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Clinical reports

Three-dimensional CT image analysis of a tracheal bronchus in 
a patient undergoing cardiac surgery with one-lung ventilation
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at lung isolation with a DLT, and that was classifi ed as 
a type I tracheal bronchus, according to Conacher’s 
classifi cation [7] by analysis of postoperative three-
dimensional (3D) image reconstruction.

Case report

A 51-year-old woman with patent ductus arteriosus 
(PDA) was scheduled to undergo closure of the per-
sistent connection. She had previously undergone an 
ovariectomy at the age of 39 and a mastectomy and 
subtotal thyroidectomy at the age of 50, under general 
anesthesia using a standard endotracheal tube, without 
any respiratory complications. An abnormal ECG was 
pointed out in preoperative assessment at the age of 50, 
and PDA with a left-to-right shunt (QP/QS = 1.5) was 
diagnosed using ultrasonic cardiograms. During preop-
erative assessment, auscultation of the chest demon-
strated normal breath sounds, and arterial blood gas 
analysis indicated normal blood gas values. Preopera-
tive chest X-ray was unremarkable (Fig. 1).

Surgical access was planned through a left lateral 
thoracotomy. In the operating room, anesthesia was 
induced with fentanyl, propofol, and vecuronium. A 
fl exible fi beroptic bronchoscope was utilized as a guide 
to placement of a 35-Fr DLT (Blue Line Endobron-
cheal Tube (Left); Smiths Medical Japan, Aichi, Japan) 
into the trachea. Because the endobronchial limb of the 
35-Fr DLT could not be inserted into the left bronchus, 
a 32-Fr DLT was substituted and the bronchial cuff 
infl ated. Immediately after left bronchial blockage, end-
inspiratory pressure rose to 30 cmH2O and SpO2

 fell to 
80%, while tidal volume was reduced to 100 ml. Sus-
pecting a morphologic abnormality of the trachea or 
bronchus, we reassessed the divergence of the bronchus 
with fi beroptic bronchoscopy and observed the preop-
erative CT images for cardiovascular volume rendering 
(Fig. 2a–c). We noted a tracheal bronchus approxi-
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and optimal one-lung ventilation.

Key words Tracheal bronchus · Three-dimensional computed 
tomography · One-lung ventilation · Tracheal stenosis · Con-
genital heart disease

Introduction

A tracheal bronchus is an aberrant or accessory bron-
chus originating from the trachea rather than at the 
carina [1]. Although the reported incidence of the con-
dition is very low, approximately 0.1%–2% [2], right 
upper-lobe atelectasis and hypoxemia can develop when 
a tracheal tube obstructs or migrates into a tracheal 
bronchus [3,4]. Furthermore, diffi culty with isolation of 
the lung with a bronchial blocker tube or double-lumen 
tube (DLT) has been described previously in a patient 
with a tracheal bronchus [5,6]. We report a patient with 
a tracheal bronchus that was detected during attempts 
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over the main pulmonary artery, being located in front 
of the segmental tracheal stenosis, with the right pulmo-
nary arteries and veins lying between the tracheal bron-
chus and the right intermediate bronchus (Fig. 3b). 
In the virtual bronchoscopic view of the trachea, the 
trachea was narrower than the tracheal bronchus at the 
level of the upper tracheal bifurcation, while the left 
main bronchus and the right intermediate bronchus 
were comparable in size at the level of the carina 
(Fig. 4a, b).

Discussion

We encountered a case of unsuspected tracheal bron-
chus while attempting to provide OLV in a patient 
undergoing surgical correction of PDA. In our patient, 
the bifurcation at the level of the tracheal bronchus was 
misdiagnosed as occurring at the carina by fi beroptic 
bronchoscopy, such that blockage of the trachea by the 
DLT caused ventilatory impairment. Postoperative 3D 
image analysis identifi ed the upper tracheal bifurcation 
as type I according to Conacher’s classifi cation (Fig. 5) 
[7].

Most tracheobronchial variations are seen in the 
upper lobes, upper-lobe abnormalities accounting for 
approximately 70% of such anomalies [2]. Further, 
Huntington [8] observed that right-sided anomalies 
were more common, and postulated that the reason for 
this is that the left upper lobe is isolated from the left 
main bronchus by the aortic arch and the left subclavian 
artery, while the azygos vein and mediastinal pleura are 
all that separate the right upper lobe and right main 
bronchus.

Although the reported morbidity of tracheal anoma-
lies in patients without congenital heart disease is only 
0.29% [9], the morbidity of tracheobronchial anomalies 
in patients with congenital heart diseases ranges from 
3.74% to 12.85% [9,10]. Kairamkonde et al. [11] and 
Fowler et al. [12] have reported that the tracheal bron-
chus develops during the embryonal stage and hence 
is often associated with congenital cardiac anomalies 
of structures that develop during the same embryonic 
stage of development. The 3D images of our patient 
with PDA showed segmental tracheal stenosis adjacent 
to the dorsal border of the right main pulmonary 
artery. Chen et al. [9] reported that the incidence of 
tracheal stenosis in association with right upper-lobe 
tracheal bronchus was 31%, and the overall incidence 
of tracheal stenosis in patients with congenital tracheo-
bronchial anomalies was 11.2%. Patients with congeni-
tal heart disease with abnormally enlarged vascular 
structures, due to high pulmonary artery pressure or 
high left atrial pressure, can develop extrinsic airway 
compression [13,14]. Conacher [7] reported cases of 

Fig. 1. Preoperative chest X-ray could not detect the tracheal 
bronchus owing to overlap with the mediastinal shadow

mately 3 cm proximal to the carina with notable nar-
rowing of the trachea between the tracheal bronchus 
and the carina. The DLT was replaced by a bronchial 
blocker tube (COOPDECH Endobronchial Blocker-
tube; Daiken Medical, Osaka, Japan), and isolation of 
the lung with insertion of the bronchial blocker into the 
left main stem bronchus was successfully achieved. 
Thereafter, surgery proceeded uneventfully under one-
lung ventilation (OLV). At the end of the operation, a 
standard endotracheal tube was inserted in place of the 
bronchial blocker tube. After chest X-ray exclusion of 
atelectasis in all lobes, the patient was transferred to the 
intensive care unit with the standard tube in situ. Her 
trachea was extubated without incident 12 h after her 
arrival in the intensive care unit.

3D Image reconstruction analysis

On the third postoperative day, CT images for 3D 
reconstruction of the tracheobronchus were taken from 
the patient. In the anterior view, 3D images of the 
trachea demonstrated that the right upper-lobe bron-
chus (tracheal bronchus) originated from the right 
aspect of the trachea, 2.7 cm proximal to the carina, 
with segmental tracheal stenosis that was comparable in 
size to that of the tracheal bronchus (Fig. 3a). The pos-
terior image showed that the tracheal bronchus arched 
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Fig. 2a–c. Preoperative plain chest computed tomography (CT) images at levels of the upper trachea (a), tracheal bronchus (b), 
and carina (c). TB, Tracheal bronchus; LB, left main bronchus; RB, right intermediate bronchus

type I tracheal bronchus, right tracheal bronchus, and 
tracheal stenosis in patients with PDA. We speculate 
that the remarkable segmental tracheal stenosis in our 
patient was aggravated by extrinsic airway compression 
due to pulmonary hypertension following PDA.

A tracheal bronchus can arise anywhere between the 
carina and cricoid cartilage [15], but is usually within 
2 cm of the carina [2] and up to 6 cm from the carina 
[16,17]. An upper-lobe bronchus (type II) can be poten-

tially obstructed by an endotracheal tube, resulting in 
atelectasis and shunting [7]. Because the distance from 
the carina to the tip of the endotracheal tube in our 
patient was not longer than that in the average Japanese 
patient receiving orotracheal intubation (28 ± 15 mm 
[mean ± SD]) [18], endotracheal intubation could be 
easily performed in our patient during her previous sur-
geries without any respiratory complications. However, 
isolation of the left lung with the DLT could not be 
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Fig. 3a,b. Postoperative three-dimensional (3D) reconstruc-
tion of the tracheobronchus. The tracheal bronchus originated 
from the right aspect of the trachea, 2.7 cm proximal to the 
carina, with segmental tracheal stenosis (a). The tracheal 
bronchus arched over the main pulmonary artery, being 

located in front of the segmental tracheal stenosis, with the 
right pulmonary arteries and veins lying between the tracheal 
bronchus and the right intermediate bronchus (b). TB, Tra-
cheal bronchus; RPA, right pulmonary artery; RPV, right pul-
monary vein

Fig. 4a,b. Virtual bronchoscopy at the levels of the upper 
tracheal bifurcation (a) and the carina (b). The sizes of the 
orifi ces of the trachea and tracheal bronchus were 8 × 5.6 mm 
and 7.1 × 10.3 mm, respectively, and those of the left main 

bronchus and right intermediate bronchus were 12.6 × 14 mm 
and 15.2 × 4.4 mm, respectively. TB, Tracheal bronchus; LB, 
left main bronchus; RB, right intermediate bronchus
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performed due to the ectopic bifurcation and segmental 
tracheal stenosis up to the carina. Bronchial blockers 
are reportedly available for OLV in patients with type 
I tracheal bronchus [7]. We adopted a bronchial blocker 
tube for OLV in our patient owing to her type I tracheal 
bronchus and the segmental tracheal stenosis resulting 
in an inability to ventilate the right lung using a DLT.

Anesthesia in patients with tracheal bronchus is as-
sociated with a greater risk of atelectasis or hypoxia, 
especially when OLV is used. Although symptomatic 
anomalous bronchi have been reported in the literature 
[19,20], many patients with bronchial anomalies are 
asymptomatic [2]. Hence, the preoperative identifi ca-
tion of anomalies of the bronchial tree is of critical 
importance in such patients. In general, the diagnosis of 
tracheobronchial anomalies can be made with bron-
choscopy or with imaging studies. Although it is reported 
that careful preoperative observation of chest X-rays 
can identify a tracheal bronchus [7,21], the diffi culty in 
diagnosis arises when the tracheal bronchus overlaps 
the mediastinal shadow on the chest X-ray, as occurred 
in our patient. Tracheal bronchus is well diagnosed with 
chest CT [2,9,10,15,22]. Spiral CT has especially broad-
ened the potential of the imaging of lung anatomy by 
offering various reformation techniques, including 
multiplanar reconstruction, 3D reconstruction, shaded-
surface display, and virtual bronchoscopy [2]. Preopera-
tive tracheal 3D images allow for an accurate defi nition 
of the airway and can demonstrate the anatomy of 
lesions such as tracheal bronchus, tracheobronchial ste-
nosis, and distortion of the trachea with respect to other 
mediastinal organs and great vessels [23]. Because chest 
CT images are taken preoperatively in most patients 
undergoing surgeries that require lung isolation, the 
preoperative CT images should be scrutinized to exclude 
possible tracheobronchial anomalies in patients with 
congenital heart disease.

Airway diffi culty may not appear when an endotra-
cheal tube is placed proximal to a tracheal bronchus; 
however, once the endotracheal tube is advanced farther 

into the trachea, airway obstruction and further com-
plications could occur [20]. An understanding of con-
genital bronchial abnormalities may have important 
implications for respiratory management during anes-
thesia, and careful preoperative examination of chest 
X-rays and CT images, and the use of preoperative tra-
cheal 3D images should facilitate securing of the airway 
and provide optimal OLV.
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