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Abstract

In 1976, Gonzales-Crussi et al. (Am. J. Dis. Child. 130:1015-18, 1976) introduced the first case of bridging bronchus as a
rare bronchial branching anomaly; since then, only 14 worldwide cases was described. We suggest our case might be
number 15 and could be the first case of type six of this bronchial anomaly. We present a case of a 10-month-old
infant with bridging bronchus, congenital tracheal stenosis, and double outlet right ventricle who underwent major
laparoscopic surgery for repair of gastrointestinal anomalies to raise awareness of this rare underdiagnosed congenital
anomaly and a thorough discussion of the tracheobronchial anomalies and its clinical implications.
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Background
Bridging bronchus (BB) is a rare congenital bronchial
anomaly [1] that may be associated with a tracheal
anomaly such as congenital tracheal stenosis (CTS) [2].
Tracheobronchial anomalies, when associated with con-
genital heart diseases (CHD) such as double outlet right
ventricle (DORV), present a great clinical challenge
which needs multidisciplinary teamwork and proper
communications among neonatologists, cardiologists, ra-
diologists, otolaryngologists, pediatric surgeons, and
anesthetists for proper diagnosis and management [3].
Written informed consent from patient’s parent was
obtained before case report publication and available on
editors’ request.

Case presentation

Seven months ago, a 10-week-old male infant was sched-
uled for a pull-through surgery of the colon and intes-
tine via combined laparoscopic and perineal surgery.

He was delivered at term to a 22-year-old woman by
caesarean section due to failure to progress after rupture
of membranes. Prenatal ultrasonography was normal ex-
cept for the heart which could not be properly visualized.
During labor, there was abnormal heart rate variability.
Apgar scores were 5 and 7 at 1 and 5 min respectively
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while birth weight was 2.78 kg. There were pansystolic
murmur and respiratory distress that required tracheal
intubation, resuscitation, and admission to the neonatal
intensive care unit (NICU) on mechanical ventilation.

Provisional diagnosis was a complex CHD presented
by DORYV, transposition of great arteries (TGA), ASD,
VSD, aortic coarctation, vertebral anomalies, and VAC-
TERL association. Colostomy was carried out for the
imperforate anus.

At 2 weeks old, the baby underwent patch reconstruc-
tion of the aortic arch with pulmonary artery banding.
During this procedure, he experienced two attacks of
intraoperative cardiac arrest due to severe hypoxia and
respiratory acidosis. Cardiopulmonary resuscitation was
successful. In NICU, the trachea remained intubated on
pressure support ventilation (PSV) because of several
unsuccessful attempts of weaning from mechanical ven-
tilation and tracheal extubation.

Two weeks later, microlaryngobronchoscopy was done
which revealed a blind distal tracheal pouch and a 2-
mm-diameter distal tracheal stenosis, 2 cm above the
carina (Fig. 1).

Three-dimensional reconstruction CT showed that the
left main bronchus (LMB) originated just above the sten-
osed distal tracheal pouch with left deviation and concen-
tric stenosis of the distal 1 cm of the trachea (Fig. 2).

At the age of 10 months old while his weight was
4.8 kg, the infant had underwent a laparoscopic surgery
for repair of the gastrointestinal anomalies; the baby was
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Fig. 1 The bronchoscopic view of the distal tracheal stenosis

transferred to the operating room with a 3.5-mm endo-
tracheal tube (ETT) inserted into the trachea. The air-
way length of the ETT was 9 cm from tip to lips on
mechanical ventilation. An esophageal temperature
probe, a right internal jugular vein catheter, and right
femoral artery catheter were inserted. Intraoperative
monitoring included SpO,, ECG, invasive blood pres-
sure, and EtCO.,.

His vital signs were within the limits. Blood pressure
(BP) of 80/5 mmHg and the baseline ECG showed sinus
rhythm at 122 beats/min. General anesthesia was main-
tained with sevoflurane and recurring boluses of cisatracur-
jum and fentanyl. Our ventilator strategy was to prolong
the inspiratory time to overcome the increased resistance
and achieve adequate lung expansion by using pressure-
controlled ventilation (PCV) with peak inspiratory pressure
of 18-20 cmH,O while keeping respiratory rate at 20—25/
min to allow adequate time for expiration and to prevent
gas trapping to keep ETCO, at 30-40 mmHg while FiO,
was 0.5-0.6 to keep SpO, at 95-97% by.

The laparoscopic procedure started with a stable
hemodynamics whereas acid—base status revealed mild
respiratory acidosis (PaCO, of 50-55 mmHg) while

Fig. 2 Three-dimensional reconstruction CT of the tracheobronchial tree
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EtCO, was 40—-45 mmHg which was improved by an in-
crease of the RR.

After 40 min of positioning baby in Trendelenburg, se-
vere hypercarbia (90-95 mmHg) and hypoxemia (50—
60%) were documented associated with a drop in heart
rate from 138 to 71/min. The surgeon stopped the laparo-
scopic procedure. Pneumoperitoneum deflation, restor-
ation of supine position, verification of proper tracheal
tube (TT) placement, and proceeding manual ventilation
successfully relieved the partial obstruction as indicated
by improvement in the vital signs and arterial blood gases.
We successfully completed our anesthetic course with our
planned ventilator strategy to reduce air trapping beyond
the stenosis by decreasing the inspiratory/expiratory ratio
to increase the expiratory time and decreasing the respira-
tory rate to allow CO, wash through the stenosed segment
so the pressure-controlled ventilation worked well.

After that, the surgeon resumed the laparoscopic pro-
cedure at a 6-8-mmHg insufflation pressure for 70 min
with stable hemodynamics. The perineal surgery con-
cluded approximately 2 h afterward. On completion of
the whole procedure, the child was transferred back to
NICU, trachea intubated on PSV with an uneventful
postoperative course.

Discussion

Bridging bronchus is an anomalous bronchus that was
grouped into five types. Gonzales-Crussi et al. [1] de-
fined the first type of BB as a large bronchial branch
which originates from the left main stem bronchus,
bridged the mediastinum from the ipsi- to the contralat-
eral lung, and provides the right lower and middle lobes;
but in our case, it provides also the upper lobe (Fig. 3).

Starshark et al. referred to BB associated with several
other congenital anomalies [4]. Recognition of BB may
be delayed due to misinterpretation of the pseudocarina
or tracheal bifurcation. In tracheal bronchus, the origin
of the right upper bronchus is at a higher level than a
normal bifurcation [5]. It has been stated that clinical
differentiation is important because the patients with
BB, as in our case, often show tracheal and left main
bronchus (LMB) stenosis [6].

The fifth type of BB was described by Medina et al.
and Wills et al,, where the trachea appeared as carrot
shaped and from the distal pseudocarina localized at a
lower thoracic vertebral level than the normal position
of the carina; the BB arises from the left main bronchus
and supplies the right lower and middle lung lobes. The
right main bronchus is aborted and represented by a
small diverticulum of the trachea, and the right upper
lung lobe is absent [2, 6].

Our case presents the sixth type of BB; complete right
bronchial agenesis and blind distal tracheal pouch. LMB
originated just above the stenosed distal tracheal pouch
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Fig. 3 Types of bridging bronchus [16]. (@) type 1 Bridging Bronchus (BB). (b) type 2 BB. (c) type 3 BB. (d) type 4 BB. (e) type 5 BB
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(Fig. 1). The bridging bronchus takes off from the LMB
at the pseudocarina situated at the level of the interspace
between the fifth and sixth thoracic vertebral level.

To the best of our knowledge, this is the first report in
which BB is associated with complete right main bron-
chial agenesis and a blind tracheal pouch below the ori-
gin of LMB. BB is also supplying the right upper lung
lobe, not only middle and lower lobes as in the earlier
five types.

We expect that the observed intraoperative hypoxemia
and hypercarbia in our case resulted from tracheobron-
chial stenosis and TT migration to the blind tracheal
pouch and hence resulted in a partial airway obstruction
as happened in the previous surgical procedure at the
age of 2 weeks. This was rapidly corrected by stopping
the laparoscopic procedure, by pneumoperitoneum de-
flation, and by restoration of supine position as well as
by manual ventilation which successfully relieved this
partial obstruction as indicated by improved oxygen sat-
uration, reducing severe hypercarbia and air trapping en-
suring adequate ventilation parameters without the need
for intraoperative fiberoptic bronchoscopy.

Congenital heart disease (CHD) is the most common
birth defect [7]. DORV patients may have too much or
too little pulmonary flow. Our patient has increased pul-
monary blood flow and inadequate systemic blood flow
secondary to an underdeveloped left ventricle, ascending
aorta, and aortic arch. Systemic circulation is provided
by blood flow from the pulmonary artery (PA) via the
patent ductus arteriosus (PDA) to the aorta, and surgical
therapy was directed to the repair of the aortic arch and
reducing the increased pulmonary blood flow by placing
PA band, which restricts pulmonary blood flow and pre-
vents overwhelming of the pulmonary circulation [8].

Anesthetic manipulations such as hypocapnia and high
FiO, should be avoided as they reduce pulmonary vascu-
lar resistance and increase the pulmonary blood flow
that will steal blood flow from the systemic circulation
so hypercapnia is permitted to keep pulmonary vascular
resistance (PVR), and the delicate balance between sys-
temic vascular resistance (SVR) and PVR should be
maintained, besides to proper control and stabilization
of intravascular volume and cardiac contractility [9].

During laparoscopic surgery, peak inspiratory pressure
increases by 19% in the Trendelenburg position and 32%
during insufflations [10]. Neonates, infant, and children
who have a low FRC and high closing capacity and oxygen
consumption are more prone to develop hypoxemia follow-
ing increased intra-abdominal pressure and so increased
pulmonary vascular resistance due to this hypoxemia [11].

The incidence of congenital tracheal stenosis (CTS) in
infants with CHD has been reported to be 2.5% [12, 13].
Three types of CTS are described; segmental, funnel-
shaped, and generalized hypoplasias [14]. The adequate
ventilatory strategy is to prolong the inspiratory time but
to overcome the increased resistance and achieve adequate
lung expansion, and the respiratory rate should be kept at
a low rate to allow adequate time for expiration and to pre-
vent gas trapping [15]. In addition to positive pressure ven-
tilation, high-frequency jet ventilation and extracorporeal
membrane oxygenation have been used for patients under-
going surgical repair of tracheal lesions [12].

Conclusions

In summary, anesthetic care of patients with tracheobron-
chial abnormalities demands particular attention. The iden-
tification of cardiovascular comorbidities is the most
challenging task, and meticulous preoperative evaluation of
heart defects should be warranted. However, anesthetists
should be aware of the fact that the management of these
patients should discuss all the multisystemic aspects of this
complex syndrome. Bronchial branching malformation like
BB with or without stenosis is an important differential
diagnosis in newborn presenting with respiratory distress.

Authors’ contributions

AM, and MD verified the clinical diagnosis and the scientific research as well
as article writing. RO supervised and lead the whole task as a director of
department and carried out the communication between the different
departments. HQ and AM provided anesthesia for laparoscopic surgery. SB
confirmed the diagnosis by mico-laryngobronchoscopic procedure. All authors
read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Financial support
None.



El-Molla et al. JA Clinical Reports (2016) 2:44

Author details

'Department of Anesthesia, Ministry of Health, Cairo, Egypt. “Department of
Anesthesia, Pharos University, Canal El Mahmoudia Street, Alexandria, Egypt.
3Department of Anesthesia, Director of Anesthesia Department, Prince Sultan
Military Medical City, Riyadh, Kingdom of Saudi Arabia. “Department of
Anesthesia, Prince Sultan Military Medical City, Riyadh, Kingdom of Saudi
Arabia. *Pediatric Division of Otorhinolaryngology, Head and Neck Surgery,
Prince Sultan Military Medical City, Riyadh, Kingdom of Saudi Arabia.

Received: 5 October 2016 Accepted: 30 November 2016
Published online: 07 December 2016

References

1. Gonzalez-Crussi F, Padilla L-M, Miller JK, Grosfeld JL. Bridging bronchus: a
previously undescribed airway anomaly. Am j dis child. 1976;130:1015-8.

2. Medina-Escobedo G, Lopez-Corella E. Sling left pulmonary artery, bridging
bronchus, and associated anomalies. Am j med genet. 1992;44:303-6.

3. Okamoto T, Nishijima E, Maruo A, Yokoi A, Takamizawa S, Satoh S, et al.
Congenital tracheal stenosis: the prognostic significance of associated
cardiovascular anomalies and the optimal timing of surgical treatment.

J pediatr surg. 2009;44:325-8.

4. Starshak RJ, Sty JR, Woods G, Kreitzer FV. Bridging bronchus: a rare airway
anomaly. Radiology. 1981;140:95-6.

5. Baden W, Schaefer J, Kumpf M, Tzaribachev N, Pantalitschka T, Koitschev A,
et al. Comparison of imaging techniques in the diagnosis of bridging
bronchus. Eur respir j. 2008;31:1125-31.

6. Wells TR, Stanley P, Padua EM, Landing BH, Warburton D. Serial section-
reconstruction of anomalous tracheobronchial branching patterns from CT
scan images: bridging bronchus associated with sling left pulmonary artery.
Pediatr radiol. 1990;20:444-6.

7. Hoffman JI, Christianson R. Congenital heart disease in a cohort of 19,502
births with long-term follow-up. Am j cardiol. 1978;42:641-7.

8. Mariano ER, Boltz MG, Albanese CT, Abrajano CT, Ramamoorthy C.
Anesthetic management of infants with palliated hypoplastic left heart
syndrome undergoing laparoscopic nissen fundoplication. Anesth analg.
2005;100:1631-3.

9. Leyvi G, Wasnick J. Single-ventricle patient: pathophysiology and anesthetic
management. J cardiothorac vasc anesth. 2010;24(1):121-30.

10.  Manner T, Aantaa R, Alanen M. Lung compliance during laparoscopic
surgery in pediatric patients. Pediatr anesth. 1998,8:25-9.

11. Truchon R. Anesthetic considerations for laparoscopic surgery in neonates and
infants: a practical review. Best pract res clin anaesthesiol. 2004;18:343-55.

12. Walker LK, Wetzel RC, Haller JA. Extracorporeal membrane oxygenation for
perioperative support during congenital tracheal stenosis repair. Anesth
analg. 1992;75:825-9.

13.  Pfammatter JP, Casaulta C, Pavlovic M, Berdat PA, Frey U, Carrel T. Important
excess morbidity due to upper airway anomalies in the perioperative course
in infant cardiac surgery. Ann thorc surg. 2006;81:1008-12.

14.  Cantrell JR, Guild HG. Congenital stenosis of the trachea. Am j surg. 1964;
108:297-305.

15. Lodha R, Guglani L, Sharma SC, Kabra SK. Ventilatory management of severe
tracheal stenosis. Indian j pediatr. 2006;73(5):441-4.

16.  Schnabel A, Glutig K, Vogelberg C. Bridging bronchus—a rare cause of
recurrent wheezy bronchitis BMC. Pediatrics. 2012;12:110-5.

Page 4 of 4

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Immediate publication on acceptance

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Abstract
	Background
	Case presentation
	Discussion

	Conclusions
	Authors’ contributions
	Competing interests
	Financial support
	Author details
	References

