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Abstract
Purpose: The aim of this study is to explore the association between patient-reported dyspnea and
objective functional and structural airway findings in a post-tracheostomy population, and to compare
these relationships between open surgical and percutaneous dilatational tracheostomy.

Methods: The prospective, single-center, observational cohort study included 156 patients evaluated in
the late post-tracheostomy period. Dyspnea severity was assessed using modified Medical Research
Council (mMRC) scale. All patients underwent spirometry (measuring vital capacity [VC] and FEV1/VC
ratio) and neck and chest computed tomography (CT). Patients were divided into two groups based on
tracheostomy type: open surgical tracheostomy (OST, n=76) and percutaneous dilatational tracheostomy
(PDT, n=80). Associations between mMRC scores, spirometry patterns, and CT-defined tracheal stenosis
were analyzed using Spearman correlation and ordinal logistic regression.

Results: Most patients in both groups reported minimal dyspnea (mMRC=0: OST 56.6%, PDT 43.7%).
Spirometric abnormalities were observed in both groups without significant intergroup differences.
Restrictive patterns were more common in the PDT group; obstructive patterns predominated in the OST
group. CT-defined tracheal stenosis was present in 28.0% of OST and 31.3% of PDT patients, with higher-
grade stenosis observed only in the PDT group. mMRC scores were significantly associated with
spirometric category (ρ = 0.343, p < 0.001) and CT stenosis grade (ρ = 0.461, p < 0.001), but not with the
FEV₁/VC ratio.

Conclusion: In post-tracheostomy patients, dyspnea severity assessed by the mMRC scale was
associated with both functional and structural airway findings. These associations are biologically
expected and consistent with observations in other airway diseases, but are demonstrated here in a
specific and under-studied post-tracheostomy population. The results should be interpreted as
descriptive and exploratory rather than indicative of diagnostic or screening utility.

Clinical trial registration: Trial “Quality of life in patients undergoing tracheostomy” was registered in
ISRCTN24668317 (IRB no. YSMU №7/18–19) with date of registration April 23, 2019

Introduction
Dyspnea is a complex subjective symptom affecting quality of life across airway diseases. The modified
Medical Research Council (mMRC) scale is widely used to describe activity-related breathlessness due
to its simplicity and reproducibility, particularly in chronic airway diseases. [1–12] However, its role in
post-tracheostomy patients has not been systematically explored, despite this population presenting
unique anatomical and functional airway alterations.

The mMRC dyspnea scale is a five-level rating scale that is based on a patient’s perception of the
severity of their breathlessness during daily activities [3–5, 7, 10]. Scores on the mMRC dyspnea scale
has consistently been shown to be correlated with spirometry parameters in patients with respiratory
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diseases caused by COPD [1, 2, 5]. Furthermore, scores on the mMRC dyspnea scale have been shown to
be moderately positively correlated with other dyspnea indicators, including the Baseline Dyspnea Index
(BDI) and the Oxygen Cost Diagram [1]. Despite the fact, that tracheostomy is a life-threatening
procedure and as well the most frequently performed surgical procedure in intensive care units for
patients under prolonged mechanical ventilation, it has the procedure related late complications like
tracheal stenosis. In terms of its early diagnosis, the tracheal stenosis associated dyspnea has not been
sufficiently investigated. The neck computed tomography scanning (CT scans) and bronchoscopy are
the main methods for tracheal stenosis diagnostic. However they have some limitations for purpose of
post-tracheostomy tracheal stenosis revealing standard examination, considering the cost related issues
and CT scan related radiation. Although associations between dyspnea severity, spirometric
abnormalities, and airway narrowing have been described in various obstructive and restrictive airway
diseases, such relationships have not been systematically examined in patients following tracheostomy.
This population represents a distinct clinical context, characterized by prior prolonged mechanical
ventilation, airway instrumentation, and procedure-related structural changes that may influence
symptom perception and respiratory function. The present study therefore focuses on characterizing the
relationship between subjective breathlessness and objective airway findings specifically in post-
tracheostomy patients. The aim was to compare outcomes between tracheostomy techniques and to
explore associations between dyspnea severity, spirometry, and CT-defined airway changes in this
context.

Materials and methods
This prospective, single-center, observational, cohort study was conducted from May 2019 to March
2020. Data were collected from patients in the ENT and Maxillofacial Surgery Department of Yerevan
State Medical University, Yerevan, Armenia. The study protocol was approved by the Ethics Committee of
Yerevan State Medical University, and the overarching trial “Quality of life in patients undergoing
tracheostomy” was registered in ISRCTN24668317 (IRB no. YSMU №7/18–19) on April 23, 2019 [13, 14].
Dyspnea assessment was one of the primary outcomes in this trial. The feasibility of mMRC and the
diagnostic value of the mMRC compared to spyrometry and neck CT scan were observed. Written
informed consent was obtained from all participants after they received written and oral information
about the study. One hundred fifty-six individuals in the late post-tracheostomy period (i.e., at least one
month after cannulation) were assessed via the mMRC Dyspnea Scale. These patients also underwent
spirometry and neck and chest CT scans. The post-tracheostomy follow‐up duration ranged from 12 to
84 months, with an average time of 39.6 months. Patients who underwent tracheostomy in the intensive
care unit (ICU) of Heratsi University Hospital from January 2013 to December 2018 were eligible for
inclusion. The most common indication for tracheostomy was long‐term mechanical ventilation. The
exclusion criteria were as follows: (1) patients who underwent emergency tracheostomy, (2) patients
with a previous history of neck trauma and scarring, (3) patients with a history of radiotherapy, (4)
patients with keloid or hypertrophic scar history, and (5) patients with autoimmune diseases [13, 14].
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Of the 156 recruited individuals, 76 underwent minimally invasive OST (Group 1), and 80 underwent PDT
(Group 2). The mean age of the entire cohort was 54.7 years (range, 16–87 years), with a male-to-female
ratio of 2:1 [13, 14]. The age and sex distribution of persons undergoing tracheostomy is presented in
Fig. 1.

The mMRC dyspnea scale
To assess respiratory function impairment (i.e., dyspnea), the mMRC Dyspnea Scale was completed by
patients in person. The mMRC Dyspnea Scale quantitatively assesses disability associated with dyspnea
and is useful for characterizing baseline dyspnea in patients with respiratory diseases. However, the
mMRC Dyspnea Scale does not provide an accurate quantitative assessment of the etiology of dyspnea
(e.g., tracheal stenosis, COPD) and is not a reliable measurement of the patient’s efforts to differentiate
whether dyspnea is associated with pulmonary diseases or behavioral reactions to disability. Scores on
these indicators reflect patients' perceptions of the duration of respiratory symptoms or disease severity
and provide a foundational assessment of functional impairments related to dyspnea induced by
respiratory diseases. The mMRC Dyspnea Scale consists of a five-point questionnaire ranging from 0 to
4: 0, no breathlessness except for strenuous exercise; 1, shortness of breath when hurrying on a flat
surface or walking up a slight hill; 2, walks slower than people of the same age on a flat surface because
of breathlessness or has to stop to catch breath when walking at their own pace on a flat surface; 3,
stops due to breathlessness after walking ∼100 m or after a few minutes on a flat surface; and 4, too
breathless to leave the house or breathless when dressing or undressing [14]. A score of 4 represents
the most severe level of dyspnea. After learning about the questionnaire, patients circled the item that
they felt best represented their condition.

The spirometry
Spirometry is a noninvasive method for measuring airflow and volume over a temporal scale via forced
maneuvers. The most common indication for conducting spirometry is the diagnosis of airway
obstruction. In obstructive disorders, there is a reduction in expiratory flow, the pathophysiological basis
of which is an increase in airway resistance. In most cases, the severity of obstructive disorders is
assessed by the degree of deviation of FEV1 (from the expected value. Spirometry was performed via a
Flow Screen Pro spirometer (Jaeger, Germany). The device provides precise measurements of
respiratory flow and lung capacity. Due to the use of advanced sensors and algorithms, the device offers
invaluable insights into pulmonary function, thus enabling the assessment of conditions such as
asthma, chronic obstructive pulmonary disease (COPD), and restrictive lung diseases with
unprecedented accuracy. Spirometry parameters such as forced vital capacity (FVC) and forced
expiratory volume in one second (FEV1) enable informed decisions regarding the diagnosis, treatment,
and ongoing management of dyspnea. FVC is the maximum capacity of air that a patient can exhale
after a maximum inspiration and FEV 1 is the volume of air exhaled in the first second of a forced
exhalation. Furthermore, lung volume can be measured in two ways. In the first method, the volume of
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inhaled or exhaled air (inspiratory and expiratory reserve volume, respectively) and time are measured
directly, thereby generating a graph that depicts the relationship between lung volume and time—this
"volume‒time" curve is called a spirogram. In the second method, flow and time are measured, and lung
volume is calculated by multiplying flow by time, resulting in a graph that depicts the relationship
between the volumetric flow rate and lung volume, i.e., a "flow‒volume" curve. Thus, both curves reflect
the same parameters: the integral expression of airflow velocity yields volume, which can, in turn, be
represented as a function of time. Conversely, the volume of exhaled air can be differentiated with
respect to time to determine the flow velocity. The presentation of spirometry results as a flow‒volume
curve provides the simplest and most informative interpretation. Spirometry can be conducted during
both quiet and forced breathing. Vital capacity (VC), i.e., the maximum volume of air that can be inhaled
or exhaled is the primary parameter obtained during spirometry under resting conditions. The forced
expiratory maneuver is used to measure forced vital capacity (FVC), volumetric airflow rate parameters
(e.g., FEV1, the FEV1/FVC ratio, and flow rates at 25–75% of the FVC), and maximum volumetric flow
rates at 25%, 50%, and 75% of the FVC. The interpretation of spirometry results was based on an analysis
of key spirometry parameters (FEV1, VC, and the FEV1/VC ratio % SOLL). The volume of air exhaled in
the first second represents a relatively constant fraction of the FVC, regardless of the lung size. In
healthy individuals, this ratio is usually 75–85%, but it tends to decrease with age, as the expiratory flow
rate decreases more significantly than the lung volume does. In obstructive disorders, the FEV1/FVC
ratio decreases as FEV1 decreases as the severity of obstruction increases. FVC also decreases as the
severity of obstruction increases, but the association is weaker. In cases of pulmonary restriction
without obstructive changes, both the FEV1 and FVC decrease proportionately, resulting in the ratio
remaining within normal limits or even slightly above normal limits. Thus, to differentiate between
obstructive and restrictive disorders, the FEV1/FVC ratio (VC, FEV1, FEV%) is evaluated.

Computer tomography (CT) of the neck and chest
Considering that spirometry only reflects the state of respiratory function at the time of the examination,
it is not possible to objectively determine whether patients had respiratory function abnormalities prior
to tracheostomy or if they developed abnormalities after the procedure, e.g., due to fibrotic changes in
the soft tissues surrounding the tracheostomy window following decannulation. Expiratory restrictive
phenomena may be associated with tracheal stenosis or may be induced by interstitial inflammation of
lung tissue, pulmonary atelectasis, and other factors. Consequently, patients diagnosed with restrictive
disorders or tracheal stenosis based on spirometry findings subsequently underwent spiral computed
tomography (CT) of the neck and chest. Imaging was performed via a multislice scanner, the Light Speed
VCT 64 (General Electric, USA), with the following technical parameters: collimation − 8 × 1.5 mm,
overlap − 0.6 mm, rotation time − 0.5 sec, 220 mA, and 120 kVp. Patients were placed in a supine
position on the CT table, with images obtained in the cranio-caudal direction from the soft palate to the
right dome of the diaphragm. The data acquisition time was approximately 6 s, allowing for the
completion of the study within a single breath hold. The raw images were transferred to a computer
workstation (Advantage Windows 4.0; GEMS, USA). Standard software for reconstruction was used for
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virtual 3D imaging. Additionally, standard reformatted coronal and sagittal images of the trachea were
obtained. CT images were evaluated by experienced radiologists who were blinded to patients’ clinical
symptoms, mMRC scores, and spirometry results at the time of assessment. Formal inter-observer
reliability analysis was not performed; however, all cases of suspected stenosis were reviewed by
consensus to minimize classification discrepancies.

Potential causes of tracheal stenosis in tracheostomies include ulceration of the tracheal mucosa or
inflammation of the tracheal wall, which lead to the formation of granulation tissue, in turn resulting in
stenosis. Such stenosis most frequently occurs at the level of the tracheostomy tube cuff, followed by
the stoma formation area and, to a lesser extent, at the distal end of the tracheostomy tube. The main
etiological factors include chronic trauma from prolonged tracheostomy and perichondritis. To diagnose
and assess the degree of tracheal stenosis, coronal and sagittal CT sections were evaluated. The normal
tracheal wall thickness is 1–2 mm. Concentric or eccentric tracheal narrowing in cases of tracheal
stenosis typically ranges from 1.5 to 2.5 cm in length. In cases of tracheal stenosis, granulation soft
tissue is often observed medial to the tracheal cartilage structures. The degree of tracheal stenosis was
evaluated via the Cotton‒Myer classification grading system, which is widely used to describe subglottic
stenosis according to the percent area of obstruction (grade I: 0% to 50%, grade II: 51% to 70%, grade III:
71% to 99%, grade IV: full obstruction).Although originally developed for subglottic stenosis, this
classification is commonly applied in adult tracheal stenosis and post-interventional airway narrowing
due to its simplicity, reproducibility, and clinical familiarity. Its use in this study was intended to provide a
standardized descriptive framework rather than to imply prognostic or therapeutic thresholds. The
correlation between mMRC, Dyspnea Scalle scores and CT findings were performed.

Statistical analysis
Statistical analysis was performed via SPSS software version 16.0 (SPSS Inc., Chicago, IL, USA).
Continuous variables were checked for normality using the Shapiro-Wilk test. Variables that showed non-
normal distribution were summarized using medians and interquartile ranges (IQRs), while categorical
variables were summarized as frequencies and percentages. Differences in dyspnea severity measured
by the mMRC were evaluated using the Mann-Whitney U test. The FEV₁/VC ratio, which demonstrated
non-normal distribution, was also compared between groups using the Mann–Whitney U test.
Differences in categorical variables, including spirometry categories and CT-based tracheal stenosis
grades, were assessed using the Pearson's chi-square test.The Spearman rank correlation analysis was
used to obtain bivariate correlation coefficients. Correlation analyses were performed between mMRC
dyspnea scores and spirometry category, CT-based tracheal stenosis grade, and the FEV₁/VC ratio.
Ordinal logistic regression was performed to identify independent predictors of dyspnea severity with the
mMRC score used as the dependent variable. The independent variables were tracheostomy technique,
spirometry category, CT-based stenosis, and the FEV1/VC ratio. The logit link function was used, and the
proportional odds assumption was evaluated using the test of parallel lines. Model fit was assessed
using likelihood ratio tests and goodness-of-fit statistics. Regression results were reported as regression
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coefficients (β), odds ratios (ORs), and corresponding p-values. All statistical tests were two-tailed and a
p value of < 0.05 was considered to indicate statistical significance.

Results
Demographic information of the participants of the study is similar to the previously published by
Shahparonyan et al. [13]. The results of the analysis of the mMRC Dyspnea Scale showed no statistically
significant difference between the groups (p-0.210) and indicated that the majority of patients in the ՕST
(43; n = 76) and the PDT groups (35; n = 80) had a score of zero on the scale, corresponding to the
statement "I experience dyspnea only with strenuous exercise" (Table 1).
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Table 1
Comparative analysis of mMRC Dyspnea Scale ratings based on tracheostomy method

Variable OST Group (n, %) PDT Group (n, %) p-value

mMRC score 0 43 (56.6%) 35 (43.7%) 0.210

1 20 (26.3%) 30 (36.3%)

2 5 (6.6%) 9 (12.5%)

3 4 (5.3%) 3 (3.8%)

4 4 (5.3%) 3 (3.8%)

Spirometry

category

No abnormality 37 (48.7%) 44 (55.0%) 0.463

Restrictive type 1 13 (17.1%) 11 (13.8%)

Restrictive type 2 6 (7.9%) 4 (5.0%)

Obstructive type 1 18 (23.7%) 20 (25%)

Obstructive type 2 2 (2.6%) 1 (1.3%)

FEV₁/VC ratio median (IQR) 105.35 (10.0) 93.95 (25.1%) < 0.001

CT stenosis grade No stenosis 55 (72.4%) 60 (75.0%) -

  Grade I 21 (27.6%) 12 (15.0%)

  Grade II 0 (0.0%) 4 (5.0%)

  Grade III 0 (0.0%) 4 (5.0%)

    76 (100%) 80 (100%)

Values are presented as n (%) unless otherwise indicated.

p-values are shown only for main outcome comparisons between procedures.

Demographic characteristics were similar between groups and have been previously reported
(Shahparonyan et al. [13]).

Non-parametric tests were used where appropriate due to non-normal distributions.

Among patients undergoing open surgical tracheostomy, 37 patients (48.7%) demonstrated no
spirometric abnormalities. Restrictive patterns were identified in 19 patients (25.0%), while obstructive
patterns were observed in 20 patients (26.3%), including 2 patients (2.6%) with obstructive type 2
disorder. In the percutaneous dilatational tracheostomy group, 44 patients (57.9%) had no spirometric
abnormalities. Restrictive type 1 disorder was present in 11 patients (14.5%), while obstructive patterns
were identified in 21 patients (27.6%), including 1 patient (1.3%) with obstructive type 2 disorder
(Table 1). Moreover, the distribution of spirometry categories did not differ significantly between patients
undergoing open surgical tracheostomy and those undergoing percutaneous dilatational tracheostomy.
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Pearson’s chi-square test demonstrated no statistically significant association between tracheostomy
technique and spirometric pattern (χ² = 7.21, p = 0.125). Similarly, no significant linear trend across
spirometry categories was observed (p = 0.463).

The FEV₁/VC ratio demonstrated wide variability in both groups. Normality testing using the Shapiro–
Wilk test showed that the FEV₁/VC ratio was not normally distributed in either the OST or PDT group (p < 
0.001 for both), and non-parametric methods were therefore applied. Median FEV₁/VC values were
105.35 (IQR 10.0) in the OST group and 93.95 (IQR 25.1) in the PDT group.

Among patients undergoing open surgical tracheostomy, the majority demonstrated no radiological
stenosis (55 patients, 72.4%) or grade I stenosis (21 patients, 27.6%), with no cases of grade II or grade
III stenosis observed. In contrast, patients undergoing percutaneous dilatational tracheostomy exhibited
a broader distribution of stenosis severity, including grade II stenosis in 4 patients (5.0%) and grade III
stenosis in 4 patients (5.0%), in addition to no stenosis (60 patients, 75.0%) and grade I stenosis (12
patients, 15.0%). The distribution of CT-based tracheal stenosis grades differed significantly between
tracheostomy techniques (Table 1). Pearson’s chi-square analysis demonstrated a statistically
significant association between type of tracheostomy and stenosis grade (χ² = 10.576, p = 0.014).

Correlation analyses demonstrated significant associations between dyspnea severity and both
functional and structural measures. A statistically significant positive correlation was observed between
spirometry category and mMRC dyspnea score (Spearman’s ρ = 0.343, p < 0.001), indicating higher
dyspnea severity with worsening spirometric abnormalities. Dyspnea severity also demonstrated a
moderate positive correlation with CT-based tracheal stenosis grade (Spearman’s ρ = 0.461, p < 0.001). In
contrast, no statistically significant correlation was observed between the FEV₁/VC ratio and mMRC
dyspnea score (Spearman’s ρ = 0.048, p = 0.554) (Table 2). In unadjusted analyses, mMRC dyspnea
severity correlated significantly with spirometry category and CT-based tracheal stenosis, but not with
the FEV₁/VC ratio. In adjusted ordinal regression models, spirometry category and CT stenosis grade
remained independently associated with dyspnea severity, whereas the FEV₁/VC ratio and tracheostomy
technique were not (Table 3).

Table 2
Unadjusted associations between mMRC dyspnea score and functional/structural

measures
Variable Spearman’s ρ p-value

Spirometry category 0.343 < 0.001

CT stenosis grade 0.461 < 0.001

FEV₁/VC ratio 0.048 0.554

Unadjusted associations were assessed using Spearman’s rank correlation coefficient.
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Table 3
Unadjusted and adjusted associations between dyspnea severity (mMRC) and functional/structural

measures
Predictor Unadjusted association

(Spearman’s ρ)
p-value Adjusted association

(Ordinal regression OR, 95%
CI)

p-value

Spirometry
category

0.343 < 0.001 1.49 (1.17–1.89) 0.001

CT stenosis grade 0.461 < 0.001 4.26 (2.53–7.18) < 0.001

FEV₁/VC ratio 0.048 0.554 1.01 (0.99–1.03) 0.518

Tracheostomy type — — 0.68 (0.34–1.37) 0.282

Unadjusted associations were assessed using Spearman’s rank correlation. Adjusted associations
were estimated using ordinal logistic regression with mMRC dyspnea score as the dependent
variable, accounting for the ordinal nature of the outcome. Odds ratios represent the change in odds
of higher dyspnea severity. The proportional odds assumption was satisfied.

Discussion
Dyspnea is a well-recognized determinant of quality of life and functional limitation across a wide range
of airway diseases, and its association with spirometric impairment and structural airway changes is
biologically plausible and well documented [1–3, 15]. The contribution of this study lies in demonstrating
that these expected relationships are preserved in patients following tracheostomy, a population in
whom dyspnea assessment is often challenging due to heterogeneous comorbidities, prior critical
illness, and procedure-related airway alterations.

Previous studies in obstructive and restrictive airway diseases have demonstrated associations between
dyspnea severity, spirometric impairment, and structural airway changes. [1–12] The present findings
align with this existing body of evidence but extend it to the post-tracheostomy setting, where symptom
interpretation is complicated by prior critical illness, airway instrumentation, and heterogeneous
comorbidities.

Although tracheostomy is a lifesaving procedure that is widely used in intensive care units worldwide for
patients undergoing prolonged mechanical ventilation, there is a lack of literature specifically addressing
the quality of life of patients who have undergone tracheostomy. The presented study has its aim to
open one of the undisclosed states of persons who undergo tracheostomy in some stage of their life-
the dyspnea emersion, his early diagnostic for further treatment. From a clinical perspective, the
relevance of these findings lies in the potential role of patient-reported dyspnea as an initial descriptive
marker rather than a diagnostic tool. In post-tracheostomy patients, routine spirometry or CT imaging is
not always feasible or justified. Within this context, the mMRC scale may assist clinicians in identifying
individuals who warrant further structural or endoscopic evaluation, while acknowledging that such use
remains exploratory. Therefore, patient-reported dyspnea assessment using instruments such as the
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mMRC scale may serve as a descriptive measure of symptom burden. In the present study, mMRC
scores were examined in relation to spirometric findings and CT-based tracheal stenosis to explore
potential associations rather than to establish diagnostic or clinical utility.

Some previous studies have examined potential aesthetic and functional impairments among patients
who have undergone tracheostomy; however, no studies have comprehensively examined functional
impairments such as dyspnea, dysphagia, and voice changes after tracheostomy and their impact on
quality of life [13, 16]. Our previous clinical trial < < Quality of life in patients undergoing tracheostomy>>
(ISRCTN24668317) examined the influence of post-tracheostomy scars on quality of life [13, 14]. The
present study focused on the manifestations of dyspnea and the methods of assessing dyspnea among
patients who have undergone tracheostomy. Dyspnea is a complex subjective sensation that is common
and usually debilitating in patients with COPD; furthermore dyspnea is an important predictor of exercise
tolerance [17]. The mMRC Dyspnea Scale classifies the impairments associated with breathlessness by
asking respondents to assess activities that induce or are restricted by breathlessness [2–4, 8, 18, 19]. In
the present study, 156 persons who underwent OST or PDT at least 4 months before enrollment
completed dyspnea assessments via the mMRC Dyspnea Scale, spirometry, and neck and chest CT
scans. The results of the analysis of the mMRC Dyspnea Scale revealed that more than half of the
patients in each groups reported some level of breathlessness during their everyday activities. However,
it should be noted that in the present study, the assessment of breathlessness was not performed in a
group of patients with the identical health conditions, such as COPD, obesity, tuberculosis, and
pulmonary fibrosis. Instead, this assessment was performed among a group of patients who underwent
an identical intervention – i.e., tracheostomy due to prolonged mechanical ventilation in the ICU. In this
context, it is essential to examine the correlations of the mMRC Dyspnea Scale with spirometry and CT
findings in order to understand the real cause of dyspnea. Several studies have explored the correlation
between scores on the mMRC Dyspnea Scale and spirometry results. These studies have indicated that
the mMRC Dyspnea Scale is often found to correlate with spirometry measures such as FEV1 [5, 20–22].
Patients reporting higher levels of dyspnea (higher mMRC scores) usually have lower FEV1 values,
indicating worse lung function [5, 10, 20, 21]. Some studies have reported variations in the correlation
based on the population studied (e.g., age, sex, comorbidities), with the mMRC Dyspnea Scale
sometimes being more reflective of a patient's perceived health status than spirometry parameters [22–
24]. COPD is the main pathology that was investigated in the abovementioned studies. In the present
study, a positive correlation between spirometry measures and mMRC Dyspnea Scale scores was
observed in 45 patients (59.2%; n = 76) in the OST group and in 54 patients (67.5%; n = 80) in the PDT
group. The majority of the individuals in both groups exhibited no discernible impairments in terms of
external respiratory function according to the spirometry parameters. The changes indicative of
obstructive syndrome were slightly more prevalent in the OST group, whereas restrictive insufficiency
due to tracheal stenosis predominated in the PDT group. However, spirometry findings do not adequately
reflect all of the manifestations of the disease, and other factors need to be accounted for in its
diagnosis and management. Current guidelines emphasize the importance of multiple assessments in
addition to the severity of airflow limitation [7]. The correlation between airflow limitation, which is
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evaluated via spirometry, and the corresponding airway diameter, which is measured via computed
tomography, is still under investigation [23]. Karayama et al. [24] reported that FEV1 was correlated with
both the airway inner luminal area and the wall thickness. Yasui et al. [7] investigated the correlation
between the mMRC Dyspnea Scale score and airway structure via quantitative CT measurements in
patients with COPD. The authors concluded that the mMRC Dyspnea Scale was correlated with the
airway wall of sixth-generation bronchi in patients with COPD. Usuba et al. [25] investigated correlations
between the cross-sectional area (CSA) of the trachea and spirometry values in patients with relapsing
polychondritis. They reported that the tracheal CSA measured via chest CT is strongly correlated with
spirometry parameters and can thus be used as a clinical predictor of lung function in patients with RP.
Alrabiah et al. [26] evaluated the relationship between tracheal stenosis severity and pre- and post-
balloon dilatation spirometry parameters to assess for significant changes in spirometry values and to
evaluate the effects of stenosis-associated factors on post-dilation spirometry values, including the
vertical length and grade of the stenosis, as well as the role of wound-modifying agents. Mahros et al.
[23] evaluated the possible correlations of forced expiratory volume in the first second (FEV1%), forced
vital capacity (FVC%), FEV1/FVC, and peak expiratory flow 25–75% (PEF 25–75%) with the diameter of
the airway at 3 different levels via CT. The authors found a significant and positive correlation between
the CT-detected airway luminal area at the expiratory stage of respiration and the FEV1%, whereas at the
inspiratory phase, there was no positive correlation. The present study revealed that mMRC Dyspnea
Scale scores of 0 were weakly and positively correlated with spirometry findings in both groups and
strongly and positively correlated with the CT scan results. Additionally, a strong positive correlation was
observed between mMRC Dyspnea Scale scores of 4 and the spirometry and CT scan results. This study
reported that 28% (n = 76) of the patients in the OST group and 31.25% (n = 80) of those in the PDT group
experienced post-trracheostomy stenosis. Cases of advanced stenosis (grade III), which require some
invasive interventions, were observed in two patients (2.5%) in the PDT group. This finding largely
consistent with those reported by Bibas et al. [27], who found that up to 20% to 30% of patients with
tracheostomy had tracheal stenosis, with severe stenosis being observed in 1% to 7% of cases, thus
indicating the need for invasive procedures.

Study limitations:
This study has several limitations that should be considered when interpreting the findings. It’s a single-
center design, which may limit the generalizability of the findings to broader populations. The relatively
modest sample size, particularly within subgroups, may limit the power to detect smaller associations or
differences. Future multicenter studies with larger, more diverse cohorts and longitudinal follow-up are
needed to validate and expand upon these findings.

A major limitation of this study is the presence of baseline pulmonary comorbidities, including chronic
obstructive pulmonary disease, obesity-related respiratory impairment, pulmonary fibrosis, and post-
tuberculosis sequelae, all of which may independently influence dyspnea severity. Although
tracheostomy was the shared intervention among participants, heterogeneity in underlying pulmonary
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conditions limits the ability to attribute dyspnea exclusively to post-tracheostomy airway changes. Due
to sample size constraints and incomplete comorbidity stratification, additional adjustment or subgroup
analyses were not feasible. Consequently, the observed associations should be interpreted as
descriptive and non-causal.

Conclusion
In this cohort of post-tracheostomy patients, dyspnea severity assessed by the mMRC scale was
significantly associated with both spirometric findings and CT-defined tracheal stenosis. These results
demonstrate alignment between subjective symptom reporting and objective functional and structural
airway measures. Restrictive spirometric patterns and higher grades of tracheal stenosis on CT were
more frequently observed in PDT group, while obstructive patterns were more prevalent in the OST
group. While such relationships are biologically expected in airway disease, this study demonstrates
their relevance specifically in the post-tracheostomy setting, an under-studied population with complex
and heterogeneous respiratory complaints. Given the observational design, these results should not be
interpreted as evidence of clinical usefulness. Further longitudinal and interventional studies are
necessary to determine whether these associations translate into clinically meaningful applications.
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Figure 1

Age and sex distribution of recruited persons undergoing tracheostomy
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Figure 2

The diagnostic results of spirometry among patients in the OST and PDT groups
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Figure 3

FEV1\VC ratio distribution based on type of tracheostomy


