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Abstract  

Background: Benign tracheal stenosis (BTS) management is challenging. Although bronchoscopy is 

the gold standard for diagnosis, its inherent risks makes it a less than ideal follow-up method. This 

study aims to assess the impact of BTS-related symptoms on quality of life and to correlate BTS 

severity with non-invasive measures, in order to optimize the follow-up and management. 

Methods: Patients with BTS were recruited. Data was collected from clinical files and by patient 

interview. Respiratory function tests and cervicothoracic imaging were performed within 6 months 

of clinical assessment. Stenosis Index (SI) was objectively measured using image analysis software 

(ImageJ) applied to radiological images. We analysed the correlation between lung function values 

and stenosis features. 

Results: Of 28 patients enrolled (mean age 55.1±15.9 years, 53.6% female), 89.3% had complex 

stenosis. The most common etiology was post-intubation (67.8%) and the most common location 

was subglottic (71.4%). The majority (81%) presented <50% of airway narrowing. A SI ≥50% was 

associated with higher FEV1/PEF ratio and lower PEF value (p=0.042 and p=0.045, respectively). 

FEV1/PEF ratio accurately classified those cases with SI ≥50% (AUC=0.80; 95%CI 0.53-1.00). Overall, 

patients were symptomatic, which had impact in quality of life (QoL). Remarkably, the number of 

total endoscopic procedures during follow-up was inversely correlated with QoL (r=-0.427, p=0.023). 

Conclusions: Spirometry is a potential method to predict BTS severity, and with potential utility at 

monitoring these patients, thus reducing the need of diagnostic bronchoscopies during follow-up. 

  



3 

 

Introduction 

Benign tracheal stenosis (BTS) is a pathological tracheal narrowing with an underlying non-

malignant process (1). It is a rare and diverse clinical condition with numerous etiologies, being the 

iatrogenic post intubation tracheal stenosis (PITS) and the post tracheostomy tracheal stenosis (PTTS) 

the most frequent (1–3). There are symptoms that patients may experience regardless the etiology 

of their stenosis: stridor, shortness of breath under exercise and inability to clear secretions caused 

by an inefficient cough mechanism (1,3–5). Evidence seems to show a negative physical and mental 

burden on patients with BTS that severely impairs their quality of life (QoL) (6), but there is lack of 

studies regarding this topic.  

BTS management is challenging and require a multidisciplinary approach for the better 

benefit of patients (4,7–9). On the assessment, the essential characteristics that directly impacts 

management are: symptomatology, overall functional impairment, etiology, stenosis structural 

characteristics (severity of airway narrowing, anatomic location, vertical extent and morphology), 

voice features, swallowing capability and presence or absence of tracheomalacia (10). BTS are usually 

classified as simple or complex. A simple stenosis has <1 cm extension with absence of 

tracheomalacia or loss of cartilaginous support.  Conversely, a complex stenosis has >1 cm extension 

and/or with involvement of the tracheal wall (10–12). 

Bronchoscopy enables direct visualization of the stenosis and is considered the gold standard 

for its diagnosis and assessment (5,10). Nevertheless, this is an invasive procedure, carrying risks of 

potential iatrogeny, which makes it a less than ideal follow-up method (13). The analysis of flow-

volume loops given by spirometry seem to be useful to monitor disease progression, particularly in 

more severe stenoses (3), and to monitor physiologic changes following interventions (10). Previous 

studies from the 70s proposed spirometry as a quantitative tool for evaluating BTS (14,15), but scarce 

research was conducted since then. 

Subjective assessment using still bronchoscopic images seems to misclassify airway 

narrowing in tracheal stenosis (16), therefore it should be objectively assessed (17). Although 

computed tomography (CT) is inferior to bronchoscopy in evaluating mucosal disease, central airways 

can be evaluated with CT as an intervention guide for the purpose of characterizing airway wall 

thickening and narrowing, as well as the stenosis location and extent (18). Moreover, there are efforts 

to create an automated software system that objectively calculates in real-time the severity of airway 

narrowing (19). 

This cross-sectional study aims to (i) assess the impact of BTS-related symptoms on QoL and 

(ii) to correlate BTS severity with non-invasive measures, in order to optimize the follow-up and 

management of these patients. 
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Materials and Methods  

1. Setting and study design 

This cross-sectional study included participants with diagnosed BTS under follow-up on the 

Bronchoscopic Unit at the Pulmonology Department of Centro Hospitalar Universitário de São João 

(CHUSJ) – between January 2019 and January 2020. Study design is presented as Fig. 1. The ethics 

committee of CHUSJ approved this study (approval number 290-19). 

 
2. Participants screening and selection criteria 

Patients with diagnosis of BTS under follow-up at our institution were screened. The following 

exclusion criteria were applied: (i) age <18 years; (ii) presence of bronchial stenosis; (iii) tracheal 

stenosis of malignant etiology; (iv) unable to provide informed consent or to comply with the protocol; 

(v) deceased before data collection. After providing all the required information and obtaining their 

informed consent, the remaining patients were included in the study. 

 
3. Data collection and interventions 

We invited all subjects to participate in one of two structured group sessions at the 

Pulmonology Department, that took place on 13th September 2019 (Attachment 1). The presence of 

caregivers was allowed. The session consisted on a brief explanation of the study and information 

about BTS, followed by a time for patients’ questions. Under supervision of a specialist physician, 

patients also filed in a form (Attachment 2), answered the EQ-5D QoL form (Attachment 3) and did 3 

peak flow meter measurements (highest value recorded), as well as anthropometric determinations. 

The following clinical data was extracted from clinical records and the available forms (Attachment 2 

and 3): age, gender, past medical history, smoking status, environmental exposure history, 

comorbidities, severity of signals/symptoms, vital signs, anthropometric measures, modified Borg 

dyspnea scale, mMRC, EQ-5D values, results of peak flow meter tests, recent spirometry tests, recent 

cervicothoracic CT tests, bronchoscopic and etiologic characteristics of the stenosis, implemented 

treatment and subsequent follow-up, including additional bronchoscopic/surgical interventions and 

long-term complications/recurrence.  

Spirometry and cervicothoracic CT performed within 6 months of the clinical assessment were 

accepted for analysis (between March 2019 and January 2020). No bronchoscopic treatment took 

place between clinical assessment and these two examinations. Patients underwent bronchoscopy 

only if clinically relevant.  

Spirometric values of forced expiratory volume in one second (FEV1), forced vital capacity 

(FVC) and peak expiratory flow (PEF), percentage of predicted FEV1 (FEV1%), FVC (FVC%) and PEF 

(PEF%) and FEV1/FVC and FEV1/PEF ratios were registered. 

Stenosis severity was objectively assessed using ImageJ (image analysis software available free 

of charge at http://rsb.info.nih.gov/ij/) applied to cervicothoracic CT images, similar to Murgu and 

Colt’s work (16). This software, through the Polygon Selections Tool, enabled us to manually select the 

contours that limit the stenotic and normal airway cross-sectional areas (CSA) and measure them in 

pixels by selecting Analyse->Measure. For sectional selection we established the most stricted section 

of the stenosis (𝐶𝑆𝐴𝑎𝑏𝑛𝑜𝑟𝑚𝑎𝑙) and the section of the first normal cartilaginous tracheal ring distal to the 

stenosis (𝐶𝑆𝐴𝑛𝑜𝑟𝑚𝑎𝑙 ). Then we calculated the Stenosis Index (SI) [SI = (𝐶𝑆𝐴𝑛𝑜𝑟𝑚𝑎𝑙  – 𝐶𝑆𝐴𝑎𝑏𝑛𝑜𝑟𝑚𝑎𝑙 / 

𝐶𝑆𝐴𝑛𝑜𝑟𝑚𝑎𝑙 ) × 100%] (20). From a flow dynamic standpoint, the degree of narrowing based on the 

percentage reduction in luminal CSA matters most compared to the absolute airway diameter (21). 

Having this in consideration, the stenosis was classified as mild (<50% narrowing), moderate (50%-70% 

narrowing) or severe (>70% narrowing) (22). The measurement error was considered of ±3% as pointed 

out by the original authors (16). 
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4. Statistical analysis 

Kolmogorov-Smirnov test was used to determine the normality of distribution of all continuous 

variables, and Levene’s test used to assess the equality of variance. Differences between means were 

analyzed using t tests for normally distributed variables and Mann-Whitney U tests for non-normally 

distributed variables. Chi-squared test was used to compare frequencies and proportions between 

groups. The correlations were evaluated with Pearson correlation test when both continuous variables 

followed a normal distribution, otherwise with Spearman correlation test. All statistical analysis was 

performed using SPSS® software v. 26. A p value <0.05 was considered statistically significant.   
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Results 

From 46 patients screened, 2 patients were deceased, 2 had bronchial stenosis, 9 rejected 

their inclusion and 5 were not reachable, therefore excluded. The remaining 28 patients were 

enrolled in this study with a mean (±SD) age of 55.1 ± 15.9 years, 15 females (53.6%) and 13 males 

(46.4%). There were no active smokers, 16 patients never smoked (57.1%) and 12 were former 

smokers (42.9%). A relevant inhalation occupational exposure was found in 8 cases (28.6%). Patients’ 

median (min-max) body mass index (BMI) was 26.2 Kg/m2 (18.4-39.1). The most frequent 

comorbidities were arterial hypertension (64.3%), dyslipidaemia (53.6%), obesity (42.9%), arrhythmia 

(39.3%), obstructive sleep apnoea (28.6%), cardiopathy (25.0%) and diabetes type 2 (21.4%). All 

patients’ characteristics are presented in Table 1. 

  There were 25 BTS classified as complex (89.3%), which included 12 cases with concomitant 

tracheomalacia, and 3 as simple (10.7%). The most common etiology was PITS (67.8%) followed by 

idiopathic (17.9%), PTTS (10.7%) and Wegener’s granulomatosis (3.6%). Causes for tracheal 

intubation in PITS subjects were respiratory or multiorganic failure (42.1%), surgery (36.8%) or 

trauma (21.1%). Mean tracheal intubation time was 17.5 ± 12.6 days. Longer intubation duration was 

associated with complex stenosis (21.5 ± 11.3 days in complex PITS vs 4.0 ± 5.2 days in simple PITS, 

p=0.027). Tracheostomy in PTTS participants were due to an unsuccessful extubation (66.7%) or a 

bilateral vocal cord paralysis (BVCP) (33.3%). The most affected location with stenosis was subglottic 

(71.4%), followed by the upper third of the trachea (25.0%) and the middle third of the trachea 

(10.7%). All tracheal stenosis features are presented in Table 2. 

Regarding treatment details, the median number of endoscopic interventions was 4 (1-11). 

The most frequent first endoscopic approach was mechanical dilation with rigid bronchoscope (75%) 

followed by tracheal stent implantation (14.3%), laser endoscopic treatment (7.1%) and dilation with 

balloon (3.6%). Besides PTTS etiology, 7 patients underwent tracheostomy during BTS management 

(25.0%). The reasons for tracheostomy were unsuccessful extubation (28.6%), BVCP (28.6%), BTS 

refractory to treatment (28.6%) and excessive dynamic airway collapse (EDAC) (14.3%). The median 

tracheostomy duration was 57.3 months (0.4-212.4). Currently there are 5 patients with 

tracheostoma (17.9%), 3 of them is due to BVCP (60.0%), 1 due to BTS refractory to treatment (20.0%) 

and 1 due to EDAC (20.0%). 

There were 5 patients with complex stenosis that previously had tracheal stent treatment 

(17.9%), which were all removed afterwards, with a median tracheal stent treatment duration of 24 

months (1-75). Only 3 patients underwent surgery (10.7%) and 2 of them had post-surgical 

recurrence (1 case of tracheoplasty and 1 of tracheoesophageal fistula surgery). All tracheal stenosis 

management details are presented in Table 3. 

Clinical vignettes examples are shown in Table 4. 

 
 Severity of BTS and correlation with non-invasive parameters 

  There were 21 patients that underwent CT evaluation and further SI calculation (were 

excluded from this evaluation 5 patients with tracheostomy and 2 patients that were unable to 

comply with the protocol). The grade of patients’ stenosis was mild in 17 patients (81.0%), moderate 

in 2 (9.5%) and severe in 2 (9.5%). The mean SI was 38.5 ± 19.6 % (min 3.7 - max 82.7), the median 

stenosis vertical extension was 12 mm (5-42), the mean stenosis proximal distance to vocal cords 

(VC) was 30.4 ± 16.3 mm and the mean stenosis distal distance to carina was 85.2 ± 16.2 mm. Of all 

patients enrolled, 17 patients completed the study protocol with spirometry (were excluded from 

this evaluation 5 patients with tracheostomy and 6 patients that were unable to comply with the 

protocol). The mean spirometric value for FEV1 was 2.6 ± 0.7 L, for PEF was 5.0 ± 1.7 L/s and for 

FEV1/PEF ratio was 8.8 ± 2.1 mL/L/min. 22 patients were tested with peak flow meter (were excluded 
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from this evaluation 5 patients with tracheostomy and 1 patient that was unable to comply with the 

protocol). The peak flow meter maximum PEF mean value was 278.6 ± 129.3 L/min. All peak flow 

meter, spirometry and cervicothoracic CT measures are shown in Table 2. 

There were 16 patients that performed both spirometry and a cervicothoracic CT. SI had a 

statistically significant inverse correlation with spirometry-measured PEF (r=-0.51, p=0.042). 

Although spirometry-measured PEF and peak flow meter measured maximum PEF were highly 

correlated (r=0.76, p=0.001), peak flow meter measured maximum PEF failed to correlate 

significantly with SI (r=-0.14, p=0.553). Similarly, correlation was poor between SI and spirometry-

measured FEV1 (r=-0.43, p=0.095) or FEV1/PEF ratio (r=0.39, p=0.139). Nevertheless, when analysing 

as a categorical variable, tracheal narrowing ≥50% was significantly associated with higher FEV1/PEF 

mean values (8.3 mL/L/min for SI<50% and 11.0 mL/L/min for SI≥50%, p=0.042) and with lower 

spirometry-measured PEF mean values (5.4 L/s for SI<50% and 3.3 L/s for SI≥50%, p=0.045). When 

using a pre-specified cut-off value of FEV1/PEF >8 mL/L/min, referred in the literature as a promisor 

indicator of stablished central airway obstruction (CAO) (23,24), we found that it was the only 

spirometric parameter that accurately classified those with SI ≥50% (AUC=0.80; 95%CI 0.53-1.00).  

SI had no statistical correlation with: age, sex, stenosis etiology, stenosis localization, stenosis 

classification as simple or complex, PITS’ tracheal intubation time, number of total endoscopic 

procedures, stenosis vertical extension, stenosis distance to VC, peak flow meter measurements or 

other spirometry-measured parameters/ratios. Relevant results on this topic are shown in Fig. 2.  

 
Symptoms and quality of life analysis 

The most common symptoms were dyspnea (71.4%), sputum (64.3%), cough (57.1%), stridor 

(46.4%), hoarseness (46.4%), dysphagia (32.1%) and wheezing (28.6%). The median Borg dyspnea 

scale value was 3 (0-9) and the median mMRC value was 1 (0-4). All information regarding symptoms 

is presented in Table 1. 

Symptoms had no association with stenosis complexity, vertical extension, distance to VC, 

grade of stenosis and QoL. Heartburn had also no association with BTS idiopathic etiology. 

All patients answered EQ-5D QoL questionnaire. Mean QoL was 63.2 ± 20.1 %. For each of 

the 5 dimensions we detach the following impairments: in Mobility was moderate in 13 (46.4%), in 

Self-care was moderate in 5 (17.9%) and severe in 2 (7.1%), in Usual Activities was moderate in 12 

(42.9%) and severe in 1 (3.6%), in Pain/Discomfort was moderate in 8 (28.6%) and in 

Anxiety/Depression was moderate in 11 (39.3%) and severe in 2 (7.1%). All frequencies reported by 

dimension and level are shown in Table 5. 

QoL had a significant inverse correlation with age and with the number of total endoscopic 

procedures during follow-up (r=-0.40 p=0,033 and r=-0.43 p=0.023, respectively). QoL was marginally 

significantly correlated with SI (r=-0.41, p=0.063). No statistical differences were found between QoL 

values and BTS etiologies or spirometric lung functional parameters, but a discrepancy between QoL 

in PTTS or non-PTTS etiologies was noted (PTTS 45.0 ± 22.9 % and non-PPTS 65.4 ± 19.0 %, p=0.096) 

and QoL had a marginally significant correlation with peak flow meter maximum PEF (r=0.41, 

p=0.057). Relevant results on this topic are shown in Fig. 3. 
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Discussion/Conclusion  

Bronchoscopy enables direct visualization of the stricture and is considered the gold standard 

for diagnosis and evaluation of BTS (5,10). Nevertheless, non-invasive assessment through CT scan 

and functional measurements became appealing follow-up tools in cases of BTS. Additionally, data is 

scarce regarding the impact that BTS has on patients’ QoL (6). In the present study we analysed the 

impact of BTS-related symptoms on QoL and correlated stenosis severity with non-invasive measures. 

Our statistical analysis was limited by the small sample size, with subsequent aggravation by 

cases lacking spirometry and cervicothoracic CT. Some of these patients, after clinical stabilization, 

are being followed up at smaller centres closer to their residential area. Moreover, most participants 

were clinically stable, which we correlate to the fact that they were being regularly monitored for the 

need of bronchoscopic treatment, lessening their impairment in QoL and lung functional parameters. 

At our centre, the need for intervention is decided mainly whether patients are symptomatic or with 

an obstruction >50% (25) and in our sample only 19% had a SI ≥50%. Although CT scans cannot 

provide information about the dynamic behaviour of the narrowing and may be affected by the 

presence of secretions (17), we chose this method to estimate the grade of stenosis due to its non-

invasive nature and because measurements are less likely to be affected by subjectivity. It has been 

shown previously that CT images may be used to accurately measure the stenosis grade, length and 

distance from VC, also correlating well with the preoperative and intraoperative findings of the gold 

standard bronchoscopy (26–28). 

The most frequent etiology of BTS was PITS and mean distance to VC was small. Longer 

tracheal intubation time was associated with greater proportion of complex PITS, which is explained 

by a longer damage stimulus against the tracheal wall. It has been proposed that PITS results from 

tracheal wall hypoxia exerted by the cuff followed by inflammation and further scar formation (29). 

Empey et al. was the first to report that an increase of the index FEV1/PEF would be expected 

in case of CAO, as opposed to asthma, COPD and lung fibrosis (15). In fact, during a forced expiration, 

increased airway resistance caused by BTS reduces particularly maximal flow rates. This way, when 

CAO is present, it is expected a greater reduction in PEF compared to FEV1 and, therefore, higher 

values of FEV1/PEF ratio. They also proposed that CAO was characteristically associated with 

FEV1/PEF > 10 mL/L/min. In our study, comparing with the expected values, PEF was the only 

spirometric measurement that was particularly decreased. Also, the FEV1/PEF ratio was relatively 

high in our sample, registering mean values over 8 mL/L/min. These two findings are characteristic of 

CAO when present (23,24). The only spirometric parameter that correlated with statistical 

significance with the SI was spirometry-measured PEF, in an inverse correlation. When analysing as a 

categorical variable, a SI ≥50% was significantly associated with lower spirometry-measured PEF and 

with higher FEV1/PEF ratio, the later over 10 mL/L/min such as in Empey et al. work (15). Rotman et 

al. also showed that, when included on the routine indices, FEV1/PEF ≥ 10 mL/L/min can help to 

distinguish CAO from healthy patients and patients with obstructive pathology (30). Miller et al. 

demonstrated that FEV1/PEF > 8 mL/L/min had a specificity of 94% and a sensitivity of 64% in 

detecting CAO (24). By using this cut-off value in our sample, we could accurately classify those with 

SI ≥50%, with an AUC score of 0.80. We expect that a larger sample size would provide a more robust 

statistical strength to this analysis. However, we believe that these results support the role of 

spirometry at predicting BTS severity and its utility as a non-invasive monitoring tool, potentially 

reducing the need for diagnostic bronchoscopies during follow-up. On a more recent study with 

larger sample size, Nouraei et al. used a similar approach by calculating a variation of FEV1/PEF ratio, 

the expiratory disproportion index (EDI) (EDI = FEV1/PEF x 100) (L/L/s) (31). This method showed an 

AUC score of 0.98 (95%CI 0.968-0.992) and for a threshold of EDI > 50 L/L/s it had a sensitivity of 

95.9% and a specificity of 94.2% in differentiating between stenotic and nonstenotic cases. Also, a 

consensus paper of the European Laryngological Society highlighted the importance of performing 
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lung function tests before and after therapy (8). This assessment should include flow-volume loops 

(32), which with the stenosis development results on a simultaneous decrease of both the inspiratory 

and the expiratory loops (14,33). However, the interpretation of this method is not always clear and 

the determination of PEF and PIF values is relevant and has shown higher sensitivity to detect CAO 

(32,34). Moreover, a recent study by Linhas et al. also pointed PEF as a potential predictor of more 

challenging surgical approach, with lower PEF values correlating with increased vertical extent of the 

stricture (13), which we did not found in our study. Nonetheless, the exact extent, location and 

morphology of the airway stenosis cannot be accurately assessed with spirometry (17).  

On the other hand, there are authors that do not agree with the potential role of spirometry 

as monitoring tool for BTS (17,35), reporting low sensitivity of this method on detecting mild to 

moderate reduction in airway patency (14) and a non-linear behaviour between the stenosis 

anatomic severity and airflow impairment (36). Still, as far as we know, there are no recent studies 

correlating spirometry parameters with the objective anatomical grading of BTS.  

Given the strong statistical correlation between spirometry-measured PEF and peak flow 

meter measurement, this portable device could be helpful as a quick ambulatory or self-monitoring 

test. A previous work by Vössing et al. emphasised the reproducibility and easy-to-perform features 

of peak flow meter evaluation and that it’s a reliable parameter to detect extrathoracic stenosis (37). 

Although most cases had mild stenosis, most patients were symptomatic and we still found 

a marginally significant inverse correlation between QoL and SI and a marginally positive correlation 

between QoL and peak flow meter measured PEF. This early QoL and functional deterioration 

reinforces the relevance of non-invasively monitoring BTS. A considerable impairment of QoL was 

found on the 0-100% scale value and on all 5 disability dimensions. A moderate to severe disability 

was present in half of our sample on Mobility, Usual Activities and Anxiety/Depression, as well as in a 

quarter of our sample on Self-care and Pain/Discomfort fields. During clinical assessment, even 

though we found no statistical correlation between symptoms and QoL, a high proportion of patients 

related their EQ-5D field disabilities with their symptoms. Dyspnea was the most common symptom 

in our sample and Nouraei et al. work considered it as the primary cause of disability in BTS (38). 

Evaluating symptoms along with functional evaluation can give additional and relevant information 

to the physician about the severity of CAO. A reduction in airway diameter to about 8mm generally 

causes symptoms on exercise (39) and to 5 mm produces the characteristic finding of stridor (40).  

Increased age and higher number of total endoscopic interventions during follow-up were 

associated with impaired QoL, which is probably related with more complicated stenosis, increased 

disability, and higher recurrence rate. Despite non-statistically significant, we highlight the lower QoL 

in PTTS etiology. Normally, the tracheostomy canula constitutes a longer damage stimulus than the 

ventilation tube in PITS patients. Also, the tube attachment at the stoma site may cause additional 

cartilaginous damage (41). Studies showed that PTTS patients had more complicated stenosis and 

poorer general condition than PITS one’s (42), that complications regarding tracheostomy bear a 

significant physical burden (43) and that a disfigured neck leads to depression and anxiety (44).  

In conclusion, the invasive nature of bronchoscopy creates the need to find another 

evaluation method for BTS. This study shows the role that spirometry can have in predicting BTS 

severity and in monitoring these patients, thus potentially reducing the need for diagnostic 

bronchoscopies during follow-up. Also, peak flow meter seems to be helpful as an additional 

functional monitoring tool as it strongly correlates with spirometry-measured PEF. In our sample, the 

symptomatic burden was evident and QoL was significantly impaired. Moreover, the number of 

endoscopic procedures seems to negatively impact QoL, giving strength to the need of seeking less 

invasive procedures to monitor these patients. We encourage further studies on this topic, with 

larger samples and possibly in a multicentre setting.  
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Figure Legends 

Fig. 1. Study Design.  

  
Study entry 

Suitable participants with BTS under follow-up; Written informed consent; Schedule of Exams. 

Presential data collection 
1. Patients characteristics and symptoms 

(age, gender, smoking status, past 

medical history, environmental risk 

exposure, comorbidities, severity of 

signals/symptoms, anthropometric 

measures, modified Borg dyspnea 

scale, mMRC); 

2. EQ-5D (assessment of quality of life); 

3. Peak flow meter test. 

Session for patients and caregivers 

Bronchoscopy (if clinically relevant) 

Analysis 

 

Clinical Files Data Collection 

 

Pulmonary Function Tests and 

cervicothoracic CT 

Objective assessment of stenosis 

narrowing 
Stenosis index calculated using 

cervicothoracic CT images.  
(ImageJ software) 
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 Fig. 2. Severity of BTS and correlation with non-invasive parameters.  

 

  

2.1 – Stenosis Index correlation with spirometry-measured PEF and 

with FEV1/PEF ratio (mL/L/min). 

2.3 – Stenosis Index cut-off at 50% and changes in mean values of 

spirometry-measured PEF and FEV1/PEF ratio (mL/L/min). 

2.4 – ROC Curve: SI ≥50% and FEV1/PEF ratio 

(mL/L/min). 

2.2 – Spirometry-measured PEF correlation with peak 

flow meter maximum PEF. 
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Fig. 3. Quality of life analysis.  

 

  

3.1 – QoL correlation with age and with number of 

endoscopic procedures. 
3.2 – QoL correlation with Stenosis Index. 

3.3 – QoL correlation with peak flow meter maximum PEF. 3.4 – PTTS or non-PTTS etiologies and changes in mean values 

of QoL. 
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Table 1.  Patients’ characteristics.  

Table 1        Patients’ characteristics. 

Characteristics Total (n=28) 

Age (years, mean ± SD) 

Gender, n (%) 

     Female 

     Male 

Smoking status, n (%) 

     Never smoked 

     Former smoker 

Relevant inhalation occupational exposure 

BMI, Kg/m2 (median, min-max) 

Comorbidities, n (%) 

     Arterial hypertension 

     Dyslipidaemia 

     Obesity 

     Arrhythmia 

     OSA 

     Cardiopathy 

     Diabetes type 2 

     Previous stroke 

     COPD 

     Depression 

     Chronic renal disease 

     Osteoarticular disease 

     Neoplasia* 

     Chronic hepatic disease 

     Asthma 

     Vasculitis 

     Tuberculosis 

     DRGE 

Symptoms, n (%) 

     Dyspnea 

     Sputum 

     Cough 

     Stridor 

     Hoarseness 

     Dysphagia 

     Wheezing 

     Heartburn 

     Haemoptysis 

Borg dyspnea scale (median, min-max) 

mMRC (median, min-max) 

QoL (EQ-5D) (%, mean ± SD) 

55.1 ± 15.9 

 

15 (53.6) 

13 (46.4) 

 

16 (57.1) 

12 (42.9) 

8 (28.6) 

26.2 (18.4-39.1) 

 

18 (64.3) 

15 (53.6) 

12 (42.9) 

11 (39.3) 

8 (28.6) 

7 (25.0) 

6 (21.4) 

5 (17.9) 

5 (17.9) 

4 (14.3) 

3 (10.7) 

3 (10.7) 

2 (7.1) 

2 (7.1) 

2 (7.1) 

1 (3.6) 

1 (3.6) 

1 (3.6) 

 

20 (71.4) 

18 (64.3) 

16 (57.1) 

13 (46.4) 

13 (46.4) 

9 (32.1) 

8 (28.6) 

4 (14.3) 

2 (7.1) 

3 (0-9) 

1 (0-4) 

63.2 ± 20.1 
BMI, body mass index; COPD, chronic obstructive pulmonary disease; GERD, 

gastroesophageal reflux disease; QoL, quality of life; OSA, obstructive sleep apnoea. 

*1 case of skin basal cell carcinoma and 1 case of papillary thyroid carcinoma. 
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Table 2.  Tracheal stenosis features. 

Table 2        Tracheal Stenosis Features. 

Features Total (n=28) 

Stenosis Etiology, n (%) 

     PITS 

          . Respiratory or multiorganic failure 

          . Surgery 

          . Trauma 

     Idiopathic 

     PTTS 

          . Unsuccessful extubation 

          . Bilateral VC paralysis 

     Wegener’s granulomatosis 

PITS’ tracheal intubation time (days, mean ± SD) 

Stenotic affected locations, n (%) 

     Subglottic 

     Upper third of the trachea 

     Middle third of the trachea 

BTS classification, n (%) 

     Complex stenosis 

     Simple stenosis 

Stenosis with concomitant tracheomalacia, n (%) 

Peak Flow Meter 

     Maximum PEF (L/min, mean ± SD) 

Spirometry 

     FEV1 (L, mean ± SD) 

     FVC (L, mean ± SD) 

     PEF (L/s, mean ± SD) 

     FEV1%, % (median, min-max)  

     FVC% (%, mean ± SD)  

     PEF% (%, mean ± SD) 

     FEV1/FVC (mean ± SD)  

     FEV1/PEF (mL/L/min, mean ± SD) 

Cervicothoracic CT 

     Grade of stenosis, n (%) 

          Mild (SI < 50%)   

          Moderate (SI 50-70%)  

          Severe (SI > 70%)  

     SI (%, mean ± SD) 

     Stenosis vertical extension, mm (median, min-max) 

     Stenosis proximal distance to VC (mm, mean ± SD) 

     Stenosis distal distance to carina (mm, mean ± SD) 

 

19 (67.8) 

. 8 (42.1) 

. 7 (36.8) 

. 4 (21.1) 

5 (17.9) 

3 (10.7) 

. 2 (66.7) 

. 1 (33.3) 

1 (3.6) 

17.5 ± 12.6a 

 

20 (71.4) 

7 (25.0) 

3 (10.7) 

 

25 (89.3) 

3 (10.7) 

12 (42.9) 

Subtotal (n=22) 

278.6 ± 129.3 

Subtotal (n=17) 

2.6 ± 0.7 

3.1 ± 0.8 

5.0 ± 1.7 

96.3 (53.0-111.0) 

92.7 ± 18.2 

72.9 ± 18.8 

80.7 ± 7.5 

8.8 ± 2.1 

Subtotal (n=21) 

 

17* (81.0) 

2 (9.5) 

2 (9.5) 

38.5 ± 19.6 

12 (5-42) 

30.4 ± 16.3 

85.2 ± 16.2 
BTS, benign tracheal stenosis; CT, computed tomography; FEV1, forced expiratory volume in 

one second; FVC, forced vital capacity; PEF, peak expiratory flow; PITS, post intubation 

tracheal stenosis; PTTS, post tracheostomy tracheal stenosis; SI, stenosis index; VC, vocal 

cords. 

*4 borderline cases with SI>47% (within the 3% estimated margin of error inherent to this 

method) 
adata from 13 cases out of 19. 
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Table 3.  Tracheal stenosis management details.  

Table 3        Tracheal stenosis management details. 

Features Total (n=28) 

First endoscopic approach, n (%) 

     Mechanical dilation with rigid bronchoscope 

     Tracheal stent 

     Laser 

     Dilation with balloon  

Number of endoscopic interventions (median, min-max) 

Non-PTTS with history of tracheostomy, n (%) 

     . Unsuccessful extubation 

     . Bilateral VC paralysis 

     . BTS refractory to treatment 

     . EDAC 

Tracheostomy duration, months (median, min-max) 

Current tracheostoma, n (%) 

     . Bilateral VC paralysis 

     . BTS refractory to treatment 

     . EDAC 

History of tracheal stent, n (%) 

     . Complex stenosis, n (%) 

Tracheal stent duration, months (median, min-max) 

Surgery, n (%) 

     . Tracheoplasty 

     . Tracheoesophageal fistula surgery 

     - Post-surgery recurrence 

 

21 (75.0) 

4 (14.3) 

2 (7.1) 

1 (3.6) 

4 (1-11) 

7 (25.0) 

. 2 (28.6) 

. 2 (28.6) 

. 2 (28.6) 

. 1 (14.3) 

57.3 (0.4-212.4)a 

5 (17.9) 

. 3 (60.0) 

. 1 (20.0) 

. 1 (20.0) 

5 (17.9) 

. 5 (100) 

24 (1-75) 

3 (10.7) 

. 2 (66.7) 

. 1 (33.3) 

- 2b (66.7) 
BTS, benign tracheal stenosis; EDAC, excessive dynamic airway collapse; PTTS, post 

tracheostomy tracheal stenosis; VC, vocal cords. 
adata from 7 cases out of 10. 
b1 case of tracheoplasty and 1 case of tracheoesophageal fistula surgery. 
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Table 4.  Clinical Vignettes. 

Patient Data BTS Features Functional Parameters CT Measures 
Bronchoscopic image 

(acute phase) 

. Male 

. 70 years 

. Tracheostomized for 

BVCP caused by a stroke 

(214 months duration) 

. Borg 9 and mMRC 4 

. QoL: 20 %  

. PTTS 

. Complex stenosis 

with granulation 

tissue formation 

. Upper third of 

trachea 

. Tracheomalacia 

- - 

 

. Female 

. 62 years 

. Previous tracheal stent 

treatment (31 months) 

. Surgery for TEF with 

recurrence 

. Borg 5 and mMRC 3 

. QoL: 50 % 

. PITS - 31 days TI 

. Complex stenosis 

. Upper third of 

trachea 

. Tracheomalacia 

. PFM max PEF: 90 L/min 

 

Spirometry-measured: 

. PEF: (no data) 

. FEV1: (no data) 

. FVC: (no data) 

. FEV1/FVC: (no data) 

. FEV1/PEF: (no data) 

. SI: 13.3 % 

 

. Stenosis proximal 

distance to VC: 59 mm 

 

. Stenosis vertical 

extension: 11 mm 

 

. Female 

. 33 years 

. Borg 0.5 and mMRC 0 

. QoL: 85 % 

. Idiopathic BTS 

. Simple stenosis 

. Subglottic 

. PFM max PEF: 340 L/min 

 

Spirometry-measured: 

. PEF: 4.9 L/s 

. FEV1: 3.0 L 

. FVC: 3.4 L 

. FEV1/FVC: 88.0 

. FEV1/PEF: 10.2 mL/L/min 

. SI: 50.0 % 

 

. Stenosis proximal 

distance to VC: 21 mm 

 

. Stenosis vertical 

extension: 5 mm 

 

. Female 

. 81 years 

. Borg 5 and mMRC 2 

. QoL: 25 % 

. Idiopathic BTS 

. Complex stenosis 

. Upper third of 

trachea 

. Tracheomalacia 

. PFM max PEF: 140 L/min 

 

Spirometry-measured: 

. PEF: 2.7 L/s 

. FEV1: 1.4 L 

. FVC: 1.8 L 

. FEV1/FVC: 74.0 

. FEV1/PEF: 8.5 mL/L/min 

. SI: 80 % 

 

. Stenosis proximal 

distance to VC: 45 mm 

 

. Stenosis vertical 

extension: 12 mm 

 

. Female 

. 45 years 

. Borg 7 and mMRC 1 

. QoL: 50 % 

. PITS - 13 days TI 

. Complex stenosis 

. Upper and middle 

third of trachea 

. PFM max PEF: 70 L/min 

 

Spirometry-measured: 

. PEF: 4.4 L/s 

. FEV1: 2.6 L 

. FVC: 3.1 L 

. FEV1/FVC: 82.3 

. FEV1/PEF: 9.7 mL/L/min 

. SI: 47.5 % 

 

. Stenosis proximal 

distance to VC: 67 mm 

 

. Stenosis vertical 

extension: 17 mm 

 

BTS, benign tracheal stenosis; BVCP, bilateral vocal cord paralysis; CT, computed tomography; FEV1, forced expiratory volume in one 

second; FVC, forced vital capacity; PEF, peak expiratory flow; PFM, peak flow meter; PITS, post intubation tracheal stenosis; PTTS, post 

tracheostomy tracheal stenosis; QoL, quality of life; SI, stenosis index; TEF, tracheoesophageal fistula; TI, tracheal intubation; VC, vocal 

cords. 

 

  



22 

 

Table 5.  EQ-5D QoL questionnaire: frequencies reported by dimension and level. 

Levela Mobility  

N (%) 

Self-care  

N (%) 

Usual Activities  

N (%) 

Pain / 

Discomfort  

N (%) 

Anxiety / 

Depression  

N (%) 

Level 1 15 (53.6) 21 (75.0) 15 (53.6) 20 (71.4) 15 (53.6) 

Level 2 13 (46.4) 5 (17.9) 12 (42.9) 8 (28.6) 11 (39.3) 

Level 3 0 (0) 2 (7.1) 1 (3.6) 0 (0) 2 (7.1) 

aHigher levels report more impairment.  

 



Attachments 

Attachment 1. Group Sessions.  

 

  



Attachment 2. Patient Form.  

  



Attachment 3. EQ-5D Form.  

  



Attachment 4. Editorial and Journal Policy - Respiration. 

 

Respiration 
 
Aims and Scope 

Respiration brings together the results of both clinical and experimental investigations on all 
aspects of the respiratory system in health and disease. Clinical improvements in the diagnosis and 
treatment of chest and lung diseases are covered, as are the latest findings in physiology, biochemistry, 
pathology, immunology and pharmacology. The journal includes classic features such as editorials that 
accompany original articles in clinical and basic science research, reviews and letters to the editor. Further 
sections are: The Eye Catcher, What’s Your Diagnosis?, New Insights from Clinical Practice and Guidelines. 
Respiration is the official journal of the Swiss Respiratory Society (SGP) and also home to the European 
Association for Bronchology and Interventional Pulmonology (EABIP), which occupies a dedicated section 
on Interventional Pulmonology in the journal. This modern mix of different features and a stringent peer-
review process by a dedicated editorial board make Respiration a complete guide to progress in thoracic 
medicine. 
 

Journal Sections 
. Clinical Investigations: Clinical improvements in the diagnosis and treatment of chest and lung diseases. 
Including the latest findings in physiology, biochemistry, pathology, immunology and pharmacology. 
 
. Interventional Pulmonology: Articles reporting the use of endoscopy and other tools to diagnose and 
treat conditions in the lungs and chest. 

 
Article Types 

Research Articles report on primary research. They must describe significant and original 
observations. Consideration for publication is based on the article’s originality, novelty, and scientific 
soundness, and the appropriateness of its analysis. Research Articles are reports of original work. Authors 
are asked to follow the EQUATOR Network for Research Articles. Prior approval from an Institutional 
Review Board (IRB) or an Ethics Review Committee is required for all investigations involving human 
subjects. Research articles should contain a 250-word abstract. 

 
General Conditions 

Only papers written in English are considered. The articles should be comprehensible to a reader 
who is fluent in English and should be edited prior to submission to ensure that standard English grammar 
and usage are observed. Use of a professional language editing service prior to submission can help avoid 
delays with the review process. All manuscripts are subject to editorial review. 

The presentation of manuscripts should follow the Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals from the International Committee of Medical Journal Editors (ICMJE). 
Karger journals aim to adhere to the COPE Code of Conduct and Best Practice Guidelines. 

By submitting an article for publication, the authors agree to the transfer of the copyright to the 
publisher upon acceptance. Accepted papers become the permanent property of the Journal and may not 
be reproduced by any means, in whole or in part, without the written consent of the publisher. 

The Submission Statement with original (hand-written) signatures is to be provided upon 
submitting the paper. If it is not possible to collect all signatures on a single document, individual copies 
should be provided for each author. 

Karger recommends the use of original images and materials whenever possible. If a submitted 
manuscript contains third-party copyright material(s), it is the authors’ sole responsibility to obtain 
permission from the relevant copyright holder for reusing the material(s), including any associated 
licensing fee. The copyright and usage information needs to be checked carefully to avoid copyright 
infringement. 
 
 
 
 



Statements 
All submitted manuscripts must contain a Statement of Ethics and a Disclosure Statement after 

the main body of the text, but before the reference list.  
 

Statement of Ethics 
Published research must comply with internationally-accepted standards for research practice 

and reporting. Manuscripts may be rejected if the editors believe that the research has not been carried 
out within an appropriate ethical framework, and concerns raised after publication may lead to a 
correction, retraction, or expression of concern in line with COPE guidelines. 

Studies involving human subjects (including research on identifiable human material and data) 
must have been performed with the approval of an appropriate ethics committee and with appropriate 
participants’ informed consent in compliance with the Helsinki Declaration. In the manuscript, authors 
should specify the name of the ethics committee or other relevant authority who approved the study 
protocol and provide the reference number where appropriate. If ethics approval was not required, or if 
the study has been granted an exemption from requiring ethics approval, this should also be detailed in 
the manuscript (including the name of the ethics committee who made that decision).  

For all research involving human subjects, written informed consent to participate in the study 
should be obtained from participants (or their parent/legal guardian where appropriate) and a statement 
detailing this should appear in the manuscript. For studies involving vulnerable participants or participants 
at risk of potential coercion, detailed information regarding the steps taken to ensure informed consent 
must be provided. If consent was not obtained, please specify why and whether this was approved by the 
ethics committee.  

In line with the ICMJE recommendations on the protection of research participants, authors must 
avoid providing identifying information unless strictly necessary for the submission and participants’ 
identifiable attributes must be anonymized in the manuscript and its supplementary files, if any. If 
identifying information is necessary, authors must confirm that the individual has provided written 
consent for the use of that information in a publication. Manuscripts reporting a case report must include 
a statement detailing that written informed consent for publication was obtained and from whom. If the 
patient has died, consent for publication must be obtained from their next of kin. If the patient described 
in the case report is a minor or vulnerable, then consent for publication must be obtained from the 
parent/legal guardian. 

 
Disclosure Statement 

Authors are required to disclose any possible conflicts of interest. All forms of support and 
financial involvement (e.g. employment, consultancies, honoraria, stock ownership and options, expert 
testimony, grants or patents received or pending, royalties) which took place in the previous three years 
should be listed, regardless of their potential relevance to the paper. Also the nonfinancial relationships 
(personal, political, or professional) that may potentially influence the writing of the manuscript should 
be declared.  

 
Author Contributions Statement 

In the Author Contributions section, a short statement detailing the contributions of each person 
named as an author should be included. Contributors to the paper who do not fulfill the ICMJE Criteria for 
Authorship should be credited in the Acknowledgement section. If an author is removed from or added 
to the listed authors after submission, an explanation and a signed statement of agreement confirming 
the requested change are required from all the initially listed authors and from the author to be removed 
or added. 
 
 
 
 
 
 
 
 
 



Plagiarism 
Plagiarism, whether intentional or not, is not tolerated in Karger’s journals. Plagiarism includes, 

but is not limited to, copying or reusing text, ideas, images or data from other sources without clear 
attribution, and goes against the principle of academic publishing. Karger may subject any manuscripts to 
a plagiarism-detection software (Crossref Similarity Check, powered by iThenticate) and if the software 
raises any concerns, there will be a follow-up investigation in line with COPE guidelines. At any stage of 
peer-review, publication, or post-publication, if plagiarism is detected the manuscript may be rejected, 
corrected or retracted, as appropriate, and we reserve the right to inform the authors' institutions about 
any plagiarism detected. We expect that our editors and reviewers will inform the journal about any 
concerns related to plagiarism. 
 

Further Conditions 
Patient Consent 

Signed patient consent (please use this Patient Consent Form) must be obtained from the patient, 
guardian or next of kin (or a statement that the patient was not alive at the time of writing) and submitted 
along with the manuscript. 

 
Formatting 

The preferred word processing program for manuscripts is Microsoft Word. Page and line 
numbering should be activated, and the level of subheadings should be indicated clearly. Footnotes 
should be avoided. When essential, they should be numbered consecutively and appear at the foot of the 
appropriate page. Abbreviations (with the exception of those clearly well established in the field) should 
be explained when they are first used both in the abstract and in the main text. Units of measurement 
should be expressed in SI units wherever possible. Generic names of drugs (first letter: lowercase) should 
be used whenever possible. Registered trade names (first letter: uppercase) should be marked with the 
superscript registration symbol ® or ™ when they are first mentioned. 

 
Manuscript Arrangement 
. Title Page: The first page should contain a short and concise title plus a running head of no more than 80 
characters. Abbreviations should be avoided. Below the title, list all the authors’ names as outlined in the 
article sample, which can be downloaded under Article Types. Each listed author must have an affiliation, 
which comprises the department, university, or organization and its location, city, state/province (if 
applicable), and country. Place the full postal address of the corresponding author at the bottom of the 
first page, including at least one telephone number and e-mail address. Keywords relevant to the article 
should be listed below the corresponding author information. 

 
. Body: Please refer to the Article Types section of the Guidelines for Authors for information on the 
relevant article structure, including maximum word counts and downloadable samples. 
 
. Online Supplementary Material: Online Supplementary Material may be used to enhance a publication 
and increase its visibility on the Web. Supplementary files (directly relevant but not essential to the 
conclusions of the paper) will undergo editorial review and should be submitted in a separate file with the 
original manuscript and with all subsequent submissions. The Editor(s) reserve(s) the right to limit the 
scope and length of supplementary material. Supplementary material must meet production quality 
standards for publication without the need for any modification or editing and should not exceed 10 Mb 
in size. Figures must have legends and tables require headings. All files must be supplied separately and 
named clearly. Acceptable files and formats are Word or PDF files, Excel spreadsheets (if the data cannot 
be converted properly into a PDF file), and multimedia files (MPEG, AVI, or QuickTime formats). All 
supplementary material should be referred to in the main text. A DOI number will be assigned to 
supplementary material, and it will be hosted online at https://karger.figshare.com under a CC BY license. 
Supplementary material may incur a charge. See Cost of Publication for more information. 

 
 
 
 
 



References 
. In-Text Citation: References in the text should be identified using Arabic numerals [in square brackets]. 
The reference list should not be alphabetized, but the references should be numbered consecutively in 
the order in which they are first mentioned in the text. Material submitted for publication but not yet 
accepted should be labelled as ‘unpublished’ and may not be included in the reference list. Other pre-
published or related materials with a DOI, e.g. preprint manuscripts, datasets, and code, may be included. 
If you are using reference management software, we recommend using the Vancouver Referencing Style. 
 
. Reference Management Software: The use of EndNote is recommended to facilitate formatting of 
citations and reference lists. 

 
Journal Policies 
Copyediting and Proofs 

Manuscripts accepted for publication by Karger Publishers are subject to copyediting. Karger 
Publishers’ house style is based on internationally recognized standard manuals, including The Chicago 
Manual of Style. An e-mail containing a link to download the RTF proofs will be sent to the corresponding 
author. The authors should check the RTF document and respond to any questions that have been raised 
during proofreading within 48 hours. Only text corrections are required, since layout and typesetting take 
place at a later stage. Alterations made to proofs, other than the correction of errors introduced by the 
Publisher, are charged to the authors and may require editorial approval. Please note that the revised 
proofs are not sent to the authors prior to typesetting and online publication unless there are exceptional 
circumstances. The article layout will be created according to the Karger standard. 

 
DOI Number 

A DOI number will be available as a unique identifier on the title page of each article. DOIs are 
useful for identifying and citing articles published online without volume or issue information. 
 

Online First Publication 
All articles are published electronically ahead of print with a DOI number and are supplemented 

later with the definite reference to the printed version. The articles become available immediately after 
the authors’ approval to print. 
 

Licenses and Copyright 
The Submission Statement outlines the licensing and copyright terms. A copy of the Submission 

Statement originally hand signed by all authors must be received by the editorial office. Please print and 
sign the form, and upload it during submission to make it legally binding. 

 
Self-Archiving 

Karger permits authors to archive their postprints (i.e., accepted manuscripts after peer review 
but before production) on their personal home page or institution’s repository, provided that these are 
not used for commercial purposes, are linked to the publisher’s version, and acknowledge the publisher’s 
copyright. Preprints may be shared without restriction. In addition, authors may post their accepted 
manuscripts in public Open Access repositories and scientific networks no earlier than 12 months 
following publication of the final version of their article. The posted manuscripts must: 
1. Be used for noncommercial purposes only 
2. Be linked to the final version on www.karger.com and include the following statement: 
"This is the peer-reviewed but unedited manuscript version of the following article: [insert full citation, 
e.g., Cytogenet Genome Res 2014;142:227–238 (DOI: 10.1159/000361001)]. The final, published version 
is available at http://www.karger.com/?doi=[insert DOI number]." 

It is the authors’ responsibility to fulfill these requirements. For papers published online first with 
a DOI number only, full citation details must be added as soon as the paper is published in its final version. 
This is important to ensure that citations can be credited to the article. Manuscripts to be archived in 
PubMed Central due to funding requirements or that have been published under the Author’s Choice™ 
scheme will be submitted by Karger on the authors’ behalf, as outlined under Funding Organizations. 

 
 



Funding Organizations 
If the authors are affiliated with an organization that has an offsetting agreement with Karger, 

the authors are prompted during submission to select from a list of these organizations. By choosing one 
of the listed organizations, eligibility can then be assessed. 

 
. NIH-Funded Research: The US National Institutes of Health (NIH) Public Access Policy mandates that final, 
peer-reviewed manuscripts are archived in its digital database PubMed Central (PMC) within 12 months 
of the official publication date. As a service to authors, Karger Publishers submits the accepted, unedited 
version of NIH-funded manuscripts to PMC upon publication. The final, peer-reviewed article is made 
available after a 12-month embargo period. Where the authors have chosen to make their paper freely 
available under Karger’s Author’s Choice™ service, this embargo does not apply. 
 
. Other Funding Sources: Karger Publishers also complies with other funders’ requirements (including the 
Wellcome Trust and RCUK) for submission to PMC. In some cases, doing so requires that authors select 
Author’s Choice™, which is generally reimbursed by the funder or is a permissible cost in the grant.  
Authors should include information on their grants in the Funding Sources section of their papers. 

 
Submission 
Manuscript Submission 

Manuscripts should be submitted online via the Respiration submission portal. Before 
submission, please read the Guidelines for Authors for specific requirements for manuscript preparation. 
A brief cover letter outlining how your study contributes to the current scientific literature and how it fits 
the aims and scope of the Journal should be provided. If your submission is part of a special issue of the 
journal, please refer to the specific name of the special issue in your cover letter and specify who invited 
the submission where appropriate. 
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