
Introduction
The aorta is the main artery in the human body.
Originating from the left ventricle of the heart, it is
divided into the ascending aorta (AA), aortic arch, and
descending aorta.[1]

Pulmonary trunk (PT) carries venous blood from the
right ventricle of the heart to the lungs.[2] PT runs upwards
on the left side of the AA and bifurcates into the right and
left pulmonary artery (RPA, LPA) beneath the aortic arch
and anterior to the left main bronchus (LMB).[1] The RPA
passes horizontally to the right being posterior to the AA

and superior vena cava and inferior to the carina. The
LPA runs inferiorly and posteriorly before leaving the
pericardium under the aortic arch.[3] At the hilum, the
RPA is located superior and posterior to the right main
bronchus (RMB) and superior pulmonary vein. When the
LPA enters the hilum, the superior pulmonary vein is at
its anterior and the LMB at its posterior side.[1]

The ratio of the diameter of the PT to the diameter of
the AA, referred as PT:AA ratio, is used to evaluate car-
diopulmonary diseases. It is a useful indicator for to deter-
mine diseases with pulmonary artery enlargement; espe-
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uate cardiopulmonary diseases. Different values have been reported for the normal value of PT:AA ratio (to be less than 0.9,
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cially for diagnosis of pulmonary arterial hypertension
(PAH) and estimation of frequent exacerbations of chron-
ic obstructive pulmonary disease (COPD).[4,5] In addition,
PT:AA ratio can be a predictive of underlying diseases, as
well as may serve as an indicator for prognosis of the
patient.[6] The normal value of PT:AA ratio have been
reported in a wide range in recent studies (as less than 0.9,
1 or 1.4).[4,5,7–10]

The trachea bifurcates into RMB and LMB at the
level of the fourth thoracic vertebra.[2] Knowing the exact
localization of this bifurcation is important for anesthe-
siologists and thoracic surgeons.[11] Detailed knowledge
of the morphology of the tracheobronchial tree, particu-
larly knowing the diameters of the bronchi, helps to
optimize surgical procedures such as intubation, recon-
struction of the airway tree, and improving medical
equipments such as double-lumen endobronchial tube.[12]

The normal reference value of morphometric variables
differ among various population groups and sometimes
even among various ethnic groups within the same pop-
ulation.[11]

In this study, we aimed to investigate the diameters of
PT, RPA, LPA, AA, RPB, LPB using multidetector
computed tomography (MDCT) and additionally to
determine normal reference values for PT:AA ratio in
healthy adults according to age and sex. We believe that
these measurements will be used as decisive data for pos-
sible lung diseases. 

Materials and Methods
Thoracic CT images of 200 adults (103 males, 97
females, min age: 18, max age: 89) without any car-
diopulmonary pathologies and recent surgeries at tho-
racic region were retrospectively evaluated with MDCT.
The past medical history revealed that MDCT was
requested from these patients with a preliminary diagno-
sis of pulmonary nodule. Patients were divided into three
groups according to age by taking the most-frequently-
seen/onset age of lung diseases into account as 40[13] and
geriatric age as 60 (we consider people over 60 years as
older adults, as advocated by the World Health
Organization) Accordingly those between the ages of
18–39 were determined as Group 1, 20–40 as Group 2,
more than 61 as Group 3 (Table 1).

Scans were performed with a 256-slice multidetector
computed tomographic scanner (Siemens Somatom
Flash, Erlangen, Germany). Imaging parameters were as
follows: Kv = 120; mA = 160; rotation time = 0.5 s; colli-
mation = 64 × 0.625; FOV = 220 mm. Images were ana-
lyzed retrospectively on a workstation by the same radi-

ologist (Snygo Via, Siemens, Munich, Germany). This
single-center retrospective study was approved by the
local institutional review board with a waiver of the
requirement for written, informed consent. Ethical
approval was obtained from the Non-Intervention
Clinical Research Ethics Committee of Medical Faculty
(approval number 2018/128).

The PT and AA were evaluated on axial sections at
the level of the bifurcation point of pulmonary arteries
(ideally where both the RPA and LPA appear).
Diameters of PT and AA were measured where they
have the widest diameter (Figures 1 and 2). They usual-
ly had their widest diameter on the axial section which
was close to the bifurcation of PT.[5,6,14–17] PT:AA ratio
was calculated relying on these measurements.

The diameters of RPA and LPA were evaluated on
axial sections taken at the level of the bifurcation of pul-
monary arteries (Figure 3).[18]

The maximum distance between the lateral and
medial walls of the RMB and LMB was measured on the
coronal sections obtained close to carina (Figure 4).[11]

Figure 1. Measurement of PT diameter (axial section).

Table 1
Distribution of individuals by age and gender.

Age groups

Group 1 Group 2 Group 3
(18–39) (40–60) (≥61) Total

Females 30 26 41 97

Males 26 38 39 103
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All statistics were carried out using SPSS Statistics
for Windows (Version 22, Chicago, IL, USA).
Normality and homogeneity of variances were checked
from the parametric test assumptions before applying
the one-way ANOVA and independent samples t-test.
The data were expressed as mean±standard deviation

(SD), minimum and maximum values. One-way
ANOVA was used to compare the significance between
different groups; p<0.05 was considered statistically sig-
nificant.

Results
The diameters of PT, AA and LPA were significantly larg-
er in Group 3 compared to the other two groups (p<0.05).
There was no statistically significant difference between
Group 1 and 2 (p>0.05). The PT:AA ratio was higher in
Group 1 compared to Group 2 (p<0.05).

The mean value of PT:AA ratio was 0.84±0.18 cm in
males and 0.86±0.13 cm in females. This value was min-
imum 0.44 cm, maximum 1.41 cm among all individuals.
The mean PT:AA ratio was significantly higher in
Group 1 when compared to Group 2 (p<0.05). The
mean PT:AA ratio of Group 3 was not statistically sig-
nificant when compared to the other two groups
(p>0.05).

The diameter of RPA was significantly larger in Group
3 than Group 1 (p<0.05). The mean diameter of RPA in
Group 2 showed no statistically significant difference
compared to the other two groups (p>0.05).

When RMB and LMB diameters were compared
according to age groups, the mean differences between
groups were not statistically significant (p>0.05) (Table 2).

The PT:AA ratio was found to be 0.84±0.18 cm and
0.86±0.13 cm in males and females, respectively. When
PT, AA, LPA diameters and PT:AA ratio were compared
according to gender, the mean differences between groups
were not statistically significant (p>0.05). However, RPA,

Figure 2. Measurement of AA diameter (axial section). Figure 3. Diameters of RPA and LPA (axial section).

Figure 4. Diameters of RMB and LMB (coronal section).
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RMB and LMB diameters were significantly higher in
males than females (p<0.05) (Table 3).

Discussion
Pulmonary arterial hypertension is characterized with
increased pulmonary vascular resistance and may lead to
right heart failure and eventually to death. Increase in pul-
monary vascular resistance resulting in higher pulmonary
artery pressure and vessel wall tension causes enlargement
of the PT.[19] 

Enlargement of the PT is frequently recognized in
patients with severe PAH. It has also been reported that
there is an association between defective pulmonary
activity and arterial diameter, especially with respect to
the PT rather than the aorta.[6] A dilated PT may be seen
on radiography or echocardiography; however, a CT or
magnetic resonance imaging of the chest enables more
correct measurements.[20] CT is a non-invasive method

which can be employed for assessing both intrinsic pul-
monary and intrathoracic vascular diseases.[21,22] Chest
and cardiac CT have become more widely accessible and
they are frequently ordered for diagnosing pulmonary,
cardiac and vascular diseases in clinical practice.[23]

COPD is a highly prevalent dysfunction and an impor-
tant cause of mortality worldwide. It is characterized by
progressive, permanent airway obstruction which is associ-
ated with a chronic inflammatory course in the airways and
pulmonary parenchyma. PAH occurs in serious COPD
cases due to various reasons, such as hypoxic vasoconstric-
tion, pulmonary hyperinflation with increased intratho-
racic pressure, or loss of pulmonary vascular capacity due
to parenchymal devastating.[21]

The PT enlargement is simply measured noninvasive-
ly and is due to a variety of conditions, including PAH.[20]

The PT:AA ratio is used as a tool to evaluate the dilatation
of the pulmonary arterial segments since dilation is not

Table 2
The minimum, maximum and mean diameters of PT, AA, RPA, LPA, RMB, LMB and PT:AA ratio in healthy adults according to age.

Min-Max (cm) Mean±SD (cm)

Diameters Group 1 Group 2 Group 3 Group 1 Group 2 Group 3

PT 1.32–4.07 1.56–3.74 1.87–4.2 2.58±0.52 2.53±0.46 2.92±0.47

AA 1.52–4.25 1.89–4.45 2.39–4.85 2.93±0.64 3.15± 0.49 3.4 ±0.46

PT:AA 0.57–1.41 0.44–1.24 0.6–1.4 0.9±0.18 0.81±0.15 0.85±0.14

RPA 0.71–2.62 1.35–2.7 1.16–3.56 1.8±0.44 1.92±0.34 2.15±0.48

LPA 0.83–2.54 0.91–2.61 1.15–3.1 1.7±0.4 1.67±0.37 1.99±0.43

RMB 0.87–2.37 1.17–2.27 1.01–2.57 1.73±0.29 1.68±0.28 1.73±0.3

LMB 0.77–2.49 1.11–2.4 0.91–2.3 1.55±0.34 1.63±0.28 1.65±0.26

AA: ascending aorta; LMB: left main bronchus; LPA: left pulmonary artery; PT: pulmonary trunk; RMB: right main bronchus; RPA: right pulmonary artery. 

Table 3
The minimum, maximum and mean diameters of PT, AA, RPA, LPA, RMB, LMB and PT:AA ratio in healthy adult according to gender.

Min-Max (cm) Mean±SD (cm)

Diameters Females Males Females Males

PT 1.32–4.2 1.56–4.19 2.68±0.53 2.72±0.5

AA 1.52–4.85 1.91–4.75 3.16±0.61 3.28±0.53

PT:AA 0.62–1.16 0.44–1.41 0.86±0.13 0.84±0.18

RPA 0.71–3.2 1.06–3.56 1.91±0.46 2.04±0.44

LPA 0.83–3.1 0.91–2.87 1.81±0.46 1.8±0.39

RMB 0.87–2.57 1.18–2.55 1.61±0.28 1.81±0.26

LMB 0.77–2.27 1.03–2.49 1.49±0.25 1.74±0.28

AA: ascending aorta; LMB: left main bronchus; LPA: left pulmonary artery; PT: pulmonary trunk; RMB: right main bronchus; RPA: right pulmonary artery.
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seen in AA although PAH causes selective dilation of the
PT and its main branches.[17] Different values have been
reported regarding the normal range of PT:AA ratio in
various studies (to be less than 0.9, 1 or 1.4).[4,5,7–10] An ele-
vated PT:AA ratio was important since it was associated
with an increased risk of all-cause mortality (>0.9).[4] The
mean PT:AA ratio was found higher in females than in
males for all age groups, but this ratio found to decrease
with increasing age in both genders.[6] Our study revelaed
the PT:AA ratio in a range of 0.44–1.41 cm, showing sig-
nificant differences according to age.

In adults, the maximum limit of the PT:AA ratio is
assumed to be 1 and if this ratio is more than 1, it is con-
sidered to be an indicator of PAH. But this ratio shows dif-
ferences in the pediatric cases. In a study performed on
healthy children under 18 years of age, it was reported that
the PT:AA was not affected by sex.[16]

The diameters of PT, AA, LMB, RMB and PT:AA
ratio in different populations have been investigated by

using different methods (Tables 4 and 5). PT diameter
found in our study was similar with previous studies.[6,14,15,23]

The diameter of PT was significantly higher in male than
in female as reported by some previous studies,[6,15] but the
results of Caro-Dominguez et al.,[17] and our study showed
no statistically significant difference between males and
females. When compared with the results of the previous
studies,[6,23] the diameter of AA found in our study was found
similar. Lee et al.,[6] reported the diameter of AA as signifi-
cantly higher in males than in females but our study showed
no significant difference.[6,14,23] The results of our study
revealed that diameters of RMB and LMB were higher
than in previous studies.[11,24] These diameters were found
higher in male, in both our study and in earlier studies.[11,24]

The body mass index, body surface area and lifestyle differ-
ences may be the reason of these differences.[6]

Tracheal and bronchial diseases are rare and have a
sneaky progress. Serious obstruction findings occur when
75% of trachea or bronchial lumen is blocked. Symptoms

Table 4
Comparison of PT and AA diameters and PT:AA ratio with previously published studies. 

Age 
range PT AA PT:AA

Method Population (year)

MRI Pellicori et al.[14] Range: 2.51–2.88 cm Range: 3.39–3.43 cm Mean: 0.9

Females Males Mean Females Males Mean Females Males Mean
(cm) (cm) (cm) (cm) (cm) (cm)

CT Edwards et al.[15] 11–90 2.64 2.77 2.72

Truong et al.[23] American ≥18 2.63 3.17 0.84

MDCT Compton et al.[16] Canadian 0–18 1.09

Lee et al.[6] Korean >20 2.58 2.65 2.59 2.96 3.16 – 0.88 0.85 0.87

Caro-Dominguez Canadian 1–17 1.71 1.72 1.71 – – – 1.1 1.13 1.11
et al.[17]

Present study Turkish 18–89 2.68±0.53 2.70±0.5 2.7±0.51 3.16±0.61 3.31±0.63 3.23±0.57 0.86±0.13 0.84±0.18 0.85±0.16

AA: ascending aorta; CT: computed tomography; MDCT: multidetector computed tomography study; MRI: magnetic resonance imaging; PT: pulmonary trunk.

Table 5
Comparison of RMB and LMB diameters with previously published studies. 

RMB LMB

Age range Females Males Mean Females Males Mean
Method Population (year) (cm) (cm) (cm) (cm) (cm) (cm)

Multi-slice spiral CT Mi et al.[11] Chinese 18–90 1.23 1.41 1.33 1.13 1.31 1.23

Spiral  CT Kim et al..[24] Asian 19–80 AP TR AP TR AP TR AP TR
1.32 1.18 1.53 1.51 1.03 9.9 1.27 1.31

MDCT Present study Turkish 18–89 1.65±0.39 1.71±0.29 1.71±0.2 1.56±0.72 1.74±0.27 1.62±0.3

AP: anteroposterior; CT: computed tomography; LMB: left main bronchus; MDCT: multidetector computed tomography; RMB: right main bronchus; TR: transverse.
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may be nonspecific and it may be difficult to diagnose
because the findings may be misinterpreted. For this rea-
son, MDCT which is a non-invasive method is often pre-
ferred for routine screening and management of the
patients.[25,26] Studies on morphometric evaluation of air-
ways are limited. The accumulation of medical or envi-
ronmental inhalation materials in the lungs makes it nec-
essary to know the normal range of diameters of major air-
ways.[27,28]

We defined a set of normal range of age and gender
specific PT, AA, RPA, LPA, LMB, RMB diameters and
PT:AA ratio by MDCT in 200 healthy adults with no pre-
disposing factors for cardiopulmonary diseases, such as
PAH, COPD. We suggest that knowing these parameters
can provide physicians to assess current cardiopulmonary
status of patients. Reference values of RMB and LMB
diameters can especially be valuable to radiologists, anes-
thesiologists, otolaryngologists and thoracic surgeons.
Knowledge of diameters of LMB and RMB is important
for interpreting situations such as recurrent infections,
hemoptysis and malignancy and for applying procedures
such as bronchoscopy.

Conclusion
Due to the anatomically complicated shape and axis of the
PT and its branches, measurements of the PT at various
positions may be dissonant and misleading to accurately
predict PAH or COPD exacerbation. Therefore, knowing
the diameters of the PT and its branches may be useful for
following-up the patients with PAH and COPD. 
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