33 (55.0)
20 (33.3)

0.025

pH (mean ± SD) 7.43 ± 0.04 7.30 ± 0.05 < 0.001

PaCO2 [mm Hg] (mean ± SD) 32.62 ± 3.03 47.52 ± 6.29 < 0.001

HCO3 [mEq/L] (mean ± SD) 22.79 ± 2.28 23.83 ± 1.66 0.013

Plateau pressure [cmH2O] (mean ± SD) 27.06 ± 5.67 34.03 ± 4.03 < 0.001

PEEP [cmH2O] (mean ± SD) 12.18 ± 2.70 14.43 ± 2.34 < 0.001

Driving pressure [cmH2O] (mean ± SD) 14.68 ± 4.92 19.52 ± 4.40 < 0.001

Days of MV 
min.–max. (median) 1.0 – 9.0 (3) 1.0 – 10.0 (7.5) 0.001

Length of ICU stay
min.–max. (median) 3.0 – 11.0 (5) 3.0 – 10.0 (8) 0.001

RV-FAC [%] (mean ± SD) 57.91 ± 12.89 41.88 ± 11.70 < 0.001

SPAP [mm Hg] (mean ± SD) 46.76 ± 6.73 54.65 ± 7.25 < 0.001

Tei index (MPI) (mean ± SD) 45.15 ± 4.48 51.67 ± 5.02 < 0.001

TAPSE [mm] (mean ± SD) 20.91 ± 3.79 14.12 ± 3.22 < 0.001
P: p value for comparing between the two studied groups, statistically significant at p ≤ 0.05 (Boldface type).
APACHE II — Acute Physiology Age Chronic Health Evaluation II; ARDS — acute respiratory distress syndrome; HCO3 — serum bicarbonate; MV — mechanical 
ventilation; PaCO2 — partial pressure of carbon dioxide; PEEP — positive end expiratory pressure; RV-FAC — right ventricle fractional area change; SPAP — systolic 
pulmonary artery pressure; TAPSE — tricuspid annular plane systolic excursion; Tei index (MPI) — myocardial performance index

in Figure 1. It became clear that the APACHE II 
score with a cutoff point < 24 had the highest 
sensitivity and specificity to predict mortality 
in ARDS (AUC 0.984; 95% CI 0.959–1.009) with 
p < 0.001. Regarding right ventricular function 

parameters, we found that RV-FAC with a cutoff 
point ≤ 57% had the highest sensitivity to predict 
mortality (AUC 0.825; 95% CI 0.732–0.918) with 
p < 0.001, followed by Tei index with a cutoff 
point > 47 (AUC 0.844; 95% CI 0.765–0.922) with 
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Table 2.	 Correlation between right ventricular function parameters with PaO2/FiO2 ratio, mechanical ventilation days, and 
length of ICU stay 

Parameters of right 
ventricular function

PaO2/FiO2 ratio Mechanical ventilation days Length of ICU stay

r p r p r p

RV-FAC 0.292 0.004 -0.083 0.427 -0.255 0.013

SPAP -0.146 0.160 0.048 0.643 0.117 0.260

Tei index (MPI) -0.256 0.013 0.424 < 0.001 0.274 0.007

TAPSE 0.232 0.025 -0.182 0.079 -0.309 0.002
R: Pearson coefficient, statistically significant at p ≤ 0.05 (Boldface type).
ICU — intensive care unit; RV-FAC — right ventricle fractional area change; SPAP — systolic pulmonary artery pressure; TAPSE — tricuspid annular plane systolic 
excursion; Tei index (MPI) — myocardial performance index

Table 3. Univariate and multivariate analysis of the parameters affecting mortality

Univariate Multivariate

P OR (95%CI) p OR (95%CI)

PaO2/FiO2 ratio 0.009 0.987 (0.978–0.997) 0.966 1.001 (0.974–1.028)

PEEP < 0.001 1.436 (1.180–1.748) 0.036 2.030 (1.047–3.935)

RV-FAC < 0.001 0.901 (0.862–0.942) 0.138 0.892 (0.767–1.037)

SPAP < 0.001 1.180 (1.090–1.276) 0.054 1.424 (0.994–2.039)

Tei index (MPI) < 0.001 1.31 (1.167–1.477) 0.006 1.796 (1.187–2.718)

TAPSE < 0.001 0.631 (0.532–0.750) 0.004 0.396 (0.211–0.741)

Age 0.041 1.032 (1.001–1.065) 0.110 1.081 (0.983–1.189)
#: all variables with p < 0.05 was included in the multivariate, statistically significant at p ≤ 0.05 (Boldface type).
CI — confidence interval; OR — odd’s ratio; RV-FAC — right ventricle fractional area change; SPAP — systolic pulmonary artery pressure; TAPSE — tricuspid annular 
plane systolic excursion; Tei index (MPI) — myocardial performance index

Figure 1. ROC curve for right ventricular function parameters, APACHE II score, and PaO2/FiO2 ratio (HI) to predict mortality in ARDS



Ahmed Taha et al., Echocardiographic assessment of right ventricle and outcome of acute respiratory distress syndrome

417www.journals.viamedica.pl

Table 4.	 Agreement (sensitivity, specificity) for right ventricular function parameters, APACHE II score, and PaO2/FiO2 ratio 
to predict mortality in ARDS 

AUC P 95% CI Cut off Sensitivity Specificity PPV NPV

APACHE II 0.984 < 0.001 0.959–1.009 >24 95.00 97.06 98.3 91.7

TAPSE 0.904 < 0.001 0.844–0.964 ≤ 17 83.33 82.35 89.3 73.7

Tei index 0.844 < 0.001 0.765–0.922 > 47 85.0 67.65 82.3 71.9

RV-FAC 0.825 < 0.001 0.732–0.918 ≤ 57 91.67 64.71 82.1 81.5

SPAP 0.789 < 0.001 0.695–0.884 > 50 73.33 70.59 81.5 60.0

PaO2/FiO2 ratio 0.708 0.001 0.605–0.812 ≤ 124 68.33 76.47 83.7 57.8

Statistically significant at p ≤ 0.05 (Boldface type). 
APACHE II — Acute Physiology Age Chronic Health Evaluation II; ARDS — acute respiratory distress syndrome; AUC — area under a curve; CI — confidence Intervals; 
MPI — myocardial performance index; p value — probability value; RV-FAC — right ventricle fractional area change; SPAP — systolic pulmonary artery pressure; 
TAPSE — tricuspid annular plane systolic excursion; 

p < 0.001. TAPSE, with a cutoff point ≤ 17 mm, 
was the most specific right ventricular function 
parameter to predict mortality (AUC 0.904; 95% 
CI 0.844–0.964) with p < 0.001, followed by SPAP 
with a cutoff point >50 mm Hg (AUC 0.789; 95% 
CI 0.695–0.884) with p < 0.001 (Table 4).

Discussion

Regarding demographic data of the patients, 
we found a significant difference between both 
groups with regards to age which was similar to 
the study by Balzer et al. who studied predictors 
of survival in ARDS [17].

In our study, ABG parameters differed signifi-
cantly between both groups. In the study by Shah 
et al., they found a significant difference only 
with regards to pH, which they explained as being 
a result of their small sample size which limited 
the ability of their study to reveal the differences 
among other parameters [18]. Similarly to our 
study, Osman et al., who studied the prognosis 
of right ventricular failure in ARDS in a larger 
sample size than Shah et al., found significant 
differences between both groups regarding pH 
and PaCO2 [19]. 

We found significant differences between 
survivors and non-survivors with regards to 
PaO2/FiO2 ratio and APACHE II score. These re-
sults were also found in the studies completed by 
Shah et al. and Osman et al. [18–19]. Our results 
were similar to the LUNG SAFE study, which 
was performed in 459 ICUs in 50 countries, with 
regards to age, sex, etiology of ARDS, pH, and 
PaO2/FiO2 ratio [20].

In our study, we found significant differences 
between both studied groups regarding plateau, 
driving pressures, and PEEP. Claude Guerin et al., 

who studied the driving pressure effect on mor-
tality in ARDS patients, also found that plateau 
and driving pressures were significantly different 
between survivors and non-survivors [21]. Also, 
Amato et al. found that driving pressure was most 
strongly associated with survival [22]. However, 
that was not found in the study conducted by 
Shah et al. as they did not find any significant 
difference with regards to ventilatory param-
eters between the studied groups. Again, they 
explained this result as a drawback of their small 
sample size [18].

Regarding the indices of right ventricular 
function, our study showed that survivors and 
non-survivors differed significantly with regards 
to TAPSE, Tei index, RV-FAC, and SPAP. In 2 stud-
ies by Shah et al. and Wadia et al., they found 
a significant difference between survivors and 
non-survivors with regards to TAPSE only. This 
may be due to the sample size of their studies 
and due to the fact that they did not assess the 
parameters in all patients due to a poor echocar-
diographic window which was part of the exclu-
sion criteria in our study [18, 23]. In another study 
by Adi Aran et al. who evaluated the prognostic 
value of echocardiography in pediatric ARDS, 
they found a higher mortality rate in patients with 
right ventricular dysfunction defined by RV-FAC 
less than 45% [24].

Our study showed that the PaO2/FiO2 ratio 
significantly correlated with RV-FAC, Tei index, 
and TAPSE. This was a similar finding in the Adi 
Aran et al. study which found a significant cor-
relation between PaO2/FiO2 ratio and TAPSE and 
Tei index, respectively [24]. Also, the significant 
correlation between PaO2/FiO2 ratio and RV-FAC 
was found in a meta-analysis by Justin Lee et 
al. who concluded that acute hypoxemia mostly 
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affects systolic function of the right ventricle, 
which is accurately estimated with RV-FAC [25]. 
Meanwhile, there was no significant correlation 
between PaO2/FiO2 ratio and SPAP, and this could 
be explained by the pathophysiology of hypox-
emia-associated pulmonary hypertension which 
is caused by vascular remodeling rather than hy-
poxemia-induced arterial narrowing. This results 
in SPAP being elevated only after a significant 
period of time [26]. 

We found a significant correlation between 
the length of ICU stay with TAPSE and RV-FAC. 
Gajanana et al. studied the association between 
TAPSE and mortality in the ICU and found a cor-
relation between a prolonged ICU stay and low 
TAPSE [27]. Also, Vallabhajosyula et al. found that 
a RV-FAC less than 35% was associated with a pro-
longed ICU stay in comparison with normal right 
ventricular function in septic patients [28]. Also, 
we found a significant correlation between the Tei 
index and the duration of mechanical ventilation. 
Similarly, El Ashmawy et al., who studied the 
role of the Tei index in the prediction of weaning 
failure in COPD patients, found higher Tei index 
values in patients with failed weaning [29].

Multivariate regression analysis found that 
TAPSE, Tei index, and PEEP were significant inde-
pendent factors of mortality. Shah et al. found that 
TAPSE was the only independent factor associat-
ed with mortality and this could be explained by 
their small sample size [19]. We tested agreement 
for the right ventricular function parameters to 
predict mortality and found that TAPSE < 17 mm 
had the highest specificity (82.35%), and that 
RV-FAC had the highest sensitivity (91.67%). In 
a study by Tamborini et al. involving 750 patients 
with various heart diseases, a TAPSE value of 
< 17 mm was highly specific for right ventricular 
dysfunction but had very low sensitivity [30]. 

Also, Shah et al. found that non-survivors had 
a TAPSE value of < 17 mm (upper limit of 95% 
confidence interval: 16.77 mm) [19].

Limitation of the study

Larger sample size studies are needed to 
increase the power of the study and limit the 
margin of error. Multicenter studies are needed 
to improve the external validity and support wide 
changes in practice.

Conclusions

Transthoracic echocardiographic parameters 
of the right ventricle could be used to predict 

mortality in patients with ARDS with high sen-
sitivity and specificity. 
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Longitudinal changes in exercise capacity 
among adult cystic fibrosis patients

Abstract
Introduction: Longitudinal data regarding changes in exercise capacity among adult cystic fibrosis (CF) patients are current-
ly scarce. The aim of this brief report was to assess changes in exercise capacity among adult CF patients with stable and 
mild-to-moderate disease eight years after their initial evaluation.
Material and methods: Maximum cardiopulmonary exercise testing (CPET) was utilized. Other assessments included Doppler 
echocardiography, the 6-minute walking test, spirometry, and lung volume evaluation. 
Results: Eleven (6 male, 5 female) patients completed both evaluations (initial and after eight years). During follow-up, indices of 
ventilatory impairment (such as ventilatory reserve; p=0.019, and ventilatory equivalent for carbon dioxide; p = 0.047) deterio-
rated significantly following a decline in respiratory function measurements. Peak oxygen uptake (VO2), both as an absolute (26.6 
± 8.46 vs 23.89 ± 6.16 mL/kg/min; p = 0.098) and as a % of predicted value (71.21 ± 16.54 vs 70.60 ± 15.45; p = 0.872), 
did not deteriorate. This is also true for oxygen pulse (p = 0.743), left heart ejection fraction (p = 0.574), and pulmonary artery 
systolic pressure (p = 0.441). However, the anaerobic threshold, both as an absolute (p = 0.009) and as a % of predicted value 
(p = 0.047), was significantly lower during follow-up. 
Conclusion: In adult CF patients with stable, mild-to-moderate disease, a peak VO2 may be preserved for several years. However, 
even in these patients, deconditioning is present.

Adv Respir Med. 2020; 88: 420–423

Key words: cardiopulmonary exercise testing, peak oxygen uptake, anaerobic threshold, longitudinal study, adult cystic fibrosis 
patients

Introduction

Exercise impairment in patients with cystic 
fibrosis (CF) is well established and has been 
attributed to a variety of pulmonary and non-pul-
monary factors [1]. Although several tests have 
been previously adopted to assess exercise capac-
ity in this patient population, cardiopulmonary 
exercise testing (CPET) offers an integrative as-
sessment of the pulmonary, cardiovascular, and 
skeletal muscle system responses during exercise 
[2]. Moreover, peak oxygen uptake (VO2), which 
is assessed during maximum CPET, is related to 

quality of life and is a strong predictor of hospi-
talization and mortality in adult CF patients [3–6]. 

As CF is a progressive disease, exercise capac-
ity may deteriorate in time following pulmonary 
and extra-pulmonary manifestations. However, 
data on longitudinal changes of peak VO2 and 
other CPET variables in adult CF patients are 
currently scarce. In the few available studies, 
changes in CPET variables were followed up for 
12–18 months [7, 8], a period probably not long 
enough for disease deterioration to manifest. 
Moreover, all available studies were conducted in 
children or adolescents [7, 8]. However, several 
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different, non-specific factors may complicate 
the pathophysiology of exercise limitation of the 
adolescent versus adult CF patient population 
(e.g. age of first CF presentation, effects of aging 
on cardiovascular function, different CPET ap-
proach, cautious caregiver that limits exercise 
participation, etc.) [3, 9]. Therefore, findings 
cannot be generalized. Under this scope, we 
conducted a pilot longitudinal study to assess the 
changes in peak VO2, anaerobic threshold (AT), 
and other CPET variables eight years after initial 
evaluation in a population of adult CF patients 
with mild-to-moderate disease.

Materials and methods

Between September 2010 and June 2011, 
17 adult CF patients prospectively underwent 
maximum CPET and Doppler echocardiogram; 
the details are published elsewhere [1]. From this 
initial population, all surviving adult CF patients 
who had not undergone lung transplantation, 
were not lost to follow-up, and gave informed 
consent for participation were re-assessed be-
tween October 2018 and September 2019. All 
participating patients were regularly attending 
the adult CF unit of a major chest hospital in 
Greece, were life-long non-smokers, and were 
in a stable condition. In case of an exacerbation 
during the baseline assessment, the patient was 
properly treated and re-entered the protocol after 
at least 3 months of disease stabilization. Patients 
who received long-term oxygen treatment or pre-
sented with any contraindications for CPET were 
excluded. Ethical approval for the study protocol 
was received from the G Papanikolaou Hospital 
Scientific Committee.

The study protocol consisted of two visits 
conducted within a frame of one week. During the 
first visit, all patients underwent spirometry, lung 
volume measurement, and a 6-minute walking 
distance (6MWD) test. During the second visit, all 
patients underwent a transthoracic echocardio-
graphic study (Philips medical system, Andover, 
MA, USA). Pulmonary artery systolic pressure 
(PASP), ejection fraction, and left and right heart 
dimensions were obtained by previously recom-
mended techniques (10,11). Following this, all 
patients conducted a maximum CPET on a cycle 
ergometer. The exercise protocol required 2 min-
utes of unloaded pedaling with a ramp increase of 
work rate by 10-15 watts/minute until exhaustion 
followed by 3 minutes of recovery. The Borg dys-
pnea scale and the Borg Rate of Perceived exertion 
(RPE) were also recorded. Statistical analysis was 

conducted utilizing the SPSS, version 20 for Win-
dows XP. The Shapiro-Wilk test was applied to as-
sess whether the distribution of data was normal 
or not. The paired samples t-test or the Wilcoxon 
rank test were utilized for group comparisons 
based on the normality of distribution of values 
with a level of p < 0.05 considered significant.

Results

Eleven patients (6 male, 5 female) who suf-
fered from mild-to-moderate disease completed 
both assessments (initial, and after eight years). 
Seven patients had a Medical Research Council 
(MRC) dyspnea scale rating of 0–1, 3 patients had 
a rating of 2, and only one patient had a rating 
of 3. Moreover, the number of annual CF exac-
erbations which required hospitalization and 
intravenous antibiotic treatment was also limited 
in most of the cases. Specifically, 9 patients had 
0-1 such exacerbations annually and only two 
had ≥ 3. Compared to the initial assessment, re-
spiratory function, evaluated by forced expiratory 
volume in 1 second (FEV1), and total lung capacity 
(TLC) deteriorated. However, forced vital capac-
ity (FVC) was similar during follow up (Table 1). 
The body mass index (BMI) of patients did not 
change longitudinally, while left heart function 
(as assessed by ejection fraction, p = 0.574) and 
systolic pulmonary artery pressure (p = 0.441) 
was also similar during follow-up.

Changes in the exercise capacity of these pa-
tients are also presented in Table 1. The follow-up 
6MWD was significantly lower when compared 
with the initial one (605 ± 58.5 vs 513 ± 73.45; 
p = 0.001) and patients presented with more 
severe desaturation during the test. Maximum 
exercise capacity, as assessed by absolute peak 
VO2 (26.6 ± 8.46 vs 23.89 ± 6.16; p = 0.098), % 
of predicted peak VO2 (71.21 ± 16.54 vs 70.60 ± 
15.45; p = 0.872), and % of predicted peak work 
rate (WR) (65.2 ± 13.63 vs 63.7 ± 15.09; p = 
0.559) was below normal, but similar between 
the two evaluations. On the contrary, AT (both as 
an absolute and as a % of predicted values) was 
significantly lower during the second evaluation 
(p = 0.009 and p = 0.048, correspondingly). As 
for the rest of CPET parameters, the ventilatory 
equivalent for carbon dioxide at AT (VE/VCO2@
AT) was higher (p = 0.047) and the ventilatory 
reserve by the end of the exercise was lower (p 
= 0.019) during follow-up, although it should be 
noted that peak minute ventilation (VE) did not 
differ between the two time periods. The oxygen 
pulse (peak VO2/peak heart rate), Borg dyspnea, 
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and Borg RPE scores were also similar during the 
two evaluations.

Discussion

Pulmonary, cardiac, metabolic, or peripher-
al muscle disorders may all negatively impact 
peak VO2 [2]. Previous literature indicated that 
a peak VO2 may be largely preserved in children 
and adolescents with mild CF [8, 9, 12]. In our 
study, VE/VCO2 increased (indicating an increase 
in dead space ventilation) as was expected, and 
breathing reserve decreased during follow up. 
These abnormalities are frequently present among 
patients with CF even when peak VO2 is preserved 
[7, 9] because they follow the pattern of typical 

respiratory function decline. Respiratory limita-
tion is an important pathophysiological factor 
of dyspnea and exercise limitation in chronic 
respiratory diseases [13]. Nevertheless, correla-
tions between exercise outcome parameters and 
FEV1 and/or FVC are often weak or absent in CF 
patients [3, 8], which suggests that respiratory 
restriction might not always be the major cause 
of exercise limitation. Moreover, cardiac index 
is a strong predictor of exercise outcome during 
CPET in CF patients [14]. The fact that oxygen 
pulse (an index of cardiac output) along with 
echocardiographic indices of left heart function 
and pulmonary circulation did not deteriorate in 
our study may partially explain why peak VO2 did 
not further decrease after eight years.

Table 1.	 Longitudinal changes of anthropometrics, lung function, echocardiographic parameters and exercise capacity 
variables among adult CF patients

Parameters Initial evaluation Follow-up evaluation p
Age [years] 27.2 (4.15) 34.63 (3.98) <0.001

Body mass index [kg/m2] 22.2 (2.65) 23.1 (3.65) 0.231

Forced expiratory volume in 1 second (FEV1)
   % predicted

2.62 (1.17)
66.72 (21.7)

1.99 (0.81)
56.41 (19.14)

0.012
0.028

Forced vital capacity (FVC)
   % predicted

3.33 (1.1)
76.96 (18.17)

3.15 (1.06)
76.53 (21.1)

0.294
0.914

FEV1/FVC 77.42 (18.87) 62.33 (13) 0.005

Total lung capacity [%predicted] 81.69 (14.71) 69.83 (14.25) 0.005

Ejection fraction [%] 66.6 (4.3) 66.4 (3.9) 0.574

Pulmonary artery systolic pressure [mm Hg] 24.18 (6.57) 24.72 (5.87) 0.441

6 minute walking distance [m] 605 (58.5) 513 (73.45) 0.001

SpO2 rest* [%] 95 (4)* 95 (5)* 0.726**

SpO2 nadir* (during 6 minute walking test) [%] 94 (15)* 92 (15)* 0.005**

Peak oxygen uptake 
   mL/kg/min
   % predicted

26.6 (8.46)
71.21 (16.54)

23.89 (6.16)
70.60 (15.45)

0.098
0.872

Anaerobic threshold
   mL/kg/min
   % predicted

17.95 (5.09)
47.63 (10.58)

14.12 (4.47)
41 (12.51)

0.009
0.048

Peak work rate
   watts
   % predicted

117.6 (40.2)
65.2 (13.63)

101.1 (36)
63.7 (15.09)

0.013
0.559

Borg dyspnea* (at peak VO2) 3 (6)* 5 (8)* 0.347**

Borg RPE* (at peakVO2) 4 (6)* 5 (5)* 0.354**

Peak VO2/peak heart rate [% predicted] 83.94 (15.61) 82.13 (13.86) 0.743

VE/VCO2@AT 31.2 (3.73) 33.6 (3.78) 0.047

Peak minute ventilation [lit] 60.89 (23.61) 63.19 (23.1) 0.483

Ventilatory reserve (MVV-peak VE) [lit] 40 (30.98) 16.7 (17.8) 0.019
All data are presented as mean (SD), unless otherwise indicated. *Median (range). **Wilcoxon rank test was utilised for group comparisons.
MVV — maximum voluntary ventilation; RPE — rate of perceived excursion; SpO2 — pulse oxymeter oxygen saturation; VE/VCO2@AT — ventilatory equivalent for 
carbon dioxide at anaerobic threshold; VE — minute ventilation; VO2 — oxygen uptake
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Contrary to peak VO2, both the 6MWD and AT 
declined with time. The 6MWD test is considered 
a submaximal exercise test [15] so its decline 
cannot accurately reflect the maximal exercise 
capacity of the patients, but it associates well 
with most activities of daily living [15]. Moreover, 
the reduced AT, without signs of cardiovascular 
involvement, probably reflects the physical inac-
tivity and deconditioning that has been frequently 
observed among CF patients [16, 17]. Exertional 
dyspnea, or the fear of it, combined with malnutri-
tion, muscle cachexia, and disease exacerbations 
are only some of the causes [18].

Conclusion

In conclusion, in a population of CF patients 
with mild-to-moderate disease, the maximum 
exercise capacity did not decline further over 
8 years. This is contrary to AT and 6MWD, which 
did decline. To our knowledge, no other study has 
yet provided data of such a long-term follow-up 
regarding CPET variables in this patient popula-
tion. This study’s findings are somewhat limited 
by the small number of participants and by the 
fact that only patients with mild-to-moderate 
disease, which remained relatively stable over 
the years, were analyzed. However, our study 
does make the point that, even in CF patients 
with long-term preserved peak VO2, physical de-
conditioning may be present. As CF patients with 
higher aerobic fitness present with better quality 
of life and higher survival [17], one could hypoth-
esize that comprehensive exercise programs with 
continuous training in the long-term might be an 
important adjunct to regular treatment, even for 
CF patients with milder disease. 
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Basics of mechanical ventilation for non-anaesthetists. 
Part 1: Theoretical aspects 

Abstract
The expanding number of chronic respiratory diseases and the new COVID-19 outbreak create an increasing demand for mechan-
ical ventilation (MV). As MV is no longer limited to intensive care units (ICU) and operating rooms (OR), more clinicians should 
acquaint themselves with the principles of mechanical ventilation. To fully acknowledge contemporary concepts of MV, it is crucial 
to understand the elemental physiology and respiratory machine nuances. This paper addresses the latter issues and provides 
insight into ventilation modes and essential monitoring of  MV. 

Key words: mechanical ventilation, acute respiratory distress syndrome, mechanical ventilators, respiratory physiology, 
mechanical ventilation modes
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Introduction

The epidemic of childhood paralysis (polio-
myelitis) in 1952 in Denmark was a breakthrough 
in the development of modern mechanical ven-
tilation. Then, for the first time on a large scale, 
positive pressure ventilation was applied.  Self-in-
flating bags (so-called Ambu) were used, thanks to 
which, the given respiratory volume was pressed 
into the lungs, significantly reducing the mortali-
ty of patients with severe acute respiratory failure. 
Although the procedure was poorly standardised 
and fraught with the risk of complications, the 
event itself revolutionised the approach to me-
chanical ventilation. Polish data demonstrate 
that more than 70% of patients hospitalised in 
intensive care units (ICU) require treatment 
with a ventilator [1]. All patients in operating 
theatres, undergoing general anaesthesia, also 
require mechanical ventilation with a ventilator 
built into the anaesthesia apparatus. In addition 
to applications within the ICU and operating the-
atre, there is an increasing incidence of diseases 
requiring periodic respiratotherapy at home, i.e., 
chronic obstructive pulmonary disease (COPD) 
and obesity hypoventilation syndrome.

Furthermore, due to the current COVID-19 pan-
demic, the number of people requiring mechan-
ical ventilation is growing. The latest data re-
garding SARS-CoV-2 indicate that mechanical 
ventilation must be implemented in 56% of pa-
tients admitted to ICU [2], and a rapidly growing 
population of patients requiring ventilation may 
exceed the number of available intensive care 
facilities. Accordingly, basic knowledge about 
the ventilators and the rules for their operation 
should be propagated (Table 1).

Physiology and physics of breathing

The human respiratory system is designed to 
increase the dimensions of the chest and create 
negative pressure, which allows suction of the 
air through the mouth and nose (according to 
Boyle-Mariotte’s law [4], with the increase in gas 
volume, its pressure decreases). Gas, therefore, 
travels through the bronchial tree and reaches the 
alveoli, levelling the pressure gradient between 
the lungs and the atmosphere. The sucked air 
takes part in gas exchange and then the chest re-
turns to its primary state resulting in exhalation 
due to reversal of pressure — collapsing chest 
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creates a positive pressure (in relation to atmo-
spheric pressure) that throws the volume of air 
out the lungs into the atmosphere.

To breathe, the lungs must overcome a certain 
work of breathing (WOB), which is expressed as 
WOB [J] = V × p, where “V” is a volume of in-
haled air, while “p” is the pressure produced (in 
case of physiological breath — vacuum) required 
to overcome resistance and perform inhalation.

The suction of air has to overcome two types 
of resistance. The first, representing 70% of the 
breathwork, is an elastic resistance (potential 
energy accumulated in elastic lung tissue), the 
second resistance, which represents about 30%, is 
the so-called non-elastic resistance (air resistance 
and viscosity resistance of gases). Calculations 
indicate that in one minute, at rest, breathing 
work of about 3 J is performed. In incapacitated 
people, due to increased respiratory propulsion, 
energy expenditure can increase to about 15 J/min 
[5]. Then the energy expenditure is already the 
maximum and the only way to improve the pa-
tient’s condition is to use mechanical ventilation, 
which can reduce and even endure the need for 
any work by the patient.

The lungs, as well as the chest, have their 
compliance, which is expressed with the follow-
ing formula: C [mL/cmH2O] = V/p, where “C” is 
compliance, “V” is the volume of air and “P” is 
intra-alveolar pressure. Compliance shows the 
ability of the lungs to increase volume without 
a significant rise in alveolar pressure. The higher 
the “C”, the greater the lung’s ability to maintain 
low pressure [6]. Compliance is important since 
an increase in pulmonary pressure can lead to 
“barotrauma” (pressure lung damage). All venti-
lators have respiratory pressure sensors and, in 
case there is an unwanted increase, overpressure 
valves open, releasing excessive gas.

The sucked gas, flowing through the respira-
tory tract, encounters resistance from the walls of 

the trachea, larynx and bronchi. This resistance 
is expressed by the following formula:

R [cmH2O/L/s] = 8 hl/Dpr4, where “h” means 
the viscosity of the gas, “l” — pipe length, “r” — ra-
dius of the tube and “Dp” is a pressure gradient 
at the beginning and end of the tube (respiratory 
system). Resistance means the pressure gradient 
in the respiratory system that must be applied to 
trigger a specific airflow. The essential element of 
this formula is the radius of the respiratory tract 
— the smaller it is, the greater the resistance. In 
case of diseases that reduce the diameter of the 
respiratory tract (i.e., too narrow intubation tube, 
a tube filled with mucus), the ventilator must use 
higher pressures to provide the patient with ade-
quate respiratory volume within the correct time. 
It should also be remembered that the mere use of 
an intubation tube (which has a lower diameter 
than physiological trachea) and the inspiratory 
arm of the ventilator (prolongation of the physi-
ological respiratory tract) increases resistance in 
the ventilation system [6].

One of the most important parameters for 
ventilation is the pressure measured in the re-
spiratory system at the end of the expiration. 
This is a crucial parameter for the effectiveness 
of mechanical ventilation. Often, as a result of 
a disease, an increase in the elastic forces of the 
lungs occurs and the alveoli collapse, worsening 
the efficacy of gas exchange. An example of such 
a disorder is acute respiratory distress syndrome 
(ARDS) or hyaline membrane disease in new-
borns, both associated with a deficiency of sur-
factant. Surfactant reduces the surface tension of 
the alveoli [6, 7], which is expressed by Laplace’s 
law: s [dyn/cm] = p × r / 2, where “s” is surface 
tension, “p” is the pressure that pushes the walls 
of the alveoli, “r” — the radius of the alveoli. As 
a result of surfactant deficiency, surface tension 
increases, thus alveoli collapse. Artificial increase 
in the positive end-expiratory pressure (PEEP) 
applied by the ventilator allows to oppose the 
force collapsing the alveoli and thus maintaining 
the patency of the airways.

During mechanical ventilation, the anatomi-
cal dead space must be taken into consideration. 
Physiologically, conductive parts of the respi-
ratory system (larynx, trachea and bronchi) do 
not participate in gas exchange. Hence a certain 
volume of sucked air remains unused. If a person 
inhales 500 mL of air, approximately 150 mL re-
mains in the dead space [6]. A ventilator’s pipe 
system enlarges this space, which is especially 
important during exhalation — if there is a sig-
nificant expansion of a dead space, there may 

Table 1.	 Basic, non-surgical indications for mechanical 
ventilation [3]

Protection from the respiratory tract obstruction in patients with 
reduced level of consciousness (Glasgow coma scale ≤ 8 pkt)  

Hypercapnic (PaCO2  > 60 mm Hg) respiratory failure due to 
hypoventilation (respiratory muscles/respiratory tract / thoracic 
wall disorders)

Hypoxemic respiratory failure — SaO2  < 90% during passive 
oxygen therapy, or PaO2  < 60 mm Hg

Circulatory failure in which mechanical ventilation can reduce the 
oxygen cost of breathing
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be a situation in which a part of exhaled air will 
remain in artificial airways and the next breath 
will cause the remaining volume to be sucked 
again (to understand this fact, it may be worth 
imagining breathing underwater with excessively 
long tube). It is particularly important and pos-
es a critical danger in ventilation of newborns, 
where the respiratory volumes are minimal. It 
should be remembered that anatomical respira-
tory tract and respiratory system of the ventilator, 
constituting a dead space, have compliance as 
well. This means that during ventilation with 
positive pressures, the respiratory tract expands, 
and therefore, the dead space increases. If we 
assume that the compliance of the dead space 
is 2 mL/1 cmH2O, then with a positive pressure 
of 25 cmH2O, the dead space will increase by as 
much as 50 mL [8].

Monitoring ventilation is not an easy task. 
One of its elements is the evaluation of the pres-
sure-time curve (Figure 1A). Its analysis allows 
to understand how pressure behaves in the pa-
tient’s respiratory system. The following figure 
illustrates a situation in which the ventilator is 
intended to push the given volume into the pa-
tient’s respiratory system.

Point (1) illustrates the start of the inspira-
tory phase by the ventilator. A positive pressure 
is produced, which from point (1) to (2) takes 
on the curve a near-vertical form (rapidly in-
creasing pressure), overcoming the resistance 
of the system. This is also due to the fact that 
the compliance of the ventilation tube (orotra-
cheal, nasotracheal, tracheotomy) and the pipe 
system is very low. Then, the pressure increases 
with slightly less dynamics, which is due to the 
patient’s respiratory tract compliance. It should 
be remembered that in people with increased 
respiratory resistance, e.g. in an asthma attack, 
increasing pressure will show higher values. At 
point (3), the peak pressure of the inhaled air is 
achieved (PIP, peak inspiratory pressure). Then 
the ventilator interrupts inhalation (but does not 
start expiration yet). The previously produced 
pressure suddenly drops (4), which is directly 
due to the compliance of the patient’s lungs. Then 
this pressure slightly decreases to a value known 
as plateau pressure. If the patient’s lungs had 
lower compliance than healthy ones, plateau 
pressure would show higher values. After that, 
the ventilator starts expiratory phase, leading 
to a drop in pressure to a point (6), where it is 
equated with the final exhaust pressure, which 
usually takes a positive value (PEEP), provided 
by a ventilator [9].

Construction of the ventilation system

In addition to the ventilator and electricity, 
the ventilation system includes a source of com-
pressed gases, an inhaled arm, the patient’s respi-
ratory system and an expiratory arm (Figure 2).

Gas source for ventilator
Today’s hospitals are equipped with cen-

tral compressed gas source systems. They are 
the driving force behind artificial ventilation 
pneumatics. The ventilator is connected to two 
such tanks, one with oxygen (Figure 2 A1) and 
the other with air (Figure 2 A2). The pressure in 
the tanks is about 5 bar (5098 cmH2O) [10]. This 
is very high pressure for the respiratory system, 
so the ventilator is also responsible for reducing 
pressure to tolerated values. Gases should be dry, 
free of water vapor. The connection to the gas 
tank, nevertheless, contains water traps to prevent 
water from entering the ventilatory system.

Ventilator
There are several types of ventilators. How-

ever, due to the capacity restrictions of the manu-
script, the most commonly used type of respirator 
(pneumatic-electric) will be described [10]. Due 
to the additional structure variability of the de-
vice depending on the manufacturer, for easier 
understanding of the article, the Puritan-Bennet 
840 ventilator® (used in our centre) was de-
scribed as an example. Regardless of the ventilator 
model, the physical aspects of ventilation remain 
the same. As mentioned earlier, the gases from 
the tank must be subjected to pressure reduction. 
For this purpose, the ventilator has pressure 
regulators (Figure 2B) that precisely lower the 
pressure of gases to the optimal values for the 
functioning of the machine. Then the gases flow 
through the so-called flowmeters (Figure 2C). 
These are the devices operating on the principle 
of a pneumotachograph and use Hagen-Poiseuille 
law: V [l/s] = Dpr4  / 8 hl,  where “V” means flow, 
“Dp” — pressure gradient at the beginning and 
end of the tube (system), “r” is the radius of the 
tube, “h” — the viscosity of the flowing liquid 
(gas) and “l” is the length of the tube.

The gas flows through the resistance pipes and 
creates the pressure gradient, which is measured 
by the pressure sensor. According to the formula 
above, a higher pressure gradient indicates a high-
er flow. Information from the pressure sensor, 
obtained by analysing the pressure force on the 
sensor membrane, is transmitted to the ventilator 
processor. Then, the gas goes to the so-called pro-
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Figure 1. A. Pressure-time curve in volume-controlled ventilation 
(based on [9]); B. Gas flow curve during volume-controlled ventilation 
(VCV); C. Gas flow curve during pressure controlled ventilation (PCV); 
D. Changes in the breathing phase. Ti — inhalation time, Te — exha-
lation time; E. Inspiratory flow curve. See text for details

portional solenoid valve (Figure 2D), controlled by 
a ventilator processor. It can modify the volume 
flowing through the ventilator in a very accurate 
way. This structure is thus responsible for creat-
ing an adequate volume of gas to be found in the 
patient’s respiratory system. The ventilator also 
has a safety overpressure valve (Figure 2E). In the 

event of an unwanted increase in the gas pressure 
in the ventilator system (usually a limit pressure of 
100–120 cmH2O), the valve (spring or electrically 
controlled) is unlocked and the gas from the ven-
tilator is released. It is worth mentioning that this 
structure also provides the patient with access to 
atmospheric air, in case of a sudden loss of air  in 
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the system (the patient can then take air from the 
environment with his own breath). Then, the oxy-
gen and air merge in the system. Then the ventila-
tor must measure the oxygen concentration in the 
inhaled mixture, which is done with a galvanic cell 
(Figure 2G). As a result of the chemical reaction 
(O2 + KOH), a voltage correlated with oxygen con-
centration is formed. Depending on the patient’s 
demand, the oxygen concentration in the mixture 
can range from 21% to 100%. A one-way valve 
(Figure 2F) is responsible for the direct supply of 
gases to the inspiratory arm. During inspiration, 
it opens, releasing a pre-prepared mixture. The 
pressure of such a compound is measured again 
by the pressure sensor (Figure 2H). The next, an 
essential and integral part of the ventilator is the 
atmospheric pressure sensor (Figure 2R), as all 
pressures recorded by the ventilator refer to the at-
mospheric pressure value. Therefore, if the record-
ed pressure in the respiratory system was 10 mm 
Hg, it was in fact 770 mm Hg (10 + 760 mm Hg). If 
for some reason, atmospheric pressure had fallen 
and the ventilator did not make a correction, then 
the applied pressures in the patient’s respiratory 
system would be significantly higher, as it would 
still refer to the original atmospheric pressure. 
The problem of frequent and large changes in at-
mospheric pressures occurs, for example, in case 
of  air transport of an intubated and mechanically 
ventilated patient [10–11].

Inspiratory arm
The inspiratory arm brings the air to the pa-

tient’s respiratory system. There must be a filter 
(Figure 2I) between the ventilator and the arm. Al-
though the gases delivered to the patient are free 
of microbes, if the aforementioned overpressure 
valve is used, there may be airflow in the opposite 
direction — from the patient to the ventilator, 
creating a threat of microbial contamination. 
Gases from hospital gas tanks are dry and have 
a lower temperature than body temperature. One 
of the functions of the human respiratory tract 
(especially the nose), is moisturising and warming 
the inhaled air. In ventilated patients, due to the 
use of intubation tubes or tracheostomy tubes, 
this element of the respiratory tract is omitted 
and unchanged air enters the lungs. The inhaled 
arm must, therefore, take over the function of 
warming and hydration. Air passes through the 
water chamber and heater (Figure 2J) (or heat and 
moisture exchanger, HME), where it gets saturated 
with water vapour. The air reaching the lungs 
should be moistened at a rate of 33 to 41 mg/L 
with a temperature of 34–41oC. Relative humidity 
should be 100%.

The warmed and moistened gas travels along 
with the system through the inhaled arm. There-
fore, if it is not actively heated, the gas tempera-
ture will decrease in it, which means that the 
absolute humidity of the air will drop and steam 

Figure 2. Ventilation system (based on [11])
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will begin to condense on the walls of the pipe. 
This carries the risk of increased resistance in the 
system. This is prevented by water traps, thanks 
to which the water flows into the reservoir, ac-
cording to the force of gravity. Instead of water 
traps, active heating of the inhaled arm can be 
used. As a result, the moisture gas temperature 
will not drop, so the absolute humidity will re-
main identical to that created in the humidifier 
(a similar solution must be introduced in the expi-
ratory arm). After passing through the inspiratory 
arm, the air flows into the intubation tube (Figure 
2K) and then into the patient’s lungs [8, 10–12].

Expiratory arm
After inhalation and gas exchange, exhala-

tion time comes. The inspiratory valve closes, 
the expiratory valve opens and the breathing 
mixture flows through the expiratory arm. The 
air then enters the expiratory module, where it 
passes through the flowmeter (Figure 2L), the 
pressure sensor (Figure 2M), the filter (Figure 
2N), the water trap (Figure 2O) and the expiratory 
valve (Figure 2P). The expiratory valve not only 
opens and closes to allow exhalation, but is also 
able to produce PEEP: thanks to the possibility of 
controlled, partial opening or closing, it increases 
expiratory resistance in the patient’s respiratory 
system, creating the positive pressure at the end 
of the expiration (PEEP), and thus increasing  the 
volume and pressure of gas in the alveoli. The 
gas mixture then leaves the ventilation system, 
getting into ambient air (Figure 2R) [8, 10, 11].

Basic variables and ventilation modes

Ventilation mode is the result of the variables 
described below, which together provide the most 
effective breathing for the patient. Unfortunately, 
to this day, there are no fully unified and stan-
dardised rules for naming the modes and as a rule, 
every company producing ventilators introduces 
its own nomenclature, which can be confusing 
for the novice user.

Control
“Control” refers to the way gas is delivered to 

the patient’s lungs. There are two basic types of 
controls. The first is the volume-controlled ven-
tilation (VCV) (Figure 1B) — a ventilator presses 
a fixed volume of air, regardless of the resulting 
pressure in the respiratory system (irrespective 
of compliance and resistance). The rigidly ac-
cepted respiratory volume carries a higher risk 
of lung damage (if the pressures in the patient’s 

lungs were too high).  The second way of control 
is pressure-controlled ventilation (PCV). Here, 
inverse to the volume-controlled, the ventilator 
determines the appropriate pressure to be applied 
in the respiratory tract during breath (Figure 1C). 
The volume of the pressed air will, therefore, 
reach the value based on the set pressure. This 
method allows for better cooperation between 
the actively breathing patient and the ventilator 
(the machine does not affect the respiratory vol-
ume directly). This means that the patient can 
partially control the inspiratory volume with his 
own efforts. Pressure control also compensates 
gas leakage in the ventilation system. If the intu-
bation tube cuff is leaking, there is a risk of gas 
escaping from the lungs. In PCV, the ventilator 
will pursue adequate pressure in the respiratory 
system. In volume control, such leak carries the 
risk of an unnoticed decrease in ventilation [12]. 
The question which of the aforementioned types 
of control brings a better result of treatment, for 
now, remains unanswered. The results of a ran-
domised study published by Chacko et al. in 
2015 suggest that there is no significant difference 
in reducing patient mortality between described 
ventilation methods [14].

Breathing sequence
The breathing sequence is used to determine 

how the frequency of breathing is carried out. 
There are three basic types of breathing sequence: 
CMV (continuous mandatory ventilation), in 
which the doctor rigidly sets the strict number 
of breaths to be provided by the ventilator. This 
sequence does not give the patient the opportuni-
ty to initiate his own inspiration; IMV (intermit-
tent mandatory ventilation), in which the doctor 
determines the frequency of breaths, however, 
the patient can initiate his own breath between 
mandatory breaths, which is recognised by the 
ventilator and assisted; and CSV (continuous 
spontaneous ventilation), in which every breath 
is initiated by the patient, while the ventilator 
acts only as a breath-support [15].

Control type
The type of control determines the target of 

the ventilation. If the VCV is carried out, then 
the goal may be a ventilation volume equal to 
6 mL/kg of ideal body weight (IBW). This target 
is known as the set point. The ventilator will 
adjust the appropriate pressures in the system 
so that the volume set by the doctor is applied. 
There is also the auto set-point in which the 
ventilator decides what target to achieve at the 
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moment — e.g., in the volume-assured pressure 
support mode, ventilation starts with pressure 
control, and then completes the patient’s inspi-
ration by volume control to maintain a specific 
volumetric target of ventilation. In the Servo type, 
the ventilator recognises the patient’s respiratory 
work and, depending on it, adjusts the degree of 
pressure or volume support to it. An example 
of such solution is the  PAV mode (proportional 
assist ventilation) [16]. 

There are two additional types of controls that 
relate not only to a single inspiration, as the ones 
described above (PCV, VCV), but to the analysis 
of the previous breaths and then, subsequently, 
modify the parameters to the changing respiratory 
conditions. Thus, there is an adaptive type that 
analyses the resulting respiratory volume in the 
interval between breaths and then modifies the 
pressures so that at the next breath, it is as close 
as possible to the original assumption. The type 
of optimisation assumes the automatic adaptation 
of set-points to optimise respiratory work of the 
patient (WOB). Such solutions are used in adap-
tive support ventilation (ASV) mode [15].

Inhalation trigger
Pushing the air into the patient’s lungs can 

be initiated in different ways (so-called trigger). 
The first, the easiest one is time triggering. This 
means that the ventilator initiates the breath itself 
in a certain time interval. If we set the breathing 
rate for 15 times per minute, that means the in-
spiration will be triggered by a ventilator every 
4 seconds, with a given inspiration-to-expiration 
ratio. It is used in CMV mode. The second type 
is the pressure trigger — the patient, wanting 
to inhale the air, provokes a drop in pressure in 
the ventilation system. The ventilator, thanks to 
the presence of pressure sensors, recognises this 
phenomenon as an impulse to initiate a breath. 
While setting the pressure threshold to trigger 
inhalation, it should be remembered that it is 
not too low because of a risk of spontaneous, 
unintentional inducing the ventilator. The next, 
third way of triggering, is the flow trigger. It is 
the most popular type in spontaneous breathing 
modes. The ventilator recognises the moment to 
start the breath by the patient’s attempt to inhale, 
but the sensors in this method are flowmeters, 
which identify the airflow [13].

Change of the respiratory phase (Figure 1D)
There are three most common methods for 

changing the phase of breathing. Time change 
means that a clinician can directly set the time 

needed for inspiration — for e.g., 3 seconds. Af-
ter this time, the ventilator will automatically 
switch to an expiration mode. It is also possible 
to set the time ratio of inhalation to exhalation 
(I:E). If I:E is e.g., change 1:2, it means that for 
20 breaths/min, breathing cycle would last 3 sec-
onds (60/20) and the time spent on inhalation 
would be 1 second and 2 seconds for exhalation 
(thus, 1:2 ratio). Usually, I:E ratio of 1:2 is set 
[18]. However, it should be remembered that in 
patients with hyperinflation of the lungs (e.g. in 
patients with emphysema), the expiration peri-
od must be extended to remove the residual air 
more effectively [19]. On the other hand, with 
the increase in the number of breaths, usually 
above 20/minute, the duration of the expiration 
should be reduced to allow effective inspiration 
— usually I:E 1:1.5 or 1:1. Another type of phase 
change is flow change, which is usually used 
in pressure control. The ventilator changes the 
inspiration phase to expiration when the inha-
lation flow drops to a certain percentage value 
(Figure 1E) — usually 25% of maximal flow. The 
third way of changing the breathing cycle is the 
pressure phase, commonly used in volume con-
trol. When the maximum permitted pressure in 
the respiratory system is reached, the inhalation 
phase changes to expiration. This protects the 
patient’s lungs from barotrauma [13].

The synthesis of these issues is presented 
in Table 2.

One of the most common modes used is the 
SIMV + PS — mandatory ventilation using vol-
ume control in a patient who does not initiate the 
breath himself. However, if the patient initiates 
his own breaths,  the mode switches to the so-
called Pressure Support (PS), in which breathing 
is carried out with pressure support. In this way, 
the patient is protected from central apnoea, but 
is also able to interfere in his breathing cycle, so 
the risk of dis-synchrony of the patient-ventilator 
is reduced [20]. A simple algorithm showing the 
selection of ventilation mode is shown in Figure 3.

Conclusions

At the root of mechanical ventilation are 
physical issues, without which it is impossible to 
understand the specifics of the work of the ven-
tilator. Familiarisation with these considerations 
is the gateway to understanding the concurrent 
concepts of ventilation. Respiratotherapy in-
cludes the integration of many components, the 
most important of which is the patient. It is nec-
essary to be aware of the limitations and dangers 
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arising from the use of positive pressures, which, 
despite being at odds with the physiological way 
of breathing, are now the most common method 
of sustaining human breathing. 
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Table 2. Examples of popular mechanical ventilation modes [14, self-modified] 

  Mandatory breaths Spontaneous breaths

Mode  Control  Breathing 
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Bronchoscopic lung volume reduction using coil therapy: 
complications and management

Abstract
Nonsurgical approaches involving bronchoscopic lung volume reduction (BLVR) have been developed in the last decade. One of 
these, the BLVR coil procedure, is a treatment option for patients with homogeneous and heterogeneous end-stage emphysema 
and a forced expiratory volume in 1 second (FEV1) of 15–45%. This treatment decreases hyperinflation and improves lung func-
tion, the quality of life, and exercise capacity. It is very important to prepare patients for treatment, premedications, anesthesia 
applications, intubation, post-procedure follow-up and treatments. Further, it has been observed that various complications can 
develop during and after the procedure. Generally, the observed and reported complications are chronic obstructive pulmonary 
disease (COPD) exacerbation, chest pain, mild bleeding, pneumonia, pneumothorax, and respiratory failure. Rarely, aspergillus 
cavitation (coil-related aspergilloma), bronchopleural fistula and penetration into the pleural space, bronchiectasis, coil-associated 
inflammatory response and opacities, and hiccups are observed. Common complications are usually mild or moderate, while the 
rare ones can be life-threatening (except hiccup), so early diagnosis and treatment are necessary. However, patients treated 
with BLVR have lower mortality rates than untreated patients with similar morbidity. Based on the findings of this review, we can 
estimate that premedication one day before and just before the procedure may reduce potential complications. Some medical 
centers apply and recommend 30-day macrolide treatment after the procedure. New generation supraglottic devices may be 
preferred to avoid complications due to endotracheal intubation. Moreover, further research is needed to identify risk factors, 
prevent potential complications, and a common consensus is required for routine preventive treatment.

Key words: bronchoscopic, lung volume reduction, coil, complication, management
Adv Respir Med. 2020; 88: 433–442

Introduction

Emphysema is a chronic lung disease that 
causes pulmonary parenchymal damage, hyper-
inflation, loss of elastic recoil, and progressive 
dyspnea [1]. In the last stage of emphysema, there 
is a marked decrease in exercise capacity and the 
quality of life, and a consequent restriction of dai-
ly activities. During this period, long-acting bron-
chodilators (b2-agonist and anti-muscarinic) and 
drugs (phosphodiesterase-4 inhibitors, methylx-
anthines, and mucolytic agents) are administered 
to reduce the severity of symptoms and frequency 
of exacerbations [2]. In addition, smoking cessa-
tion, education and self-management, nutritional 
support, and pulmonary physiotherapy are rec-
ommended from the early stages of the disease [2]. 

However, when respiratory failure develops after 
a few years, long-term oxygen therapy at home 
becomes necessary, and in cases of hypercapnia, 
non-invasive mechanical ventilation is added [3]. 

While medical treatment of emphysema does not 
impact long-term outcomes in clinical practice, 
invasive treatment can be administered to very 
few patients.

Lung transplantation is an option for patients 
with forced expiratory volume in 1 sec (FEV1) < 
15–20%, but it is often not feasible due to a lack 
of organ availability and the need for specially 
experienced hospital personnel and equipment 
[4]. Studies conducted over the last 10 years have 
reported that the removal of nonfunctional lung 
parenchyma by lung volume reduction surgery 
may increase pulmonary function and improve 
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the quality of life in patients [5, 6]. The 2014 Na-
tional Emphysema Therapy Examination Trial 
emphasized the importance of patient selection 
for this treatment owing to the high incidence 
of postoperative complications (pulmonary and 
non-pulmonary) and early mortality [6].

Therefore, nonsurgical approaches involving 
bronchoscopic lung volume reduction (BLVR) 
have been developed in the last decade. One of 
these, the BLVR coil procedure, is a treatment 
option for patients with homogeneous and het-
erogeneous end-stage emphysema and an FEV1 of 
15–45% [7, 8]. This treatment decreases hyperin-
flation and improves lung function, the quality of 
life, and exercise capacity. In a review covering 
the studies conducted in 2012–2018, BLVR coil 
therapy showed an increase in FEV1 values (mean 
+ 130 mL, 12.1%), a decrease in residual volume 
(RV) (mean -420 mL, 16.5%) and a rise in 6-minute 
walking test (mean + 47 m) [7]. However, the Glob-
al Initiative for Chronic Obstructive Lung Disease 
(GOLD) 2020 guidelines limit BLVR interventions 
to patients with advanced emphysema refractory 
to optimized medical treatment [2]. Further, it has 
been observed that various complications can 
develop during and after the procedure [9].

To this end, the main objective of this review 
is to determine the incidence of complications 
associated with BLVR coil treatment, both during 
the procedure and the follow-up period; to an-
alyze the possible risk factors; and to discuss 
potential treatment options.

Material and methods

Four international databases (Google Scholar, 
Web of Science, SCOPUS and PubMed) have been 
crawled using specified keywords to obtain ap-
propriate articles: endoscopic or bronchoscopic, 
lung volume reduction, coil, complication, and 
case reports. The “Related articles” section in 
Google Scholar and PubMed was used to obtain 
related and similar papers. Original articles, case 
reports, and case series were included.

Features of the BLVR coil procedure

Preparation of patients for the procedure
Patient preparation is very important prior to 

BLVR coil treatment (Table 1). Before the proce-
dure, patients must have quit smoking, received 
pulmonary physiotherapy for at least 6 months, 
and be under optimal medical treatment. Pre-pro-
cedure arterial oxygen partial pressure and carbon 
dioxide partial pressure must be > 50 mm Hg and 

< 55 mm Hg, respectively [9, 10]. It is essential to 
evaluate right ventricular function using transtho-
racic echocardiography prior to the BLVR proce-
dure. Systolic pulmonary artery pressure > 50 mm 
Hg is considered a contraindication for BLVR coil 
therapy. The use of anticoagulants should also be 
considered as the BLVR coil procedure is contrain-
dicated for patients on continuous treatment with 
anticoagulants, although there is no clear contra-
indication for those taking acetylsalicylic acid.

Premedication
Chronic obstructive pulmonary disease 

(COPD) exacerbation and pneumonia are the most 
common complications after the BLVR procedure 
[7]. In addition, acute inflammatory response to 
the procedure, and “coil-associated pneumonitis” 
have also been reported. Hence, many clinicians 
start corticosteroid (prednisolone 30 mg) and an-
tibiotic (azithromycin 250 mg) prophylaxis in the 
preoperative period (1 day before) [10]. Corticoste-
roid treatment for 5 days and antibiotic therapy 
for 30 days after the procedure is recommended 
[10]. Despite insufficient supporting evidence 
in the literature, some BLVR treatment centers 
prefer b-lactam or macrolide use for 5–7 days 
postoperatively. In addition, some centers admin-
ister theophylline 200 mg, prednisolone 40 mg, 
levofloxacin 500 mg, and salbutamol/ipratropium 
nebulization 1 hour before BLVR [11].

Indication and protocol
The procedure is performed in patients with 

emphysema diagnosed by computed tomography 
who exhibit hyperinflated pulmonary functions 
[FEV1: 15–45%, total lung capacity (TLC) > 
100%, RV > 200%, and RV/TLC > 58%] [7, 9, 
10]. Patients diagnosed with any other airway 
disease are not treated using this procedure. 
All coil implantations are performed using fi-

Table 1. Preparation of patients

1.	 Determination of target lobe by HRCT and perfusion scintig-
raphy

2.	 Ensuring optimum inhaler treatment
3.	 Pulmonary physiotherapy (at least 6 months)
4.	 Smoking cessation (at least 4–6 months in advance)
5.	 Recommend pneumococcal and influenza vaccines
6.	 Evaluation of sPAP by echocardiography
7.	 Arterial blood gas analysis
8.	 Evaluation of the use of anticoagulants
9.	 Sputum culture
10.	Prophylactic treatment: antibiotic, corticosteroid, nebulizer

HRCT — high resolution computed tomography; sPAP — systolic pulmonary 
artery pressure
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beroptic video bronchoscopy and fluoroscopic 
guidance. Ten standard (8–14 intervals) coils are 
implanted for each lung, and the second proce-
dure is performed within 4–8 weeks. Patients 
without any complications are followed up in the 
hospital for an average of 1 day.

Anesthesia and intubation
Bronchoscopic lung volume reduction coil 

treatments are performed worldwide under gener-
al anesthesia. Generally, intubation with a 9-mm 
endotracheal tube and pressure-controlled venti-
lation at an inspiratory:expiratory ratio of 1:4 and 
respiratory frequency 10/min are preferred [10]. 
One study demonstrated I-gel supraglottic de-
vices (SGD) (Intersurgical Ltd, Berkshire, UK) to 
be a safe alternative to endotracheal intubation 
in BLVR coil treatments [11]. I-gel SGD causes 
less bronchospasms, less mucosal/local trauma, 
and fewer hematomas than rigid bronchoscopy 
and endotracheal intubation, and the incidence 
of arytenoid dislocation is very low [12]. The 
size 8.5 of an endotracheal tube has a 57-mm 
cross-sectional area, while the new generation 
SGDs have a cross-sectional area of 127 mm [13]. 

This is very advantageous in that it makes the 
procedure easier and the complications of endo-
tracheal intubation can be avoided.

Complications of endobronchial coil treatment

The complications of BLVR coil treatment 
can be divided into three groups based on when 
they occur: during the procedure, in the treatment 

recovery (TR) period (< 30 days), and within the 
follow-up phase (> 31 days). Complications in 
the TR and follow-up periods are summarized in 
Tables 2 and 3, respectively.

During the procedure
Previous work has documented procedure-re-

lated complications which include mild bleeding 
(13.3%), coil repositioning and lengthening of 
the procedure (10%), and termination of the 
procedure due to deterioration in hemodynamic 
parameters (2.0%) [14]. In the same study, 31.6% 
of patients had to undergo aspiration of bronchial 
secretion and 8.1% of them showed Pseudomonas 
aeruginosa colonization, the significance of which 
is not yet clear. In addition, bronchospasm, head-
ache, hoarseness, paroxysmal atrial fibrillation, 
and phlebitis may develop due to anesthesia after 
BLVR coil treatment [15].

In the treatment recovery 
and follow-up periods

Various complications can be seen during 
the periods following the BLVR procedure. These 
include bleeding, chest pain, COPD exacerbation, 
pneumonia, pneumothorax, and respiratory 
failure. Treatment recommendations for these 
complications are given in Table 4.

Bleeding

The most common complication observed 
during the TR period is mild bleeding or hemopty-
sis. Studies report the observation of this compli-

Table 2. An overview of treatment recovery period (0 to 30 days) complications in principal studies

Author/study Year N Baseline FEV1 
[L]

Baseline FEV1 
[%]

Hemoptysis COPD 
exc.

Chest 
pain

Pneumonia Pnx Death

Slebos et al. [15] 2012 16 0.72 ± 0.16 28.7 ± 7.1 75.0 21.4 14.2 7.1 3.5 0.0

RESET study [16] 2013 23 0.72 ± 0.17 27.1 ± 8.0 0.0 5.0 — 5.0 5.0 0.0

Klooster et al. [17] 2014 10 0.58 22.0 25.0 15.0 30.0 0.0 5.0 0.0

Deslee et al. [18] 2014 60 0.83 ± 0.25 30.1 ± 6.3 53.9 13.0 24.3 9.5 3.4 0.0

Hartman et al. [19] 2014 38 — 27.0 74.0 — — — 5.2 —

Zoumot et al. [20] 2015 45 0.76 ± 0.20 28.3 ± 8.0 0.0 4.8 1.2 1.2 6.0 0.0

REVOLENS [21] 2016 50 0.75 ± 0.25 25.7 ± 7.5 2.0 8.0 2.0 10.0 6.0 2.0

RENEW [22] 2016 158 0.71 ± 0.20 25.7 ± 6.3 — — — — — —

Gülsen et al. [14] 2017 40 0.68 ± 0.22 26.3 ± 9.1 10.0 — 25.0 — — 0.0

Kontogianni [23] 2017 86 0.71 ± 0.21 27.7 ± 7.0 22.0* 18.5* 5.2* 28.1* 6.1* 3.5*

Simon et al. [24] 2018 33 0.46 ± 0.12 15.0 ± 3.0 — — — — — —
*Adverse events within 3 months.  
Data are shown as percentage. Events per procedure [14–18, 20, 21], events per patients [19, 23] 
COPD — chronic obstructive pulmonary disease; exc. — exacerbation; FEV1 — forced expiratory volume in 1 second; n — patients; pnx — pneumothorax
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cation in 0–75% of cases, whereas severe bleeding 
(> 150 mL) has rarely been noticed and appeared 
to resolve spontaneously in most cases [15–22]. 

Kontogianni et al. [23] reported severe bleeding 
in 3.5% of patients at the 1-year follow-up, and 
3/4 of these patients required surgical interven-
tion. In a study of bleeding complications, 65.3% 
of the subjects showing bleeding were in the TR 
period, and complications were more frequent in 
patients receiving acetylsalicylic acid treatment 
[24]. Bleeding improved spontaneously in 98.5% 

of these patients, and persistent hemoptysis ame-
liorated after bronchial arterial embolization in 
1.5% of the subjects [25]. Therefore, while antico-
agulant use is contraindicated for this procedure, 
patients receiving acetylsalicylic acid therapy 
should also be treated with caution.

Chest pain

Chest pain or discomfort is common in the 
TR period and gradually diminishes during the 

Table 3. An overview of follow-up (after > 31 days) complications in principal studies

Author/study Year COPD exc. Pneumonia Chest Pain Hemoptysis Pnx Resp. failure Death

Slebos et al. [15] 2012 50.0 10.7 7.1 0.0 0.0 — 0.0

RESET study [16] 2013  7.0  0.0 — 0.0 0.0 0.0 0.0

Klooster et al. [17] 2014 35.0  0.0 — 0.0 10.0 0.0 0.0

Deslee et al. [18] 2014 60.2 17.2 10.7 5.3 3.2 0.0 0.0

Hartman et al. [19] 2014 51.0
37.0
36.0

46.0
 7.0
 5.0

— 0.0
0.0
5.0

6.0
0.0
0.0

— 3.0
8.0
6.0

Zoumot et al. [20] 2015  6.0  1.2 1.2 0.0 3.6 — 11.1

REVOLENS [21] 2016 24.0 12.0 2.0 0.0 2.0 2.0 6.0

RENEW [22] 2016 39.3* 20.0*  — 3.9* 10.3* 3.9* 6.5*

Gülsen et al. [14] 2017 41.4 16.9 25.0 10.0 0.0 — 2.4

Kontogianni [23] 2017 12.3  7.9  0.0 3.5 1.7 2.6 —

Simon et al. [24] 2018 46.3**  5.6**  1.8** 77.7** 0.0** 0.0** 0.0**

*Adverse events within 12 months; **Adverse events within 3 months.
Data are shown as percentage. Events per procedure [14–18, 20, 21]. Events per patients [19, 23]. 
COPD — chronic obstructive pulmonary disease; exc. — exacerbation; FEV1 — forced expiratory volume in 1 second; n — patients; pnx — pneumothorax

Table 4. Possible complications and suggestions [10, 11, 15–27, 30–36]

Complication Rates [%] Suggestions

Aspergillus cavity Rare H, voriconazol

Bleeding, 
     Mild
     Severe

0–75.0
1.5–3.5

M, interruption of acetylsalicylic acid treatment,
arterial embolisation or surgical intervention

Bronchopleural fistula Rare H, VATS or thoracoscopic removal of coil

Bronchiectasis Rare Only M, if patient remained asymptomatic

Chest pain 0–25.0 M, if persist removal of suspected coils near the pleura

Coil-associated inflammation and opacities Rare broad-spectrum antibiotics + systemic corticosteroid (0.5 mg/kg)

COPD exacerbation 0–51.0 H, ± systemic corticosteroid

Hiccup Rare M, if persist removal of suspected coils near diaphragma

Pneumonia 0–46.0 H, broad-spectrum antibiotics ± systemic corticosteroid

Pneumothorax 0–10.3 M, or inserting thorax tube

Respiratory failure 0–3.9 H, NIV or intubation

COPD — chronic obstructive pulmonary disease; H — hospitalization; M — monitoring; NIV — non-invasive ventilation
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follow-up. If the chest pain is continuous and 
pleuritic, the coil implanted close to the pleura 
should be considered as the causative factor 
and assessed for removal. However, it can only 
be removed during the procedure and in the TR 
period [14]. A case of coil removal due to ongoing 
chest pain in the tenth month has been reported 
[26]. However, complete reversibility of the coils 
is not possible.

COPD exacerbations

The most common complication observed 
in the follow-up period is COPD exacerbation. 
Slebos et al. reported that COPD exacerbations 
were more frequent in the first month (here de-
fined as “TR period”), and decreased in frequency 
subsequently [15]. Nevertheless, in a 3-year study, 
51.0%, 37%, and 36% of COPD exacerbations 
were reported over the first, second, and third 
year, respectively [19]. It is thought that the 
frequent occurrence of COPD exacerbations in 
patients undergoing BLVR coil treatment is caused 
by local mucosal injury in the subsegmental 
airways, local edema, and the triggered second-
ary bronchoconstriction [15]. In the REVOLENS 
study, 2 g of amoxicillin/clavulanic acid (in 
the case of allergy, 600 mg of clindamycin plus 
5 mg/kg of gentamicin) was recommended imme-
diately before the BLVR procedure [21]. Although 
there is no clear consensus on preoperative prepa-
ration and therapy, we believe that this treatment 
regimen may be improved, and may reduce some 
complications, including exacerbation of COPD.

Pneumonia

The second most common complication in 
BLVR coil treatments is pneumonia or related 
pneumonitis. In the literature, the incidence of 
pneumonia is reported to be 14.8% on average 
(range 0.0–46.0%) [7]. Therefore, the benefits of 
using steroids and antibiotic regimens in cases 
of pneumonia (or pneumonitis) in the TR period 
should also be investigated in further studies.

Pneumothorax

Another potential complication after BLVR 
coil treatments is pneumothorax. It is observed in 
3.4–6.1% of patients during the TR period [15–20, 
23], and in 0.0–11.6% during the follow-up pe-
riod [15–17, 19–24]. Pneumothorax is a serious 
complication that can cause respiratory failure, 
need for surgery, and even death. Patients who 

develop pneumothorax must be hospitalized and 
monitored. Intercostal drainage or a thorax tube 
can be used if necessary [9]. Although there is 
an algorithm for predicting pneumothorax after 
BLVR valve treatment in the literature, there is 
no specific algorithm for pneumothorax after 
endobronchial coil treatment [27].

Respiratory failure

A possible complication of the BLVR proce-
dure, respiratory failure was reported in 0.0–3.9% 
of patients after the TR period [16, 17, 21–24]. In 
contrast, in a meta-analysis conducted in 2015 in-
volving 140 patients, respiratory failure was not 
reported [28]. These disparate results suggest the 
highly variable rates of respiratory failure, high-
lighting the need for further studies to evaluate 
contributing factors. 

Rare and unexpected complications

There are some rare complications of BLVR 
coil treatments that may have serious conse-
quences. These include Aspergillus cavitation 
(coil-related aspergilloma), bronchopleural fistula 
and penetration into the pleural space, bronchi-
ectasis, coil-associated inflammatory response 
and opacities, and hiccups.

Aspergillus cavitation 
(coil-related aspergilloma)

Two case reports on this complication have 
been recently published [29, 30]. First case con-
cerned the patient who underwent bilateral en-
dobronchial coil treatment during the RENEW 
trial and developed a 27-mm cavity in the left 
upper lobe [29]. The patient was treated with 
voriconazole for 3 months and died due to de-
compensated respiratory failure. In the second 
case, the patient underwent endobronchial coil 
treatment for both upper lobes 3 years earlier [30]. 

Fungal cultures obtained during the procedure 
were positive for Aspergillus species, evaluated 
as colonization. Aspergillus fumigatus positivity 
was continued in the fungal cultures of the pa-
tient who continued spirometric improvement 
for the first 2 years. However, in the third year, 
computed tomography was performed because of 
worsening of dyspnea and frequent acute COPD 
exacerbations. Suspicious masses were observed 
in areas covering the distal end of the coils and 
the diagnosis was confirmed as aspergilloma. The 
patient was treated with voriconazole for about 
14 months, and was discontinued due to cutane-
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ous side effects. Aspergillus was not detected in 
ongoing cultures, clinical findings of the patient 
were stabilized and the follow-up continued. 
These two case reports highlight this rare com-
plication, especially in the long term [29, 30]. 

Bronchopleural fistula and penetration 
into pleural space

This serious complication has been reported 
several times [23, 31–33]. This rare complication 
is due to the direct perforation of the bronchial 
wall and emphysematous tissue after coil im-
plantation. It is usually observed in the first few 
days after the procedure. It may cause respiratory 
insufficiency, and in such cases, the coil should 
be removed thoracoscopically [34]. It is unclear 
whether this complication develops due to the 
proximity of the coils to the pleura; therefore, 
thoracic surgeons should be informed about the 
complication. 

Bronchiectasis
Development of localized bronchiectasis 

a few months after endobronchial coil therapy has 
been reported in one case [35]. The cause of this 
complication and underlying mechanism are not 
yet known. The development of bronchiectasis 
may be an inflammatory response to a compo-
nent of the coil or may be caused by tension in 
the subsegmental region, disrupting the blood 
supply to the bronchial artery and causing local 
ischemia [35]. In addition, the implantation of 
multiple coils into the same subsegment could 
have also led to this complication.

Coil-associated opacities 
and inflammatory response

Bronchoscopic lung volume reduction stud-
ies with lung sealant have revealed a new side 
effect of these treatments. This reaction is de-
fined as the post-treatment acute inflammatory 
response [36, 37]. It usually includes chest pain 
or discomfort, cough, dyspnea, fever, negative 
microbiological findings, increased levels of 
inflammation markers (leukocytosis and high 
C-reactive protein levels), and low oxygen sat-
uration. Similar findings have been found in 
cases of BLVR coil treatments. This phenomenon, 
described as coil-associated opacity (CAO), was 
first reported in 2016 in the RENEW trial [22]. 

The consolidations around the coils can mimic 
organized pneumonia and are usually non-infec-
tious. Although the underlying mechanisms are 
not fully understood, it is generally accepted that 
this is a secondary inflammatory reaction due to 

stress and traction force in the lung tissue, airway 
closure, local airway irritation, or local ischemia 
[10, 21, 22]. It is difficult to differentiate from 
bacterial pneumonia, and some patients may not 
have fever and excess sputum. Corticosteroid 
therapy (0.5 mg/kg) is recommended in addition 
to standard pneumonia treatment [10].

Interestingly, in other lung volume reduction 
procedures such as thermal vapor ablation, local 
inflammatory response is an indication of the 
efficacy of treatment [38]. Similarly, in patients 
who developed CAO after endobronchial coil 
treatment, there was a significant decrease in 
the volume of the targeted and treated lobe after 
complete recovery and resolution. These patients 
are thought to be the best responders [10, 39].

A report of two cases by Perch et al. showed 
a 34% improvement in basal FEV1 in the patient 
who responded well to CAO treatment [40]. In 
the second subject, CAO was not included in the 
preliminary diagnoses and the patient died after 
circulatory collapse. Autopsy revealed necrotiz-
ing inflammation and organized pneumonia in the 
tissues around the coil. This demonstrates that 
CAO can lead to life-threatening consequences if 
not diagnosed and treated early. This suggests that 
patients may have an acute inflammatory reaction 
due to BLVR treatment, and inflammation markers 
must be closely monitored. The high values for 
inflammation markers have the potential to mask 
other infections that may develop, causing new 
infections to be missed. The duration for which 
these laboratory values continue to remain high 
and the extent to which they can be treated are 
separate research topics.

In a different report of two patients with se-
vere upper lobe emphysema, the study subjects 
were treated for community-acquired upper lobe 
pneumonia [41]. After pneumonia treatment and 
resolution, the most diseased and hyperinflated 
lung area lost lobar volume and significant im-
provement in respiratory function was reported. 
The natural and interesting outcome of these indi-
viduals who did not undergo BLVR was similar to 
that of patients who developed CAO after BLVR.

Deaths
Mortality was reported in 0.0–3.5% of pa-

tients after the TR period and 0.0–11.1% of the 
subjects during the follow-up [14–24]. In these 
studies, mortality was not thought to be entirely 
dependent on coil procedures, and deaths due to 
non-procedural/non-respiratory causes such as 
hemorrhagic stroke, severe urinary sepsis, esoph-
ageal cancer can also be observed [19]. However, 
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the cause of mortality is usually severe pneumo-
nia, COPD exacerbation, respiratory failure and 
sepsis [14, 19–23].

Hiccups
Hiccups are a very rare complication. It is 

likely caused by the proximity of the coils to the 
diaphragm or the uptake of the diaphragm owing 
to the reduction in lower lobe volume. The inci-
dence rate was reported to be 1.6% in one study, 
and spontaneous recovery has been documented 
[14]. In stubborn cases, removal of the coil may 
be considered.

Discussion

Bronchoscopic lung volume reduction coil 
treatments are an option especially for patients 
with severe hyperinflation and emphysema who 
do not respond to medical/supportive treat-
ments. BLVR coil treatments have been shown 
to improve functional and clinical parameters in 
many studies [14, 15, 17, 20–24]. In the RENEW 
study, which included a 1-year follow-up, partial 
improvement in 6-MWT and respiratory functions 
were reported in those who received coil therapy 
compared to usual care, and any complication 
has been reported in 34.8% of those treated with 
coil therapy and 19.1% in usual care [22]. In 
the REVOLENS study, which included a 2-year 
follow-up, FEV1 and dyspnea score (modified 
Medical Research Council) were not statistically 
significant compared to the initial value, while the 
quality of life score (Saint George’s Respiratory 
Questionnaire), 6-minute walk test and residual 
volume values remained statistically significant 
[21]. Twenty-six patients had 45 serious adverse 
events (SAEs) in the first year, while 27 SAEs in 
twenty patients were observed in the second year. 
As a respiratory complication, 1 lung nodule, 
1 lung transplantation, 4 pneumonia and 12 cases 
of COPD exacerbation were reported, while unex-
pected SAEs and pneumothorax did not develop 
[21]. Considering the potential complications, 
great care must be taken in the selection of the pa-
tients for these treatments. In addition, some stud-
ies did not classify complications as a recover pe-
riod (first 30 days) or follow-up (after > 31 days), 
which naturally leads to a lack of exact rates for 
complications (e.g. 0–75% for bleeding).

Various complications have been reported 
during and after BLVR coil treatments (Figure 
1). Patients should be informed about the com-
plications that may develop and their written 
informed consent must be obtained prior to the 

procedure. Despite the observed complications, it 
can be said that this treatment is effective and safe 
considering the medium- to long-term outcomes 
[14–24]. The high COPD exacerbation rate in the 
studies suggests that the use of premedication, 
prophylactic antibiotics, and corticosteroids is 
warranted. Other observed complications have 
not proven to be preventable after premedication. 
In fact, some complications may be related to the 
experience of the endoscopist. In addition, we 
also recommend that patients should carefully 
monitor their current vaccination status (influen-
za and pneumococcal) because a large proportion 
of persons are at the COPD GOLD III or IV stage. 
We hypothesize that the incidence of some com-
plications in vaccinated patients will be lower, 
although this hypothesis requires future testing.

Mortality rates in the follow-up period after 
BLVR coil therapy were reported to average at 
3.9% (range 0.0–11.1%) [14–24]. A 3-year survival 
rate of 84% was found in the longest follow-up 
study of BLVR coil treatment [19]. All patients 
undergoing BLVR are at the COPD GOLD III and 
GOLD IV stages. Hence, these subjects already 
have a natural comorbidity. A 15-year survival 
rate of 7.3% (5.3% for GOLD III patients and 0.0% 
for GOLD IV patients) was found in all COPD 
groups in a recent study [42]. However, GOLD III 
and IV patients were also reported to have a life 
expectancy of 6.1 and 3.1 years, respectively, 
when hospitalized with exacerbation [42]. The 
situation is not different in individuals with 
emphysema. In a study of an emphysema patient 
group with a mean FEV1 of 26.7 ± 7.0%, mortality 
was reported as 12.7 per 100 person-years over 
a mean follow-up of 3.9 years [43]. These results 
suggest that mortality rates with BLVR are likely 
lower than those in untreated patients with sim-
ilar morbidity.

Patients with emphysema and GOLD IV 
COPD are potential or borderline candidates for 
lung transplantation. According to the guidelines 
of the Pulmonary Transplantation Council of the 
International Society for Heart and Lung Trans-
plantation (2014), persons with FEV1 < 15–20% 
are considered candidates for lung transplanta-
tion [44]. However, when this value is < 25%, 
it is suggested that patients are included in the 
transplantation list [44]. In a published case re-
port, bilateral BLVR coil therapy was applied to 
an end-stage emphysema patient enrolled in the 
lung transplantation list [45]. After treatment, the 
patient’s FEV1 increased from 19% to 21, and the 
RV decreased from 289% to 254%. Transplan-
tation was postponed because of improvement 
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in clinical symptoms and pulmonary function, 
and was performed after 3.5 years. In another 
study, BLVR coil treatments were found to be safe 
during the 12-month follow-up among transplant 
candidate patients with FEV1 values below 25% 
[46]. This result is an example of how BLVR coil 
therapy can buy time for people awaiting lung 
transplantation.

Bacterial colonization in the airway is fre-
quently observed in BLVR coil therapy patients 
and represents a significant opportunity for im-
proved outcomes. In one study, colonization by 
Pseudomonas was reported in 8.1% of patients 
who were treated with BLVR coil treatment [14]. 
A separate 2017 study reported the detection of at 
least one potential pathogen in 47% of the BLVR 
coil patients. These pathogens, Haemophilus 
influenzae, Staphylococcus aureus, Streptococ-
cus pneumoniae, and Pseudomonas aeruginosa, 
were detected in 9%, 6%, 6%, and < 5% of cas-
es, respectively [47]. Therefore, it is important 
to perform sputum examination before the first 
procedure. Although there is no definite contrain-
dication in patients with Pseudomonas aeruginosa 

colonization, it should be kept in mind that this 
may be a relative contraindication if the patient 
has frequent exacerbations or uses antibiotics reg-
ularly. In a case report published by Casutt et al., 
a patient who had previous Pseudomonas infec-
tion but had no growth in current sputum culture 
developed severe pneumonia after endobronchial 
coil treatment [48]. In the post-procedure sputum 
culture, Aspergillus fumigatus and Pseudomonas 
aeruginosa colonies were observed. Risk–benefit 
evaluation of BLVR treatments in patients who 
have previously had bacterial infection or colo-
nization is recommended.

Medical devices manufactured from ma-
terials such as nickel-titanium alloy (nitinol) 
generally have an intrinsic antibacterial effect 
and resistance to bacterial formation [49]. How-
ever, Acinetobacter, Alcaligenes, Pseudomonas, 
Comamonas, Stenotrophomonas, and Aspergillus 
families can develop nickel resistance through 
plasmids and may contribute to CAO or pneu-
monia [50]. An example of this are the cases of 
Aspergillus-associated cavitation [29, 30]. It is thus 
clear that this issue requires further research.

Figure 1. Successful bilateral endobronchial coil implantation (A), bilateral upper lobe coil-associated opacities (B), unilateral left upper lobe coil
-associated opacities (C), left upper lobe coil implantation and pneumothorax (D), right upper lobe coil implantation and pneumonia (E), left upper 
lobe coil implantation and pneumonia (F)

A

D

B

E

C

F



Askin Gulsen, BLVR coil treatment complications and management

441www.journals.viamedica.pl

Conclusions

Bronchoscopic lung volume reduction coil 
therapy is a minimally invasive nonsurgical 
procedure with potential complications in both 
the early and late follow-up periods. However, 
patients treated with BLVR have lower mortality 
rates than untreated patients with similar morbid-
ity. Based on the findings of this review, we can 
estimate that premedication one day before and 
just before the procedure may reduce potential 
complications. Some medical centers apply and 
recommend 30-day macrolide treatment after the 
procedure. New generation SGD may be preferred 
to avoid complications due to endotracheal intu-
bation. Moreover, further research is needed to 
identify risk factors, prevent potential complica-
tions, and a common consensus is required for 
routine preventive treatment.
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Abstract
We showed the present data about the efficacy and safety of inhaled short-acting b2-agonists (SABA), such as salbutamol and 
fenoterol, in the management of obstructive diseases in children and adults. Our work discusses major mechanisms of action, 
clinical effects, possible side effects and indications of inhaled SABA. We presented current recommendations for the position 
of SABA in the therapy of obstructive diseases in children and adults, particularly in asthma and chronic obstructive pulmonary 
disease.
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Introduction

Short-acting b2-agonists (SABA) stimulate 
b2-adrenergic receptor (b2-AR). They are called 
b2-mimetics or b2-agonists. First selective SABA 
widely used in clinical practice appeared more 
than 50 years ago. They were introduced to the 
global market in the following order: terbutaline 
(1966 yr.), salbutamol (1968 yr.) and fenoterol 
(1970 yr.) [1]. Next drugs, such as levalbuterol, 
reproterol, rimiterol, klenbuterol and pirbuterol, 
were introduced afterwards  [2–4]. Short-act-
ing b2-agonists are selective agonists of b2-AR, 
however they differ in their degree of selectivity. 
Salbutamol (albuterol) is the most used SABA 
in the world — in US it took 9th place on the list 
of prescribed medicines in 2016 (70 million of 
prescriptions) [5]. According to World Health 
Organization (WHO) salbutamol ranks among the 
most effective and safest medicines essential to 
health care systems [6]. Racemic salbutamol is an 
equal (1:1) mixture of R-salbutamol (levalbuterol) 
and S-salbutamol isomers. R-isomer of salbutamol 
is a pharmacologically active compound which 
exhibits many clinical effects, including potent 
bronchodilation [7]. Suppression of bronchoc-
onstriction and bronchodilation occur 5 minutes 

after administration of inhaled salbutamol, but 
the duration of action does not exceed 4–6 hours 
(Figure 1) [8].

Drugs from this group provide effective 
protection against exercise-induced bronchoc-
onstriction within 0.5–2.0 hours also against 
bronchoconstriction triggered by exposure to 
sensitizing allergen [9, 10]. Clinical studies show 
more potent bronchodilation and less side effects 
of R-salbutamol in comparison with racemic sal-
butamol [11–13]. High cost of levalbuterol justi-
fies, however, its administration only in selected 
clinical conditions [13].

Salbutamol versus fenoterol

Two inhaled drugs from SABA group are 
available in Poland: salbutamol and fenoterol. 
Table 1 shows their most important properties.

Data in the table demonstrate that b2/b1 (se-
lectivity index) stimulation index is 10 times 
greater for salbutamol than fenoterol. Having 
in mind similar stimulation of b2 receptors by 
both drugs (0.55 salbutamol vs 0.60 fenoterol), 
it means that salbutamol exerts more selective 
b2-AR stimulation vs fenoterol and both cause 
similar bronchodilation. Studies from the 1990s 
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proved similar or better clinical efficacy and 
better safety of salbutamol in comparison with 
inhaled fenoterol in different age groups of asth-
ma patients [16, 17]. Better safety is also a result 
of the fact that salbutamol shows more features 
of b2-AR partial agonist than fenoterol. It deter-
mines that asthma patients using salbutamol 
have lower risk of death vs patients using feno-
terol [17, 18]. It should be stressed that adverse 
effects of fenoterol increase in hypoxemia, which 
occurs during severe and prolonged episode of 
bronchoconstriction [19].

Clinical effects of SABA

Short-acting b2-agonists in conditions with 
bronchoconstriction exert many following clini-
cal effects [1, 15]:
—	 bronchodilation (removal of bronchial 

smooth muscles constriction);
—	 prevention of bronchoconstriction induced 

by different bronchoconstrictive factors;

—	 reduction of capillary permeability (reduc-
tion of plasma exudate);

—	 suppression of sensory nerves activation;
—	 improvement of mucociliary clearance;
—	 dilatation of pulmonary vascular bed (de-

crease in pO2);
—	 increased release of surfactant.

They can depend on the polymorphism of 
gene encoding b2-AR located on chromosome 
5q31-q32 [20, 21]. Some studies showed rela-
tionship between response to SABA, course of 
asthma and the polymorphism of gene encoding 
b2-AR [22]. It is mainly about 2 polymorphisms: 
genotype Arg/Arg at codon 16 of gene encoding 
b2-AR and Gln/Gln at codon 27 of this gene. It 
was revealed that homozygotes for Arg/Arg at 
codon 16 of gene encoding b2-AR with chronic 
obstructive pulmonary disease (COPD) are pre-
disposed to more severe clinical course of the 
disease [23]. Similar relationship was shown in 
patients with cystic fibrosis with altered response 
to SABA [24].

Figure 1. Effect of single dose of salbutamol, formoterol, and salmeterol on FEV1 value in asthma patients [8]
FEV1 — forced expiratory volume in the first second

Table 1.	 Comparison of short-acting b2-agonists’ (salbutamol and fenoterol vs isoproterenol) ability to stimulate b-adrener-
gic receptors ( b1, b2, b3) [14, 15]

b1 inotropic activity 
(atrium)

b2 dilatory activity (bron-
chi)*

b3 lipolytic activity (adi-
pocytes)

b2/b1 index

Isoproterenol 1,0 1,0 1,0 1,0

Salbutamol 0,0004 0,55 0,002 1375

Fenoterol 0,005 0,6 0,02 120

*Increase in FEV1 (forced expiratory volume in the first second) ≥ 15% from baseline
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Short-acting b2-agonists usage can be associ-
ated with many side effects described may years 
ago [25]: tachycardia, skeletal muscle tremor, 
hypokalaemia, increased level of lactic acid in 
plasma (lactic acidosis), headaches, hypergly-
caemia. Systemic side effects are observed rarely 
after inhalation administration and increased risk 
of cardiovascular side effects appear in patients 
with comorbid cardiovascular disease, especially 
in the elderly [26, 27]. It is worth mentioning 
that paradoxical bronchoconstriction after in-
halation of SABA occurs in 4.4% of the general 
population [28].

There are additional possible side effects and 
adverse clinical effects when SABA are used in 
asthma. These effects occur in patients receiving 
SABA as monotherapy or/and if SABA are used 
very often or regularly without inhaled cortico-
steroids (ICS). It can lead to increased risk of the 
following adverse outcomes [29–35]:
—	 decrease in the number and sensitivity of 
b2-AR;

—	 diminished bronchial response to SABA or/ 
/and LABA;

—	 increased bronchial hyperresponsiveness;
—	 increased allergic reactions and eosinophilic 

airway inflammation;
—	 increased risk for asthma exacerbation (with 

regular or frequent use: ≥ 3 SABA canisters/ 
/year, average 1.7 puffs/day);

—	 increased risk of death in patients with asth-
ma (≥ 11 SABA canisters/year);

—	 deterioration in spirometric parameters.
These facts which are known for many years 

and other new clinical evidences for efficacy and 
safety of SMART therapy (Single Maintenance 
and Reliver Therapy) changed the perception of 
the role and place of SABA in the management 
of asthma in last Global Initiative for Asthma 
report (GINA) 2019 [36], which will be discussed 
further below. Another way of limiting the SABA 
overuse relies on monitoring use of SABA by 
patients preferably with electronic inhalers [37, 

38], including inhalers transmitting information 
to the health care system in real time [39].

Salbutamol in pressurised metered-dose 
inhaler in comparison to other pharmaceutical 
forms of SABA

Short-acting b2-agonists have different routes 
of administration (inhalation, oral and intrave-
nous), because they are available in different 
pharmaceutical forms. Many forms of salbutamol 
are available [40]:
—	 inhalation aerosol (suspension) from pres-

surised metered-dose inhaler (pMDI) (chil-
dren and adults);

—	 powder from dry powder inhaler (DPI), types: 
Diskus (children over 4 years and adults), 
Turbuhaler (children over 3 years and adults) 
and Easyhaler and (children over 4 years, 
adults);

—	 inhalation solution for nebulizers (children 
and adults);

—	 sirup (children over 2 years, adults);
—	 tablets (children over 2 years, adults);
—	 solution for injection (adults).

Inhalation is the most effective way of SABA 
therapy in airway diseases. Oral therapy can be 
alternative only exceptionally in small children, 
who do not accept inhalation or cannot inhale 
properly [38]. Additional parenteral therapy 
(salbutamol) is necessary rarely in patients with 
severe exacerbation of asthma, who do not re-
spond do proper inhalation therapy [41].

Inhalation formulations of SABA most often 
used are listed in Table 2 [43].

According to table 2, four inhalation formu-
lations of salbutamol are available: pMDI, pres-
surised metered-dose inhaler — breath actuated 
pMDI (pMDI-BA), DPI and inhalation solution 
for nebulizers; fenoterol is available only as 
pMDI. The expected therapeutic clinical effects 
and probability of side effects can depend on 
the choice of SABA inhalation method. Below 
we present the most important rules of SABA 
inhalation therapy:

Table 2.	 Inhalation formulations of SABA and SABA/ipratropium bromide combinations. Abbreviations according to [44]

Type of inhaler pMDI pMDI-BA MDLI (respimat) DPI Nebulization

Salbutamol + + – + +

Fenoterol + – – – –

Salbutamol + ipratropium bromide +* – + – +

Fenoterol + ipratropium bromide + – + – +

pMDI — pressurised metered-dose inhaler; pMDI-BA — pressurised metered-dose inhaler — breath actuated); MDLI — metered dose liquid inhaler; DPI — dry 
powder inhaler
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1.	 pMDI with properly fitted inhalation cham-
ber is preferred method of SABA inhalation 
in children below 6 years, irrespective of 
severity of asthma attack, place of adminis-
tration (home, admission ward, clinical ward, 
intensive care unit) [36, 45, 46].

2.	 Dose of salbutamol from pMDI depends main-
ly on the severity of asthma attack, not on 
patient age. According to GINA 2019 report 
during the first hour children below 6 years 
can receive up to 6 puffs, older children and 
adults can receive up to 12–30 puffs [36].

3.	 Salbutamol can be inhaled from DPI (e.g: 
Diskus and Easyhaler) in children above 
6 years and adult with asthma, which pro-
vides similar clinical efficacy to pMDI [36]. 

Studies on administration of salbutamol from 
other DPI are ongoing [47].

4.	 Nebulization with pneumatic nebulizer — both 
intermittent and continuous — should be used 
in case of insufficient response or lack of re-
sponse to SABA and life-threatening bronchoc-
onstriction [36, 48, 49]. In adults with severe 
exacerbation of asthma continuous nebulized 
salbutamol more effectively improves lung 
function than intermittent nebulization [50].

5.	 Clinical effects of salbutamol nebulization to 
a considerable degree depend on the type of 
nebulizer: breath actuated pneumatic nebu-
lizer provides better effect than continuous 
nebulization and mesh nebulizer in compar-
ison to pneumatic nebulizer [51, 52].

Table 3. Current indications for SABA in children and adults [36, 55–64]*

Disease/state Indications Comment

Asthma Attacks of dyspnoea, cough, and wheeze
Disease exacerbations
Prevention of exercise-induced 
bronchoconstriction
Prevention of bronchoconstriction triggered 
by allergen exposure 

Alternative to SMART therapy 
in patients < 12 years
Always with ICS — evidence A

Obstructive bronchitis 
— so-called early childhood asthma

Exacerbation of bronchoconstriction First-line treatment
Number of doses should be adjusted 
to the patient’s clinical condition

Stable COPD Initial treatment — dyspnoea attack 
or/and respiratory difficulties
As-needed SABA

—	 Only patients from group A
—	 Reduction in symptoms and an increase 

in FEV1 — evidence A
—	 Combination of SABA + SAMA 

is superior to SABA or SAMA alone 
(symptoms and FEV1) — evidence A

COPD — exacerbation Acute exacerbation of disease
SABA added to other medication

Increase the dose or frequency of SABA 
or combine SABA and SAMA in the initial 
treatment of acute exacerbation — evidence C

Bronchiolitis Selected cases with confirmed positive 
clinical response to treatment

In most cases there are no indications 
to routine therapy

Cystic fibrosis Pulmonary exacerbation with features 
of bronchoconstriction and confirmed 
positive clinical response or in patients 
with positive BDR test, before inhalation 
of hypertonic saline

Rather commonly used, however 
ecommendations are not explicit

Transient tachypnoea of the newborns Very poor evidences for the efficacy

Chronic lung disease in premature babies Prevention and treatment Poor evidences for the efficacy

Familial dysautonomia SABA + SAMA 1 study confirming SABA efficacy

Other diseases with reversible 
bronchoconstriction

Acute chest syndrome in sickle cell disease Further studies are needed

Bronchodilator reversibility (BDR) test Spirometric features of bronchoconstriction
(FEV1%FVC < 80 % predicted value, 
FEV1%VC < 80% predicted value, 
PEF < 80% predicted value)

2–4 puffs of salbutamol
pMDI + inhalation chamber as the standard 
of BDR test

*One shouldn’t be afraid of administration of SABA (salbutamol) in the elderly (> 90 years) [65] FEV1 — forced expiratory volume in the first second; ICS — inhaled 
corticosteroids; COPD — chronic obstructive pulmonary disease; SABA — short-acting b2-agonists; SAMA — short-acting muscarinic antagonists; SMART — Single 
Maintenance and Reliver Therapy
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6.	 Parenteral, oral, or nebulized SABA are as-
sociated with increased risk of side effects 
(tachycardia, muscle tremor, headaches, hy-
pokalaemia). In this respect inhalation from 
pMDI is the safest method [53, 54].

7.	 Short-acting b2-agonist (alternatively in com-
bination with ipratropium bromide) in pMDI 
+ IC or in nebulization is the first-line initial 
treatment of acute exacerbation of COPD [55]. 
Dose of SABA from pMDI: 1–2 puffs every 
hour for the first 2–3 hours of treatment, then 
1–2 puffs every 2–4 hours depending on the 
response to the treatment [56].

8.	 Patients with COPD should receive air-driv-
en nebulization of SABA, but not high-flow 
oxygen-driven nebulization to avoid hyper-
capnia in patients with chronic respiratory 
failure [57].

Indications to SABA

Short-acting b2-agonists have been very 
important drugs for many years used in the man-
agement of various bronchoconstrictive diseases 
in children and adults. Indications for their ad-
ministration were collected in Table 3. 

Current place of SABA in the management 
of asthma is defined by GINA 2019 report, which 
considerably changes former recommendations 
(tab. 4) [35]. Experts in this report do not recom-
mend SABA monotherapy in all age groups (look 
tab. 3) because of patient’s safety. Each SABA 
(regardless of its inhalation formulation) should 
be used simultaneously with ICS — from one or 
separate inhalers (or sometimes with oral/paren-
teral corticosteroid). 

GINA 2019 report based on high-quality clin-
ical studies recommends the following as-need-
ed (emergency) step 1–5 treatment in patient 
≥ 12 years: low dose ICS in combination with 
formoterol [36]. As-needed SABA from pMDI or 

DPI remains alternative option (worse regarding 
the efficacy and safety). In children 6–11 years 
preferred emergency management is administra-
tion of SABA from pMDI + inhalation chamber 
in combination with ICS (any medication) or 
oral corticosteroid [36]. Administration of SABA 
from pMDI + inhalation chamber: 4–10 puffs 
for every 20 minutes for the first hour of symp-
toms. Budesonide in combination with formoterol 
in SMART therapy model is alternative option for 
some children [36]. In group of children up to 
5 years the only option of emergency treatment 
is SABA „as-needed” — from pMDI + inhalation 
chamber (preferred management) or in nebuli-
zation (alternative management) in all asthma 
steps [36].
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Early and interdisciplinary physiotherapy in a patient 
in the intensive care unit with a bronchopulmonary fistula 
after thoracic fenestration: a case report

Abstract
The aim of this study is to present the effects of the medical team’s therapy with particular focus on early physiotherapy in 
a patient subjected to elective pneumonectomy due to pleural empyema and chest fenestration. Our patient was 48 years old and 
underwent an elective pneumonectomy due to pleural empyema and cicatrization atelectasis as a result of complications. A lack 
of lung recoil after chest fenestration was the indication to transfer the patient to the intensive care unit (ICU) from the operating 
theater. Respective rehabilitation is necessary to restore the function of the respiratory system. It should be an integral part of the 
treatment plan, must be implemented in a timely manner, and should continue until the patient’s full recovery. This paper presents 
the effects of the medical team’s work with the emphasis on early physiotherapy in a patient in the ICU that resulted in a shorter 
hospitalization and a full return to functional capacity.

Key words: bronchopulmonary fistula, ICU, physiotherapy, stimulation of breathing, thoracic fenestration
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Introduction

The intensive care unit (ICU) is a com-
mon place for patients to stay after thoracic 
surgery when they are in a life-threatening 
condition. The process of treating patients in 
the ICU requires holistic management from 
the entire medical team. Operated patients are 
often exposed to prolonged immobilization. 
Early rehabilitation is safe and helps to reduce 
physical and psychological complications in 
patients. The priority is to improve the patient’s 
critical status caused by potentially reversible 
failure of bodily systems. Holistic therapy is an 
interdisciplinary specialty in clinical medicine 
which also includes physiotherapy. The pre-
sented case confirms that personalized therapy 
has a significant impact on the improvement 
of treatment results while patients return to 
functional capacity.

Case report

A male patient aged 48 had elective surgery 
performed due to right pleural empyema. The 
patient demonstrated protein-caloric wasting 
(body mass index: 17.36). He underwent pleural 
decortication, right-sided pneumonectomy due to 
cicatrization atelectasis with pulmonary gangrene 
(TBC) with lack of recoil, and fenestration of the 
chest on the right side. The anterolateral sections 
of ribs III–IX were removed. The procedure was 
complicated by large blood loss (2500 mL) and 
hemorrhagic shock. The patient under, the influ-
ence of general anesthetics, was transferred from 
the Thoracic Surgery Operating Theater to the ICU.

Physiotherapy in the patient with a bronchop-
leural fistula after thoracic fenestration was intro-
duced on the 5th day. The early implementation of 
the process allowed to limit the iatrogenic effects 
of immobilization. The process of physiotherapy 
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in the critically ill patient was personalized and 
adapted to his health condition. The management 
covered three comprehensive domains:
—	 preservation of the full range of motion in 

the joints and prevention of contractures;
—	 counteracting muscle weakening and muscle 

wasting;  
—	 improvement of circulatory and respiratory 

function.

Resection of the lung parenchyma was, in this 
case, an elective treatment. A proper rehabilita-
tion was necessary to restore efficient functioning 
of the respiratory system. The patient, who was in 
a medium-severe condition, conscious, and alert 
and oriented, was ventilated and infused with 
Levonor solution to assist circulation. The pro-
longed state of hypokinesia, which negatively af-
fected the anatomy of the human body, was coun-
tered with personalized kinesiotherapy. Passive 
exercise and functional positioning counteracted 
the decrease of muscle strength while, at the same 
time, proprioceptive stimulation influenced the 
central nervous system. Buerger’s exercises were 
also introduced covering a three-minute rotation 
of lower limb positioning in the following order: 
passive ischaemia, hyperemia, and rest. 

On the 10th day, bronchoaspiration was per-
formed and small amounts of mucopurulent 
secretion were sucked out until the stump of the 
bronchi was sealed. Fully assisted partial vertical-
ization was performed and a normal orthostatic 
change in vital parameters was noted. The effects 
came unexpectedly fast. From the 11th day on, 
rehabilitation could be performed in the sitting 
position. On the 12th day of the ICU stay, morphine 
was discontinued and assisted ventilation was 
withdrawn leaving the patient on passive therapy 
with nasal cannula 6 L/min. Exercises based on 
symmetrical pelvic movements in closed chains 
for the limbs were introduced in which the head 
and trunk are extended to enhance the sitting 
position during exercises of the shoulder girdle 
on the right side. In order to maintain proper ven-
tilation, stimulation of respiration using different 
pathways was used. On the 14th day, the patient 
was able to maintain the stabilization of the lower 
trunk independently in a position with feet resting 
and stabilized on the ground. Achieving a higher 
position allowed for the inclusion of exercises 
enhancing the muscular strength of the lower 
limbs using a bedside cycle ergometer (Figure 1). 
The patient was verticalized every day. On the 15th 
day, tracheostomy was performed due to a need for 
prolonged ventilation. The patient was ventilated 
again. In addition, the therapist introduced man-

ual work by stimulating the abdominal muscles 
to use indirect work on the respiratory system 
because after thoracic surgery, direct work on the 
surface of the ribs and sternum was impossible.

Rehabilitation was carried out 6 days a week 
continuing the plan of the program. On the 19th 
day, the patient was in logical contact without se-
dation and was disconnected from the respirator. 
He remained on his own breathing through the 
tracheotomy tube. The next verticalizations took 
place in full circulatory and respiratory capacity, 
with an oxygen saturation of 94–99%. The bone 
window created in the thorax wall allowed for 
open healing of the abscess (Figure 2). In addition 
to parenteral feeding through a central port, an 
easily digestible diet rich in protein was intro-
duced. The daily verticalization of the patient 
from the 14th day of hospitalization prevented the 
development of contractures of the short muscles 
of the feet and Achilles tendons. Verticalization of 

Figure 1. Training with a bedside cycle ergometer (informed consent 
to publication was obtained from patient)
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the patient in stages forced him to be active and 
involved. In the first period, he stabilized his feet, 
knee joints, pelvis, and shoulder girdle. At the end 
of the rehabilitation process, after applying appro-
priate knee joint fixation, the patient stood inde-
pendently aided only by support at one location 
(on the sacral bone). In the afternoon, the patient 
performed simple self-assisted exercises of the 
upper limbs in a sitting position. Rehabilitation 
of the critically ill patient was conducted under 
constant monitoring of the bodily systems: blood 
pressure, ECG, saturation, and capnometry. On 
the 26th day, a cardiopulmonary and respiratory 
capable patient with passive oxygen therapy was 
transferred to the Department of Thoracic Surgery 
where he stayed for the next 10 days. 

After the fenestration was closed, pleural 
sterilization was performed through a drain 
with an iodine solution and a dressing change. 
The chest was asymmetrical. The rehabilitation 
process was continued and exercises with blue 
Thera-band were introduced. The patient was 
educated about the purposefulness of carrying 
out resistance exercises with tools such as a water 

bottle or Trifflo apparatus. The correct perfor-
mance of these exercises aided in the evacuation 
of bronchial tree secretions. From the very first 
day in the Thoracic Surgery department, the 
most important thing in the rehabilitation pro-
cess was the patient’s independent activity. The 
exercises in the ICU were initially assisted on by 
a therapist. As the patient’s muscle strength and 
education improved, they began to be initiated by 
the patient himself and were performed several 
times a day after receiving proper instructions 
from the physiotherapist. An increase in the 
strength of the respiratory muscles was observed 
in the following days. There was also a significant 
increase in chest circumference and a reduction 
in dyspneic episodes during resisted breathing 
exercises. Building trust and a sense of security in 
a critically ill patient is an important foundation-
al step that initiates good therapy perspectives, 
especially when taking into account the long du-
ration of rehabilitation at all stages of treatment.

The patient was discharged home from 
the Clinical Thoracic Surgery Department after 
36 days in the Provincial Clinical Hospital — Cen-
ter for Lung Diseases in a stable condition. He 
was fully capable and independent. The patient 
remained in the care of the Thoracic Surgery Out-
patient Clinic where he had regular follow-ups.  

Discussion 

Interdisciplinary rehabilitation undertaken in 
the ICU is an indispensable element of the holistic 
treatment process of patients. According to Parker 
et al., programmed physiotherapy contributes to 
a reduction in the occurrence of possible disor-
ders acquired by surgical patients in the ICU [1]. 
Dhand reports that polyneuropathy, myopathy, 
and prolonged neuromuscular blockade are now 
considered a frequent cause of newly acquired 
disease syndromes in these patients [2]. Early 
rehabilitation is associated with increased func-
tional capacity and muscle strength in critically 
ill patients. The cyclical nature of verticalization 
affects the patient’s perceived quality of life. In 
addition, Chapman et al. demonstrated that keep-
ing the patient in a semi-high position not only 
protects him from aspiration of offending agents 
in the alimentary tract, but also protects against 
ventilator-associated pneumonia [3]. Ibáñez et 
al. presented similar conclusions emphasizing 
the significant impact of early rehabilitation in 
critically ill patients which reduced the time of 
their hospitalization in the ICU [4]. Other stud-
ies have shown that early physical mobilization 

Figure 2. Dressing change (informed consent to publication was 
obtained from patient)
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can be performed in critically ill patients even 
when they require mechanical ventilation thanks 
to movement patterns based on Proprioceptive 
Neuromuscular Facilitation (PNF) [5]. It is empha-
sized that actions to improve the state of critically 
ill patients should be carried out while observ-
ing the results of monitoring systems including 
blood pressure, ECG, and oxygen saturation [6]. 
It has been shown that an increase in respiratory 
function is associated with the use of resistance 
and strengthening exercises which influence 
the increase in the efficiency of the critically ill 
organism [7]. The effectiveness of respiratory 
rehabilitation based on the elements of the PNF 
method to increase respiratory functions was also 
demonstrated by authors who carried out research 
using resistance and strengthening respiratory 
exercises in neurological patients in ICUs [8, 9]. 
Park et al. recommended indirect work on the 
respiratory system when direct work on the ribs 
is impossible so that the abdominal muscles are 
stimulated [10]. It was also demonstrated that 
bedside cycling can improve rehabilitation in 
critically ill patients as it ensures low-intensity 
movement and introduces activity to patients af-
ter pneumonectomy which affects the individual 
improvement of the body’s capacity [11]. Our pa-
per joins the growing collection of literature that 
suggests that early training cycles on a bedside 
bike can safely be carried out with critically ill 
patients. Camargo Pires-Neto et al. confirmed that 
a single 20-minute cycling session commenced 
within the first 72 hours showed no safety con-
cern as long as patients received low-dose infu-
sions of a vasoactive drug to limit the increase in 
cardiac output [12]. Cycling specifically targets 
the legs and requires movements that involve 
hip flexion which is important because these 
are parts of the body that are most susceptible to 
muscle atrophy and weakness when lying in bed 
[13]. Maintaining muscular strength may improve 
functional outcome as both paresis acquired at 
ICU and decreased muscle strength were inde-
pendently associated with poor hospital results 
[14]. Early rehabilitation had a significant impact 
on the functional state, muscle strength, mechan-
ical ventilation time, gait capacity on discharge, 
and overall quality of life [15].

The analysis of the material as well as the 
authors’ own experiences allow for the formula-
tion of several conclusions regarding early tho-
racic-surgical rehabilitation of the patient at the 
ICU. The main goal of rehabilitation is to prevent 
complications resulting from immobilization by 
instilling early and functional mobilization of 

the patient which shortens hospitalization and 
accelerates the return of functional capacity by 
improving the patient’s quality of life.
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A case of an 81-year-old with cough and dyspnea

Abstract
It is uncommon to diagnose usual interstitial pneumonitis as a unilateral presentation. We present a case of an 81-year-old current 
smoker who presented with exertional dyspnea and dry cough. The patient had right sided UIP pattern in the CT chest along with 
hiatus hernia. The etiology for the unilateral lung involvement was postulated to be due to the hiatus hernia leading to gastro- 
-esophageal reflux disease (GERD) which caused micro aspirations leading to lung injury and fibroblast activation. Whether this 
can be prevented by anti-reflux medications needs further research. Our patient was managed with pirfenidone, metered dose 
inhalers containing tiotropium and proton-pump inhibitors. Thus, a high index of suspicion for underlying gastro-esophageal reflux 
must be kept in such patients to arrive at an early diagnosis and start treatment.

Key words: unilateral UIP, GERD, hiatus hernia
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Introduction

Usual interstitial pneumonitis (UIP) pattern 
is often seen in idiopathic pulmonary fibrosis, 
rheumatoid arthritis associated interstitial lung 
disease, chronic hypersensitivity pneumonitis, 
asbestosis along with progressive fibrosing inter-
stitial lung diseases. The pattern is described with 
bilateral subpleural basal reticular opacities with 
honeycombing, with or without traction bronchi-
ectasis. Occasionally, there can be a unilateral 
presentation of this pattern leading to diagnostic 
dilemma. We present a case of an elderly male 
patient who had an unilateral UIP with an inter-
esting underlying probable etiology.

Case report

An 81-year-old man, current smoker with 
30 pack-years smoking history, presented to 
the out-patient department with complaints of 
gradually progressive exertional dyspnea for 
4 months associated with dry cough, more in the 
evening. There was no history of fever, hemopt-
ysis, loss of weight or appetite. The patient was 
on proton-pump inhibitors (PPI) irregularly since 

last 6 years for gastroesophageal reflux disease 
(GERD). There were no other comorbidities. He 
denied history of joint pains, Raynaud phenome-
non, skin tightening, dry eyes, dry mouth or any 
skin rash. The patient had no other drug intake, 
relevant family history and has negative autoim-
mune markers.

Examination of the chest revealed right sid-
ed end-inspiratory Velcro-like crackles. Arterial 
blood gas analysis revealed the following parame-
ters: pH — 7.41, pO2 — 63, pCO2 — 39 and bicar-
bonate (HCO3) — 24. A spirometry was suggestive 
of FEV1/FVC (forced expiratory volume in one 
second/forced vital capacity) of 63, FEV1 — 40% 
and FVC — 65%; signifying obstruction with pos-
sible restriction, which was confirmed by a low 
total lung capacity. The chest X-ray and chest CT 
scans are attached (Figures 1–5).

The case was discussed in multidisciplinary 
discussion and both the radiologist and pulmo-
nologist opined that it fulfils the criteria of usual 
interstitial pneumonia pattern. The etiology of 
unilateral involvement was postulated as gastro-
esophageal reflux disease (GERD) with recurrent 
aspirations in view of the nocturnal cough, use 
of PPI and a large hiatus hernia evident on CT 
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Figure 1.  Frontal chest radiograph showing volume loss in the right 
hemithorax with ipsilateral cardio-mediastinal shift. Diffuse reticular 
opacities with preferential involvement of the right side and an apico-
basal gradient on the left side

Figure 2. Axial sections through the upper lung zone show relative sparing of the lung apices and preferential involvement of the right side with 
compensatory hyperinflation on the left side. There is mild peripheral subpleural reticulations and traction bronchiolectasis

scan. A study done by Raghu et al. has shown 
that GERD prevalence is up to 87% in idiopathic 
pulmonary fibrosis (IPF) with only half of them 
having symptoms [1]. Another study suggested 
that nearly 66% of patients with IPF had reflux 
and symptoms did not help to diagnose it [2]. 
Hence, in the absence of symptoms, diagnosing 
GERD early and identifying it as a risk factor 
for initiation and progression of IPF is difficult. 
However, GERD associated with recurrent as-
pirations, preferably on the right side can lead 
to lung injury and fibroblast activation which 
may be responsible for unilateral IPF. Whether 
this can be prevented by anti-reflux medica-

tions needs further research. Our patient was 
discharged on pirfenidone, metered dose in-
halers containing tiotropium and proton-pump 
inhibitors. He did not give consent to surgical 
lung biopsy.

Thus, a final diagnosis of unilateral usual 
interstitial pneumonitis (UIP) with underlying 
hiatus hernia causing GERD was made. In view 
of negative drug history, autoimmune history and 
investigations, occupational or exposure history, 
a diagnosis of unilateral IPF was considered.

Discussion

The literature on unilateral IPF and its plausi-
ble mechanisms is sparse [2]. A study of 14 asym-
metrical IPF when compared to symmetrical IPF 
revealed similar clinical characteristics, including 
more frequent occurrence in men, elderly popula-
tion with history of smoking with a trend towards 
increased mortality over an eight-year follow-up. 
The etiology of the unilateral nature of the disease 
could not be ascertained as GERD, prior radiation 
therapy to the chest and smoking history was not 
found to be significantly different. The authors, 
however, admitted to the small sample size to be 
able to find any causative etiologies [3].

Another large study of asymmetrical IPF 
investigated 96 patients, out of which 32 had 
asymmetrical IPF, but none had unilateral disease. 
This study found GERD and micro-aspirations as 
a plausible mechanism of the asymmetrical dis-
ease, which was supported by the increased right 
lung involvement [4]. A case of a middle-aged 
man with unilateral UIP revealed associated 
pulmonary artery sarcoma which can be the un-
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Figure 3.  Axial sections through the carina and bronchus intermedius show apicobasal gradient with prominent traction bronchiectasis, fibrotic 
opacities, interlobular septal thickening on the right side with associated volume loss

Figure 4. Axial sections through the lower lobes show diffuse traction 
bronchiectasis and peripheral subpleural honeycombing on the right side. 
The left lower lobe reveals mild peripheral reticulations and interlobular 
septal thickening with underlying air trapping and bronchiectasis
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Figure 5. Magnified images of the right lower hemithorax showing 
peripheral subpleural honeycombing with basal predominance

derlying etiology in view of chronic pulmonary 
ischemia or the tumor producing some fibrogenic 
factors [5].

Two case reports of unilateral UIP were re-
ported to be associated with connective tissue 
disorders — a young female with systemic scle-
rosis had GERD as the possible etiology of uni-
lateral right sided UIP and a 70-year-old female 
with Sjogren syndrome with unilateral UIP who 
presented with an exacerbation [6, 7]. There is an 
interesting case report of Sweyer James Macleod 
syndrome (SJMS) presenting with unilateral UIP. 
The authors postulated that SJMS depletes the 
lung of source of myofibroblast which include 
epithelial cells and myofibroblasts. This leads to 
a protective effect for that lung, and eventually, 
the patient develops unilateral UIP only in the 
contralateral side [8].

Conclusion

To conclude, the existing literature on unilat-
eral UIP is limited to case reports and case series, 
in view of its uncommon occurrence. However, 
a high index of suspicion must be kept for under-
lying possible causes like GERD resulting from 
hiatus hernia in such patients.
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Massive hemoptysis due to anastomosis between 
the left phrenic artery and pulmonary arteries/veins

Abstract
Massive hemoptysis is a serious medical condition or emergency which needs immediate treatment. It typically appears in the 
bronchial arteries and can be caused by a wide range of pulmonary diseases. This report is based on a very rare case of a patient 
bleeding from an anastomosis between the left phrenic artery and pulmonary arteries/veins. In this case, the chest computed 
tomography had detected changes which required doctors to perform a successful embolization.

Key words: hemoptysis, phrenic artery, pulmonary artery, anastomosis, embolization
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Introduction

Hemoptysis, or the expectoration of blood, 
can range from the blood-streaking of sputum 
to the presence of gross blood in the absence 
of any accompanying sputum. Hemoptysis has 
a broad differential diagnosis, but the cause can 
be determined in the majority of patients [1]. 
Before assuming that the source of bleeding is 
from the lower respiratory tract, the possibility 
that the blood may be coming from a non-pul-
monary source, such as the upper airway or 
the gastrointestinal tract, should be considered 
[2]. Hemoptysis is commonly caused by bron-
chiectasis, chronic bronchitis, and lung cancer 
[3]. Other rare causes of hemoptysis include 
pulmonary hamartomas, a congenital unilateral 
absence of the left pulmonary artery, and primary 
pulmonary hypertension [4]. Bronchopulmonary 
sequestration also can be a cause of hemoptysis.

When a patient presents with massive he-
moptysis, the initial steps are to correctly po-
sition the patient, establish a patent airway, 
ensure adequate gas exchange and cardiovascular 
function, and control the bleeding [5]. Recently, 
non-bronchial systemic arteries have been report-

ed as an important source of bleeding in patients 
with massive hemoptysis [6]. The Pulmonology 
Department of Kaunas Clinics, which is also 
connected to the Lithuanian University of Health 
Sciences, had a case where a 47-year-old male 
was hospitalized because of continued coughing 
up of blood over the course of, approximately, 
a few months. The diagnosed cause was both 
unexpected and rare.

Case report

A 47-year-old male had complained about 
continuing weakness, night sweats, and coughing 
up of blood (up to 200 mL per day). The patient 
had a history of chronic pancreatitis. He had no 
history of chronic bronchitis, bronchiectasis, 
tuberculosis, lung cancer, or other diseases. He 
had been smoking for roughly 30 years (approxi-
mately 10 cigarettes per day). Moreover, the man 
had been working as a welder for a long time. The 
patient reported no family history of any “lung 
problems”.

The patient had been treated at the depart-
ment of pulmonology 10 months ago. The man 
suffered from a low-risk pulmonary embolism, 
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left lung abscess, and pneumonia. The prescribed 
medicine was heparin (of a low molecular weight) 
and later, rivaroxaban, an oral factor Xa inhibitor 
(for a 3 month period). In addition, the patient had 
also received therapy in the form of antibiotics. Fi-
nally, after the stationary period, the man started 
coughing up a small amount of blood. This contin-
ued for about a week, but eventually disappeared. 
Then, 3 months ago, the coughing up of blood 
had returned and the patient was subsequently 
hospitalized in Panevezys regional hospital. An 
examination of the chest was carried out with the 
help of a computed tomography (CT) scan and it 
showed that the lower lobe of the left lung had 
changes (infiltration with air bronchograms), and 
the middle lobe and the basal segments of the 
right lung had ground-glass opacities. Further-
more, a flexible bronchoscopy showed no changes 
and the microscopy of the bronchial specimens 
showed no acid resistant sticks (ARS). Finally, 
Mycobacterium tuberculosis was not found to be 
growing in bronchial specimens. The treatment 
had been carried out with the help of antibiotic 
therapy and the anemia had been corrected with 
red blood cell (RBC) transfusions.

After the stationary treatment, the man con-
tinued to cough up blood over the next few months 
and was admitted to our hospital for the third 
time. During the last visit, the patient’s health was 
normal, and his hemodynamics were also stable. 
The breath sound was vesicular without changes, 
and the breathing frequency was 16 breaths per 
minute. SpO2 was measured to be at 96 percent 
without any additional oxygen. There were no 
significant changes in other systems.

Based on the complaints, the disease an-
amnesis, and the data of the objective analysis, 
the patient was diagnosed with hemoptysis and 
chronic pancreatitis.

The blood analysis had showed anemia [he-
moglobin (Hb) of 98 g/L with a slightly increased 
C–reactive protein (CRP) level of 23.8 mg/L]. 
Moreover, a slightly increased amount of liv-
er enzymes [aspartate aminotransferase (AST) 
— 112 IU/L and alanine aminotransferase (ALT) 
— 39 IU/L] was also noted. The indicators of blood 
coagulation were within normal ranges. Finally, 
a fibro-bronchoscopy (FBS) was carried out be-
cause of an unclear source of bleeding from the 
respiratory tract. During FBS, a small amount of 
blood was observed in the lingula bronchus, and 
no active bleeding was found.

The bloody coughing continued through-
out the treatment period so, therefore, a CT 
of the chest was performed. The chest CT re-
vealed a heterogenous ill-defined consolidation 
and ground glass opacities in the lower lobe of 
the left lung (Figure 1). Contrast-enhanced CT 
showed a wide left branch of the phrenic artery 
and abnormal contrast enhancement in the 
basal segments of the left lung. These changes 
were considered to be anastomoses between the 
left phrenic artery and pulmonary arteries and 
veins. (Figure 2). Therefore, in order to stop the 
unnatural blood circulation, angiography and 
embolization of the left phrenic artery was per-
formed (Figure 2).

Overall, this treatment was successful, and 
the symptoms were eliminated. At follow-up over 
one year after successful treatment, the coughing 

Figure 1. Computed tomography axial images demonstrate a heterogenous consolidation and ground glass opacities in the lower lobe of the left 
lung: A. Lung window (the lesion — white arrows); B. Soft-tissue window (the lesion — white arrows)
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up of blood did not recur. The patient feels well 
and can engage in routine activities.

Discussion

This report presents a clinical case of a mid-
dle-aged male patient who had coughed up blood 
for a long time. However, the final diagnosis was 
unexpected and rare. 

Blood arising from the bronchial arteries 
has a high perfusion pressure and as a result, is 
a more common source of massive hemoptysis 
than blood from the pulmonary circulation [7]. 
Less than 10% of all cases of hemoptysis originate 
from the pulmonary arteries [8]. In the remaining 
10% of cases, the internal mammary, intercostal, 
and inferior phrenic artery are typically involved 
in hemoptysis [9]. This case of hemoptysis was 
caused by an anastomosis between the left phren-
ic artery and pulmonary arteries/veins. Transpleu-
ral systemic-pulmonary artery anastomoses may 
develop in patients with bronchiectasis, cystic 
fibrosis, tuberculosis, or chronic pneumonia [9]. 
In the case presented, a man had an anastomosis 
between the left inferior phrenic artery and pul-
monary arteries and veins in the form of a fistula 
which was the source of bleeding in the left lower 
lobe. The literature describes several clinical 
cases of hemoptysis caused by fistula formation 
between the phrenic artery and pulmonary artery. 
Yakushiji et al. published a similar clinical case 

with massive hemoptysis when an elderly woman 
had a right inferior phrenic artery-to-pulmonary 
artery fistula [10].

In our case, the localization of the vascular 
anastomosis was the same. For this reason, we 
think that the left lung abscess which was detected 
and treated in the hospital 10 months ago was the 
reason this pulmonary vascular anastomosis. A left 
lung abscess could have caused pulmonary se-
questration, which in turn would explain why the 
male patient presented with recurrent hemoptysis.

Pulmonary sequestration is a rare congenital 
malformation that is uncommonly diagnosed 
during adulthood [11]. Most pulmonary seques-
trations arise in the left lung and receive blood 
supply from the systemic circulation, most com-
monly from the thoracic or abdominal aorta [11]. 
Initially, intrathoracic sequestration was thought 
to be a congenital anomaly and the “accessory lung 
bud theory” was considered to be the basis for its 
development [12]. Current concepts, however, 
suggest that it could be an acquired disease and 
may be attributed to obliterative bronchitis and 
obstruction of the lower lobe bronchus secondary 
to repeated necrotizing infections of the lung [12]. 
We think that our patients pulmonary sequestra-
tion developed after the left lung abscess. Chest 
CT findings are useful for the diagnosis of pulmo-
nary sequestration as those can show cystic areas 
or areas of consolidation with the abnormal artery 
usually being mostly in the lower lobe [13].

Figure 2. Contrast-enhanced computed tomography images: A. Maximum intension projection (MIP) — the white arrow shows a wide left branch 
of phrenic artery; the black arrow shows abnormal contrast enhancement in the basal segments of the left lung; B. Angiography (white arrow) 
confirmed an abnormal vascular anastomosis between the left inferior phrenic artery and pulmonary arteries and veins
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Conclusion

Massive hemoptysis is a serious medical 
condition which needs immediate treatment. The 
present clinical case demonstrates that effective 
transcatheter embolization is a well-established 
and effective non-surgical procedure for the man-
agement of massive hemoptysis.
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A rare initial presentation of miliary tuberculosis
Somya Ish1, Vidushi Rathi2, Pranav Ish2, Himanshu Garkoti1, Deepa Sharma1

1Department of Ophthalmology, Dr Ram Manohar Lohia Hospital, New Delhi, India
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New Delhi, India

A sixteen-year-old female presented with a gradual decrease of vision in the left eye for two weeks. She 
did not report any fever, weight loss, discharge, or redness of the eye. The chest X-ray of the patient was 
normal. On ocular examination, the best corrected visual acuity in the right eye was 6/6. In the left eye, the 
best acuity was noted when fingers were counted close to the face. Anterior segment examination of both the 
eyes was normal with normally reacting pupils. The fundus examination of the right eye was normal. In the 
left eye, a well-defined, subretinal, elevated, and oval-shaped lesion was located on the macula. It had a 1.5 
mm disc diameter (DD) that had overlying dilated vessels and adjacent oedema with subretinal haemorrhage 
which was suggestive of a possible tuberculoma (Figure 1A). Optical coherence tomography (OCT) of the 
macula of the left eye revealed elevation of all the retinal layers along with parafoveal subretinal fluid and 
one intraretinal cystic space (Figure 1B). There was a history of pulmonary tuberculosis two years ago which 
was microbiologically diagnosed and adequately treated for six months. 

The patient subsequently developed malaise, weight loss, and a positive tuberculin skin test. A repeat 
chest X-ray done 1 week after the initial presentation was suggestive of miliary tuberculosis (Figure 1C). There 
were no neurological deficits or symptoms of higher mental dysfunction. A non-contrast CT of the head was 
performed and the results were normal. A sputum sample was examined using the cartridge-based nucleic 
acid amplification test (CBNAAT) and returned positive for mycobacterium tuberculosis with no rifampicin 
resistance. The patient was treated with antitubercular therapy (ATT) alongside systemic steroids and showed 
symptomatic improvement.

Ocular TB is a rare presentation (1% of all cases of TB) and can involve any part of the eye [1]. The most 
common intraocular manifestations of tubercular posterior uveitis include multiple choroidal tubercles and, 
less commonly, as a large solitary tuberculoma located at the posterior pole [2], which was seen in our case. 
Moreover, a solitary tuberculoma is often seen in the chronic course of the disease and, uncommonly, as the 
initial manifestation of miliary tuberculosis. Even though the exact mechanism remains unclear, the choroid 

Figure 1. A. Fundoscopic examination of the left eye revealing a well-defined, subretinal, elevated, and oval-shaped lesion that was located on 
the macula. It had a 1.5 mm disc diameter (DD) that had overlying dilated vessels and adjacent oedema with subretinal haemorrhage, which 
was suggestive of a possible tuberculoma; B. Optical coherence tomography (OCT) of the macula of the left eye demonstrating an elevation 
of all the layers of the retina with parafoveal subretinal fluid and one intraretinal cystic space; C. Chest X-ray posterior-anterior view showing 
miliary shadows bilaterally suggestive of miliary tuberculosis

A B C

mailto:pranavish2512@gmail.com


Somya Ish et al., A rare initial presentation of miliary tuberculosis

463www.journals.viamedica.pl

tubercles may suggest direct hematogenous infection, whereas the vasculitis and choroiditis are more likely 
to be the result of immune hypersensitivity [3]. According to previously reported cases, affected patients often 
have healed pulmonary tuberculosis, although rarely choroidal manifestations may lead to the subsequent 
diagnosis of pulmonary tuberculosis [4]. This is what occurred in our case. Choroidal tuberculoma has also 
been reported as an isolated presentation with no extra-ocular tuberculosis [5].

This case highlights the truly systemic nature of disseminated tuberculosis. A high index of suspicion 
by doctors of various specialities can help in making an early diagnosis with an appropriate treatment plan 
to prevent morbidity. 

References: 
1.	 Bodaghi B, LeHoang P. Ocular tuberculosis. Curr Opin Ophthalmol. 2000; 11(6): 443–448, doi: 10.1097/00055735-200012000-

00010, indexed in Pubmed: 11141639.
2.	 Arej N, Fadlallah A, Chelala E. Choroidal tuberculoma as a presenting sign of tuberculosis. Int Med Case Rep J. 2016; 9: 365–368, 

doi: 10.2147/IMCRJ.S119703, indexed in Pubmed: 27956845.
3.	 Shakarchi FI. Ocular tuberculosis: current perspectives. Clin Ophthalmol. 2015; 9: 2223–2227, doi: 10.2147/OPTH.S65254, indexed 

in Pubmed: 26648690.
4.	 Jabbour NM, Faris B, Trempe CL. A case of pulmonary tuberculosis presenting with a choroidal tuberculoma. Ophthalmology. 1985; 

92(6): 834–837, doi: 10.1016/s0161-6420(85)33952-0, indexed in Pubmed: 4034179.
5.	 Mansour A, Haymond R. Choroidal tuberculomas without evidence of extraocular tuberculosis. Graefe’s Archive for Clinical and 

Experimental Ophthalmology. 1990; 228(4): 382–383, doi: 10.1007/bf00920066.

http://dx.doi.org/10.1097/00055735-200012000-00010
http://dx.doi.org/10.1097/00055735-200012000-00010
https://www.ncbi.nlm.nih.gov/pubmed/11141639
http://dx.doi.org/10.2147/IMCRJ.S119703
https://www.ncbi.nlm.nih.gov/pubmed/27956845
http://dx.doi.org/10.2147/OPTH.S65254
https://www.ncbi.nlm.nih.gov/pubmed/26648690
http://dx.doi.org/10.1016/s0161-6420(85)33952-0
https://www.ncbi.nlm.nih.gov/pubmed/4034179
http://dx.doi.org/10.1007/bf00920066


PRACA ORYGINALNA

464

CLINICAL VIGNETTES

www.journals.viamedica.pl

Address for correspondence: Gopal Chawla, All India Institute of Medical Sciences, Jodhpur, Rajasthan, India; e-mail: dr.gopalchawla@gmail.com
DOI: 10.5603/ARM.a2020.0144
Received: 29.03.2020
Copyright © 2020 PTChP
ISSN 2451–4934
Conflict of interest: None declared

A young non-smoker with high ADA pleural effusion. 
It’s not always tuberculosis
Gopal Chawla1, Amrit Pal Kansal2, Kunal Deokar1

1All India Institute of Medical Sciences, Jodhpur, Rajasthan, India
2Government Medical College, Patiala, India

Lung cancer is posing an ever-increasing medical and social problem due to its increasing morbidity and 
mortality. Here, we report a case of a young male who was originally being treated for a tubercular pleural 
effusion but was ultimately diagnosed with non-small cell carcinoma. While considering the diagnosis of 
pleural effusion in a country like India, where tuberculosis (TB) is endemic, it is not surprising that many 
clinicians prefer to consider pulmonary tuberculosis ahead of malignancy in the differential diagnosis, espe-
cially in a young patient.

A 26-year-old non-smoking and immunocompetent male presented with complaints of an intermit-
tent fever, cough with mild expectoration, right-sided chest pain which increased on deep inspiration, and 
dyspnea for two months. His routine blood investigations were within normal limits and a general physical 
examination was also normal.  His chest X-ray revealed a pleural effusion with left lower zone heterogeneous 
infiltration. He was started on anti-tubercular therapy on the basis of a lymphocytic and high ADA (67.7 IU) 
pleural effusion. However, even after one month, he did not respond to the treatment. Repeated diagnostic 
thoracentesis showed small and large clusters of malignant squamous epithelial cells exhibiting an increased 
nuclear-cytoplasmic ratio and nuclear hyperchromatism on MGG and PAP stained cytological smears. IHC 
was positive for p63 suggesting squamous cell carcinoma with the primary location possibly being in the lung. 
CECT showed a mass measuring 4 × 6 cm in the right lower lobe with a bronchus cut-off sign along with a 
mild pleural effusion and mediastinal lymphadenopathy (Figure 1). On bronchoscopy, multiple nodules were 
seen in the right lower lobe bronchus. Endobronchial lung biopsy confirmed the diagnosis of squamous cell 
carcinoma. The patient was diagnosed with a pT2bN1M1a stage IV squamous cell carcinoma according to the 
International Union Against Cancer staging system.

Lung cancer in young people is uncommon. It has been reported that only 1.2% to 2.7% of patients diagno-
sed with lung cancer are less than 40 years of age. In the younger group, women are more highly represented 
than in the older group.  Adenocarcinomas are more frequent than squamous cell carcinomas among young 
and newer smokers [1].

Cigarette smoking is a major risk factor for lung cancer in young people. Factors other than smoking 
include environmental(second-hand) tobacco smoke, indoor air pollution (e.g. coal and cooking fumes), a 
family history of lung cancer, occupational and environmental agents (e.g. radon, asbestos, and heavy metals), 
preexisting lung diseases, and/or human papillomavirus infection [2]. The  young man here, however, had not 
been significantly exposed to any of these factors. Therefore, other factors such as environmental carcinogens 
or genetic susceptibility might have contributed to the development of lung cancer.

Young patients with lung cancer often have advanced stages at presentation, and this was similar to what 
we witnessed in our present case. It has been suggested that this is due to the high malignant nature and/or 
the delayed diagnosis resulting from a low degree of suspicion of cancer, but this relationship is not significant 
[1]. It is speculated that younger patients can be managed in a more aggressive fashion than older patients 
because of their better overall medical conditions [2].

It is unknown why younger patients with carcinoma more commonly present with advanced disease. 
Because bronchogenic carcinoma in this age group is rare, both public and professional awareness is limited. 
Young patients may not suspect serious illness and often ignore any type of symptoms. Moreover, physicians 
often may not suspect an underlying carcinoma despite persistent pulmonary symptoms or abnormal findings 
on chest roentgenograms. The mean duration of symptoms before diagnosis is usually 4–5 months [3].

Therefore, repeated cytology should be performed in cases of pleural effusion that are not responsive to 
treatment even if the first cytology sample is negative and excludes the possibility of lung cancer.  If non-small 
cell bronchogenic carcinoma is diagnosed and signs of distant metastasis are lacking, further exploration is 
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necessary because improved survival depends on surgical resection. Because the rarity of the disease in this 
particular age group often delays the diagnosis, it is very important for all clinicians to consider the possibility 
of lung cancer in young patients where presentation or follow-up is atypical. Suspicion along with aggressive 
treatment may lead to an earlier diagnosis and a better prognosis.
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Figure 1. A. Chest X-ray showing a right pleural effusion with atelectasis; B. CT scan showing a mass lesion with pleural effusion; C. Micro-
scopic 10× picture of the pleural effusion with small and large clusters of atypical cells; D. Endobronchial biopsy 10× showing atypical cells
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Pneumomediastinum and subcutaneous emphysema after 
noninvasive ventilation in a COVID-19 patient
Natale Vazzana, Silvia Ognibene, Francesco Dipaola
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An 80-year-old man was admitted because of persistent fever and dyspnea. Two days before he presented 
at the emergency department with a 5-day history of non-productive cough and fever. Chest X-ray revealed 
bilateral alveolar infiltrates. Blood tests showed mild leukocytosis, increased C-reactive protein and normal 
procalcitonin. Oxygen saturation was 96% at ambient air. High-resolution chest tomography (HRCT) showed 
bilateral ground-glass opacities. SARS-CoV-2 infection was diagnosed via nucleic acid test on nasopharyngeal 
swab. Hydroxychloroquine was started and he was discharged to home isolation. In the following 48 hours his 
symptoms did not improve. At second presentation, oxygen saturation was decreased to 93%, body temperature 
was 39.9°C, and respiratory rate was 30 breaths/min. Physical examination was notable for crackles in both 
lung bases. He was admitted to our COVID-19 ward and supplemented with oxygen through a non-rebreather 
face mask. Antiviral therapy (lopinavir/ritonavir) was added to ongoing hydroxychloroquine for 10 days. 
Intravenous (IV) antibiotics (ceftriaxone plus azithromycin) were also administered from day (D)2 to D7, and 
ceftriaxone alone was extended until D12. He was also receiving thromboprophylaxis (fondaparinux 2.5 mg/day) 
since admission. Although fever decreased within the first 5 days, his respiratory status progressively worsened, 
with a decrease in PaO2/FiO2 to less than 150. Steroid was started at D6 (IV methylpredinisolone 60 mg/die) 
with little improvement. Noninvasive ventilation was then applied (PPEP 6–8 cmH2O), but it was stopped 
after 48 hours because of poor compliance. Repeated HRCT scan showed increased ground-glass opacities and 
parenchymal consolidations (Figure 1). Pneumomediastinum was also observed, together with subcutaneous 
emphysema (Figure 1). Conservative treatment was applied, and antibiotic therapy was resumed because of 
fever relapse. In the following days, he received conventional oxygen supplementation, fever disappeared, but 
no further improvement of respiratory function was observed. He was ultimately transferred to a long-term 
care unit, where he continued receiving supportive and palliative treatment.

Figure 1. A. HRCT scan showing multiple ground-glass opacities with thickening of interlobular and intralobular septa (crazy-paving pattern) 
and a parenchymal consolidation in the left lower lobe. Pneumomediastinum was also observed around the heart, with the presence of connec-
tive tissue septae; B. Pneumomediastinum extended upward between the mediastinal pleura, the aortic arch and the superior mediastinum, 
together with subcutaneous emphysema extending to the soft tissue of the cervico-axillary region, and the lateral thoracic wall

A B
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Pneumomediastinum is an uncommon complication of mechanical ventilation [1]. Spontaneous pneumo-
mediastinum has also been observed in association with several structural lung diseases, including chronic 
obstructive lung disease, asthma, and interstitial lung diseases [1, 2]. More recently it has been reported 
complicating the course of COVID-19 [3]. Both spontaneous and ventilation-associated pneumomediastinum 
has been observed in patients with SARS, with high peak LDH level associated with its development [4]. 
In the presence of diffuse alveolar damage, free air could leak from ruptured alveoli, dissecting along the 
bronchovascular sheaths towards the mediastinum (Macklin effect) [1]. Symptoms and signs include chest 
pain, worsening dyspnea, subcutaneous emphysemas, mediastinal (Hamman’s) crunch on heart auscultation 
[1]. Pneumomediastinum is generally a self-limiting condition [2]. More rarely it could be life-threatening by 
mimicking cardiac tamponade [1]. Here, we reported a case of pneumomediastinum in a patient with severe 
COVID-19-related pneumonia necessitating noninvasive ventilation. Prompt recognition is required during 
ventilatory support as it may promote its progression [5]. In both SARS and COVID-19, pneumomediastinum 
has been associated with a more severe course [3, 4], possibly reflecting massive alveolar and interstitial 
pulmonary injury. The occurrence rate of pneumomediastinum among ventilated COVID-19 patients is still 
unknown. Further data are needed to identify the mechanisms, frequency, risk factors and prognostic role of 
this rare complication of COVID-19.
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Vascular microthrombosis associated with increased 
interleukin-6. A severe acute respiratory distress syndrome 
in COVID-19 patients treated with tocilizumab

To the Editor

Thrombosis is an important pathology in 
the deterioration of COVID-19 patient [1–3]. 
In the course of the COVID-19 outbreak at the 
Masih Daneshvari hospital in Iran, we observed 
different cases of cerebrovascular thrombosis, 
deep vein thrombosis, and cases of pulmonary 
microthrombosis despite therapeutic dosing 
with enoxaparin. These thrombotic cases were 
detected by transbronchial lung biopsy mostly in 
COVID-19 infected patients with high interleu-
kin-6 (IL-6) levels. This proposes that respiratory 
failure and hypoxemia might be associated with 
microthrombosis in the small vessels of the pul-
monary tract. Moreover, we detected monocytosis 
accompanied by lymphopenia in most of the 
cases. Monocytosis can additionally potentiate 
the activation of coagulation pathways through 
tissue factor release [4–6].

As a matter of fact, IL-6 is a master influencer 
in inflammatory cytokine drama and correlates 
with a macrophage activation syndrome that 
presents in severe COVID-19 cases [7].

Besides all of the proinflammatory character-
istics of IL-6, we want to point out its probable 
role in thrombosis. IL-6 inhibits ADAMTS-13 ac-
tivity which causes less cleavage of ultra large 

von Willebrand factors (ULVWF) and results 
in a hypercoagulative state [4, 8]. Furthermore, 
IL-6 stimulates a systemic procoagulant effect 
by raising the levels of fibrinogen, plasminogen 
activator inhibitor-1, and C-reactive protein [5].

Seeing as the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) disease does 
not yet have satisfactory treatment options, all 
health care systems are trying various approaches 
to save their patients. Tocilizumab, an IL-6 recep-
tor antagonist, is one of the therapeutic strategies 
in severe cases with increased levels of IL-6 that 
can be used in order to control this cytokine 
release syndrome [7]. Surprisingly, however, we 
detected an increased occurrence in thrombotic 
events in patients who received tocilizumab. In 
spite of tocilizumab’s mechanism of action, there 
was evidence of increased levels of IL-6 after treat-
ment with tocilizumab, which could be a possible 
explanation for the thrombosis [9]. This rise in 
IL-6 level after tocilizumab administration was 
seen in all of the cases in our center.

Consequently, we recommend measuring 
the level of IL-6 following tocilizumab admin-
istration. In the case of an increased level, he-
moperfusion with cytokine-absorbing columns 
and continuous renal replacement therapies are 
suggested in order to decrease the risk of throm-
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bosis. Although, plasmapheresis removes IL-6, it 
may also remove tocilizumab as well, but it can 
be an alternative method if the preferred one is 
not available. 

All possible approaches with the potential to 
decrease IL-6 levels or negate IL-6’s effects can be 
considered for research. For instance, based on ev-
idence in relapsing thrombotic thrombocytopenic 
purpura, N-acetylcysteine may be another option 
for the prevention of thrombosis by reducing the 
size and activity of ULVWF [10].
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Removal of a self-expanding metallic Y stent 
in the management of reversible central airway 
obstruction due to mediastinal lymphoma

Dear Editor

In adults, central airway obstruction (CAO) 
can occur due to several benign and malignant 
etiologies either due to an endobronchial growth 
or extrinsic compression [1]. Mediastinal neo-
plasms may cause significant CAO due to extrin-
sic compression, and the clinical presentation is 
often accompanied by respiratory distress. Air-
way stenting is a well-established method for 
the immediate relief of symptoms as well as the 
restoration of airway patency in extrinsic lesions 
[1, 2]. Y-shaped self-expandable metallic stents 
(Y-SEMS) are commonly utilized in the manage-
ment of malignant airway obstruction [3, 4]. The 
placement of SEMS in malignant CAO is usually 
with palliative intent with the expectation that 
the stent provides symptomatic relief during 
the expected duration of survival of the patient. 
SEMS, once deployed, are rarely removed in 
malignant CAO. Here, we describe a case where 
we were able to successfully remove a metallic 
stent in a patient treated for malignant airway 
obstruction following chemotherapy.

A 45-year-old male patient presented with 
a history of facial swelling for 15 days associated 
with voice hoarseness and rapidly worsening re-
spiratory distress for two days. A chest radiograph 
(Figure 1A) revealed a well-defined homogenous 
opacity in the right paratracheal region. A CT scan 
of the thorax (Figure 1B and 1C) demonstrated 
a large heterogenous mediastinal mass encasing 

the superior vena cava causing narrowing of the 
lower trachea and bilateral proximal bronchi. 
A diagnostic flexible bronchoscopy examination 
with a pediatric bronchoscope revealed critical 
narrowing in the mid trachea. Because of rap-
idly worsening symptomatic CAO with a likely 
malignant etiology, a rigid bronchoscopy was 
performed under general anesthesia. A tracheo-
bronchial Y SEMS (Ottomed, 18 mm × 60 mm) 
was deployed successfully and tracheobronchial 
luminal patency was restored. The patient had 
immediate relief of symptoms. Subsequently, 
a CT guided percutaneous biopsy of the medias-
tinal mass was performed and was suggestive of 
Non-Hodgkin’s Lymphoma, B cell immune-phe-
notype (CD20+, BCL 6+). The patient was started 
on chemotherapy (CHOP-R regimen) and kept 
under close follow-up with serial radiographs and 
bronchoscopic examinations. After the 2nd cycle, 
the chest radiograph was suggestive of regression 
of the mass and the tracheobronchial lumen was 
seen entirely (Figure 1D). As the patient had clin-
ical and radiological improvement, stent removal 
was planned. Rigid bronchoscopy was performed 
under general anesthesia. The patient was intu-
bated with a size 12 mm tracheobronchoscope 
(Karl Storz, Germany), the proximal tracheal 
limb of the Y-SEMS was grasped with rigid stent 
placement forceps, gently twisted, and removed 
by proximal pulling. The stent was pulled into 
the lumen of the rigid bronchoscope with gradual, 
continuous rotating movements which separated 
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the stent from the tracheal wall. Subsequently, 
the retrieved stent, which was in the lumen of 
the rigid bronchoscope, was removed fully along 
with the bronchoscope. A flexible bronchosco-
py examination following removal of the stent 
showed minimal granulation tissue in the right 
main bronchus with complete luminal patency 
of the distal segments. The patient completed the 
chemotherapy cycles and was free of respiratory 
symptoms.  

Long-term placement of airway SEMS may 
be associated with a complication such as gran-
ulation tissue formation, and the incidence of 
complications such as these increases over time. 
Metal stents often incite exuberant granulation 
tissue growth which itself can lead to obstruc-
tion at either end of the stent. Because of the 
risk of stent-associated airway complications, it 
is generally advised that airway stent insertion 
should be considered as a last option (some 
authors comment that the best stent is one that 
was never placed). Of the available stents (SEMS 

and Silicon), advantages of SEMS include ease of 
placement (may be performed under conscious 
sedation using a flexible bronchoscope), lower 
incidence of migration, and better adaption to 
irregular and compressed airways. Disadvantag-
es of SEMS include possible complications like 
formation of granulation tissue, stent obstruction, 
fracture, erosion into surrounding tissue, and bac-
terial colonization. Lemaire et al. retrospectively 
reviewed the use of SEMS in a single institution 
and reported complications in 23 of 172 stent 
placements for malignant airway obstruction 
(tumor growth in nine, excessive granulation 
in seven, stent migration in five, and restenosis 
in two) [5]. These complications may require 
stent removal. Stent removal in the setting of 
stent-associated complications is difficult and 
potentially hazardous to the patient. Their re-
moval can induce further serious complications 
such as a mucosal tear, hemorrhage, retained 
stent fragments, pneumothorax, re-obstruction, 
and ventilation failure in severe cases. In a sin-

Figure 1. A. Baseline chest radiograph showing a large right paratracheal mass with tracheal compression; B. and C. CT thorax (mediastinal win-
dow) demonstrating a large mediastinal mass causing compression of the lower trachea and proximal main bronchi; D. Chest radiograph following 
chemotherapy showing reduction in the size of the right paratracheal opacity with clearly visible tracheal and both main bronchial lumina
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gle-institution review of the placement of covered 
SEMS for benign airway disease, complications 
requiring stent removal were reported in 10 out 
of 39 patients [6]. Granulation tissue formation 
was the most common complication and required 
repeated interventions. 

In this patient, considering the clinical sce-
nario and urgency, Y-SEMS insertion was per-
formed. Placement of a silicone stent could have 
been an option, but the diagnosis of lymphoma 
was not known at the time of SEMS placement. 
At the same time, insertion of silicone Y stents 
has particular problems in significant airway ob-
struction, as in this patient. The silicone stent is 
technically difficult to place in a complex airway 
as it requires the negotiation of a large rigid bron-
choscope across the stenosis [7]. The advantage 
of a silicone stent is low granulation tissue and 
ease of removal if required.

In conclusion, the reversibility of the un-
derlying pathology and the potential for stent 
removal should be considered at the time of 
stent placement. This case highlights the role of 
SEMS placement and removal in a patient with 
suspected malignant airway obstruction in a clin-
ical situation where the underlying malignancy is 
adjudged to be well responsive to therapy. 

Conflict of interest

None declared.

References:
1.	 Ernst A, Feller-Kopman D, Becker HD, et al. Central airway ob-

struction. Am J Respir Crit Care Med. 2004; 169(12): 1278–97.
2.	 Ost DE, Ernst A, Grosu HB, et al. Therapeutic bronchoscopy 

for malignant central airway obstruction: success rates and 
impact on dyspnea and quality of life. Chest. 2015; 147(5): 
1282–1298, doi: 10.1378/chest.14-1526, indexed in Pubmed: 
25358019.

3.	 Madan K, Dhooria S, Sehgal IS, et al. A multicenter experience 
with the placement of self-expanding metallic tracheobron-
chial y stents. J Bronchology Interv Pulmonol. 2016; 23(1): 
29–38, doi: 10.1097/LBR.0000000000000250, indexed in Pub-
med: 26705009.

4.	 Madan K, Shrestha P, Garg R, et al. Bronchoscopic manage-
ment of critical central airway obstruction by thyroid cancer: 
Combination airway stenting using tracheal and inverted-Y 
carinal self-expanding metallic stents. Lung India. 2017; 34(2): 
202–205, doi: 10.4103/0970-2113.201297, indexed in Pubmed: 
28360477.

5.	 Lemaire A, Burfeind WR, Toloza E, et al. Outcomes of trache-
obronchial stents in patients with malignant airway disease. Ann 
Thorac Surg. 2005; 80(2): 434–7; discussion 437, doi: 10.1016/j.
athoracsur.2005.02.071, indexed in Pubmed: 16039180.

6.	 Noppen M, Stratakos G, D’Haese J, et al. Removal of covered 
self-expandable metallic airway stents in benign disorders: indi-
cations, technique, and outcomes. Chest. 2005; 127(2): 482–487, 
doi: 10.1378/chest.127.2.482, indexed in Pubmed: 15705985.

7.	 Sehgal IS, Dhooria S, Madan K, et al. Placement of tracheobron-
chial silicone Y-stents: Multicenter experience and systematic 
review of the literature. Lung India. 2017; 34(4): 311–317, doi: 
10.4103/0970-2113.209241, indexed in Pubmed: 28671160.

http://dx.doi.org/10.1378/chest.14-1526
https://www.ncbi.nlm.nih.gov/pubmed/25358019
http://dx.doi.org/10.1097/LBR.0000000000000250
https://www.ncbi.nlm.nih.gov/pubmed/26705009
http://dx.doi.org/10.4103/0970-2113.201297
https://www.ncbi.nlm.nih.gov/pubmed/28360477
http://dx.doi.org/10.1016/j.athoracsur.2005.02.071
http://dx.doi.org/10.1016/j.athoracsur.2005.02.071
https://www.ncbi.nlm.nih.gov/pubmed/16039180
http://dx.doi.org/10.1378/chest.127.2.482
https://www.ncbi.nlm.nih.gov/pubmed/15705985
http://dx.doi.org/10.4103/0970-2113.209241
https://www.ncbi.nlm.nih.gov/pubmed/28671160


LETTER TO THE EDITOR

473www.journals.viamedica.pl

Address for correspondence: Eunice Maria Ferreira Eira Marques Dias, Centro Hospitalar Coimbra, Coimbra, Portugal; e-mail: eunicedias7@gmail.com
DOI: 10.5603/ARM.a2020.0157
Received: 10.06.2020
Copyright © 2020 PTChP
ISSN 2451–4934

Eunice Maria Ferreira Eira Marques Dias, Margarida Valério, Cidália Rodrigues

Centro Hospitalar Coimbra, Coimbra, Portugal

Capacity of exercise in sarcoidosis: what is the importance of 
cardiopulmonary exercise test in these patients?

Dear Editor

Sarcoidosis is a heterogeneous multisystem 
granulomatous disease of unknown etiology [1]. 
Pulmonary involvement is frequent (90%). Di-
agnosis relies on three criteria: a) a compatible 
clinical and radiologic presentation; b) pathologic 
evidence of noncaseating granulomas; and c) 
exclusion of other diseases with similar findings, 
such as infections or malignancy [2]. The original 
staging of sarcoidosis has been developed from 
lung involvement as determined only by chest 
X-ray (CXR): stage 0 — normal cxr with proven 
extrapulmonary sarcoidosis; stage I — bilateral 
hilar lymphadenopathy without parenchymal 
disease; stage II — bihilar lymphadenopathy with 
parenchymal disease; stage III — parenchymal 
involvement without lymphadenopathy; stage 
IV — fibrosis [3]. Pulmonary function tests (at 
rest) and imaging methods are the most com-
monly used examinations and diagnostic tests in 
the follow-up and evaluation of the therapeutic 
response [4]. Dyspnea and exercise in sarcoidosis 
are often poorly correlated with resting lung func-
tion. Measurement of peak exercise capacity is 
likely to be helpful in assessing and monitoring 
the disease [5]. 

The authors performed a retrospective analy-
sis of the files of 35 patients (13 men and 22 wom-
en) with pulmonary sarcoidosis who underwent 
an incremental cardiopulmonary exercise test 
(CPET) in a cycle ergometer at the Pulmonology 
Department of Coimbra Hospital and University 
Center from January 2008 to June 2018. The 
compromise of exercise capacity and the limiting 
factor during maximum CPET were evaluated, 
along with its relationship with the pulmonary 

function  tests (PFT) and radiological stages of 
the disease.

The following changes in PFT were de-
scribed: obstructive respiratory disorder [forced 
ventilatory volume in one second (FEV1) / forced 
vital capacity (FVC) < 0.70], restrictive respirato-
ry disorder [FVC < 80% predicted and total lung 
capacity (TLC) < 80% predicted] and reduced 
diffusion capacity of carbon monoxide (TL,CO 
< 80% predicted) [6].

CPET was interpreted according with suggest-
ed normal guidelines by the American Thoracic 
Society/American College of Chest Physicians [7] 
and ERS statement on standardisation of CPET in 
chronic lung diseases [8]. Criteria of normality for 
interpretation CPET are the following: VO2max or 
VO2peak > 84% predicted (normal exercise capac-
ity); anaerobic threshold (AT) > 40% VO2max pre-
dicted (wide range of normal 40–80%); maximum 
heart rate (HRmax) > 90% age predicted; heart 
rate reserve (HRR) < 15 beats/min; blood pressure 
< 220/90 mm Hg; O2 pulse > 80%; ventilatory 
reserve (VR): 72 ± 15% (wide normal range); 
respiratory frequency (FR) < 60 breaths/min; 
VE/VCO2 (at AT) > 34; VD/VT < 0.3; pO2 > 80 mm 
Hg; P(A-a)O2 < 35 mm Hg.  

The causes of exercise limitation in CPET 
found in this study were the following: alteration 
in gas exchange, due to desaturation (> 4% from 
baseline or decrease of 10 mm Hg from initial 
PO2), due ventilatory limitation translated by 
dynamic hyperinflation and due to cardiovas-
cular limitation with frequent dysrhythmias 
during exercise. Physical deconditioning were 
defined by decreased VO2max or VO2peak, reduced 
or normal VO2 at AT and decreased or normal 
peak HR.
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The mean age of the patients was 43.1 
± 12.5 years. Regarding smoking habits, 24 sub-
jects (68.6%) were non-smokers and 11 (31.4%) 
smokers or ex-smokers. Twenty-three patients 
(65.7%) had complaints of dyspnea and the rest 
were asymptomatic. Seven persons (20.0%) were 
in stage I of the disease, 13 (37.1%) in stage II, 
9 (25.7%) in stage III and 6 (17.1%) in stage IV. 
Twenty-one patients (60%) were on corticosteroid 
therapy or had already finished. As for the results 
of the functional respiratory study, 14 patients 
(40.0%) had changes (Table 1).

All performed maximum incremental CPET, 
limited by symptoms, on a cycle ergometer. Only 
3 individuals (8.6%) stopped early due to a hy-
pertensive response.

Exercise capacity was normal (% VO2peak 

> 84% predicted) in 2 patients (5.7%), 1 in 
stage I and the other in stage II. The remain-
ing 33 patients (94.3%) had decreased exer-
cise capacity. The average % VO2peak (predict-
ed) in each stadium was as follows: I — 66.83 
± 9.83; II — 61.42 ± 8.41; III — 63.22 ± 16.70; 
IV — 65.83 ± 8.77 (without statistically significant 
difference, p = 0.57). The majority of patients 
(n = 31, 88.6%) reached the anaerobic threshold.

The causes of exercise limitation were the fol-
lowing: a) alteration in gas exchange in 4 (12.1%) 
patients; b) ventilatory limitation in 6 (18.2%) in-
dividuals; c) cardiovascular limitation in 3 (9.1%) 
patients. In the remaining cases, exercise was 
restricted by physical deconditioning.

Table 1.	 Pulmonary function  tests (PFT) results in 35 sarcoidosis patients and correlation between the results of PFT 
and cardiopulmonary exercise test (CPET)

Stage PFT disorders

CPET alterations

Normal Physical 
deconditioning

Hypertensive 
response

Gas exchange 
limitation

Ventilatory 
limitation

Cardiovascular 
limitation

I
(7 patients) Normal (7)

5

1

1

II
(13 patients)

Normal (5)
4

1

Restrictive + 
Ø TL,CO (1) 1 1

Obstructive + 
Ø TL,CO (1) 1

Obstructive (1) 1

Ø TL,CO (5)
4

1

III
(9 patients)

Normal (6)

3

1

2

Obstructive (1) 1

Obstructive + 
Ø TL,CO (1) 1

Ø TL,CO (1) 1

IV
(6 patients)

Normal (3)

1

1

1

Restrictive (1) 1

Restrictive + 
Ø TL,CO (1) 1

Ø TL,CO (1) 1
TL,CO — diffusing capacity for carbon monoxide
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The correlation between the results of PFT 
and CPET are shown in Table 1. In stage I (n = 7), 
all patients had normal PFT, however, only 1 per-
son had normal CPET (% VO2peak 97% predicted).

In stage II (n = 13), 1 patient had no exercise 
limitation (% VO2peak 110% predicted). One per-
son with restrictive disorder and decreased TL,CO 
had exercise limitations due to alterations in gas 
exchange and cardiovascular limitations. One 
patient with obstructive disorder and decreased 
TL,CO had limitations due to ventilatory changes 
with dynamic hyperinflation and 1 individual 
with obstructive disorder had cardiovascular 
changes during exertion.

In stage III (n = 9), 2 patients with normal 
PFT had exercise limitation due to ventilatory 
alteration with dynamic hyperinflation. Two 
patients with obstructive disorder (one also with 
decreased TL,CO) had ventilatory changes in CPET.

In stage IV (n = 6), the 3 patients with normal 
PFT had exercise limitation (1 due to alterations 
in gas exchange, 1 due to ventilatory limitations 
and 1 due to cardiovascular changes). Two pa-
tients with restrictive disorder in PFT (one of 
them also with decreased TL,CO) had limited gas 
exchange.

Thus, the results of this study showed the 
predominant role of CPET in the evaluation of 
patients with sarcoidosis, since it allowed to iden-
tify changes that were not noticeable in exams at 
rest. It allowed for a better understanding of the 
underlying pathophysiological changes and the 
most correct adjustments of therapies.

As an asset in the integration of clinical, 
imaging and respiratory function results, CPET 
is, however, an exam that is not systematically 
requested in patients with sarcoidosis, justify-

ing the small number of our sample. In subjects 
with cardiovascular limitation without previous 
known cardiac changes, it was possible to raise 
the hypothesis of cardiac involvement by sarcoid-
osis, highlighting the need for a directed study.

Ultimately, it should be noted that in view of 
the clinical, imaging and functional dissociation, 
CPET allowed decisions to be made regarding 
therapy in patients with changes.
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