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in a neonate with a congenital diaphragmatic
hernia and Fallot’s tetralogy
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Abstract

Background: Congenital tracheal stenosis (CTS) is a rare and life-threatening airway disorder, which is often asso-
ciated with cardiac malformations. Among them, neonatal symptomatic CTS with cardiac malformations has an
extremely poor prognosis. In contrast to cardiac malformation, congenital diaphragmatic hernia (CDH) has rarely been
associated with CTS. We report a neonatal case in which slide tracheoplasty and intracardiac repair were performed
simultaneously for CTS and Fallot’s tetralogy (TOF).

Case presentation: An infant with left CDH and Fallot’s tetralogy (TOF) was born by cesarean section at 38 weeks of
gestation. At the time of resuscitation, a 2.5 mm (ID) endotracheal tube could only be inserted just below the vocal
cords. After repairing the CDH at 3 days of age, planned extubation was performed at 7 days of age. However, the
patient required re-intubation due to life-threatening episodes after 2 days of the extubation. Enhanced CT revealed a
long segment CTS from the upper trachea to the right bronchus (length of stenosis: 40 mm, minimum inner diam-
eter: 2 mm). At 24 days of age, veno-arterial extracorporeal membrane oxygenation (ECMO) was introduced due to
severe respiratory failure. At 28 days of age, slide tracheoplasty and palliative right ventricular outflow tract recon-
struction (RVOTR) was performed with cardiopulmonary bypass (CPB). After tracheoplasty, a 3.5 mm tracheal (ID) tube
could be placed in the reconstructed trachea in a patient with CTS. ECMO was completed 7 days after the operation.
On the 17th day after the operation, he was extubated successfully. He was discharged 5 months after birth with
home oxygenation therapy.

Conclusions: We reported the successful simultaneous correction of slide tracheoplasty and palliative RVOTR for a
neonate with CDH. ECMO was used for respiratory management before and after surgery.
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Background anomalies, the association of congenital diaphragmatic
Long-segment congenital tracheal stenosis (CTS) is a  hernia (CDH) is rare [2].
rare and life-threatening congenital airway disorder. We herein report a case of neonatal CDH in which

Moreover, neonatal CTS is associated with high mortality ~a simultaneous operation of slide tracheoplasty and
(70%) [1]. Although CTS is often associated with cardiac ~RVTOR was successfully performed for CTS and Fallot’s
tetralogy (TOF).
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Case presentation

A 2837 g male infant with an antenatal diagnosis of
left CDH and TOF was born by cesarean section at
38 weeks of gestation. The Apgar scores were 5 at 1 min
and 5 at 5 min. At the time of resuscitation, a 2.5 mm

Fig. 1 Chest X-ray shows the stomach and intestine in the thoracic
cavity. The diagnosis of CDH was confirmed
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(ID) endotracheal tube could only be inserted just
below the vocal cords. Therefore, congenital tracheal
stenosis was suspected.

Chest X-ray confirmed a diagnosis of left CDH
(Fig. 1). Echocardiography performed at 2 days of age
showed only the right pulmonary artery. After stabili-
zation, he underwent CDH repair at 3 days of age. The
diaphragmatic defect was 6 x 4 x5 cm. After reducing
the herniated organs, including the small intestine, the
left lobe of the liver, the stomach, and the spleen, the
left lung could not be identified in the thoracic cav-
ity. The defect was repaired using a GORE-TEX® Soft
Tissue Patch (Thickness: 1 mm). At 7 days after birth,
he was extubated successfully. However, he required
re-intubation due to progressive respiratory distress
at 9 days after birth. In addition to the tracheal edema
caused by intubation, increased sputum after long-term
intubation was considered to be the cause of obstruc-
tion. Enhanced CT revealed long segment CTS with
left lung agenesis (Fig. 2). The lung segment in the left
thoracic cavity on CT was the lower lobe of the right
lung herniated into the left thoracic cavity, and the tra-
cheal branch extending to the left was the right middle
lobe branch, not connecting to the lung parenchyma.
The tracheal stenosis was approximately 4 cm in length,
extending from the upper trachea to the right main
bronchus. In addition, it confirmed that the tip of the
intubation tube was located just before the tracheal
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Fig.2 Enhanced CT confirmed the diagnosis of CTS (arrow), and left lung agenesis. The tracheal stenosis was approximately 4 cm in length,
extending from upper trachea to the just above right upper lobe bronchus
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stenosis lesion. Bronchofiberscopy showed complete
cartilage rings starting from just below the vocal cord.

At 24 days of age, veno-arterial extracorporeal mem-
brane oxygenation (ECMO) was introduced due to
life-threatening airway obstruction. In preoperative man-
agement, muscle relaxant was used once when breathing
was unstable. At 28 days of age, slide tracheoplasty and
palliative right ventricular outflow tract reconstruction
(RVOTR) was performed with cardiopulmonary bypass
(CPB) (body weight: 2826 g).

The operation was performed through a midline ster-
notomy plus collar incision. After thoracotomy, ECMO
was switched to CPB using the aorta and right atrium

Fig. 3 Brachiocephalic artery (black arrow) was located in front of the
narrowed trachea (white arrows)
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cannulation. The ascending aorta, brachiocephalic
artery, and trachea were dissected and encircled with
vessel loops (Fig. 3). Following the establishment of
cardiopulmonary bypass, palliative RVOTR and PDA
ligation were performed. The brachiocephalic artery
was transected temporarily to secure the upper field
of slide tracheoplasty (Fig. 4a, b, Additional file 1).
The tracheal stenosis was measured from the upper
trachea to just above the carina (length: 40 mm, inner
diameter: 2 mm). Transverse division of the trachea
was performed in the middle of the stenosis (Fig. 4c).
A longitudinal incision of 2 cm in length was made on
the posterior side of the proximal trachea and the ante-
rior side of the distal trachea. The two ends were slid
to each other, and anastomosis was performed using
5-0 monofilament sutures. After reconstruction, a
tracheal tube (ID: 3.5 mm, OD: 4.8 mm) was inserted
near the tracheal bifurcation and placed so that the
tip exceeded the anastomotic site (Fig. 4d). The bra-
chiocephalic artery was reconstructed, because it was
necessary to continue ECMO from the carotid artery
after the operation. Then, CPB was successfully discon-
tinued, followed by the reintroduction of ECMO. The
operation time was 7 h and 36 min, and the amount of
bleeding was 2197 ml (ECC: 1827 ml). As postopera-
tive management, muscle relaxants were used for 14 h
postoperatively, and ECMO was completed 7 days after
the operation. During ECMO management, 3 days after
surgery, a hyperechoic region appeared in the left mid-
dle cerebral artery region by head ultrasonography,
which was cerebral edema due to cerebral infarction.

A

Fig. 4 Brachiocephalic artery (arrows) was transected to secure the upper field of slide tracheoplasty, and slide tracheoplasty was performed
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On the 17th postoperative day, he was successfully
extubated. He was discharged at 5 months of age with
home oxygenation therapy and continuous enteral nutri-
tion through a nasogastric tube. Unfortunately, left side
cerebral infarction was detected by postoperative head
CT, which caused slightly delayed mental development.
Six days after extubation, the infant no longer needed
oxygen administration, but high-pressure treatment
needed to be continued, and oxygen saturation eas-
ily decreased during awakening. Three months after the
operation, the respiratory condition had settled down,
and then preparations for discharge were started. At the
time of discharge, it was necessary to continue Nasal
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High Flow, HOT therapy, and tube feeding at home. A
4-month-old chest CT image 3 months after the opera-
tion is shown. A 4-month-old chest CT image showed no
left lung or trachea, and the right lung remained hernia
from the dorsal side of the heart into the left thoracic cav-
ity (Fig. 5), and bronchoscopy at 8 months of age showed
no granulation, tracheomalacia, or re-stenosis after CTS
construction (Fig. 6).

Discussion

Long-segment congenital tracheal stenosis (CTS) is
rare, and the incidence has been reported to be 1 in
50,000—60,000 births [3]. The severity of CTS depends
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left thoracic cavity (arrows)

Fig. 5 A 4-month-old chest CT image showed no left lung or trachea, and the right lung remained hernia from the dorsal side of the heart into the

Fig. 6 Bronchoscopy at 8 months of age showed no granulation at the site of anastomosis (red dotted line)
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on (1) the degree of stenosis, (2) the length of the
affected lesion, and (3) the presence of congenital heart
disease (CHD) [4-6].

Surgical management is recommended for children
with significant respiratory symptoms. However, the
morbidity and mortality of CTS requiring surgical
intervention in the neonatal period are still high. The
mortality rate of CTS associated with CHD is reported
to be 53% [1]. In single-lung patients, the mortality rate
after tracheoplasty is not increased, ranging from 33 to
65% [1, 7]. Nevertheless, these patients are proven to be
more difficult to manage, both preoperatively and post-
operatively. The mortality of tracheoplasty in the neo-
natal period has been reported to be 70% [1].

Recently, slide tracheoplasty, first described by Tsang
et al. in 1989, has become a standard surgical proce-
dure for long-segment CTS [8]. This approach is associ-
ated with lower morbidity (5%) in comparison to other
tracheal reconstruction techniques and can be applied
to various anatomical deformities [7, 9].

The advantages of slide tracheoplasty include: (a)
reconstructing the trachea with tracheal tissue; and
(b) extending the inferior incision to the bronchus in
cases with tracheal stenosis [10]. In our CTS patient
with left agenesis, slide tracheoplasty was possible,
because an incision on the trachea could be extended
into the right bronchus.

CTS is frequently associated with cardiovascular
anomalies (50-88%), including pulmonary artery sling,
tetralogy of Fallot, double aortic arch, and transposition
of the great arteries [1]. CTS sometimes complicates
unilateral lung agenesis or severe hypoplasia (8—20%)
[11-13]. There is only one report of the association of
CTS and CDH [14]. In our case, ECMO was extremely
effective for respiratory management before and after
slide tracheoplasty. To the best of our knowledge, this
is the first report of the successful performance of slide
tracheoplasty in a neonate with CTS, TOF, and CDH.

Conclusions

We report a neonatal case in which successful slide
tracheoplasty and intracardiac repair were performed
simultaneously for CTS and TOF. ECMO was effec-
tively used for respiratory management before and after
surgery.

Abbreviations

CTS: Congenital tracheal stenosis; CDH: Congenital diaphragmatic hernia; TOF:
Fallot’s tetralogy; ECMO: Veno-arterial extracorporeal membrane oxygenation;
RVOTR: Right ventricular outflow tract reconstruction; CPB: Cardiopulmonary
bypass; CHD: Congenital heart disease.

Page 5 of 6

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540792-022-01422-9.

Additional file 1: Video. The surgical video of the tracheoplasty part in
this case.

Acknowledgements
None.

Author contributions

MT drafted the manuscript. HO supervised the writing of the manuscript. MT,
HO, YT performed the operations and the perioperative management of the
patients. All authors have read and approved the final manuscript.

Funding
No funding was received for this case report.

Availability of data and materials
The authors declare that all data in this manuscript are available within the
article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Written informed consent was obtained from the parents of the patient for
the publication of this report.

Competing interests
The authors declare no conflicts of interest in association with the present
study.

Author details

'Department of Pediatric Surgery, Osaka University Graduate School

of Medicine, 2-15 Yamadaoka, Suita, Osaka 565-0871, Japan. 2Department

of Pediatric Surgery, National Hospital Organization Fukuyama Medical Center,
4-14-17 Okinogamicho, Fukuyama, Hiroshima 720-8520, Japan. Department
of Cardiovascular Surgery, Osaka University Graduate School of Medicine, 2-15
Yamadaoka, Suita, Osaka 565-0871, Japan.

Received: 3 December 2021 Accepted: 5 April 2022
Published online: 13 April 2022

References

1. Chiu PP, Kim PC. Prognostic factors in the surgical treatment of congenital
tracheal stenosis: a multicenter analysis of the literature. J Pediatr Surg.
2006;41(1):221-5.

2. Arcieri L, Moschetti R, Assanta N, Cantinotti M, Baggi R, Mirabile L, Murzi
B. Successful simultaneous correction of complex congenital tracheal
stenosis and tetralogy of fallot. World J Pediatr Congenit Heart Surg.
2012;3(4):511-4.

3. Herrera P, Caldarone C, Forte V, Campisi P, Holtby H, Chait P, Chiu P, Cox
P, Yoo SJ, Manson D, Kim PC. The current state of congenital tracheal
stenosis. Pediatr Surg Int. 2007;23(11):1033-44.

4. Eliliot M, Roebuck D, Noctor C, et al. The management of congenital tra-
cheal stenosis. Int J Pediatr Otorhinolaryngol. 2003;67(Suppl 1):5183-92.

5. Wang S, Zhang H, Zhu L, Zhen J, Liu J, Xu Z. Surgical management of
congenital tracheal stenosis associated with tracheal bronchus and
congenital heart disease. Eur J Cardiothorac Surg. 2016;49:1201-6.

6. 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.


https://doi.org/10.1186/s40792-022-01422-9
https://doi.org/10.1186/s40792-022-01422-9

Todo et al. Surgical Case Reports

(2022) 8:66

Tsugawa C, Nishijima E, Muraji T, Satoh S, Takamizawa S, Yamaguchi M,
Yoshimura N, Oka S, Kimura K. Tracheoplasty for long segment congenital
tracheal stenosis: analysis of 29 patients over two decades. J Pediatr Surg.
2003;38(12):1703-6.

Morita K, Yokoi A, Fukuzawa H, Hisamatsu C, Endo K, Okata Y, Tamaki

A, Mishima'Y, OshimaY, Maeda K. Surgical intervention strategies for
congenital tracheal stenosis associated with a tracheal bronchus based
on the location of stenosis. Pediatr Surg Int. 2016;32(9):915-9.

Yokoi A, Oshima Y, Nishijima E. The role of adjunctive procedures in
reducing postoperative tracheobronchial obstruction in single lung
patients with congenital tracheal stenosis undergoing slide tracheo-
plasty. J Pediatr Surg. 2017,52(5):677-9.

Chung SR, Yang JH, Jun TG, Kim WS, Kim YH, Kang IS, Huh J, Song JY, Cho
J. Clinical outcomes of slide tracheoplasty in congenital tracheal stenosis.
Eur J Cardiothorac Surg. 2015;47(3):537-42.

. DeMarcantonio MA, Hart CK, Yang CJ, Tabangin M, Rutter MJ, Bryant R,

Manning PB, de Alarcon A. Slide tracheoplasty outcomes in children with
congenital pulmonary malformations. Laryngoscope. 2017;127(6):1283-7.
Chou AK, Huang SC, Chen SJ, Huang PM, Wang JK, Wu MH, Chen YS,
Chang Cl, Chiu IS, Wu ET. Unilateral lung agenesis—detrimental roles of
surrounding vessels. Pediatr Pulmonol. 2007,42(3):242-8.

Backer CL, Kelle AM, Mavroudis C, Rigsby CK, Kaushal S, Holinger LD. Tra-
cheal reconstruction in children with unilateral lung agenesis or severe
hypoplasia. Ann Thorac Surg. 2009;88(2):624-30.

Nose K, Kamata S, Sawai T, Tazuke Y, Usui N, Kawahara H, Okada A. Airway
anomalies in patients with congenital diaphragmatic hernia. J Pediatr
Surg. 2000;35(11):1562-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 6 of 6

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

» Convenient online submission

» Rigorous peer review

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

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	A case of successful slide tracheoplasty for long-segment congenital tracheal stenosis in a neonate with a congenital diaphragmatic hernia and Fallot’s tetralogy
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion
	Conclusions
	Acknowledgements
	References


