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Abstract

retrosternal route.

Background: Postoperative recurrence of tracheoesophageal fistula (TEF) is a frequent complication in the repair
of esophageal atresia (EA). Based on the recent etiologic classification, a TEF that develops in a different new path-
way from the original one is categorized as an acquired TEF. The TEFs that fall into this category have been reported
to be refractory and their mechanisms have not been fully understood. Here, we report the complicated case of

an acquired TEF derived from mediastinitis after the original TEF repair developed an anastomotic stricture. The TEF
contained double fistulas, both towards the right lobe bronchi, and was repaired by gastric transposition through a

Case presentation: The patient was diagnosed with Gross C esophageal atresia after birth and underwent tracheoe-
sophageal fistula banding during the neonatal period. He experienced an intractable anastomotic stenosis after
surgery which was treated with repeated balloon dilation therapy. By the age of 11 months, he developed a medias-
tinal abscess that improved with conservative treatment. At 18 months old, a fistula from the esophagus to the right
superior lobe bronchus was identified. The patient underwent a right upper lobectomy to resect the fistula. However,
at 21 months old, another fistula to the right lower lobe was revealed. An esophageal banding was done to relieve
the respiratory symptoms. This was followed by esophagectomy and gastric transposition through the retrosternal
route at 26 months old. The patient started rehabilitation and oral intake gradually after surgery. By 3 years after gas-
tric transposition, he could already take blended food orally with the support of small amounts of enteral feeding.

Conclusion: Cases of TEF derived from severe inflammation have the potential to form a complicated network and
lead to recurrence. Surgeons should consider the possibility of multiple tiny fistulas in cases of severe acquired TEF.
These may be repaired successfully by gastric transposition through the retrosternal route.
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Background

Postoperative recurrence of tracheoesophageal fistula
(TEF), which arises in 2-11% of patients, is a frequent
complication in the repair of esophageal atresia (EA)
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[1-6]. Reoperation against recurrent TEF is usually done
with the interposition of the surrounding soft tissues such
as the pleura, pericardium, and muscle flaps [2, 7]. How-
ever, up to 21% of cases, experience refistulization with
mortality rates reaching approximately 4% (2, 4, 6, 8].
Recently, Smithers et al. proposed to categorize post-
operative TEF into 3 groups. “Congenital TEF” is the
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group comprised of patients with missed or incom-
pletely repaired TEF; “recurrent TEF” is for patients with
a recurrent TEF which develops in the original location;
“acquired TEF” refers to TEFs which form in a new path-
way [8]. Among these three categories, acquired TEF
accounts for 26% of cases and is believed to be related
with an esophageal anastomotic leak (with or with-
out a coexistent stricture). However, the mechanism of
acquired TEF development is still unclear. The under-
standing of its pathogenesis may help the surgeon in for-
mulating an ideal strategy against complex acquired TEF
cases.

Here, we report the complicated case of an acquired
TEF derived from mediastinitis after the initial TEF
repair followed by multiple times of balloon dilation for
an anastomotic stricture. The stricture contained double
fistulas to both the right upper and lower lobe bronchi,
and was successfully repaired by gastric transposition
through the retrosternal route. The pathogenesis and
treatment strategies against acquired TEF are discussed
based on our experience.

Case presentation

The patient was born via spontaneous vaginal delivery at
33 weeks and 6 days age of gestation with a birthweight
of 1603 g. After birth, he was diagnosed with Gross C
esophageal atresia and polydactyly and no coexisting
heart disease. The gap of the esophagus was 2.5 verte-
brae, and he underwent gastrostomy and tracheoesopha-
geal fistula banding at 0 days and 3 days old, respectively.
At 59 days old, he underwent a surgery for end-to-end
anastomosis of esophagus from right thoracic approach.
However, at 2 months after the surgery, he developed
an intractable anastomotic stenosis and underwent bal-
loon dilation therapy ten times with a pace of once a 3
weeks. At 11 months old (1 month after the last balloon
dilation), he developed a mediastinal abscess probably
due to an anastomotic rupture. Fortunately, the abscess
improved with conservative treatment by antibiotics.
At 18 months old, the patient experienced refractory
pneumonia and consulted in another institution. He was
referred to us due to the discovery of a fistula between
the esophagus and the right superior lobe bronchus.

The patient presented with cough, and sometimes, he
experienced cyanosis with percutaneous oxygen satura-
tion (SpO,) levels less than 90% upon crying. These sug-
gested a severe gastroesophageal reflux into the right
bronchus with high abdominal pressure. The contrast
radiography showed a fistula between the esophagus and
the distal portion of the right upper lobe bronchus. This
was confirmed with bronchoscopy which showed the dye
pouring out from the endoscope through the gastrostomy
(Fig. 1la, b). Considering this situation, we prioritized
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the improvement of the patient’s respiratory condition
by contemplating surgery against the TEF. We expected
that detection of the fistula would be difficult due to the
severe adhesion caused by inflammation. We opted to
perform a right upper lobectomy in the 21-month-old
patient. His respiratory condition improved significantly
after surgery; however, another fistula to the right infe-
rior lobe bronchus became evident by contrast radiogra-
phy 1 month after lobectomy.

When radical surgery was considered, esophagectomy
and end-to-end anastomosis were thought to be impos-
sible due to the 3 cm gap between the normal esophagus
across the stenotic lesion. According to the strategy for
long-gap esophageal atresia, we selected gastric trans-
position as the method of replacement with alterna-
tive organs. However, his stomach was assumed to be
atrophic due to the long-term feeding from the transje-
junal tube placed through the stenotic esophageal lesion.
Feeding with a gastrostomy was required to improve
this situation before surgery. To reduce the flow from
the gastroesophageal reflex and switch to gastric gavage,
esophageal banding and gastrostomy were performed at
23 months of age. An upper abdominal midline incision
was made from the xiphoid to the umbilicus to approach
the cardia. Adhesion between stomach and lateral seg-
ment of liver was dissected. The abdominal esophagus
was encircled and esophageal banding was done at 4 cm
above the cardia with cotton tape. At the same time, the
feeding tube was replaced with a suture to keep the route
of the stenotic esophageal lesion.

At 26 months old, we performed esophagectomy and
gastric transposition (Fig. 2a). The patient was placed in a
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Fig. 1 Fistula from the esophagus to the right upper lobe bronchus.
a Contrast study before lobectomy. The contrast agent and dye are
seen pouring from the fiberscope through the gastrostomy and the
fistula (white arrowhead) to the right upper lobe bronchus (black
arrowhead). This is confirmed by a bronchofiber. The stump of the
original TEF detected in the posterior portion of the carina looks
intact. b The scheme of the fistula. RUL: right upper lobe bronchus.
RLL: right lower lobe bronchus
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supine position and the suture inserted through the sten-
otic site was replaced with a feeding tube as the intra-
operative guide. The incision was made along the scar
of previous operation. The gastrostomy was taken down
and closed. The adhesion from the cardia to the esopha-
gus was severe and difficult to dissect. The lower esopha-
gus, about 4 cm from the esophageal hiatus, was isolated.
The left gastroepiploic artery was dissected.

The neck procedure was then performed with a left
cervical incision. The sternocleidomastoid muscle was
retracted laterally and the esophagus was encircled.
Although we had planned to reconstruct through the
posterior mediastinal route, the adhesion between the
esophagus and bronchus was so severe that adhesiolysis
along esophagus seemed to be pose a very high risk of
complications for tracheal injury. We decided to leave a
portion of the esophagus retaining the severe adhesion.
We switched to reconstruction through the retrosternal
route. The oral and anal sides of the stenotic esophagus
were dissected as much as possible and closed with a
suture. For gastric transposition, the Kocher maneuver
was performed to mobilize the duodenum. The gastroe-
sophageal junction was resected. The left gastric artery
was divided and ligated, and then, pyloroplasty was per-
formed according to the Heineke—Mikulicz procedure.
The mobilized stomach was marked with a suture and
passed through the retrosternum under the assistance
of a fiberscope to prevent rotation during the transfer
(Fig. 2b). The mobilized stomach and the cervical esoph-
agus stump were then anastomosed (Fig. 2c). A gastric
tube was placed in the mobilized stomach through the
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anastomosis. A jejunostomy was performed for temporal
enteral feeding.

The patient was placed on mechanical ventilation for
7 days postoperatively. At the 9th postoperative day,
saliva was drained from the cervical anastomosis. This
suggested a minor leakage which was later improved with
conservative treatment by antibiotics and recombinant
factor XIII administered for 2 weeks. Drainage through
the gastric tube located in the mobilized stomach gradu-
ally increased to 300 ml per day. Stenosis of the pylorus
due to bending was observed during the 2nd postopera-
tive month. Several balloon dilations were performed;
however, the stenosis remained. Adhesiolysis and re-
pyloroplasty were performed 3 months from the previ-
ous operation. Skin closure was performed to avoid the
compress of pylorus caused by high abdominal pressure.
The patient was discharged during the 4th postoperative
month following gastric transposition.

Six months after the operation, the pulled-up stom-
ach was located midline and the mediastinum was only
mildly retracted (Fig. 3a, b). The computed tomography
(CT) scan taken 2 years after the operation showed a
residual esophagus in the posterior mediastinum hav-
ing a pool of mucus but without dilation (Fig. 3c). The
patient underwent rehabilitation for food recognition
and started drinking water a year after the operation. He
experienced mild vomiting at night which was improved
with the Fowler’s position. Three years after the opera-
tion, the patient can now take blended food orally with
the support of small amounts of enteral feeding through
the jejunostomy.

pyloplasty

Fig. 2 Esophagectomy and gastric transposition. a Scheme of operation. The cervical and abdominal portions of the esophagus are seen

being mobilized and dissected. The closing of the gastrostomy and dissection of the esophagogastric junction, followed by gastric pull up with
pyloroplasty, are shown. Shaded area was removed esophagus. b Mobilized stomach. The dissected line is shown with a white arrowhead. The
closed gastrostomy is shown with a black arrowhead. ¢ Scheme of postoperative design. The mobilized stomach is seen being pulled up through
the retrosternal route, while the residual esophagus remains in the posterior mediastinum
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Fig. 3 Postoperative course. a, b Frontal and lateral views of the
contrast study 6 months after operation. The mobilized stomach
is located midline in the mediastinum. ¢ CT scan at 2 years after
operation. Mucus pooling is seen in the residual esophagus (black
arrowhead)

Discussion

We experienced a refractory case of acquired TEF with
double fistula that was repaired by gastric transposition
through the retrosternal route. Double fistula formation
is relatively rare. The clinical course in this case sug-
gests some aspects of acquired TEF development. The
mechanisms of acquired TEF and the strategies to repair
this complex case will be discussed based on the current
study.

With regards to the mechanisms of acquired TEF
development, this case suggests the possibility that the
acquired TEF is derived from the severe inflammation.
Furthermore, it may have been complicated by a net-
work of tiny fistulas which are not always fully visual-
ized in a contrast study. In the current case, before the
right upper lobectomy was performed, the contrast
study and bronchoscopy only detected a fistula to the
right upper lobe bronchus. However, 1 month after
lobectomy, a new fistula to right lower lobe bronchus
appeared. This happened despite no adverse events in
the postoperative course. Taking the improvement of
the respiratory symptom after lobectomy into consider-
ation, we assumed that several fistulas existed from the
beginning and the esophageal contents only flowed into
the relatively evident fistula (towards the upper lobe)
due to the low pressure inside it. Therefore, the tinier
fistula directed towards the right lower lobe could not
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be detected. Majority of acquired TEFs were reported
to be related with anastomotic leakage, not only in
esophageal atresia, but also in other diseases such
as esophageal cancer [8, 9]. This suggests that severe
inflammation derived from a leakage could form a fis-
tula. If the original inflammation spread extensively,
multiple fistulas could be formed. Possibly, some of the
reported cases of “re-recurrence” might have developed
through this mechanism and may have existed before
the operation.

In the current case, the 3 cm stenosis of the esopha-
gus and the severe adhesion around the anastomosis site
were expected. Esophagoesophagostomy was thought to
be difficult; hence, esophagus replacement was planned.
However, the respiratory symptoms were so severe that
we had to prioritize fistula removal by lobectomy and
reduction of gastroesophageal reflex (GER) by esopha-
geal banding. These operations, however, reduced the
residual pulmonary function and shortened the avail-
able distal esophagus for esophageal replacement. There
is no consensus about the optimal way for esophageal
replacement, which are usually done in cases of long-gap
esophageal atresia. Gastric transposition permits a good
blood supply and a lower rate of leakage; however, respir-
atory morbidities have been reported to be slightly higher
than other methods in the long term [10]. Gastric tube
esophagoplasty is a relatively physiological method that
minimizes the postoperative GER if it is performed with
the Collis—Nissen procedure. However, it tends to have a
shorter mobilized esophagus length and a higher leakage
rate due to the high anastomotic tension [11-13]. Jeju-
nal and colon interpositions are reported to have good
outcomes and enough lengths of interposition. These
procedures, however, need several anastomotic sites and
require a precarious blood supply [14].

In the current case, aside from the long-gap esoph-
ageal atresia, two points were considered. First, the
reconstruction route could have become longer if the
mediastinal route could not be formed because of the
severe adhesion and adopt the retrosternal route. Sec-
ond, the respiratory and perioperative risks had to be
avoided as much as possible. Considering these risks,
we chose gastric transposition as the appropriate
reconstruction method. However, we remained vigilant
for the probable postoperative risks of gastric trans-
position such as mediastinal compression and disloca-
tion of the pulled-up stomach into the thoracic cavity.
To minimize these risks, we mobilized the stomach
with the assistance of a fiberscope. Periodic X-ray tests
were planned to check for stomach dislocation after the
operation.

In the current case, dissection of the esophagus in the
posterior mediastinal route was impossible due to severe
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adhesion. We chose the retrosternal route and left the
residual esophagus containing stenotic sites in the pos-
terior mediastinum. Hirschi et al. reported 41 success-
ful cases of gastric transposition through the posterior
mediastinal route, including 15 cases with a previous
esophageal operation [15]. Some of these were done
with a thoracotomy incision. In the current case, even if
thoracotomy was added, it was considered impossible to
peel off the bronchus from the surrounding tissues and
the stenotic esophagus due to severe adhesions. For these
reasons, the retrosternal route was adopted.

A CT scan taken 2 years after the operation showed
mucus pooling in the residual esophagus. However, it was
not diluted and the mucus seemed to flow into the distal
bronchus through the fistula. Although there have not
been any adverse events caused by the residual esopha-
gus for 2 years since the operation, the residual esopha-
gus is blind lesion and should be strictly followed by CT
scan supported by blood test to detect the possibility
of carcinogenesis, inflammation, and ballooning. As a
long-term complications, some cases of esophageal can-
cer are reported in EA patients and routine endoscopy is
recommended [16]. If an adverse event was to occur, we
assumed that this would be treated by puncture drain-
age or esophagectomy approached from the left tho-
racic cavity. The current case was believed to be derived
from an anastomotic rupture following balloon dilation
against the esophageal anastomotic stenosis. No con-
sensus are exist about how many times of balloon dila-
tion are accepted; however, most of the successful cases
were achieved within four sessions [17-20]. Although
the majority of cases with stenotic strictures improve
with balloon dilation, if the acquired TEF developed
after anastomotic rupture, it may become very difficult
to repair. Surgeon should keep these important points in
mind when dealing with similar cases.

Conclusion

Acquired TEFs which may develop after severe inflam-
mation have the potential to form multiple networks of
tiny fistulas and be difficult to be repair. In these cases,
gastric transposition through the retrosternal route may
be the appropriate treatment strategy.

Abbreviations
TEF: Tracheoesophageal fistula; EA: Esophageal atresia; SpO2: Percutaneous
oxygen saturation ; CT: Computed tomography; GER: Gastroesophageal reflex.

Authors’ contributions

NT and YF participated in the patient’s care and wrote the manuscript. TM,
KA, YY, and GK participated in the patient’s care. TK supervised the case. All
authors read and approved the final manuscript.

Page 5 of 6

Funding
No funding was received for this case report.

Availability of data and materials
Data sharing is not applicable to this article, since datasets were neither gen-
erated nor analyzed for the case report.

Ethics approval and consent to participate
Not applicable.

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

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

Author details

! Department of Pediatric Surgery, Keio University School of Medicine, Tokyo,
Japan. 2 Department of Pediatrics, Keio University School of Medicine, Tokyo,
Japan. * Department of Pediatric Surgery, International University of Health
and Welfare, 852 Hatakeda, Narita, Chiba, Japan. * Pediatric Pulmonology,
National Center for Child Health and Development, Tokyo, Japan.

Received: 17 July 2020 Accepted: 19 September 2020
Published online: 25 September 2020

References

1. Zhang Z,Huang Y, Su P, Wang D, Wang L. Experience in treating congeni-
tal esophageal atresia in China. J Pediatr Surg. 2010;45(10):2009-144.

2. Bruch SW, Hirschi RB, Coran AG. The diagnosis and management of recur-
rent tracheoesophageal fistulas. J Pediatr Surg. 2010;45(2):337-40.

3. Coran AG. Redo esophageal surgery: the diagnosis and management of
recurrent tracheoesophageal fistula. Pediatr Surg Int. 2013;29(10):995-9.

4. Aworanti O, Awadalla S. Management of recurrent tracheoesophageal
fistulas: a systematic review. Eur J Pediatr Surg. 2014;24(5):365-75.

5. Koivusalo Al, Pakarinen MP, Lindahl HG, Rintala RJ. Revisional surgery
for recurrent tracheoesophageal fistula and anastomotic complica-
tions after repair of esophageal atresia in 258 infants. J Pediatr Surg.
2015;50(2):250-4.

6. Zhu H, Shen C, Xiao X, Dong K, Zheng S. Reoperation for anastomotic
complications of esophageal atresia and tracheoesophageal fistula. J
Pediatr Surg. 2015;50(12):2012-5.

7. Takayasu H, Masumoto K, Ishikawa M, Sasaki T, Ono K. The use of a
sternothyroid muscle flap to prevent the re-recurrence of a recurrent
tracheoesophageal fistula found 10 years after the primary repair. Surg
Case Rep. 2016;2(1):88.

8. Smithers CJ, Hamilton TE, Manfredi MA, Rhein L, Ngo P, Gallagher D, et al.
Categorization and repair of recurrent and acquired tracheoesopha-
geal fistulas occurring after esophageal atresia repair. J Pediatr Surg.
2017;52(3):424-30.

9. Balakrishnan A, Tapias L, Wright CD, Lanuti MX, Gaissert HA, Mathisen DJ,
et al. Surgical management of post-esophagectomy tracheobronchial-
esophageal fistula. Ann Thorac Surg. 2018;106(6):1640-6.

10. Gallo G, Zwaveling S, Groen H, Van der Zee D, Hulscher J. Long-gap
esophageal atresia: a meta-analysis of jejunal interposition, colon interpo-
sition, and gastric pull-up. Eur J Pediatr Surg. 2012;22(6):420-5.

11. Elfiky MM, El Tagy G, Mohamed W, Abdel Azim O, Elfiky MA. Gastric tube
esophagoplasty for pediatric esophageal replacement. J Pediatr Surg.
2017,52(4):657-62.

12. Evans M. Application of Collis gastroplasty to the management of
esophageal atresia. J Pediatr Surg. 1995;30(8):1232-5.

13. Nakahara Y, Aoyama K, Goto T, Iwamura Y, Takahashi Y, Asai T. Modified
Collis-Nissen procedure for long gap pure esophageal atresia. J Pediatr
Surg. 2012;47(3):462-6.

14. Spitz L. Esophageal replacement: overcoming the need. J Pediatr Surg.
2014,49(6):849-52.



Takahashi et al. surg case rep (2020) 6:224 Page 6 of 6

15. Hirschl RB, Yardeni D, Oldham K, Sherman N, Siplovich L, Gross E, et al. 19. Dai DL, Zhang CX, Zou YG, Yang QH, Zou Y, Wen FQ. Predictors
Gastric transposition for esophageal replacement in children: experience of outcomes of endoscopic balloon dilatation in strictures after
with 41 consecutive cases with special emphasis on esophageal atresia. esophageal atresia repair: a retrospective study. World J Gastroenterol.
Ann Surg. 2002;236(4):531-9 discussion 9-41. 2020;26(10):1080-7.

16. Krishnan U, Mousa H, Dall'Oglio L, Homaira N, Rosen R, Faure C, et al. 20. Parolini F, Leva E, Morandi A, Macchini F, Gentilino V, Di Cesare A, et al.
ESPGHAN-NASPGHAN guidelines for the evaluation and treatment of Anastomotic strictures and endoscopic dilatations following esophageal
gastrointestinal and nutritional complications in children with esopha- atresia repair. Pediatr Surg Int. 2013;29(6):601-5.

geal atresia-tracheoesophageal fistula. J Pediatr Gastroenterol Nutr.
2016,63(5):550-70.

. 7,

17. Said M, Mekki M, Golli M, Memmi F, Hafsa C, Braham R, et al. Balloon qu||5her S Note ) o o
dilatation of anastomotic strictures secondary to surgical repair of Springer Nature remains neutral with regard to jurisdictional claims in pub-
oesophageal atresia. Br J Radiol. 2003;76(901):26-31. lished maps and institutional affiliations.

18. Antoniou D, Soutis M, Christopoulos-Geroulanos G. Anastomotic
strictures following esophageal atresia repair: a 20-year experience
with endoscopic balloon dilatation. J Pediatr Gastroenterol Nutr.
2010;51(4):464-7.

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




	Post-esophageal atresia repair double acquired tracheoesophageal fistulas treated successfully by gastric transposition: a case report
	Abstract 
	Background: 
	Case presentation: 
	Conclusion: 

	Background
	Case presentation
	Discussion
	Conclusion
	References


