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Abstract

Background Esophageal replacement is a challenge to the therapeutic skills of surgeons and a technically demanding opera-
tion in the pediatric age group. Various conduits and routes have been described in the literature, each with their specific
advantages and disadvantages. We carried out this retrospective study to share our experience of esophageal replacement.
Methodology This study was conducted at the department of pediatric surgery The Children’s Hospital and The Institute of
Child Health, Lahore. The records of patients treated for esophageal replacement were reviewed. The patients under follow-
up were called for clinical evaluation and assessed of long terms complications if any.

Results A total of 93 patients with esophageal replacement were included in the study. Esophageal replacement was done with
gastric transposition in 84 cases (90%), colon interposition in 7 cases (7.5%) including one case of redo colonic interposi-
tion, and jejunal interposition in 2 cases (2%). Routes of esophageal replacement were trans-hiatal in 71 (76%), retrosternal
in 13 (14%), and trans-hiatal with thoracotomy in 9 (10%) patients. Postoperatively, all of the conduits maintained viability.
Wound infection was seen in 10 (11%), wound dehiscence in 5 (5%), anastomotic leak in 9 (10%), anastomotic stenosis in
12 (13%), fistula formation in 4 (4%), aortic injury 1 (1%), dumping syndrome 8 (9%), reflux 18 (19%), dysphagia 15 (16%)
and death occurred in 12 patients (13%).

Conclusion There are problems with esophageal replacement in developing countries. In this context, gastric conduit appeared
as the best conduit for esophageal replacement, using the trans-hiatal route for replacement, in the authors’ experience.

Keywords LMIC - Esophageal replacement - Gastric pull-up - Colonic interposition - Jejunal transposition - Corrosive
strictures - Esophageal atresia - Trans hiatal route - Retrosternal route

Introduction

In children, indications for esophageal replacement include
esophageal corrosive strictures not amenable to dilatations,
long gap esophageal atresia, long-segment congenital esoph-
ageal stenosis (CES), esophageal malignancies and some
rare esophageal disorders [1, 2]. The various conduits used
for replacement are gastric pull-up, gastric tube formation,
colonic interposition, and jejunal interposition. The option
selected depends upon anatomic factors, previous surgery,
the extent of corrosive injury to esophagus and stomach
and surgical expertise of the surgeon [3]. Every conduit
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and route of esophageal replacement has its own merits and
demerits [1]. Additional procedures may be required in case
of various short term and long term complications. Meticu-
lous surgical technique and postoperative care are required
for optimal outcome [4].

Herein, we share our 14-years experience of esophageal
replacement, with various conduits especially with gastric
pull-up, in terms of etiology, surgical details, complications
encountered and their management, outcome, and follow-up.

Methodology

This retrospective descriptive case series was conducted at
the department of Pediatric Surgery, The Children’s Hospital
and The Institute of The Child’s Health Lahore from July
2005 to June 2019. Permission was taken from the Insti-
tutional Ethical Review Board. The charts of all patients
treated for esophageal replacement were reviewed in depth.
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A self- structured Pro-forma was used for data collection.
The data includes the demographic details (age, gender)
presenting complaints, indications of esophageal replace-
ment, investigations, operative procedure, complications,
outcome, and follow-up. The patients were called for clini-
cal evaluation during the data collection and assessed for any
late complications. The collected data were analyzed using
SPSS version 24. The descriptive frequencies were analyzed
for quantitative data and percentages were documented for
qualitative data.

Results

A total of 93 patients with esophageal replacement were
included. Males were 61 (65.59%) and females 32 (34.41%)
with male to female ration of 1.9:1. Seven of these were
referred from other provinces and Afghanistan. The mean
age was 63.87 months +50.16 with a range of one day to
180 months.

The majority of the patients were booked through out-
patient clinics for esophageal replacement who were on
our regular follow-up and declared non-dilatable in case of
corrosive injury or with esophagostomy and gastrostomy
for long gap esophageal atresia. The patients of congeni-
tal esophageal stenosis and esophageal tumor presented
the complaints of dysphagia, weight loss, regurgitation,
and repeated chest infections. Neonates were booked from
nursery ICU for esophageal replacement. The etiology of
esophageal replacement included caustic ingestion in 68
(73.11%) patients, isolated long gap esophageal atresia
in 13 (13.97%), long gap esophageal atresia with trachea-
esophageal fistula in 5 (5.37%), congenital esophageal ste-
nosis in 4 (4.30%), esophageal tumor in 2 (2.15%), and one
patient with repeated failed surgeries for long segment car-
diac achalasia.

These patients underwent various assessments such as
nutritional status, blood labs, chest X-ray and contrast esoph-
agogram, and esophagoscopy before surgery. In 44 (47.31%)
patients feeding jejunostomy and in six patients feeding gas-
trostomy was already done for feeding purpose (these were
corrosive patients); whereas, in 15 (16.12%) patients feed-
ing gastrostomy and esophagostomy was done for long gap
esophageal atresia. Twelve patients (12.90%) with corrosive
injury, who had relatively good health, required total paren-
teral nutrition through a central venous line for weight opti-
mization for a short period before surgery. The remaining 13
(13.97%) patients,(4 CES, 2 tumor, 6 corrosive, 1 Cardiac
achalasia) were on oral nutrition as they were in relatively
better health and was still able to take nutrition orally. They
were directly subjected to replacement surgery. Feeding
jejunostomy was preferred method for nutritional support
in corrosive stricture patients if needed, as we wanted to
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spare the stomach for pull up. These are the patients who had
weight less then 70th percentile for age and had esophageal
strictures that were non-negotiable on dilatation and unable
to take orally. Feeding gastrostomy was preferred in esopha-
geal atresia patients, as jejunostomy was considered unsafe
in the neonatal age group. All these patients were discussed
with nutritionist and case-specific diet plan and response was
monitored during fallow up visits.

After optimization, these patients underwent esophageal
replacement. Three patients underwent primary gastric pull-
up. These are patients with isolated long gap esophageal
atresia. The most common conduit was stomach as gastric
pull-up based on right gastric and right gastro-epiploic ves-
sels and next common conduit was colonic interposition,
based on middle colic artery (right colon-isoperistaltic). The
commonly used route was trans-hiatal route (80 patients)
either isolated this route (71 patients) or combined with
thoracotomy (9 patients) in difficult cases. Table 1 describes
the details of conduits utilized and routes of replacement
in our series. Our preferred conduit was gastric pull-up
(84 patients). Next preference was colon (7 patients) if not
available then we used jejunum in two patients. Addition-
ally, in one patient pyloroplasty was done, whereas in 45
(48.39%) patients of gastric pull-up, pyloromyotomy was
done to avoid hold up in the chest. Moreover, we used a
GIA linear cutter/stapler for gastroesophageal junction exci-
sion in all cases of gastric pull-up. Whenever the transhiatal
route was used native esophagus was removed, however,
where retrosternal route was used esophagus was left in situ
(Fig. 1). The fundus was then anastomosed with the upper
esophageal pouch. In one patient with jejunal interposition,
the lower esophagus and stomach both were very scarred
due to corrosive fibrosis; therefore, a roux-en-y loop of jeju-
num was pulled-up to the chest and anastomosed with the
upper esophagus in the chest because the vascular arcade
of jejunum posed difficulty in the procedure. In one case of
colonic interposition using the retrosternal route, the lower
end of colon had to be anastomosed with jejunum due to
complete scarring of the stomach. In another patient with a
corrosive long esophageal stricture along with gastric antral/
pyloric stricture (who developed complete re-stenosis after

Table 1 Conduit and route used for replacement

Conduits Routes
Conduit No. patients %age Route No. patients %age
Stomach 84 90.32 Trans-hiatal 71 76.34
Colon 7 7.52  Transhiatal 9 09.67
combined
with thora-
cotomy
Jejunum 2 2.15 Retrosternal 13 13.98
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Fig. 1 Showing gastric pull-up technique (removal of esophagus from
stomach with stapler and gastric pull up)

pyloroplasty), colonic interposition through the retrosternal
route was performed with anterior wall of stomach along
with gastroduodenostomy to bypass the pylorus (Fig. 2). In
three patients with retrosternal route, the manubrium sterni
was also removed per operatively due to compression on
the conduit. This is based on the finding that two patients
with dysphagia after esophageal replacement improved
after resection of the manubrium sterni. Accordingly, in the
following cases using the retrosternal route we made this
standard that when the thoracic inlet is too tight that even
two fingers can not be negotiated (subject to author’s assess-
ment) manubrial resection should be done. In nine cases, the
chest had to be opened in patients with CES, tumor, cardiac
achalasia and one for technical difficulty due to either fibro-
sis secondary to corrosive ingestion and one due to injury
to the aorta. One patient was referred from another hospital
with dehisced colonic interposition. This patient was oper-
ated by median sternotomy and re-anastomosis with both
upper esophagus and colon was performed. In eight patients,

anastomosis was performed in the chest (four CES and two
tumors done using a partial gastric pull-up, and two jejujnal
replacement for caustic stricture). In 85 patients, the anas-
tomosis was performed in the neck.

Table 2 describes early and late per/postoperative compli-
cations in our series. Per operatively, we have encountered
one aortic arch injury, which was dealt with help of cardiac
surgeon after open thoracotomy. Postoperatively, various
complications were encountered. Common early complica-
tions were pneumothorax in 10 (10.75%) (3 on table and 7
in early postoperative period), anastomotic leak in 9 (9.68%)
[3 in chest (one with jejunal transposition, 2 with partial
gastric pull-up) and 6 in neck], and wound infection in 10
(10.75%) patients. The pneumothorax was dealt with tube
thoracostomy. Anastomotic leaks (nine patients) were man-
aged conservatively; out of those, seven healed ultimately.
Wound infection was dealt with daily dressings and wound
management. One patient who presented with anastomotic
stricture needed median sternotomy and revision of anas-
tomosis 5 years after the previous gastric pull-up through
retrosternal route. Three more patients with anastomotic
stricture with gastric pull up needed revision of anastomosis
in neck, years after initial replacement surgery. One of these
was operated 7 years after initial replacement, succumbed
to death due to aspiration. Rest of patients with anastomotic
strictures, were dealt with anastomotic dilatation with metal-
lic/gum elastic bougies. In two patients, the manubrium was
contributing to the postoperative dysphagia so manubrium
sterni was removed afterward. One of patient with colonic
transplant had signs of obstruction in the early postopera-
tive period and on exploration revealed internal herniation
in leftover defect of mesentery. We encountered one case
of colonic dilatation post-operatively where we performed
a re-do surgery. However, no case of gastric dilatation was
seen in our series. So our four patients needed revision of
anastomosis, one through median sternotomy. Dumping
syndrome was observed in eight patients (8.6%) of gastric
pull-up and all of these patients had pyloromyotomy as addi-
tional procedure. In our experience, there was no difference
of gastric content hold up with or without pyloromyotomy;
it was associated with dumping syndrome in eight patients.
Patients with reflux were managed medically.

In this series, 12 patients succumbed to death. One
patient of isolated long gap esophageal with gastric pull-
up through trans-hiatal route could not be weaned off ven-
tilator due to high intrathoracic pressure and ultimately
acquired sepsis and died after 15 days. Two patients died
due to mechanical ventilator failure, which remained unde-
tected. Two patients with isolated long gap atresia having
primary gastric pull died due to sepsis in the early post-
operative period. Two patients (one with carcinoma of the
lower esophagus and other one CES with partial gastric
pull up) died in the early postoperative period due to a leak
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Table 2 Complications

S . Early complications
encountered in this case series

Late complications

Complications Number Percentage Complications Number Percentage
Pneumothorax 10 10.75 Dysphagia 15 16.13
Leak 9 09.68 Stricture/stenosis 12 12.90
Wound infection 10 10.75 Reflux 18 19.35
Wound dehiscence 5 05.37 Mortality 12 12.90
Aortic injury 1 01.01 Fistula 4 04.30
Internal herniation 1 01.01 Dumping Syndrome 8 08.60
in the chest. One with esophageal dilatation for corrosive Discussion

stricture suffered from a leak and developed empyema.
Despite decortication, esophagectomy and replacement
carried out in the same setting, the patient succumbed to
death postoperatively. One patient died due to aspiration
after revision of anastomosis for anastomotic stricture. The
remaining three patients died due to sepsis. After the ini-
tial follow-up of 2 years, the majority of patients were lost
to follow-up. Currently, only 20 patients are on follow-up
and doing fine. Out of these, 8 patients required esopha-
geal dilatations (Table 3).
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Historically, in nineteenth-century first attempt for the
reconstruction of esophagus was made using a subcuta-
neous skin tube. A host of conditions and diseases may
require esophageal replacement such as long gap esopha-
geal atresia, non-dilatable long esophageal corrosive
strictures, more than 3-5 cm long congenital esophageal
stenosis, and esophageal tumors [5]. In our series, the
main indications of esophageal replacements were cor-
rosive intake in 76.34% patients followed by esophageal
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Table 3 Route vs conduit

Route Stomach Colon Jejunum Total
Transhiatal 70 1 0 71
Transhiatal combined 6 1 2 9
with thoracotomy
Retrosternal 8 5 0 13
84 7 2 93

atresia (19.35%), congenital esophageal stenosis (4.30%)
and esophageal tumors (2.15%). Garritano et al. performed
a systemic review of the literature on pediatric esopha-
geal replacement and found the most common reason for
replacement was esophageal atresia followed by corro-
sive injury [6]. Also Soccorso and Dilshad et al. reported
esophageal atresia and peptic disease as common indica-
tion for esophageal replacement [1, 7]. These reports are
contrary to our findings where majority of the patients
belonged to corrosive ingestion and esophageal atresia
was the second common etiology. This is due to lack of
awareness among local community for safety measures
regarding handling of corrosive material as compared
to the developed countries where public awareness and
industry collaborations have markedly reduced the inci-
dence of corrosive injuries [1].

The commonly practiced conduits for esophageal
replacement are colonic interposition, gastric pull-up, gas-
tric tube interposition, jejunal interposition and jejunal
free graft. The replacement can be performed through the
esophageal hiatus, transthoracic, retrosternal, and occa-
sionally through subcutaneous route. All the above men-
tioned conduit and routes used for replacement in literature
have their own advantages and disadvantage. Choice is
mainly depends upon patient’s anatomy, available struc-
tures and surgical expertise. We preferred gastric-pull
up (>90% of the patients) in our series, because of its
technical advantages over other techniques in addition to
our extensive experience for this procedure. It is because
of the straight forward mobilization of stomach, with the
blood supply based on the right gastric and right gastroepi-
ploic vessels, and does not involve multiple anastomoses,
thus the risk of anastomotic leakage is low. These factors
have a direct impact on patient’s morbidity and mortality.
Although 6 patients developed anastomotic leakage in the
neck, all were managed conservatively with free salivary
drainage. We have a limited experience with colonic inter-
position (seven cases) and jejunal interposition (two cases)
in patients with scarred stomach. In one patient we faced
colonic dilatation and in cases of jejunal interposition, we
encountered difficulty in bringing up the jejunum owing to
its limited vascular arcade as endorsed by Giampiero and

Dakeshesh [1]. These were the other reasons that we pre-
ferred gastric pull-up procedure. According to Spitz et al.
[8] and Delshad et al. [7], esophageal replacement with
complete stomach is the ideal procedure because it has
low complication rate, however, Delshad et al. and others
have noted that colon interposition is still the commonest
practiced method for esophageal replacement in the world
literature [6, 7, 9—12]. Hirschl et al. [13] reported that a
colon interposition is a more complex endeavor than a gas-
tric transposition. Other studies conclude that gastric pull-
up is the procedure of choice for centers in Europe and the
United States [14]. Similarly, in our series, we had gastric
pull-up for the majority of our patients [6, 8, 14—18].

Trans-hiatal route is the most commonly used route for
esophageal replacement, as after esophagectomy through the
hiatus, this route is readily available for any pull-up [1]. We
used trans-hiatal route without thoracotomy in 76.34% cases
and combined with thoracotomy was done in 9.7% of cases.
In our series, the retrosternal route was used in 14% of cases.
This is similar to the approach described by others, including
Gupta et al. [15-17].

Complications are divided into intraoperative, early and
late. In one case we had aortic tear at the level of arch of
aorta during surgery, which was managed by open thora-
cotomy with the help of our cardiac surgeon. Other intraop-
erative complication encountered were related to operative
difficulty in esophagectomy owing to massive adhesion with
the surrounding structures and bleeding, which were dealt
with by opening the chest. The most common early post-
operative complications in this series were pneumothorax
in 10.75% of cases, leak in 9.68% of patients, wound infec-
tion and dehiscence in 16.12% of patients, and one patient
had internal herniation. Pneumothorax was commonly seen
with trans-hiatal route and identified either on table or after
shifting to surgical ICU and managed with immediate chest
intubation. In several patients, we deliberately passed chest
tube fearing a pneumothorax especially in cases with dif-
ficult esophagectomy owing to adhesions. Almost same
incidence of pneumothorax (10-14%), was reported in the
literature. [18-20] In our series second common early com-
plication was anastomotic leak (9.68%). Our results were
comparable with Bradshaw et al. [19] who encountered
anastomotic leak in 14% of patients. Awad et al. noted it in
20% of his patients [21]. Choudhury et al. [18] found much
higher leak rate 14/19 after gastric pull up. According to a
systemic review, anastomotic leak with gastric pull up was
seen in 22.8% while with colonic transposition in 19.7% of
cases [20].

The most common late complication encountered in
our series was dysphagia (16.13%). This has not been
well documented; in his systemic review, Garritano et al.
[6] reported that only in two among 14 studies was this
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complication discussed. Nakahara et al. [22] reported that
42.9% of his cases suffered from dysphagia. The current
study showed anastomotic stenosis/stricture in 12.90% and
reflex in 19.35%. Our results of stenosis/stricture were com-
parable with a systemic review conducted by Liu et al. [20]
who reported that early anastomosis stricture were 10.2%
(13/127) with gastric replacement, 11.9% (40/335) with
colonic interposition, and 17.8% (8/45) with jejunal inter-
position. Awad et al. [21] in a review of 22 studies reported
that 22% of children developed anastomotic stricture after
esophageal replacement with stomach in early follow up
which was later increased to 70% of the cases on long-tern
follow-up. Another important complication is reflux; our
results for postoperative reflex were similar to Jain et al.
[23] (10%). Lee et al. [24] found a very high rate of reflex
(>90%) after esophageal replacement, using gastric conduit.
Gupta et al. [15] mentioned that after gastric pull up the
incidence of reflux was 60% at 3 months, 50% at 6 months
and 40% at 1 year post-procedure. In our series current
dumping syndrome was seen in 8 patients (8.60%). Dump-
ing syndrome and delayed gastric emptying was also under
reported in many studies, however, Jain et al. [23] evaluated
10 patients at 90.5 months of follow-up evidencing a mean
gastric emptying was 39.1 min.

Overall mortality associated with esophageal replace-
ment is variable in different series depending upon avail-
able resources, disease severity and surgical expertize [6].
In our series, we had 12 mortalities (12.90%), which were
mainly due to postoperative complications such as failure
to wean off from ventilator, pneumonia, sepsis, anastomotic
leak, esophageal tumor and two mechanical ventilatory
failures. Awad et al [18] in a systemic review of esopha-
geal replacement with stomach found 4.8% mortality rate
(27/558). In another systemic review, Garritano et al. [6]
reported that the overall mortality rate varies between
2-4% in various studies. Our mortality rate was higher,
likely due to disease severity, and compromised intensive
care setting.

Conclusion

There are problems with esophageal replacement especially
in developing countries, with low resources and suboptimal
intensive care services. In our experience, the gastric con-
duit as a pull-up is the best conduit as esophageal replace-
ment, which has the advantage of single anastomosis and
trans-hiatal route is best shortest route for replacement.
Esophageal replacement has morbidity as well as mortal-
ity and needs long-term follow-up in many patients for the
management of various late complications. The surgeons
should be well versed for using various conduits and routes
as the patients may have variable extent of corrosive injury
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to esophagus and stomach and limitation due to previous
surgery. The treatment plan must be individualized as seen
in our series.
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