
4835

Abstract. – OBJECTIVE: Coronavirus dis-
ease-2019 (COVID-19) caused by Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) follows a biphasic disease model con-
sisting of an early viral response phase and an 
inflammation phase. SARS-CoV-2 has a high af-
finity for the upper respiratory tract and con-
junctiva; hence, it can infect the upper respi-
ratory tract and facilitate airway inflammation. 
COVID-19 also affects the tracheal epithelial 
cells. We hypothesized that the size of the tra-
chea increases depending on the severity of the 
disease, and this increase is an indicator of poor 
prognosis. There are no studies on this subject 
in literature, to the best of our knowledge. For 
this purpose, in this study, the tracheas of 326 
patients who reported to the radiology clinic 
were examined by evaluating the thoracic com-
puted tomography (CT) images.

PATIENTS AND METHODS: The patients who 
were admitted to the Malatya Training and Re-
search Hospital between September and De-
cember 2020, had a positive SARS-CoV-2 na-
sopharyngeal reverse transcription-polymerase 
chain reaction result, and had undergone tho-
racic CT, were included in the study. The thorac-
ic CT scans without respiratory artifacts were 
evaluated, and anteroposterior (AP) and trans-
verse diameters of the trachea were measured 
at the thyroid and bifurcation levels.

RESULTS: We believe that a tracheal AP diam-
eter of >20 mm at the thyroid level and a tracheal 
AP diameter of 18 mm at the thyroid bifurcation 
level (according to Group 3 and Group 4) may be 
indicators of poor prognosis. In terms of surviv-
al, a tracheal AP diameter of >18 mm at the bifur-
cation level can be considered as a poor prog-
nostic factor.

CONCLUSIONS: The tracheal diameter may 
increase in proportion to the severity of in-
flammation, indicating or accompanying a poor 
prognosis. Patients with extensive involvement 
should be monitored closely for the develop-
ment of tracheal stenosis.
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Introduction

Clinical manifestations of severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) 
infection range from asymptomatic presentation 
to atypical pneumonia, hyperinflammatory phe-
notype, respiratory failure, and acute respiratory 
distress syndrome (ARDS)1. The virus enters the 
cells by binding to the angiotensin converting 
enzyme 2 (ACE2) receptor located on the apical 
surface of the ciliated respiratory epithelium. 
This cell type is found especially in the lungs, 
distal airways, glottis and supraglottic area, and 
trachea2. Infection of the endothelial cells by the 
virus causes endotheliitis in these cells3. Lym-
phocytic endotheliitis was observed in the post-
mortem pathological examination of the lung, 
heart, kidney, and liver in patients who died from 
COVID-194. Common symptoms of COVID-19 
include respiratory distress, fever, cough, and 
dyspnea. The disease may be asymptomatic or 
may cause various symptoms ranging from mild 
respiratory tract infection to pneumonia and se-
vere acute respiratory tract infection5.

Computed tomography (CT) is a noninvasive 
imaging method that can be used to evaluate the 
tracheal anatomy and pathological status. CT helps 
to determine the tracheal pathological changes, 
detect the anatomical localization of the pathology, 
provide detailed information about the surround-
ing structures, plan the surgery, and evaluate the 
treatment response6. CT is the best noninvasive 
method to evaluate the tracheobronchial tree7.
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Patients and Methods

Ethical approval was obtained from the 
Malatya Training and Research Hospital Ethics 
Committee (Approval No. 23536505-000-2451). 
Patients who reported to the Malatya Training 
and Research Hospital between September and 
December 2020 and who were positive for SARS-
CoV-2 in reverse transcription-polymerase chain 
reaction analysis of nasopharyngeal swab sam-
ples with thoracic CT images free of respiratory 
artifacts were included in the study. Patients with 
pathologies, such as thyroid nodule, lymph node, 
lung cancer compressing the trachea, and kypho-
scoliosis, were excluded from the study.

CT scans were performed with a multi-slice 
device (16-slice multidetector CT-Philips Medical 
System MX-16). The tube voltage was set to 110 
kV. CT images were evaluated retrospectively 
by two radiologists from Picture Archiving and 
Communication Systems. The radiologists were 
blinded to the clinical findings and prognosis of 
the patients.

Inflammatory changes in the five lobes of the 
lung, ground glass appearances, and parenchymal 
consolidation areas were evaluated according to 
the criteria stated in the study titled “CT image 
visual quantitative evaluation and clinical clas-
sification of coronavirus disease (COVID-19)” 
published by Kunwei et al8 in “European Radiolo-
gy” in March 2020. Each lobe was scored as 0–4, 
depending on the percentage of the involved lobe: 
0 (0%), 1 (1%-5%), 2 (26%-50%), 3 (51%-75%), or 
4 (76%-100%).

We divided the patients into four groups ac-
cording to the percentage of pneumonic lung in-
volvement due to the disease, as follows: 1%-25% 
(Group 1), 26%-50% (Group 2), 51%-75% (Group 
3), and 76%-100% (Group 4). We investigated the 
presence of the relationship between the severity 
of COVID-19 pneumonia and tracheal diameter. 
The anteroposterior (AP) and transverse (TV) 
diameters of the trachea were measured at the 
thyroid level (Figure 1) and at the bifurcation 
level (Figure 2) using the CT images of patients 
with COVID-19 pneumonia.

Statistical Analysis
IBM SPSS Statistics for Windows 22.0 was 

used to perform data analysis. Analysis of vari-
ance (ANOVA) was performed to evaluate wheth-
er the difference between the mean tracheal di-
ameters of the groups classified according to the 
percentage of CT lung involvement were statisti-

cally significant. When a statistically significant 
difference was found between the group means 
in ANOVA, Tukey’s post-hoc analysis was done 
to determine which group caused the difference. 

Results

The mean age of the 326 patients was 59.1 
years (range 19-89), and 196 of the patients 
(60.1%) were men. For all the groups, the mean 
tracheal diameter was calculated by taking the 
arithmetic averages of the sum of the AP and TV 
diameters measured at the thyroid and bifurcation 
levels. 

The mean tracheal diameters of the groups 
classified according to the percentage of lung 
involvement are given in Table I. There was a 
significant difference between the mean trache-
al diameter of the four groups (p = 0.001), and 
the mean diameter of Group 4 was significantly 
higher than that of Group 1 and Group 2. The 
difference in the mean AP diameter measured 
at the thyroid level between the four groups was 
significant (p < 0.001), and this difference was 
due to Group 4. The mean AP diameter of Group 

Figure 2. Example of anterior-posterior diameter measure-
ment of the trachea at the thyroid level.

Figure 1. Example of transverse diameter measurement of 
the trachea at the thyroid level.
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4 measured at the thyroid level was significantly 
higher than those of the other three groups.

The difference in the mean TV diameter mea-
sured at the thyroid level between the four groups 
was significant (p = 0.037). There was a signifi-
cant difference between Group 1 with <26% in-
volvement and Group 4 with >75% involvement. 

The difference in the mean AP diameter mea-
sured at the bifurcation level of the trachea was 
significant among the four groups (p = 0.007). 
The difference was significant between Group 1 
and Group 4, similar to that for mean TV diam-
eter at the thyroid level. The mean bifurcation 
diameter of Group 4 was significantly higher than 
that of Group 1. The difference in the mean TV 
diameter measured at the bifurcation level was al-
so significant among the four groups (p = 0.005). 
The mean diameter of Group 4 was significantly 
higher than Group 1 and Group 2. 

The arithmetic means of the diameters mea-
sured at the thyroid and bifurcation levels of the 
trachea were calculated.

A t-test was performed to evaluate whether the 
difference between the mean tracheal diameters 
in terms of the survival status of the patients 
was statistically significant. The difference in 
the mean AP diameter measured at the bifurca-
tion level of the trachea was significant between 
the surviving and deceased patients (p = 0.018). 
Although the mean tracheal diameter measured 
at the other levels was higher in the deceased 
patients, the difference was not statistically sig-
nificant. The p-values of the AP and TV diam-
eters measured at the thyroid level and the TV 
diameter measured at the bifurcation level were 
found to be p = 0.546, p = 0.431, and p = 0.327, 
respectively.

Discussion

The cartilage structure in the trachea is envel-
oped by a perichondrium surrounded by connec-
tive tissue containing collagen and elastin. The 
connective tissue continues as the membranous 

trachea at the posterior. The membranous tra-
chea contains fibrous sheath, smooth muscle, ep-
ithelium, and glands. This flexible membranous 
trachea allows the size of the tracheal lumen to 
be altered9. Particles descending to the lower re-
spiratory tract owing to ciliary activity in the re-
spiratory tract epithelium are drained and cleaned 
from the bronchi and trachea. Some particles may 
cause inflammation and a series of immunologi-
cal reactions at this stage10.

Cytokines normally regulate immunity, in-
flammation, and hematopoiesis. However, in 
some patients, excessive secretion of cytokines 
may cause a cytokine storm and lead to tissue 
damage, resulting in capillary leakage, thrombus 
formation, and organ failure11.

Viral antigen was seen in the respiratory epi-
thelium and alveolar macrophages in the trachea, 
bronchi, and bronchioles. Respiratory epithelial 
cells are one of the first cell types encountered 
by the inhaled virus, and the virus was detected 
in the ciliary epithelial cells12. In the literature, it 
has been reported that viral agents such as herpes 
simplex virus, herpes zoster virus, and human 
immunodeficiency virus cause conditions such as 
epiglottitis, laryngitis, and tracheitis13,14. Schol-
ars15 have reported that COVID-19 may cause 
inflammation in the larynx, trachea, bronchi, 
and lungs, and COVID-19 associated laryngo-
tracheitis can be seen. In the present study, an 
increase in the tracheal diameter was observed 
in proportion to the severity of pneumonia. In 
Group 4 patients with the most severe pneumo-
nia, the mean diameter was the highest. In this 
group, we believe that severe inflammation might 
have caused edema in the trachea, thus leading 
to an increase in the tracheal diameter. The sig-
nificant difference among the groups classified 
according to the percentage of involvement in the 
mean tracheal diameter supports this idea.

In postmortem studies, increased mucosal con-
gestion and secretion were observed in the trachea 
and bronchi. Protein-rich exudation and fibrosis 
were observed in the alveolar spaces. Squamous 
metaplasia and interstitial fibrosis were noted in 

Table I. Mean tracheal diameter of the groups classified according to percentage of lung involvement.

 Percentage of lung involvement  N (number of patients) % Mean tracheal diameter ± SD

Group 1: ≤ 25% 131 40.1 17.4 ± 2.1
Group 2: 26%-49%  83 25.5 17.6 ± 2.4
Group 3: 50%-75%  73 22.4 18.0 ± 2.2
Group 4: > 75%  39 12.0 18.9 ± 1.7
Total 326 100.0 17.8 ± 2.2
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terminal bronchioles16. In the study by Rendina 
and Maurizi17, areas containing coagulation ne-
crosis as well as rigid and inflammatory tissues 
in the peritracheal region have been reported 
during airway reconstruction to correct tracheal 
stenosis resulting from COVID-19. These find-
ings support the inflammation and edema process 
in the trachea. While edema and inflammation 
in the trachea cause an increase in the tracheal 
diameter, a narrowing of the tracheal lumen, 
namely stenosis, may also occur. We believe that 
tracheal stenosis pathologies that occur in long-
term follow-ups may develop in the background 
of this necrosis. Therefore, we recommend that 
patients in Group 4 with tracheal enlargement 
should be closely monitored. We suggest that a 
tracheal AP diameter of >20 mm at the thyroid 
level and a tracheal AP diameter of >18 mm at 
the bifurcation level (according to Group 3 and 
Group 4) may indicate poor prognosis (Table II). 
In terms of survival status in our cases, a tracheal 
AP diameter of >18 mm at the bifurcation level 
(Table III) can be considered as an indicator of 
poor prognosis.

Recurrent polychondritis is an episodic au-
toimmune, multisystemic, inflammatory disease 
characterized by antibodies against type II col-
lagen in tissues with cartilage in their structure, 

such as the trachea. Edema develops in the acute 
phase of the disease, and fibrous tissue develops 
in the late period due to chronic inflammation. 
The airway collapses with the destruction of the 
laryngotracheal cartilage. Stenosis occurs in the 
trachea18. Virtual bronchoscopy (VB) performed 
using CT is a useful method to determine the size 
and location of the lesion. With the help of VB, 
actual views of the anatomical inner surfaces of 
the trachea, main bronchus, and its branches can 
be obtained. VB can be used to measure the di-
ameter of the functional airway, the position and 
length of the intraluminal soft tissue, the thick-
ness of the tracheal mucosa, and the changes in 
the tracheal cartilages. As chronic inflammation 
can alter the tracheal cartilages, it also predispos-
es the patient to tracheomalacia. The sensitivity 
and specificity of VB in determining stenosis in 
the central airways was found to be 90%–96.6%19.

It has been reported that lung fibrosis develops 
in patients with COVID-19 and that antifibrotic 
drugs can be effective in the treatment20. We 
believe that similar pathological processes may 
occur in the trachea in COVID-19 patients. In 
the long term, tracheal fibrosis similar to that 
observed in the lungs may develop in Group 4 
patients with diffuse inflammation of the trachea 
and lead to tracheal stenosis.

Table II. Mean anteroposterior and transverse diameters of the trachea at the thyroid and bifurcation levels of the groups 
classified based on the percentage of lung involvement and respective p-values.

  Mean AP Mean Mean AP Mean
  Diameter of Transverse Diameter of the Transverse
   the Trachea at Diameter of Trachea at the Diameter of the
 Percentage of the Thyroid Level the Trachea at Bifurcation Trachea at the
 Lung Involvement Mean ± SD the Thyroid Level Level Bifurcation Level

Group 1: ≤ 25% 19.3 16.8 17.3 16.2
Group 2: 26%-49% 19.7 16.9 17.4 16.3
Group 3: 50%-75% 20.0 17.1 18.1 16.9
Group 4: > 75% 21.5 18.1 18.6 17.5
 p < 0.001 p = 0.037 p = 0.007 p = 0.005

AP: anteroposterior.

Table III. Tracheal diameter according to the survival status of the patients (N: Number of patients).

 Measurement Survival Number of patients Mean diameter p-value

Thyroid level AP Survivor 268 19.75 p = 0.546
 Deceased 58 20.0 
Thyroid level transverse Survivor 268 17.04 p = 0.431
 Deceased 58 17.3 
Bifurcation level AP Survivor 268 17.5 p = 0.018
 Deceased 58 18.3 
Bifurcation level transverse Survivor 268 16.5 p = 0.327
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Conclusions

COVID-19 is a multisystemic disease, which 
may involve all systems as well as the trachea. 
Increasing tracheal diameter in proportion to the 
severity of inflammation may be an indicator of 
poor prognosis. Patients with extensive involve-
ment should be monitored closely for the devel-
opment of tracheal stenosis. However, further 
studies with larger series are needed. CT can be 
used as a noninvasive method in follow-up.
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