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ABSTRACT

Tracheal bronchus is an uncommon congenital anomaly. It is often of important significance during endotracheal intubation. In paedi-
atrics with tracheal bronchus, stenosis of trachea and (or) bronchus and the management strategies remain to be further clarified. A
comprehensive retrieval of literature since 2000 revealed 43 articles with 334 paediatric patients with tracheal bronchus. The delayed
diagnosis rate is 4.1%. Paediatric patients with tracheal bronchus most often present with recurrent pneumonia and atelectasis. In
less than one-third of the patients, there was an intrinsic or extrinsic stenosis of the trachea, which warrant a conservative or a surg-
ical treatment. A surgical treatment was performed in 15.3% of the patients, in most of which the operations were for relieving the
tracheal stenosis. The surgical outcomes were satisfactory. Paediatric patients with tracheal bronchus with tracheal stenosis and recur-
rent pneumonia and persistent atelectasis warrant active treatments, and surgical treatments are preferred. No treatment is needed
in those with no tracheal stenosis or those with no or mild symptoms.
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INTRODUCTION

Tracheal bronchus wasdefined asabronchusoriginating directly
from the trachea, either above or at the level of the carina.' The
frequencyoftrachealbronchuswas0.31%in patientsformultide-
tector computed tomography scans,” and 1.9% in patients for
flexible bronchoscopy.’ The incidence of tracheal bronchus
detected in young children was 1.06%." The tracheal bronchus is
usually located at the junction of the mid and distal thirds of the
trachea, originating from the right lateral wall of the trachea 2cm
proximal to the carina and supplying the upper lobe or its apical
segment.’ Tracheal bronchus can be displaced or supernu-
merary.® It may have different sizes and angles, and can be tiny,
stenotic, or blind-ended.” The angle between the tracheal
bronchus and trachea varied from 22° to 108° with a mean of
730.8

Thereare various classifications of tracheal bronchus reportedin
theliterature. Moreno et al. elaborated the anatomical classifica-
tionoftracheal bronchusintothreetypes: Typel, arisingfromthe
junction of the middle and lower third of the trachea with a
decreasein the distal tracheal diameter; type I, arising from the
lower third without modification of the tracheal size; and type lll,
arising almost at the level of the carina and giving the appear-
anceofatrifurcatedcarina.’
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A mistaken cannulation of type | tracheal bronchus might
obstruct the rest of respiratory system; type Il tracheal
bronchus might be obstructed by a normal tracheal tube; and
type lllmight cause problems forone-lung ventilation.

At least half of the patients with pulmonary artery sling are
associated with tracheal and bronchial stenosis and complete
tracheal cartilage rings.® When the distal trachea is severely
compressed in the anterior and posterior directions, the right
main bronchus is usually severely narrowed, or even leaving
only one slit.” Tracheal reconstruction and the left pulmonary
artery re-implantation are the effective ways for relieving
airway obstruction due totracheal stenosis.’ Tracheal stenosis
and airway obstruction are also a prominent problem in
patients with tracheal bronchus with or without a pulmonary
artery sling or other vascular rings. Patients with tracheal
bronchus may have intrinsic or extrinsic stenosis of trachea
and (or) bronchus, which may furtherlead to respiratory symp-
tomsorrecurrent respiratory infections. Morita et al.’classified
congenitaltracheal stenosisin patients with tracheal bronchus
into 3 types: Type 1, tracheal stenosis above the right-upper
lobe bronchus; type 2, tracheal stenosis below the right upper
lobe bronchus and type 3, tracheal stenosis above the right
upper lobe bronchus to the carina. However, the diagnosis and
treatment of tracheal stenosis in patients with tracheal
bronchus have notbeen elucidatedindetail. Infact, majority of
reports on tracheal bronchus focus on that of the right side, as
most of the instances were seen on the right. There are also
tracheal bronchus originating from the left side or bilaterally.
Moreover, in spite of constantly reported tracheal bronchus,
the anatomical and clinical features of tracheal bronchus in
paediatric patients have not been sufficiently evaluated so far.
In paediatrics with tracheal bronchus, stenosis of trachea and
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(or) bronchus and the management strategies remain to be
furtherclarified. The aim of this review was to give an overview
of the tracheal bronchus in paediatric patients in terms of
anatomicalandclinicalaspects ofthisanomaly.

METHODOLOGY

Comprehensiveretrieval of pertinent literature in the PubMed,
Google Scholar, and Baidu Scholar was done for English arti-
cles published between 2000 and 2022. The reference lists
after the text of the recruited publications and conference
abstracts were also carefully screened fora complete retrieval
of the literature. It was tried to search randomised controlled
trials, but retrospective studies, case series and case reports
ontracheal bronchus of paediatric patients were alsoincluded.
The retrieval terms included aberrant bronchus, tracheal
bronchus, eparterial bronchus, pig bronchus, bronchus suis,
tracheal trifurcation and tracheal quadrifurcation, with a filter
of paediatrics. The inclusion criteria were the clinical prospec-
tive or retrospective researches, cohort studies, case series
and case reports of tracheal bronchus. The primary exclusion
criteria were publications with, no substantial information of
tracheal bronchus patients (n=3), tracheal bronchus of adult
patients (n=2), middle aberrant bronchus (n=1), congenital
absence of the right upper lobe bronchus (n=1), airway
anomaly with congenital diaphragmatic hernia (n=1), ectopic
right lower lobe (n=1), anomalous tracheobronchial arborisa-
tion (n=1), congenital tracheal stenoses (n=1) and bridging
bronchus (n=1). Asaresult, atotal of 43 articles were included
and 12 articles were excluded with 334 patients included. A
flowchartoftheretrieval policy was showninFigure 1.

Titles and abstracts
identified and screened
(n=55)

|

Full copies retrieved and
assessed for eligibility
(n=55)

Excluded (n=12)

1. No substantial information of
tracheal bronchus patients (n=3)

2. Tracheal bronchus of adult patients
(n=2)

3. Middle aberrant bronchus (n=1)

4. Congenital absence of the right
upper lobe bronchus (n=1)

5. Airway anomaly with congenital
diaphragmatic hernia (n=1)

6. Ectopic right lower lobe (n=1)

7. Anomalous tracheobronchial
arborisation (n=1)

8. Congenital tracheal stenoses (n=1)

9. Bridging bronchus (n=1)

Publications included in
the review (n=43)

Figure 1: A flowchart of literature retrieval policy.

The data independently extracted from each study were the
study population, demographics, clinical manifestations, clas-
sifications of tracheal bronchus, therapeutic strategies, proce-
dures performed, effectiveness, and patient outcomes. Data
extraction was taken by way of tabulating all the necessary
information of each report. This process was replicated three
times by three different reviewers to avoid omissions and
ensured the integrity and credibility of the data. During the
course, three reviewers independently reviewed titles,
abstracts, and full texts as needed to determine whether
studies met the inclusion criteria. In cases of conflict between
thereviewers, additional review and analysis were undertaken
toresolvetheissue. Ininstances where heterogeneity existed,
the effect of each study was examined on the overall effect by
removingindividual studies.

IBM SPSS statistics version 22 software was used for statistical
analysis. The measurement data were expressed as mean +
standard deviation and median (range) while categorical data
were given as numbers and percentages. The categorical vari-
ables were compared by Chi-square or Fisher exact test with
continuity correction. Logistic regression analysis was
performed to evaluate the determinants of treatment of
choice for tracheal stenosis. The value of p<0.05 was consid-
ered as statistical significant. AP-P plot was used to estimate a
normal distribution of patient age. MedCalc version 20.014
was used to draw a forest plot of OR (95%CL) of logistic regres-
sionanalysis.

RESULTS

The 43 recruited articles included 33 (76.7%) case
reports,®'6183034424495 3(7 0%) case series,’****and 7(16.3%)
retrospective studies.**>”*** There was no prospective study
foundintheliterature.

There were a total of 334 patients, with 120 (52.9%) male and
107 (47.1%) female patients with a male-to-female ratio of
1.1:1, while gender was not given for the remaining 107
patients. Patients were at the age of 2.2+3.3 (range, 0-15;
median, 0.7) years (n=61). The patients’ age was in a normal
distribution.

The symptoms were not reported for 59 (17.7%) patients. Of
the remaining 275 (82.3%) patients, 34 (12.4%) patients were
asymptomatic,>>'******4° and 241 (87.6%) patients had a
total of 309 common or severe/critical symptoms (Tablel).

The diagnostic techniques were not stated at all or were not
clearly indicated in 3 reports for a total of 194 patients,** In
the remaining 140 patients, the diagnostic techniques for
reaching a definite diagnoses of tracheal bronchus were by
bronchoscopy inmostinstances (Tablell).

In14(4.1%) patients, thetrachealbronchushadadelayed diag-
nosis,*'%**?8313% The delayed time was 7.9+8.3 (range,
0.3-24; median, 4) months (n=13).
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Table I: The 309 clinical presentations of 241 patients.

Clinical presentation n (%)
Common symptoms
Stridors'”'m'”‘“'“ 8 (3.3)
Asthma® 6 (2.5)
Wheeze?*®33 5(2.1)
Acquired subglottic stenosis® 3(1.2)
Cough®*?’ 3(1.2)
Aspiration®"’ 2(0.8)
Cyanosis*™* 2(0.8)
Cyanotic episode™* 2(0.8)
Dysphagia®** 2(0.8)
Failing to thrive?* 2(0.8)
Feeding difficulties™ 2(0.8)
Respiratory symptoms, unspecified’ 23(9.5)
Severe/critical symptoms
Recurrent pneumonialj‘7‘9-14‘17,19,23-25.29-32,35‘38,42»45 111 (461)
Atalectasis’*1017#324 67 (27.8)
Difficult/failed intubation®*>*** 20 (8.3)
Ventilation-dependent’*%?242627:31:42:43 19 (7.9)
Resplratory diStreSS1D‘14'18’19‘21'23'25'29'35'41'43 15 (6.2)
Vascular compression®?2>23283241 13 (5.4)
Respiratory arrest™* 2(0.8)
Preintubation laryngospasm® 1(0.4)
Cardiopulmonary bypass-dependent’ 1(0.4)
Table II: The diagnostic techniques for the definite diagnosis of tracheal bronchus in 140 patients.
Diagnostic technique n (%)
Bronchoscopy/laryngoscopy 122 (87.1)
Bronchoscopy, flexible®1>2!:22:24:26:31,32,37 91 (74.6)
Bronchoscopy, rigid**° 12 (9.8)
Bronchoscopy, unspecified®" 1171833364243 15 (12.3)
Laryngoscopy, direct® 1(0.8)
Laryngobronchoscopy, rigid™ 3(2.5)
Bronchography'®?*%7%% 5(3.6)
Computed tomographyZ,E,9,11714,16,17,20,21‘23,25,27‘29,31,33,35,36‘40,42745 29 (20.7)
Three-dimensional computed tomography?®***%#* 5(3.6)
Computed tomographic angiography**! 2(1.4)
X-ray film* 1(0.7)
Intubation® 1(0.7)
Operation® 1(0.7)
Autopsy”’ 1(0.7)
Table IlI: Tracheal stenosis.
Tracheal stenosis n (%)
Intrinsic 88 (26.3)
Tracheal stenosis 74 (84.1)
Type 1%’ 2(2.7)
Type 25,7.22‘26-28,30,31.38.44 20 (270)
Type 3" 6(8.1)
Type unspecified"*** 46 (62.2)
Bronchial stenosis 13 (14.8)
Right intermediate bronchus® 2 (15.4)
Right tracheal bronchus + left lower bronchus® 1(7.7)
Ostium/orifice®* 3(23.1)
Right tracheal bronchus®* 3(23.1)
Right main bronchus"*® 2(15.4)
Bronchial stenosis, unspecified® 2 (15.4)
Carina stenosis* 1(0.3)
Extrinsic vascular compression®?#¥2>283241 13 (3.9)
No StenOSiSl'3‘4'5'9-12'14-20'29‘32‘34'36'37'39'40'42'45 235 (704)
* One patient had simultaneously intrinsic tracheal and bronchial stenoses and vascular compression.”
Table IV: A comparison of prognosis between patients receiving a conservative and a surgical treatment.
Treatment Recovered Unchanged Worsened Complicated Died
Conservative (n=126) 98 (77.8) 1(0.8) 22 (17.5) 5(4.0)
Surgical (n=28) 19 (67.9) 1(3.6) 8 (28.6)
X 1.2 0.2 5.2 38.0 1.1
0.328 >0.990 0.025 <0.001 0.585

* Fisher exact test with continuity correction.

686

Journal of the College of Physicians and Surgeons Pakistan 2023, Vol. 33(06):684-690



Shi-Min Yuan

The types of tracheal bronchus were unknown for 22 (6.6%)
patients. Of the remaining 312 (93.4%) patients, tracheal
bronchus was on the right in 304 (97.4%) (including 67 type
I, 70 type I, 64 type lll, and 103 cases of type | or Il. One
(0.3%) tracheal bronchus was on the left, which was type .**
Seven (2.2%) patients had bilateral tracheal bronchi, which
were types ,* 11 >**and I in 1, 5 and 1 patient, respec-
tively (Figure 2).>*

Side Type I Type IT Type 11T
RTB
Right RTB
RTB
\
g
Left N
J |
7 i
Bilateral kig/ \LTB LTB LTB
RTB RTB

Figure 2: Classifications of displaced tracheal bronchi in paediatric
patients: right tracheal bronchus (upper panel); left tracheal
bronchus (middle panel); and bilateral tracheal bronchi (lower
panel). LTB: left tracheal bronchus; RTB: right tracheal bronchus.

N

Type 1 Type IT

Figure 3: The supernumerary right tracheal bronchi: Type I, patent
tracheal bronchus, and type I, tracheal bronchus with a blind end.
RTB: Right tracheal bronchus.

Common symptom —_—
Recurrent pneumonia —_—
Respiratory distress —_—,
Ventilation dependent -
Type of stenosis
1ol w0l ol il 1l
0.001 0.01 0.1 1 10 100 1000 10000
v3

Figure 4: A forest plot of OR (95%CL) of logistic regression analysis.

Of the left tracheal bronchus, a tracheal diverticulum was
found in 2 cases.”™** Of the left tracheal bronchus patients, a
supernumerary tracheal bronchus was reported in 55
(55/304, 18.1%) patients (Figure 3), including 20 supernu-
merary lobar (20/55, 36.4%),"*' 14 supernumerary
segmental (14/55, 25.5%),"* 18 supernumerary unspecified
(18/55, 32.7%),* and 3 blind supernumerary tracheal
bronchus (3/55, 5.5%) cases.'”** Presumably all the
remaining 249 (249/304, 81.9%) left tracheal bronchi were
displaced.

The originating aspects from the trachea were only reported
for 44 patients: It was from the right wall in 26 patients,’
from the right lateral wall in 15 patients,****"*** from the
right posterolateral wall in 2 patients,”®* and from the right
posterior wall in 1 patient.”

In all 235 (70.4%) patients had no tracheal stenosis,
whereas 99 (29.6%) patients had intrinsic and (or) extrinsic
tracheal stenosis. Intrinsic tracheal stenosis was noted in 88
(88.9%) patients, and extrinsic vascular compression was
present in 13 (13.1%) patients (Table Ill). One patient had
simultaneously intrinsic tracheal and bronchial stenoses and
vascular compression.”® Complete tracheal rings were
present in 22 (6.6%) patients,>’*****"*** and the absence of
tracheal rings was found in 2 (0.6%) patients.***

A logistic regression analysis was performed between treat-
ment strategy and symptoms and types of tracheobronchial
stenosis. It was illustrated that the type of tracheobronchial
stenosis was a determinant of treatment of choice
(p=0.031), and common symptom was almost a determinant
(p=0.057). A forest plot of the OR (95% CI) was shown in
Figure 4.

One hundred and fifty-six (46.7%) patients had associated
Congenital heart defects 1,3,5,10,13,14,16-18,21-28,31-33,36,40,41,43 and 87
(26.0%) patients had genetic, chromosomal, or other
Congenital anomalies 1,3,4,8,10,13,15,17,19,20,22,31-34,38

Treatment was not mentioned for 151 patients. Of the
remaining 183 patients, 15 (8.2%) patients were not treated
due to no or mild respiratory symptoms, patient refusal,

surgical planned but not yet performed, or sudden
death 16-20,22,31,34-37,39,40

One hundred and thirty-nine (76.0%) patients were conser-
vatively managed with adrenaline nebulisation, antibiotic,
or intubation with oxygen supply,”®****73% 1 (0.5%)
patient was treated interventionally (rigid broncholaryngos-
copy with CO, laser and balloon dilation of subglottic
stenosis),” and 28 (15.3%) patients were treated

surgically,’tH172123:28731384L83:85 ine|yding slide tracheo-
bronchial plasty (n=11),"****** tracheal end-to-end anasto-
mosis (n=7),”* right upper lobe diverticulum resection

(n=1),** lobectomy (n=3),"”* right arteriopulmonary shunt
operation (n=1),* patent ductus arteriosus ligation, and the
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left-upper lobectomy with the resection of the tracheal
bronchus (n=1),” resection of the dysplastic tracheal
segment and right upper lobe pulmonary artery transected
and ligated (n=1),”” aortic and pulmonary arteriopexies
(n=1),** and pulmonary arteriopexy operation for pulmo-
nary artery sling (n=2).>>?® Operations were performed
under cardiopulmonary bypass in 7 (25%, 7/28)
patients.26-28,38,43,44

The patients were on a follow-up of 45.1+57.5 (range,
0.3-240; median, 24) months (n=20). The prognoses were
known for 174 patients: 138 (79.3%) patients recovered, 1
(0.6%) patient significantly improved, 1 (0.6%) patient
unchanged, 23 (13.8%) patients had a poor or a worsened
prognosis, 10 (5.7%) patients were complicated and 6
(3.4%) patients died (5 of them were with poor prognoses).
The postoperative complications were stridor (n=1), delirium
(n=1),* dehiscence of the anastomosis (n=1), remaining
tracheal stenosis (n=1), stenosis of the anastomotic site
(n=1), severe tracheomalacia at the anastomotic site or a
remaining complete tracheal ring (n=2),” malacia (h=1)*
and granulation tissue formation in the trachea or at the
carina (n=2).%*

A comparison of prognosis between patients receiving a
conservative and a surgical treatment revealed that the
conservatively treated patients had more patients with a
poor prognosis and a higher mortality (Table IV).

DISCUSSION

The diagnosis of tracheal bronchus can be made by rigid and
flexible bronchoscopy or by computed tomography. The
findings of intubation or surgery, bronchoscopy, or bronchog-
raphy can be the gold standard for diagnosis of tracheal
bronchus.? Bronchoscopy can differ an undeveloped from a
normally developed tracheal bronchus by a direct visualisa-
tion, and it can also judge whether the supply of the tracheal
bronchus is lobar or segmental."’ It was proposed that the
diagnostic sensitivity of tracheal bronchus was 100% by
computed tomography, and was 16.7% by chest radiograph.’

Tracheal bronchus is usually asymptomatic and an incidental
finding on bronchoscopy, but in paediatric patients it can be
associated with recurrent infections, stridor, and thoracic
masses.*’

The aberrant course of the tracheal bronchus makes it vuln-
erable to obstruction. This can result in lobar collapse and
infection due to retained secretions.® Tracheomalacia is
weakening and increased collapsibility of airway cartilages
causing stridor, cough, impaired clearance of secretion, and
recurrent respiratory infections.*® Recurrent atelectasis and
infection in the affected pulmonary segments may
contribute to increased mortality and pulmonary morbidity.”
During intubation, a tracheal tube can occlude the orifice of
the tracheal bronchus, resulting in atelectasis of the

supplied lobe or segment.” A mistaken intubation into the
tracheal bronchus may cause insufficient ventilation of the
remaining lung.® Early recognition of the anomaly allows for
appropriate endotracheal tube positioning and respiratory
management.”

Tracheal bronchus and tracheal stenosis association is rare,
but the association between tracheal bronchus and stenosis
of the right main bronchus to cause obstructive symptoms
and recurrent pulmonary infections.** Complete cartilaginous
rings® and absent tracheal rings have been taken as the
causes of intrinsic stenosis of the trachea. Spontaneous reso-
lution may occur within the first 2 years of life.*® Tracheos-
tomy, stenting or surgery is required in severe and non-re-
solving cases.” An arteriopexy is necessary for the relief of
external vascular compression, and for eliminating the
possible collapse of the distal trachea.”

The present study revealed paediatric patients with tracheal
bronchus most often present with recurrent pneumonia and
atelectasis. In less than one-third of the patients, there was
an intrinsic or extrinsic stenosis of the trachea, which
warrant a conservative or a surgical treatment. For patients
with an intrinsic tracheal stenosis, a slide tracheobronchial
plasty or tracheal end-to-end anastomosis can be practical,
and for those with an extrinsic stenosis, arteriopexy opera-
tion should be performed. A lobectomy can be considered
for patients with recurrent pneumonia and persistent atelec-
tasis.

CONCLUSION

The diagnosis of tracheal bronchus sometimes poses chal-
lenges. The delayed diagnosis rate is 4.1%. Paediatric
patients with tracheal bronchus with tracheal stenosis and
recurrent pneumonia and persistent atelectasis warrant
active treatments and surgical treatments are preferred. No
treatment is needed in those with no tracheal stenosis or
those with no or mild symptoms.
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