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Abstract

Background The correlation between central airway anatomical parameters and demographic factors, such as sex,
age, weight, height, body mass index (BMI), and cardiac factors, remains unclear. This study examined the correlation
between these factors and central airway anatomical parameters in adult patients.

Methods All consecutive patients who underwent lung mass surgery at our hospital between December 2020
and December 2023 were included in this study. Deeplnsight software was used to analyze high-resolution chest
computed tomography (HRCT) images and to measure various central airway anatomical parameters, including tra-
cheal diameter (TD), tracheal length (TL), left main bronchus diameter (LBD), left main bronchus length (LBL), right
main bronchus diameter (RBD), right main bronchus length (RBL), and subcarinal angle (SCA). A multivariate linear
regression analysis was performed to evaluate the independent effects of sex, age, weight, height, BMI, left atrial
diameter, and diastolic left ventricular internal diameter (LVIDd) on these anatomical parameters.

Results Among the 391 patients included in this study, all were over 18 years old, with 192 male and 199 female.

The multivariate linear regression analysis indicated that in male patients with lung masses, TD exhibited a negative
correlation with age (3= —0.032, P=0.015) and a positive correlation with height (3=0.099, P<0.001). Furthermore, TL
exhibited a positive correlation with height (3=0.311, P=0.004). LBL was substantially influenced by age (3= —0.098,
P=0.011), height (3=0.204, P=0.003), and BMI (3=0.311, P=0.026). Conversely, RBD exhibited notable correlations
with height (3=0.062, P=0.02), BMI (3= —0.113, P=0.039), and left atrial size (3=0.111, P=0.007). In female patients,
TD and TL exhibited positive correlations with height (3=0.065, P=0.01; 3=0.337, P=0.01, respectively). LBL was sig-
nificantly correlated only with height (3=0.171, P=0.045), whereas LBD exhibited an inverse correlation with age
(B=—0.024, P=0.014). In addition, changes in SCA were positively associated with left atrial size (3=0.65, P=0.042),
indicating a potential anatomical correlation.

Conclusion This study innovatively examined the impact of cardiac factors on central airway anatomical parameters
in adult patients with lung masses. Notably, age, as an important factor in airway development, was found to have
significant associations with tracheal characteristics along with height in males, while tracheal features exhibited

a particularly strong relationship with height in females. Furthermore, the study identified associations between right
bronchial diameter (RBD) in males and subcarinal angle (SCA) in females with left atrial size, although these findings
require further validation in larger and more diverse populations.
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Introduction

Lung cancer surgery often involves the use of Double-
Lumen Endobronchial Tubes (DLT) to facilitate one-
lung ventilation (OLV) [1]. The extensive clinical use
of DLTs has not only established a robust anesthetic
approach for minimally invasive thoracic surgery but
also contributed to swift and stable surgical execution
[2, 3]. Nevertheless, significant variations in tracheal
and length measurements from radiological assess-
ments have been observed primarily due to the lack of
standardized measurement protocols, which makes it
challenging to select the appropriate DLT size [4-9].
Rapid advancements in High-Resolution Chest Com-
puted Tomography (HRCT) have enhanced the pre-
cision of assessments and quantitative analyses of
bronchial tree morphology. The three-dimensional
(3D) reconstruction and post-processing techniques of
HRCT improve visualization of the bronchial structure,
enabling precise measurements of the main bronchus
length and internal diameter [10, 11].

Despite available data on tracheal and subcarinal
angle (SCA) measurements from domestic and interna-
tional sources, these values vary considerably, reflect-
ing substantial anatomical differences in the respiratory
tract among European, American, and Chinese popu-
lations [4, 12-18]. Existing computed tomography
studies of Chinese populations often fail to accurately
measure bronchial tree parameters, leading to potential
deviations from physiological conditions and lack of
3D precision. Consequently, this study aimed to accu-
rately assess the tracheal diameter (TD), tracheal length
(TL), and SCA using preoperative HRCT imaging com-
bined with Deeplnsight 3D reconstruction. This study
also evaluated relationships with demographic factors,
including sex, age, weight, height, and body mass index
(BMI), and innovatively examined the potential impact
of cardiac factors, thereby establishing a foundation for
future research.

Methods

This retrospective cohort study mainly examined
patients who underwent pulmonary resection at our
hospital between December 2020 and December 2023.
The inclusion criteria were as follows: (1) patients who
had undergone pulmonary resection; (2) patients who
had undergone HRCT examination; (3) Age>18 years.
The exclusion criteria were as follows: (1) central lung

masses; (2) history of thoracic surgery; (3) thoracic
and tracheal malformations; and (4) HRCT scans not
extending to the level of the thyroid cartilage.

This study was approved by the Ethics Committee of
The First People’s Hospital of Jiande (Ethics Commit-
tee Approval Number: 20230809011), and the human
data were processed in accordance with the Declaration
of Helsinki. The First People’s Hospital of Jiande waived
informed consent.

Data collection

Data on patient demographics and central airway ana-
tomical parameters such as sex, age, height, weight,
BMLI, left atrial diameter, diastolic left ventricular inter-
nal diameter (LVIDd), TD, TL, left main bronchus diam-
eter (LBD), right main bronchus diameter (RBD), left
main bronchus length (LBL), right main bronchus length
(RBL), and SCA were retrospectively collected.

Image acquisition

Anatomical parameters of the trachea were obtained
using a Philips Brilliance 256-slice computed tomography
(CT) scanner at end-expiration. The patients were posi-
tioned supine with their arms elevated and head first, and
they were scanned from the thyroid cartilage to the lung
bases. The scanning parameters were 120 kV, 80 mA,
a slice thickness and interval of 1.5 mm, and a recon-
struction of 1 mm. The window settings were adjusted
to—1500 and 450 HU. Before surgery, two thoracic sur-
geons independently uploaded CT DICOM images into
Deeplnsight for 3D airway reconstruction, creating sagit-
tal and coronal views. Cross-sections aligned with the left
and right main bronchi axes were generated. To minimize
errors, each surgeon measured the parameters twice on a
magnified (10-13x) image, and the results were averaged.
A third measurement was performed if the measure-
ments differed by more than 5 mm. The final values were
determined by averaging the results from both surgeons.

Definition of the measured anatomical parameters
for central airways

Tracheal Length (TL): Measured horizontally from
the midpoint of the sternum (between the sternal
and clavicular ends) to a point 2 cm above the carina.
Tracheal Diameter (TD): Internal diameter measured
at sternum midpoint.
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Left Main Bronchus Length (LBL): Distance meas-
ured from the carina to the proximal wall of the left
bronchus opening.

Right Main Bronchus Length (RBL): Distance meas-
ured from the carina to the proximal wall of the right
bronchus opening.

Left Main Bronchus Diameter (LBD): Internal diam-
eter of the left bronchus measured at the carina level.
Right Main Bronchus Diameter (RBD): Internal
diameter of the right bronchus at the carina level.
Subcarinal Angle (SCA): The angle between the left
and right main bronchi.

Figure 1 shows the results.

Statistical analysis

The data were expressed as mean and standard devia-
tion or median (Q1, Q3). For normally distributed data,
the Student’s t-test was applied. For non-normally dis-
tributed data, the Wilcoxon rank-sum test was used. Cat-
egorical data were presented as frequency (%) and were
analyzed using the Chi-square test or Fisher’s exact test.
A multivariate linear regression model was used to assess
the factors influencing the anatomical parameters of the
trachea and SCA. Given the anticipated multicollinearity
among height, weight, and BMI, weight was excluded as a
factor. Based on the adjusted R Square, Durbin-Watson,
and P-values, relevant linear equations were derived. A
P-value<0.05 was considered statistically significant.
IBM SPSS Statistics Version 26 software (SPSS, Chicago,
IL, USA) was used for data analysis.

Results

Demographic and baseline characteristics

Approximately 512 pulmonary resections were per-
formed at our hospital between December 2020 and
December 2023. The analysis included 391 patients after
excluding 121 patients (Fig. 2). This study cohort com-
prised 192 males and 199 females, ranging in age from
20 to 84 years, with mean ages of 64.37+11.06 years
for males and 61.65+10.70 years for females. The
heights varied from 145 to 180 cm, with mean values
of 166.63+6.31 cm for males and 157.23 +5.07 cm for
females. Body weights ranged from 41.7 to 92.5 kg,
with mean weights of 64.55+10.06 kg for males and
55.68 £ 8.04 kg for females. BMI varied from 15.80 to
39.39 kg/m?, with mean values of 23.24+3.45 kg/m?
for males and 22.52 +3.01 kg/m? for females, showing
a significant difference favoring males (P<0.001). Left
atrial dimensions varied from 20 to 47.1 mm, with aver-
age measurements of 34.15+4.59 mm for males and
32.07£4.44 mm for females. LVIDd varied from 32

Page 30f 18

to 64.1 mm, with mean values of 47.30 +4.80 mm for
males and 43.98 + 3.96 mm for females.

Regarding the central airway anatomical parameters,
the trachea had an average length of 106.81 + 10.95 mm
and an internal diameter of 15.01+2.66 mm. The left
main bronchus had a length of 47.24+6.19 mm and an
internal diameter of 12.49+1.96 mm. The right main
bronchus had a length of 24.91 +5.26 mm and an inter-
nal diameter of 13.20+2.26 mm. The average SCA was
(83.69 +18.67°. Table 1 presents the detailed data.

Analysis of airway and anthropometric parameters

in males and females

Statistically significant differences were observed in
TD (P<0.001), TL (P<0.001), RBL (P<0.001), RBD
(P<0.001), LBL (P<0.001), LBD (P<0.001), SCR
(P<0.001), age (P=0.014), height (P<0.001), weight
(P<0.001), BMI (P=0.027), left atrial size (P<0.001),
and LVIDd (P<0.001) for male and female patients. The
detailed data are provided in Table 2.

Multivariate linear regression correlation of airway

and anthropometric indices in males and females

Relevant factors followed a normal distribution in
male and female patients (Fig. 3). For male patients, a
negative relationship was observed between TD and
age (= -0.032, P<0.001), and a positive relationship
between TD and height (§ =0.099, P<0.001). TL exhib-
ited a significant positive correlation only with height
(B=0.311, P=0.02). LBL exhibited significant corre-
lations with age, height, and BMI (P<0.001), whereas
LBD exhibited a positive correlation only with height
(P=0.018). RBD exhibited significant correlations
with height, BMI, and left atrial size (all P <0.001). In
female patients, TD and TL showed significant positive
correlations only with height (P=0.028 and P=0.018,
respectively). LBL was also positively correlated with
height (P<0.001), whereas LBD exhibited a nega-
tive correlation with age (P=0.019). In addition, SCA
exhibited a significant positive correlation with left
atrial size (P=0.007). (Tables 3 and 4.)

Results were categorized by gender cohort, and
regression analysis was performed to identify corre-
lations that can be expressed as mathematical equa-
tions to predict diameters for individual participants.
However, the predictive accuracy and the coefficient
of determination of these equations did not suffi-
ciently demonstrate a definitive underlying correlation
(Tables 5 and 6) despite the statistical significance of
the observed correlations.
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Fig. 1 A Bronchial Tree B TD: Tracheal Diameter C TL: Tracheal Length; D RBD: Right main Bronchus Diameter; E LBD: Left main Bronchus Diameter;
F LBL: Left main Bronchus Length; RBL: Right main Bronchus Length; G SCA: Subcarinal Angle
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Fig. 1 continued
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Fig. 1 continued

Patients who under lung surgery resection from December 2020 to

December 2023(n=512)

Excluded(n=121)

(1) Patients with central lung masses(n=20)

(2) Individuals with a history of previous chest surgery(n=16)
(3) Patients with chest and tracheal deformities(n=13)
(4) Patients whose HRCT does not reach the level of thyroid

\ cartilage (n=72)

Included(n=391)

Male(n=192) Female(n=199)

Fig. 2 Flow diagram showing the study selection schema for patients with lung surgery resection (HRCT high-resolution chest computed
tomography)
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Table 1 Patient characteristics and central airway parameters
[n(%),mean + standard deviation]

Characteristics Data(n=391)

Age (years) 62.99+10.95
Weight (k) 60.04+10.10
Height (cm) 161.85+7.39
BMI (kg/m?2) 22874325
LVIDd(mm) 45.61+4.69
Left atrial diameter(mm) 33.09+462
Sex, n(%)

Male 192 (49.1)
Female 199 (50.9)

TL (mm) 106.81+10.95
D (mm) 15.01+2.66
LBL (mm) 4724+6.19
RBL (mm) 2491+£526
LBD (mm) 1249+1.96
RBD (mm) 13.20+£2.26
SCA (%) 83.69+18.67

BMI Body Mass Index, LVIDd Left Ventricular Internal Diameter at end-Diastole,
SCA Subcarinal Angle, TD Tracheal Diameter, TL Tracheal Length, LBD Left main
Bronchus Diameter, RBD Right main Bronchus Diameter, LBL Left main Bronchus
Length, RBL, Right main Bronchus Length

Table 2 Patient characteristics and statistical analysis
[n(%),mean + standard deviation]

Variables Male (n=192) Female (n=199) P

Age (years) 64.37+11.06 61.65+10.70 0.014
Weight (kg) 64.55+10.06 55.68+8.04 <0.001
Height (cm) 166.63+6.31 157.23+5.07 <0.001
BMI (kg/m2) 2324+345 22.52+3.01 0.027
LVIDd(mm) 47.30+4.80 43.98+3.96 <0.001
Left atrial diameter (mm) ~ 34.15+4.59 32.07+444 <0.001
TL (mm) 112.70+9.54 101.12+9.06 <0.001
TD (mm) 16.95+1.99 13.14+1.73 <0.001
LBL (mm) 49314593 45244577 <0.001
RBL (mm) 26.71+£5.00 23.17+492 <0.001
LBD (mm) 13.57+£1.85 1144+1.42 <0.001
RBD (mm) 1423+£2.28 1220£1.75 <0.001
SCA () 79.62+£18.96 87.61+1757 <0.001

BMI Body Mass Index, LVIDd Left Ventricular Internal Diameter at end-Diastole,
SCA Subcarinal Angle, TD Tracheal Diameter, TL Tracheal Length, LBD Left main
Bronchus Diameter, RBD, Right main Bronchus Diameter, LBL Left main Bronchus
Length, RBL Right main Bronchus Length

Discussion

This study employed advanced image post-processing
methods to explore alterations in central airway anat-
omy in adult patients with lung mass, with a particular
emphasis on the impact of cardiac factors on central air-
way parameters. Relationships were analyzed between
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these parameters and factors such as sex, age, height,
weight, BMI, and cardiac factors. This analysis revealed
notable clinical correlations between males and females
and highlighted significant sex differences. In males, TD
exhibited an inverse correlation with age and positively
correlated with height, indicating structural adaptations
over time. The TL was mainly influenced by height. LBL
demonstrated sensitivity to age, height, and BMI. RBD
was associated with height, BMI, and left atrial size, indi-
cating a novel relationship between cardiac structure and
airway anatomy. In females, the correlations were more
nuanced, with TD and TL showing correlations with
height but to a lesser extent. Furthermore, the strong
relationship between SCA and left atrial size enhances
our understanding of the variability in central airway
anatomical parameters and provides deeper insights into
the heart-airway interaction.

Although direct literature evidence to support our
hypothesis was not found, our observations provide val-
uable insights. In male patients, this study identified a
significant association between left atrial size and RBD
(P=0.007). Conversely, in female patients, a relationship
was observed between left atrial size and SCA (P=0.042).
These relationships require further validation and inter-
pretation but highlight the plausibility of our research
hypothesis and suggest a need for further investigation in
this area.

In addition, it is crucial to emphasize the importance
of sex differences in this study. In 2024, Yan Liu et al. [7]
performed a 3D imaging analysis of the trachea of 888
patients who underwent chest CT and revealed signifi-
cant sex-based differences in central airway length. Their
study found that male patients exhibited significantly
longer measurements than female patients (P<0.01).
Similarly, Alqaryan et al. [9] observed that the ante-
rior—posterior diameter of the main trachea was signifi-
cantly longer in male patients than in female patients.
Research by MI et al. [4] also revealed that male patients
had longer lengths and larger internal diameters for the
trachea, left main bronchus, and right main bronchus
than female patients. This study used preoperative HRCT
scans and Deeplnsight software for 3D reconstruction
of the bronchial tree to obtain relevant data. The results
were consistent with previous findings, indicating that
male patients had longer trachea lengths and internal
diameters than female patients, with statistically signifi-
cant differences (P <0.05).

The findings of this study underscore the significant
roles that age and BMI play in influencing variations in
LBL and RBD among male patients, which is consistent
with previous research results [8]. In addition, left atrial
size substantially affected RBD, indicating that changes
in cardiac structure may have considerable effects on



Ruan et al. Journal of Cardiothoracic Surgery (2025) 20:35 Page 9 of 18

Al: Histogram
Dependent Variable: TD
Mean = 2.03E-16
25— . Std. Dev. = 0.987
N =192
20
A TN
— -
= /
S 15 —
] -
=
] //
[T
10
5]
[s} T T T T
-3 -2 -1 o 1 2 3
Regression Standardized Residual
B1:
Histogram
Dependent Variable: TL
Mean = 8.36E-16
30— — Std. Dewv. = 0.9587
N =192

Frequency
g
\

N
[=} T T
o 2 4

-2
Regression Standardized Residual

Histogram
Dependent WVariable: LBL
Mean = -6 .73E-15
40— Std. Dev. = 0.957
N =192
30 |
==
=2 an
k] \
=
=
@ 20—
LT
10
o T T L T
-4 -2 o 2 4

Regression Standardized Residual
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central airway morphology. Conversely, the results for
female patients showed a different pattern in the model
outcomes. Although height remained a crucial predictor

T
o 2

Regression Standardized Residual

.

of tracheal parameters, cardiac factors exhibited a more
significant influence on the lateral SCA. This finding
challenges the traditional view that heart-respiratory
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system interactions predominantly affect male patients
and highlights the significant role that sex differences
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play in this intricate association.
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The Durbin-Watson values for all regression models
were close to the ideal value of 2, confirming the inde-
pendence and consistency of the model residuals. This

finding highlights the robustness and reliability of the
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Fig. 3 continued

models in accounting for variations in major airway ana-
tomical parameters. These results not only bolster confi-
dence in the outcomes of the regression model but also
offer a strong statistical basis for future clinical applica-
tions and further research.

Karmakar A. et al. [15], Olivier et al. [19], and Yan Chen
[20] reported in their 3D imaging studies that predicting
the internal diameter of bronchial airways in males and
females based on height, weight, and sex alone is unreli-
able. Similarly, Kim et al. [11] found no significant asso-
ciation between the length and internal diameter of the
main bronchi and height in either sex. Conversely, the
findings of this study indicate that height is a key predic-
tor of TD and TL, which is consistent with previous stud-
ies and highlights the essential role of body size in airway
morphology [7, 9].

Previous studies have reported varying results regard-
ing the measurement of bronchial length and diameter
[4-8]. For example, Weidong Mi et al. [4] conducted a

study involving 2107 randomly selected patients who
underwent chest CT scan to measure the tracheal
and bilateral main bronchial internal diameters and
lengths. Their CT-based measurements indicated a TL
of 104.9+13.4 mm, LBL of 48.3+6.5 mm, and RBL of
13.6 £ 4.3 mm. Using 3D reconstruction, Matsuoka et al.
[8] reported a TL of 11.5+1.0 cm (range, 8.8-14.4 cm).
Variations in these measurements may be due to dif-
ferences in the assessment methods. In this study, the
measured lengths of the trachea, left main bronchus,
and right main bronchus were (106.81+10.95) mm,
(47.24+6.19) mm, and (24.91 +5.26) mm, respectively. In
addition, the internal diameters of the trachea, left main
bronchus, and right main bronchus were (15.01 +2.66)
mm, (12.49+1.96) mm, and (13.20+2.26) mm, respec-
tively. Mehran et al. [21] previously reported that LBL
is generally 2—3 times longer than RBL. Nevertheless, a
recent study by Yan Liu et al. [7], which examined air-
way structures in non-smoking Han Chinese patients,
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Table 3 Multivariate linear regression analysis of central airway parameters and SCA in male patients

Variables Coefficients
B S.E T P Tolerance VIF
TD (mm) Constant 2.034 4,199 0.485 0.629
Age -0.032 0.013 —2.46 0.015 0.889 1.125
Height 0.099 0.023 4.303 <0.001 0.868 1.153
BMI 0.023 0.047 0.498 0.619 0.686 1457
LVIDd -0.022 0.031 -0.695 0488 0817 1.225
Left atrial diameter 0.030 0.035 0.847 0.398 0.695 1439
TL (mm) Constant 50.265 21.073 2.385 0.018
Age 0.031 0.065 0478 0.633 0.889 1.125
Height 0.331 0.115 2.88 0.004 0.868 1.153
BMI -0.157 0.236 —0.664 0.507 0.686 1457
LVIDd 0.249 0.156 16 0.111 0.817 1.225
Left atrial diameter —-0.083 0.177 —0471 0.638 0.695 1439
LBL (mm) Constant 6.942 12.386 0.56 0.576
Age —0.098 0.038 —2.572 0.011 0.889 1.125
Height 0.204 0.068 3.018 0.003 0.868 1.153
BMI 0311 0.139 2238 0.026 0.686 1457
LVIDd 0.115 0.092 1.261 0.209 0817 1.225
Left atrial diameter 0.059 0.104 0.568 057 0.695 1.439
LBD (mm) Constant 2911 4074 0.715 0476
Age —-0.009 0.013 —0.691 0491 0.889 1.125
Height 0.054 0.022 2423 0.016 0.868 1.153
BMI —0.036 0.046 —0.792 0429 0.686 1457
LVIDd 0.04 0.03 1.326 0.187 0.817 1.225
Left atrial diameter 0.035 0.034 1.022 0.308 0.695 1439
RBL (mm) Constant 2783 11.269 0.247 0.805
Age 0.02 0.035 0579 0.564 0.889 1.125
Height 0.142 0.061 2.303 0.022 0.868 1.153
BMI -0.016 0.126 -0.127 0.899 0.686 1457
LVIDd —0.023 0.083 —0.275 0.784 0.817 1.225
Left atrial diameter 0.015 0.094 0.16 0.873 0.695 1439
RBD (mm) Constant 1.216 4838 0.251 0.802
Age —-0.027 0.015 —-1.798 0.074 0.889 1.125
Height 0.062 0.026 2352 0.02 0.868 1.153
BMI -0.113 0.054 -2.08 0.039 0.686 1.457
LviDd 0.068 0.036 1.904 0.058 0.817 1.225
Left atrial diameter 0.111 0.041 2.739 0.007 0.695 1.439
SCA () Constant 32955 42.507 0.775 0439
Age 0.165 0.131 1.262 0.209 0.889 1.125
Height 0.107 0232 0.461 0.646 0.868 1.153
BMI 0.101 0477 0.211 0.833 0.686 1457
LVIDd —0.158 0314 —0.503 0616 0.817 1.225
Left atrial diameter 0.685 0.356 1.924 0.056 0.695 1439

BMI Body Mass Index, LVIDd Left Ventricular Internal Diameter at end-Diastole, SCA Subcarinal Angle, TD Tracheal Diameter, TL Tracheal Length, LBD Left main
Bronchus Diameter, RBD Right main Bronchus Diameter, LBL Left main Bronchus Length, RBL Right main Bronchus Length, VIF Variance Inflation Factor

consisting of 456 females and 432 males, reported dif- was (48.35+5.47) mm for females and (51.98+5.80)
ferent measurements: RBL was (21.90+£5.36) mm for mm for males. Similarly, our findings revealed a dif-
females and (24.01+5.43) mm for males, whereas LBL  ference in the lengths of the main bronchi, with LBL
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Table 4 Multivariate linear regression analysis of central airway parameters and SCA in female patients

Variables Coefficients
B S.E T P Tolerance VIF
TD (mm) Constant 4103 4329 0.948 0.344
Age -0.016 0.012 —1.382 0.169 0.907 1.103
Height 0.065 0.025 262 0.01 0.906 1.104
BMI 0.031 0.044 0.705 0482 0.825 1.212
LVIDd 0.001 0.033 0.022 0.982 0.832 1.203
Left atrial diameter —0.030 0.032 —0.951 0.343 0.742 1.348
TL (mm) Constant 64.246 22,627 2.839 0.005
Age —-0.072 0.062 —-1.164 0.246 0.907 1.103
Height 0337 0.13 2.586 0.01 0.906 1.104
BMI -0.115 0.23 -0499 0618 0.825 1.212
LVIDd -0.103 0175 —0.592 0.555 0.832 1.203
Left atrial diameter —-0.143 0.165 —0.869 0.386 0.742 1.348
LBL (mm) Constant 18.049 14.718 1.226 0.222
Age -0.02 0.04 —499 0.619 0.907 1.103
Height 0171 0.085 2015 0.045 0.906 1.104
BMI 0.025 0.15 0.168 0.867 0.825 1212
LvIDd 0.015 0.114 0.133 0.894 0.832 1.203
Left atrial diameter 0.01 0.107 0.095 0.925 0.742 1.348
LBD (mm) Constant 10.522 3.555 2.96 0.003
Age —-0.024 0.01 —2475 0014 0.907 1.103
Height 0.017 0.02 0.811 0418 0.906 1.104
BMI —-0.03 0.036 —-0.842 0401 0.825 1.212
LVIDd 0.036 0.027 1.306 0.193 0.832 1.203
Left atrial diameter —-0.034 0.026 -1.321 0.188 0.742 1.348
RBL (mm) Constant 24.561 12.658 1.94 0.054
Age -0.03 0.035 -0.875 0.383 0.907 1.103
Height 0.009 0.073 0.12 0.905 0.906 1.104
BMI -0.106 0.129 —-0.821 0412 0.825 1212
LVIDd -0.013 0.098 —-0.137 0.891 0.832 1.203
Left atrial diameter 0.064 0.092 0.699 0486 0.742 1.348
RBD (mm) Constant 11.402 447 2.551 0.012
Age —-0.015 0.012 —1.187 0.237 0.907 1.103
Height 0.015 0.026 0572 0.568 0.906 1.104
BMI —0.006 0.045 -0.143 0.887 0.825 1.212
LvIDd 0.019 0.034 0.545 0.587 0.832 1.203
Left atrial diameter —0.041 0.033 —1.244 0.215 0.742 1.348
SCA () Constant 28.634 43.593 0.657 0512
Age 0.045 0.119 0.377 0.707 0.907 1.103
Height 0.036 0.251 0.145 0.885 0.906 1.104
BMI 0.765 0443 1.724 0.086 0.825 1.212
LVIDd 0.283 0336 0.840 0.402 0.832 1.203
Left atrial diameter 0.650 0318 2.046 0.042 0.742 1.348

BMI Body Mass Index, LVIDd Left Ventricular Internal Diameter at end-Diastole, SCA Subcarinal Angle, TD Tracheal Diameter, TL Tracheal Length, LBD Left main
Bronchus Diameter, RBD Right main Bronchus Diameter, LBL Left main Bronchus Length, RBL Right main Bronchus Length, VIF Variance Inflation Factor

measuring 1-2 times longer than RBL: (47.24+6.19) females and (26.71+5.00) mm in males, whereas LBL
mm versus (24.91+5.26) mm, respectively. In our study = was (45.24+5.77) mm in females and (49.31+5.93) mm
population, RBL was recorded as (23.17+4.92) mm in  in males. The less pronounced difference observed in our
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Table 5 Correlation between parameters and the line of best fit in male patients

Dependent variable Predictive factors

Adjusted Durbin-Watson P

Line of best fit

R square
TD (mm) Age and height 013 1913 <0.001 (-0.032) x Age +0.099 x Height(cm) +2.034
TL (mm) Height 0.044 1.925 0.02 0.311xHeight (cm)+50.265
LBL (mm) Age, height, and BMI  0.145 1.752 <0.001 (—0.098) x Age +0.204 x Height (cm) +0.311 x BMI (kg/m2) +6.942
LBD (mm) Height 0.046 1.984 0.018 0.054 x Height (cm)+2.911
RBL (mm) Height 0.006 1.74 03 -
RBD (mm) Height, BMI, and left  0.117 1.786 <0.001 0.062 x Height(cm) +(=0.113) x BMI (kg/m2) +0.111 X Left atrial
atrial diameter size (mm)+1.216
SCA (°) - 0.014 1.687 0.174 -

BMI: Body Mass Index; SCA: Subcarinal Angle; TD: Tracheal Diameter; TL: Tracheal Length; LBD: Left main Bronchus Diameter; RBD: Right main Bronchus Diameter; LBL:

Left main Bronchus Length; RBL: Right main Bronchus Length

Table 6 Correlation between parameters and the line of best fit in female patients

Dependent variable Predictive factors Adjusted R Durbin-Watson P Line of best fit
square
TD (mm) Height 0.038 1.644 0.028 0.065 x Height(cm) +4.103
TL (mm) Height 0.067 1.839 0.018 0.337 x Height(cm) +64.264
LBL (mm) Height 0.145 1.752 <0.001 0.171 x Height(cm) + 18.049
LBD (mm) Age 0.043 1.962 0.019 (—0.024) x Age +10.522
RBL (mm) - 0.017 2.188 0.889 -
RBD (mm) - 0.001 1.948 045 -
SCA (9) Left atrial diameter 0.055 1.961 0.007 0.65 x Left atrial size +28.6343

SCA Subcarinal Angle, TD Tracheal Diameter, TL Tracheal Length, LBD Left main Bronchus Diameter, RBD Right main Bronchus Diameter, LBL Left main Bronchus

Length, RBL Right main Bronchus Length

results may be due to differences in participant ethnici-
ties or variations in measurement methods, which make
direct comparisons with previous studies challenging.

For patients undergoing lung cancer surgery, OLV is
used to maintain normal ventilation, protect the affected
lung from contamination, and collapse the healthy lung
to provide a clear surgical field of view [22]. Although
DLTs are frequently used for lung isolation, success-
ful intubation and effective lung isolation may not be
achieved in all patients. Some patients face challenges
in DLT placement and may experience bronchial rup-
ture due to excessively narrow bronchi, whereas others
may experience insufficient OLV due to excessively short
bronchi [23]. Proper selection of DLT size and accu-
rate positioning are essential for effective lung isolation.
Selecting the catheter size based on the patient’s bron-
chial internal diameter and length is a relatively accurate
approach [24]. Consequently, a thorough understanding
of tracheal and bronchial anatomical knowledge is crucial
for effective endotracheal intubation and perioperative
airway management.

Previously, selecting DLT size was mainly based on
sex and height [8, 25-28]. However, using only the

BMI and sex of patients for DLT selection may not be
suitable for all patients. The criteria for selecting an
appropriate DLT should include ensuring minimal or
no gas leakage after intubation of the main bronchus
to achieve effective ventilation. In 2014, Kim et al. [11]
assessed the internal diameter of the left main bronchus
2 cm from the carina to guide DLT size selection and
comparison. Their findings revealed that some patients,
especially females, may require smaller DLT sizes than
those typically selected based on sex and height. This
underscores the importance of a deeper understanding
of the factors affecting large airway anatomical param-
eters for more accurate DLT selection.

The strength of this study was its thorough multivari-
ate linear regression analysis, which examined large air-
way anatomical variations in patients with lung masses.
By exploring not only sex differences but also the com-
plex influence of height, age, BMI, and cardiac factors,
this study enhances our understanding of airway mor-
phology. By incorporating cardiac factors as research
variables, this study paves the way for new research
directions and provides valuable insights into clinical
applications.
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The study has several limitations, including a small
sample size that may have affected the generaliz-
ability of the findings. To enhance applicability, future
research should include larger sample sizes. This study
also highlighted gaps in variable selection, such as the
exclusion of smoking history, as well as chronic lung
diseases such as chronic obstructive pulmonary disease
and asthma,indicating the need for more comprehen-
sive models. Longitudinal studies are recommended to
better understand causality. Validating and optimizing
image processing techniques is also crucial for ensuring
data accuracy. Enhancing data collection by incorporat-
ing important variables, such as DLT size and intuba-
tion duration, is vital for maintaining data integrity and
conducting a thorough analysis of airway anatomical
changes.

Deeplnsight software was used to explore the influ-
ence of cardiac factors on central airway anatomical
parameters in adult patients with lung masses. The
findings of this study revealed notable correlations
between tracheal characteristics and age and height in
males and a more pronounced height relationship in
females. Furthermore, this study identified associations
between RBL in males and SCA in females with left
atrial size, although these associations require further
validation. These findings offer important insights into
the complex correlations between patient characteris-
tics and central airway anatomy.
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