Int. J. Morphol.,
41(2)349-354, 2023.

Morphometric Examination of the Trachea and Bronchi in
Follow-up Computed Tomography Scans of COVID-19 Patients
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SUMMARY: The purpose of this study is to evaluate changes in the trachea and bronchi using 3-dimensional reconstruction
images obtained from the initial and follow-up computed tomography (CT) scans of COVID-19 patients. A hundred COVID-19 patients
over the age of 18 were included in our study. CT images were transferred to Mimics software, and a 3-dimensional recofisteuctio
trachea and bronchi was performed. The initial and follow-up CT images of COVID-19 patients were graded as none (grade 0), mild
(grade 1), moderate (grade 2), and severe (grade 3) according to the total lung severity score. The patients werepliogtedsidn
and regression groups according to the grade increase/decrease between the initial and follow-up CTs. Moreover, thagatients we
divided into groups as 0-2 weeks, 2-4 weeks, 4-12 weeks, and over 12 weeks according to the duration between the lioitvalipnd fo
CTs. The mean cross-sectional area, circumference, and diameter measurements of the right upper lobar bronchus, irdeaimesljiate br
middle lobar bronchus, and left lower lobar bronchus decreased in the follow-up CTs of the progression group. This denmtase was
found to be statistically significant. In the follow-up CTs of the regression group, the left upper lobar bronchus anerl&fbéow
bronchus measurements increased but not statistically significant. Upon comparing the onset of the disease and the fiothw-up pe
statistically significant changes did not occur in the trachea, main bronchus, and lobar bronchus of COVID-19 patients.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), a highlamong the airway changes in COVID-19 patients.
contagious disease caused by severe acute respirat®rgnchial wall thickening has been detected in 10-20% of
syndrome coronavirus 2 (SARS-CoV-2), was first reportedOVID-19 patients (Wuwet al, 2020; Yeet al, 2020).
in Wuhan, Hubei Province of China, and quickly spreathflammatory damage to the bronchial wall may be the
to other cities and countries other than Chinadlral, pathogenesis, which results in the destruction of the
2020). The epithelial cells that line the respiratory tradironchial wall structure, proliferation of fibrous tissue,
are among the first cell types encountered by the virus taki@rosis, and tractional bronchiectasis (Hanstdll, 2008;
through respiration (Martines al,, 2020). The virus enters Yeet al, 2020). Little is known about the effect of COVID-
the cell by attaching to the angiotensin-converting enzyni®, the most important health problem of the recent period,
2 (ACE2) receptor located in the ciliary respiratoryn the airways. The purpose of the current research is to
epithelium. These cells are observed, especially in tlassess changes in the trachea and bronchi using 3-dimen-
lungs, trachea, and distal airways (Umlial, 2021). sional reconstruction images acquired from initial and
Bronchiectasis and bronchial wall thickening are observédllow-up CTs of COVID-19 patients.

1Department of Anatomy, Faculty of Medicine, Lokman Hekim University, Ankara, Turkey.
2Department of Anatomy, Faculty of Medicine, Gazi University, Ankara, Turkey.
3Department of Radiology, Faculty of Medicine, Lokman Hekim University, Ankara, Turkey.
“Department of Public Health, Faculty of Medicine, Gazi University, Ankara, Turkey.
SFaculty of Medicine, Yildirim Beyazit University, Ankara, Turkey.

Received: 2022-11-22  Accepted: 2023-01-14

349



ERKAYA, A.; KUTAY COSKUN, Z.; AKYOL, S.; VEYSEL PEKER, T.; KUGLU, T.; NUR BARAN AKSAKAL, F. & BEYZA TUTUNCU, A. Morphometric examination of the trachea and
bronchi in follow-up computed tomography scans of COVID-19 patiérits). Morphol., 41(2B49-354, 2023.

MATERIAL AND METHOD patients with a grade decrease were included in the
regression group. COVID-19 patients with the same grade
in the initial and follow-up CTs were excluded from this

Place and Duration of Study.Lokman Hekim University, grouping.

Lokman Hekim University Ankara Hospital, Gazi University,

Ankara, Turkey, from March 2021 to March 2022. Three-Dimensional Reconstruction of CT Images.
Sequential serial CT images in the DICOM format were

Study Group. One hundred COVID-19 patients older thartransferred to Mimics Innovation Suite 24.0 (Leuven-

18 years of age with positive RT-PCR test results whBelgium) software, and a 3-dimensional reconstruction of

presented to the outpatient clinic and emergency departméme trachea and bronchi was performed.

of Lokman Hekim Ankara Hospital between April 2020 and

March 2021 with fever, cough, and/or muscle and joint paileasurements on a 3-Dimensional ModelTracheal

were included in the study. Patients with chronic obstructiveeasurements were performed at three levels, with the first

pulmonary disease, pulmonary fibrosis, interstitial lundevel being the apex of the jugular notch. The second level
disease, mass lesions compressing the trachea and bronghs at the level of the sternal angle, and the third level was
and patients with a history of tracheo-bronchial surgery qust above the tracheal bifurcation. Measurements were made
tracheal intubation were excluded from the study. The initiah the right and left main bronchi at the proximal and distal
and follow-up CT images of COVID-19 patients werdevels. In the right upper lobar bronchus, intermediate
acquired retrospectively. According to the duration betwedsronchus, middle lobar bronchus, right lower lobar bronchus,
initial and follow-up CT images, COVID-19 patients werdeft upper lobar bronchus, and left lower lobar bronchus,
divided into four groups as 0-2 weeks, 2-4 weeks, 4-12 weekseasurements were performed only at the proximal level.
and over 12 weeks. According to the grade increase/decredgkile cross-sectional area, circumference, anteroposterior
between initial and follow-up CTs, COVID-19 patients wer@iameter, and transverse diameter were measured in the
also divided into progression and regression groups. trachea and main bronchi,cross-sectional area,
circumference, and diameter were measured in the lobar

CT Protocol. The initial and follow-up CT images of COVID- bronchus and intermediate bronchus. (Fig. 1).

19 patients were taken with a Siemens Somatom Emotion 16

Slice Multidetector CT [110 kV, 134 mAs, rotation time 0.5Statistical Analysis. Statistical Package for the Social

sec, pitch 1.0, section thickness 4 mm (1.5 mm in reform&tiences v23.0 (SPSS Inc, Chicago, IL) was utilized for

images)] device at Lokman Hekim University Ankara Hosstatistical analysis. The normality distribution of continuous

pital by telling patients to breathe deeply and hold the breathariables was assessed by the Kolmogorov-Smirnov,

with patients in the supine position and arms up. histogram, and Q-Q plot tests. Categorical variables were
given in numbers and percentages, while continuous varia-

Evaluation of Lung Involvement on CT. An experienced bles were shown in tables with mean and standard deviation.

radiologist, blinded to the patients' information, evaluated lurigearson's chi-square test was conducted with the objective

involvement on the initial and follow-up CT images of allof comparing categorical variables, and Student's t-test and
patients. Each of the 5 lung lobes, 3 on the right and 2 on thiee-way ANOVA analysis were performed in order to com-
left, was scored between 0 and 4 depending on the percentagee normally distributed continuous variables. A p<0.05
of involvement. Zero points were given if there was nwalue was accepted as statistically significant.
involvementin a lung lobe (0%), 1 point if there was minimal

involvement (1-25%), 2 points if there was mild involvement

(26-50%), 3 points if there was moderate involvement (5RESULTS

75%), and 4 points were given if there was severe involvement

(76-100%). The total lung severity score was calculated by

summing the scores of all lung lobes (0-20). It was classified The mean duration between the initial and follow-up

as grade 0 (no involvement) if the total lung severity sco@Ts of COVID-19 patients was 47:572.48 days. Fifty

was 0 points, as grade 1 (mild) in case of 1-5 points, as grddenale and fifty male COVID-19 patients were included in

2 (moderate) in case of 6-15 points, and as grade 3 (severahia research, and the patients’ mean age was35.@3.

terms of 16-20 points (Zhuwet al., 2020). No statistically significant difference was revealed upon
comparing patients in the progression and regression groups

COVID-19 patients with a grade increase in th@ terms of demographic characteristics (Table I). The higher
follow-up CT in comparison with the initial CT were proportion of males in the progression group and females in
included in the progression group, whereas COVID-1the regression group is a remarkable point here.
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1st level 1st level

Fig. 1. The circumference
and transverse diameter
measurements of the trachea
at the first (a), second (b),
and third (c) levels (front
view).

¥ 2nd level

An increase in the proportion of males with an A lower number of lung lobes impacted on follow-
increase in the grade in the follow-up CTs was revealed wp CTs was statistically significant (p=0.003). On both the
be statistically significant (p=0.045). initial and follow-up CTs, the right lower lobe was

determined to be involved most frequently (Table II).

Table I. Comparison of demographic characteristics of the patients in the In patients i_n the progression
progression and regression groups. group, the rates of involvement of each

of the involved lung lobes were found
to increase on follow-up CTs (p<0.001).

Progression (n:29) Regression (n:29) p value

Age (Mean+SD) 56.03x19.15 57.17+17.92 0.742 i !
The opposite was revealed in the

Sex n (%) ;

Male 19 (65.5) 14 (48.3) 0.061 regression group, and the rate of

Female 10 (34.5) 15 (51.7) involvement of each lung lobe

decreased on follow-up CTs (p<0.001).
The lower lobes of both lungs were

Table 1. Comparison of the patients' lung involvement on the initial and follow-up Cg¥tensively involved in the progression
Imitial CT Follow-up CT and regression groups. (Table I11).

(n:100) (n:100) p value
No. of lobes affected n (%) The mean cross-sectional area,
0 1(1.0) 11 (11.0) circumference, and diameter
1 20(20.0) 12 (12.0) measurements of the right upper lobar
2 15(15.0) 14 (14.0) 0.003 . .
3 13 (13.0) 9 (9.0) bronchus, intermediate bronchus,
4 19(19.0) 8 (8.0) middle lobar bronchus, and left lower
5 32(32.0) 46 (46.0) lobar bronchus decreased on the follow-
Involved lobes n (%) up CTs compared to the initial CTs of
Rigﬁtumézrllcibﬁ ‘5‘5@5‘5.8; 53 ESg-gg 0.02 the progression group. However, this
Right middle lobe 7@47. 59 (59. .025 ot i
Right lower lobe 85 (85.0) 77 (77.0) decrease was not statistically significant.
Left upper lobe 63 (63.0) 59 (59.0) The left upper lobar bronchus and left
Left lower lobe 74 (74.0) 75 (75.0) lower lobar bronchus measurements
Involved lung n (%) (1:99) (n:89) increased on th(_a _fpllow—up CTs
Right lung 16 (16.2) 10 (11.2) compared to the initial CTs of the
Left lung 5(5.1) 6 (6.7) 0.573  regression group. Nevertheless, this
Both lung 78 (78.8) 73 (82.0) increase was not statistically significant.
Total lung severity score
(Mean+SD) 5.41+4.19 5.99:4.93 0.371
Range of total lung severity score 0-20 0-20 i _A de_crg:_;lse, although nqt
statistically significant, was observed in
gevgngy of lung involment n (%) L10) 1 (110) all measurements at first level of the
rade . . .
Grade 1 60 (60.0) 44 (44.0) 0.008 traqhea and at the distal level of the left
Grade 2 36 (36.0) 39 (39.0) main bronchus on the follow-up CTs
Grade 3 3(3.0) 6 (6.0) compared to the initial CTs of the patient
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group with a duration of 0-2 weeks between the initial aralthough not statistically significant, on the follow-up CT
follow-up CTs. The measurement values of the right armbmpared to the initial CTs. The measurement values of the
left upper lobar bronchus, middle lobar bronchus, and righeft upper lobar bronchus and left lower lobar bronchus of
and left lower lobar bronchus of patients with a duration gfatients with a duration of 4-12 weeks between the initial
0-2 weeks between the initial and follow-up CTs were founand follow-up CTs were higher, although not statistically
to be lower, although not statistically significant, on thaeignificant, on follow-up CTs compared to the initial CTs.
follow-up CT compared to the initial CTs. The measuremeiiihe measurement values of the intermediate bronchus and
values of the right and left upper lobar bronchus, middleft lower lobar bronchus in the group with a duration over
lobar bronchus, and right and left lower lobar bronchus a2 weeks increased, although not statistically significant on
patients in the group of 2-4 weeks were revealed to be highiefjow-up CTs compared to the initial CTs.

Table Ill. Comparison of lung involvement of the patients in the progression and regression groups on the initial and follow-

up CTs.
Progression (n:29) Regression (n:29)
Initial CT Follow-up p value Initial CT Follow-up p value
CT CT

No. of lobes affected n (%)
0 0 (0) 0(0) 0 (0) 11 (37.9)
1 7(4.1) 0(0) 3(10.3) 134
2 5017.2) 0(0) N/A 2(6.9) 7 (24.1) N/A
3 7(4.1) 0(0) 3(10.3) 4 (13.8)
4 5017.2) 4 (13.8) 7 (24.1) 1(3.4)
5 5017.2) 25 (86.2) 14 (48.3) 517.2)
Involved lobes n (%)
Right upper lobe 12(41.4) 28 (96.6) 21(72.4) 8 (27.6)
Right middle lobe 9(331.0) 27 (93.1) <0.001 22(75.9) 11 (37.9) <0.001
Right lower lobe 26 (89.7) 29 (100.0) 25(86.2) 15 (51.7)
Left upper lobe 16 (55.2) 28 (96.6) 21(72.4) 7 (24.1)
Left lower lobe 20 (69.0) 29 (100.0) 24 (82.8) 15 (51.7)
Involved lung n (%) (n:18)
Right lung 5(17.2) 0(0) 5(17.2) 2 (11.1)
Left lung 2(6.9) 0(0) N/A 0 (0) 0(0) N/A
Both lung 22(75.9) 29 (100.0) 24 (82.8) 16 (88.9)
Total lung severity score
(Mean+SD) 4.00+3.38 10.5243.97 <0.001 7.55+4.48 2.55+3.03 <0.001
Range of total lung severity score 1-14 6-20 1-20 0-13
Severity of lung involment n(%)
Grade 0 0(0) 0(0) 0 (0) 11 (37.9)
Grade 1 25(86.2) 0(0) N/A 8 (27.6) 16 (55.2) N/A
Grade 2 4(13.8) 24 (82.8) 19 (65.5) 2 (6.9)
Grade 3 0 (0) 5(17.2) 2(6.9) 0(0)

DISCUSSION

Airway changes such as bronchial wall thickeningthem with the non-COVID-19 group. The airway wall
bronchiectasis, and endobronchial mucus obstruction mtycknesses of COVID-19 patients were found to be greater
be observed in COVID-19 patients. The prevalence @t the onset of the disease than during the early recovery
bronchial wall thickening was found to be significantlyperiod. Furthermore, the airway wall thicknesses of COVID-
higher in severe cases in comparison with mild cases (UfaR patients at the onset of the disease were revealed to be
& Savas, 2020). Xet al included 69 COVID-19 patients greater compared to non-COVID-19 patients. Upon
and 32 individuals as a control group in their studgomparing patients without COVID-19 with patients in the
investigating whether airway wall thickening was in the earlgarly recovery period, the researchers reported a greater
recovery period in COVID-19 patients. The researcheedrway wall thickness in the early recovery period. These
identified the airway wall thicknesses of COVID-19 patientsesults indicated that airway wall thickening in COVID-19
at the onset and recovery stages of the disease and comppegigints did not completely return to normal in the early
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recovery phase (Xat al, 2021). In our study, the airwaysweeks between the initial and follow-up CTs were found to
were reconstructed, and lumen measurements wedre lower on follow-up CTs compared to the initial CTs,
performed. The wall structure was not measured. Hen@dthough they did not create a statistically significant
when there is mucus accumulation or thickening in thdifference. The right and left upper lobar bronchus, right
airway, it is expected that the cross-sectional areand left lower lobar bronchus, and middle lobar bronchus
circumference, and diameter of the airway will narrow. Aneasurement values of patients in the group of 2-4 weeks
decrease, although not statistically significant, was identifiedlere higher on follow-up CTs compared to the initial CTs,
on the follow-up CTs compared to the initial CTs of thalthough they did not create a statistically significant
progression group in the mean cross-sectional areddifference. The left upper lobar bronchus and left lower lobar
circumference, and diameter measurements of the right uppesnchus measurement values were determined to be higher
lobar bronchus, intermediate bronchus, middle lobam follow-up CTs compared to the initial CTs, although not
bronchus, and left lower lobar bronchus. The measuremestatistically significant, in patients with a duration of 4-12
values of the left upper lobar bronchus and left lower lobareeks between initial and follow-up CTs. The measurement
bronchus increased on the follow-up CTs compared to thielues of the intermediate bronchus and left lower lobar
initial CTs of the regression group. Nevertheless, this incredsenchus were observed to increase on follow-up CTs
was not statistically significant. We think that the fact thatompared to the initial CTs, although they did not create a
we did not obtain statistically significant results originategtatistically significant difference in the group with a duration
from our evaluation of the secondary impact of walbver 12 weeks. In the literature review we performed, there
thickening and/or mucus accumulation. We wanted twas no study evaluating the trachea and bronchi of COVID-
conduct an innovative study due to the presence of previdl® patients both in the short and long term of the disease.
studies evaluating wall thickness in COVID-19 patients. IRlence, we consider our study innovative.
the current study, we assessed lumen changes in the trachea
and bronchi of COVID-19 patients during the progression Guanet al (2020) included 54 patients in their study
and regression periods by employing the 3-dimensionekamining the imaging findings of COVID-19 patients on
reconstruction method. the initial and follow-up CTs separately in the progression
and recovery groups. The mean duration between initial and
Unli et al (2021) included 326 COVID-19 patientsfollow-up CT scans was 7.83.74 days, which was
in their study evaluating the trachea of COVID-19 patientsonsiderably less than the mean duration in our study
Antero-posterior and transverse diameter measuremeM3.5#%72.48). In their study, the researchers revealed the
were performed in the axial section of the CT data. Trehort-term effects of COVID-19 disease on the lung
researchers reported that there was an increase in traclp@aénchyma. However, our study revealed the short- and
diameters in proportion to the severity of pneumonia arldng-term effects of COVID-19 disease on the lung
severe inflammation might cause edema in the trachea gratenchyma. In their study, Guetral reported that the lower
lead to an increase in tracheal diameters. Measurement$oines of both lungs were extensively involved, similar to
the study were performed in a two-dimensional sectioour study. In their study, the lung involvement of patients in
including the wall structure of the trachea. In this studyhe progression and recovery groups was compared on initial
statistical calculations were made by including the walind follow-up CTs, and no statistically significant results
thickness. In our study, the lumen opening of the airwaygere acquired (Guaet al, 2020). However, our study found
was reconstructed, and measurements were carried outtHat the rates of involvement of each of the involved lung
other words, our study evaluated lumen opening seconddopes increased on the follow-up CTs of patients in the
to changes in wall thickness. Our study performepgrogression group. In the regression group, the opposite was
measurements by creating a 3-dimensional model of tbbserved, and the rate of involvement of each lung lobe
tracheobronchial tree with a 3-dimensional structure. We diecreased on the follow-up CT. We consider that these
not find it healthy to measure the trachea, which is ngignificant results in our study originated from the short-
completely vertical, in a 2-dimensional section. Howeveterm and long-term impacts.
since we cannot see the impacts of the wall structure directly
in the measurements performed by creating a 3-dimensio-  Xiongetal (2020) included 42 patients in their study
nal model, we find it more valuable to evaluate 3-dimensi@ which they analyzed the clinical and CT characteristics
nal and 2-dimensional images together. of COVID-19 patients. The researchers acquired the initial
and follow-up CT images of COVID-19 patients
The measurement values of the right and left uppegtrospectively, as in our study. They reported that the lower
lobar bronchus, right and left lower lobar bronchus, andbes of the lungs were extensively involved, with the left
middle lobar bronchus of patients with a duration of O-Bbwer lobe being the most vulnerable and most frequently
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involved. Our study showed that the lower lobes of the lungsfermedad y el periodo de seguimiento, no ocurrieron cambios
were extensively involved, and the right lower lobe Wagstadl'stic_amente significativps en la tragquea, el bronquio principal y
determined to be the most frequently involved lobe. &l bronquio lobar de los pacientes con COVID-19.
) L PALABRAS CLAVE: COVID-19; TC de seguimiento;

Studies have indicated that advanced age and m@gconstruccion tridimensional; Traquea; Bronguio.
sex are high-risk factors for worse prognosis in COVID-19
patients (Cheet al, 2020). In our study, the proportion of
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cion entre la TC inicial y la de seguimiento. Las mediciones medi epartment of .Af‘ammy
del area transversal, la circunferencia y el diametro del bronquio lo aqculty of 'V'?d'c'“? .
superior derecho, el bronquio intermedio, el bronquio lobar mediobpkman Hekim University
el bronquio lobar inferior izquierdo disminuyeron en las TC de s&6910 Cankaya/Ankara
guimiento del grupo de progresion. No se encontré que esta disthRKEY
nucion fuera estadisticamente significativa. En las TC de seguimien-
to del grupo de regresion, las mediciones del bronquio lobar superior
izquierdo y del bronquio lobar inferior izquierdo aumentaron perg-mail: ayse.erkaya@lokmanhekim.edu.tr
no fueron estadisticamente significativas. Al comparar el inicio de la
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