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Long esophageal gaps pose a reconstructive 
challenge in children and young adults.1,2 
These defects may result in considerable 

morbidity, including failure to thrive and psycho-
social concerns. Although esophageal reconstruc-
tion in adults is mainly necessitated by surgical 
extirpation of malignancy, causes in the pediatric 
population are more diverse. Long esophageal 
gaps in children are commonly congenital (e.g., 
esophageal atresia) and either isolated or syn-
dromic [e.g., VACTERL (i.e., vertebral defects, 
anal atresia, cardiac defects, tracheoesophageal 
fistula, renal anomalies, and limb abnormali-
ties) and trisomy 21].3 Long acquired defects can 
also occur from caustic ingestion or iatrogenic 
injury from failed attempts at other forms of 
reconstruction.

Over the past century, many techniques have 
been reported to reconstruct the esophagus. 
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Background: There is no consensus for esophageal reconstruction in the pedi-
atric population. Long defects are commonly repaired with gastric pull-up or 
colonic interposition; however, jejunal interposition offers several potential 
advantages in children. One historical concern with jejunal interposition has 
been the risk of flap infarction following transposition. The use of neck and 
intrathoracic vessels to “supercharge” the jejunum has been reported in adults. 
This study reports outcomes of supercharged jejunal interposition in pediatric 
and young adult patients with long esophageal defects.
Methods: The authors reviewed the medical records of patients who under-
went supercharged jejunal interposition for esophageal reconstruction at their 
institution from 2013 to 2017. The authors collected data pertaining to patient 
characteristics, operative technique, and postoperative outcomes.
Results: Twenty patients, 10 female and 10 male, aged 1.4 to 23.8 years, under-
went esophageal reconstruction with supercharged jejunal interposition and 
were followed for a median of 1.4 years. Seventeen patients had a primary 
diagnosis of long-gap esophageal atresia, and three required reconstruction 
following caustic ingestion. Eighty percent of patients had undergone prior 
attempts at surgical reconstruction. Postoperatively, all conduits demonstrated 
coordinated peristalsis, and no flap losses were noted. Major complications 
occurred in seven patients, stricture dilation was performed in four patients, 
and there was no mortality.
Conclusions: Jejunal interposition with supercharging can be safely performed for 
management of long esophageal gaps in the pediatric setting; it is useful where 
the stomach or colon has been used previously or is unavailable. Long-term out-
come studies are required to determine whether jejunal interposition provides a 
more durable and safe conduit than gastric pull-up or colonic interposition over 
time.  (Plast. Reconstr. Surg. 143: 1266e, 2019.)
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Although there is agreement that short gaps are 
best managed using native esophagus, no consen-
sus exists for restoration of esophageal continuity 
in longer defects.4 When immediate direct repair 
of the esophagus is not feasible, the Foker process 
may be used; this involves mobilizing the upper 
and lower esophageal segments, lengthening the 
segments with traction sutures, and subsequently 
performing a tension-free esophageal repair.5 
However, our group’s lack of success using this 
technique led us to consider other forms of repair.

The three major options for reconstruction 
using nonesophageal conduits are gastric pull-up, 
colonic interposition, and jejunal interposition.4,6 
Ease of mobilization and a reliable intrinsic blood 
supply have favored the stomach or colon for 
esophageal replacement. However, considerable 
short-term and long-term complications exist 
for both conduits. Gastric pull-up can result in 
acid reflux, with potential pulmonary injury and 
positional emesis; whereas colonic interposition 
often results in progressive conduit dilatation and 
redundancy, with long-term failure.4 In addition, 
both options have a significant rate of early stric-
ture requiring revision.4

The jejunum was first recognized as a poten-
tial esophageal replacement by Roux in 1907.7 
The jejunum is an excellent size match for the 
esophagus; it also maintains its intrinsic peristalsis 
following transposition.8,9 The primary drawback 
of jejunal interposition is difficulty mobilizing the 
jejunum while maintaining adequate perfusion 
throughout the conduit. Recent studies in adults 
have demonstrated that vascular augmentation, or 
“supercharging” the cranial end of the transposed 
jejunum can prevent ischemia during jejunal 
interposition.6,10–16 Unlike a free jejunal transfer, 
supercharged jejunal interposition involves a ped-
icled transfer of a long segment of jejunum main-
taining the distal jejunal vascular supply while 
augmenting the proximal with microvascular 
anastomosis.6,10–17 Late complications and failures 
using other techniques led our group to examine 
the viability of using a supercharged jejunal inter-
position to reconstruct long esophageal defects in 
children.

PATIENTS AND METHODS
After approval by the Boston Children’s Hos-

pital Committee on Clinical Investigation (proto-
col number IRB-P00024103), the medical records 
of patients who underwent supercharged jejunal 
interposition for esophageal reconstruction at 
our institution from 2013 to 2017 were reviewed. 

All eligible patients were younger than 18 years at 
the time of diagnosis or treatment. Records were 
reviewed for patient demographics, medical and 
surgical history, operative technique, complica-
tions, and esophageal function. Frequency dis-
tributions were calculated for demographic and 
clinical characteristics, previous surgical interven-
tions, complications, and postoperative outcomes. 
As age at the time of surgery and postoperative 
follow-up time were skewed, median values and 
interquartile ranges are reported. Weight-for-age 
percentiles were calculated using the Centers for 
Disease Control and Prevention clinical growth 
charts.18

Although used in previous comparable case 
series, the Functional Outcomes Swallowing Scale 
was not used in our outcomes analysis, as this scale 
is primarily a measure of oropharyngeal dyspha-
gia, as opposed to esophageal dysphagia, and is 
not pertinent to congenital disease, as it relies on 
reports of weight loss.19

Operative Approach
Preoperative Planning
Esophageal reconstruction with supercharged 

jejunal interposition was performed using a mul-
tidisciplinary approach involving plastic sur-
geons, pediatric surgeons, and in some cases 
cardiothoracic surgeons. All members of this 
esophageal reconstruction team met preopera-
tively to review the operative plan. Preoperative 
assessment by gastroenterologists and anesthesi-
ologists was also undertaken. In most cases, old 
conduits were removed and a diverting cervical 
esophagostomy and feeding gastrostomy or jeju-
nostomy was created before jejunal interposition. 
Surgical candidates are often chronic aspirators 
with impaired respiratory function and may have 
nutritional deficiencies and failure to thrive. In 
addition to a full workup, optimization of pulmo-
nary function and nutritional status was achieved 
preoperatively.

Operative Technique
The patient is positioned in the supine posi-

tion with the neck slightly extended. The standard 
monitoring tubes and lines are placed, preserving 
the neck and one arm as recipient vessel options 
when possible.

Wide exposure is achieved through a hockey-
stick incision around the cervical esophagos-
tomy (when present) and extended inferiorly as 
a sternotomy and upper midline laparotomy. A 
median sternotomy is advantageous in pediatric 
patients, as it (1) provides the best exposure to 
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assess and dissect the internal mammary vessels, 
which often vary in size and quantity within the 
same patient; (2) allows the surgeon to assess the 
entire flap following supercharging; (4) enables 
the optimal positioning of the jejunal conduit, 
and donor and receipt vessels to avoid tension or 
slack; (5) enables the surgeon to preserve mesen-
teric blood supply to the remaining intraabdomi-
nal area and transposed segment of jejunum; (6) 
minimizes the risk inherent in less invasive meth-
ods in these patients who frequently have medi-
astinal and neck scarring from prior procedures; 
and (7) may minimize contour defects associated 
with total manubriectomy. The cervical esopha-
geal remnant is mobilized and traction sutures 
are placed. The abdomen is inspected and adhe-
sions are lysed. The internal mammary vessels are 
inspected and the larger of the two is selected 
(Fig.  1). Dissection of the internal mammary 
pedicle is performed in a retrograde manner and 
includes the artery and both venae comitantes. All 
intercostal side branches are taken, but the pedi-
cle is left in continuity and protected with a neu-
rosurgical patty saturated with papaverine. If the 
venae comitantes are insufficient in size or qual-
ity, a neck vein or cephalic vein is sought to turn 
back into the mediastinum for venous drainage. 
The thoracic inlet is enlarged by means of partial 
resection of the manubrium, clavicular head, and 
first rib on the side ipsilateral to the eventual loca-
tion of the esophagojejunal anastomosis (Fig. 2). 
This maneuver alleviates pressure on the conduit 
during sternotomy closure.

Before mobilizing the jejunum, intraoperative 
heparin is infused at 10 units/kg/hour. A hepa-
rin bolus (20 units/kg) is also administered just 
before the jejunal vessels are divided. Mobiliza-
tion of the jejunum begins with the identification 

of the ligament of Treitz and a thorough lysis of 
intraabdominal adhesions. The cephalic side of 
the jejunal mesentery is opened, and the first 
four or five arterial branches are identified and 
dissected proximally to their origin from the 
superior mesenteric artery (Fig. 3). There is sub-
stantial variation in the size and branching pattern 
of these vessels. Careful assessment of the branch-
ing arcade helps to localize the optimal location 
to divide the bowel and vessel(s) to divide. Surgi-
cal lights are used to transilluminate the mesen-
tery and visualize the jejunal arcade. In general, 
at least one vessel should be left to supply the 
duodenum proximal to the site of division. After 
choosing a suitable donor vessel for coaptation, 

Fig. 1. Internal mammary artery harvest.

Fig. 2. Enlargement of the thoracic inlet. Partial resection of the 
manubrium, clavicular head, and first rib improve visibility of the 
microsurgical field and decrease pressure on the conduit.

Fig. 3. Jejunal vessels dissected down to their origin to the supe-
rior mesenteric artery and vein. Red and blue vessel loops label 
arterial and venous branches, respectively.
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the most proximal portion of jejunum supplied by 
this vessel is marked for division. A correspond-
ing vein is then identified, usually on the caudal 
side of the mesentery, and dissected to its junction 
with the superior mesenteric vein. A GIA Stapler 
(Covidien, New Haven, Conn.) is used to divide 
the bowel; vessels are ligated between hemo-
clips and microvascular clamps. The mesentery 
adjacent to the divided vessels can be divided to 
unfurl and effectively lengthen the flap (Fig. 4). 
Only avascular territories of the mesentery are 
divided, leaving any marginal vessels intact. The 
jejunum is passed through a small defect created 
in the transverse mesocolon in a retrocolic man-
ner. The anterior diaphragmatic attachments may 
need to be released to facilitate transposition of 
the jejunum into the mediastinum. Temporary 
stay sutures are used to fix the jejunum to the 
native esophageal stump, and the jejunum is posi-
tioned with its mesenteric vessels directed toward 
the prepared mammary artery and a recipient 
vein. End-to-end arterial and venous coaptations 
are performed using standard microsurgical tech-
nique. When more than one jejunal arterial vessel 
is divided, and when a prior conduit (e.g., stom-
ach or colon) is available, a second pair of anasto-
moses can be performed using the pedicle from 
the old conduit. The jejunum is then assessed for 
improvement in color and restoration of peristal-
tic motion. It should be noted that the jejunum 
is quite metabolically active; when the jejunal 

vessels are ligated, the supplied segment of jeju-
num can quickly become ischemic and suscepti-
ble to infarction. It is highly preferable to prepare 
the recipient vessels and a pathway for the jeju-
nal transposition before dividing jejunal vessels to 
minimize ischemic time. Gastrointestinal continu-
ity is then restored (either by jejunal gastrostomy 
or a Roux-en-Y jejunojejunostomy) (Fig. 5) and a 
feeding gastrostomy is placed. Cervical, mediasti-
nal, and retroperitoneal drains are left in place.

Postoperative Management
The patient remains sedated and intubated in 

the intensive care unit. Regular arterial blood-gas 

Fig. 4. (Left) The mesentery of jejunum causes it to curve. Microsurgeons divide 
(1) an artery and vein supplying a segment of jejunum, and (2) the jejunal mes-
entery. (Right) The flap is unfurled and lengthened; the marginal vessels are 
preserved.

Fig. 5. Jejunum transposed and revascularized.
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measurements are performed to monitor for aci-
demia. Implantable Doppler probes and exterior-
ized segments of jejunum are not routinely used 
for monitoring. Although implantable Doppler 
probes are commonly used in adults, in pediatric 
microsurgical patients, we have found substantial 
complication rates with vessels 1 to 2 mm in size. 
These complications include false alarms because 
of difficulty seating the probe and vascular disrup-
tions on removal. Similarly, externalizing a distal 
loop of the jejunal flap provides limited informa-
tion that can be difficult to interpret. For instance, 
although this loop provides information on the 
most distal and ischemic part of the flap, it pro-
vides no information about the flap proximally.

A heparin infusion is maintained at 10 units/
kg/hour until the patient transitions to daily ace-
tylsalicylic acid (81 mg) for a total of 1 month. The 
transition to acetylsalicylic acid typically occurs 
within the first postoperative week. After extu-
bation, patients undergo a swallow study assess-
ing for leaks, conduit obstruction, and peristaltic 
function (Fig. 6). Endoscopy is performed before 
discharge to assess the mucosal surface, anasto-
motic patency, early stricture formation, and peri-
stalsis. Enteral feeding is initiated after extubation 
and oral feeding is resumed as tolerated.

RESULTS
A total of 20 patients underwent esophageal 

reconstruction with supercharged jejunal interpo-
sition (Table 1); a total of four patients included 

in the present study have been reported in previ-
ous case series.1,20 Ten patients were female, and 
the median age and weight at operation were 4.1 
years (interquartile range, 3.0 to 6.7 years) and 
15.9  kg (interquartile range, 13.0 to 24.3  kg), 
respectively. Seventeen patients (85.0 percent) 
underwent repair of long-gap esophageal atre-
sia and three patients underwent reconstruction 
for severe, diffuse esophageal strictures second-
ary to caustic ingestion. Sixteen patients had 
undergone previous surgical attempts to estab-
lish esophageal continuity, including gastric pull-
up (n = 7), Foker process (n = 5), direct repair  
(n = 1), colonic interposition (n = 2, one of whom 
also tried the Foker process), and placement of 
an esophageal stent (n = 1).

Preoperatively, all patients experienced failure 
to thrive and poor weight gain. Five patients had 
the VACTERL association, one had trisomy 21, 
one suffered from spastic quadriplegic cerebral 
palsy, one had severe hydrocephalus, and another 
held diagnoses of metopic craniosynostosis and a 
horseshoe kidney. In addition, gastroesophageal 
reflux was common among our patients (n = 15), 
and five patients had a history of recurrent aspira-
tion pneumonia.

All patients underwent supercharged jejunal 
interposition, as described above. Four patients 
received double-supercharged flaps, with one 
set of recipient vessels derived from the pre-
served pedicles of previous conduits (patients 1, 
2, 5, and 14) (Table 1). The mean total operative 
time was 12.7 ± 3.3 hours. The majority of cases  
[n = 19 (95.0 percent)] used one of the internal 
mammary arteries and veins to supercharge the 
jejunum following transposition.

Patients remained intubated for an average of 
8.6 ± 5.2 days postoperatively. Following extuba-
tion, all patients underwent contrast swallow stud-
ies, which demonstrated coordinated peristalsis 
and no contrast leak (n = 20). However, two patients 
(patients 10 and 11) (Table 2) required revision 
of the distal (abdominal) jejunal anastomosis fol-
lowing swallow study findings: one because of con-
duit obstruction, and another because of ongoing 
reflux. Endoscopic evaluation was also performed 
in all patients before discharge. In all cases  
(n = 20), the jejunal conduit was well perfused, 
with healthy appearing mucosa and no evidence 
of ischemia. Strictures were noted in four patients; 
three cases were successfully treated with a single 
endoscopic dilation, and one case required sub-
sequent stenting. Patients were discharged after a 
median of 28.5 days (interquartile range, 23.8 to 
40.0 days), and by postoperative day 73, all were 

Fig. 6. Postoperative barium swallow study with no evidence of 
conduit obstruction or leakage.
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able to meet their caloric needs enterally (range, 
12 to 73 days).

Patients were followed for a median of 1.4 
years (interquartile range, 0.7 to 2.0 years). At 
most recent follow-up, 11 patients are tolerating 
oral feeds of all consistencies without dysphagia 
(Table 2); five of these patients receive all of their 
calories exclusively by means of the oral route, 
whereas the remaining six patients require caloric 
supplementation by means of gastrostomy tube. 
Five patients tolerate oral feeds but require more 
substantial gastrostomy tube dietary supplementa-
tion because of dysphagia and emesis/retching. 
At most recent follow-up, four patients were not 
able to tolerate any oral feeds. Despite the vari-
ability in feeding outcomes, all 20 patients were 
able to manage their oral secretions with swallow-
ing alone.

Two patients had sternal wound infections, 
and another required delayed sternal wound 
closure because of edema (Table  2). As stated 
previously, two patients required reoperation to 
address bowel obstruction and reflux. Other com-
plications included difficulty weaning from meth-
adone and lorazepam, sepsis secondary to a line 
infection, pneumatosis of the ascending colon, 
hypotension requiring fluid resuscitation and 
blood transfusion, and an upper gastrointestinal 
tract bleed (summarized in Table 2).

DISCUSSION
We report our experience managing large 

esophageal defects in 20 patients, aged 1.4 to 23.8 
years, with supercharged jejunal flaps. All patients 
were discharged with intact flaps and with no mor-
tality. Several major complications were observed 
but in most cases were nonspecific to the use of 
jejunal conduits or microsurgical anastomoses, 
demonstrating the feasibility and safety of super-
charged jejunal interposition in the pediatric 
population.

When esophageal defects are large, recon-
struction attempts must exceed direct repair of 
the native esophagus; alternative conduits must 
be sought. Historically, gastric pull-up and colonic 
interposition are the most common procedures 
performed for this purpose, yet both have draw-
backs.6 Gastric pull-up is associated with reflux, 
positional emesis, and esophageal metaplasia 
and malignancy.21–23 Issues concerning dilation/
redundancy are common following colonic inter-
position, and conduits are susceptible to the 
development of diverticular disease and colorec-
tal cancer.24,25 We found that late failure of gastric 

https://www.cdc.gov/growthcharts/clinical_charts.htm
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pull-up and colonic interposition for esophageal 
reconstruction is not uncommon. Currently, 
children with failed conduits have limited recon-
structive options, with many accepting long-term 
gastrostomy tube feeds. Although technically 
demanding, jejunal conduits have gained popu-
larity in the context of esophageal reconstruction 
as a salvage operation when alternative conduits 
fail.

The jejunum has been recognized for its 
potential as an excellent esophageal replacement, 
avoiding some limitations of gastric pull-up and 
colonic interposition and providing potential 
advantages.4,26 For example, when interposed, 
jejunal flaps nicely approximate the diameter of 
the esophagus and maintain intrinsic peristaltic 
activity.8,9 This facilitates effective deglutition and 
decreases the likelihood of reflux, emesis, and 
dilation.10 The jejunum is also less susceptible 
to intrinsic disease than the stomach and colon. 
As such, the jejunum may prove to be a superior 
long-term esophageal conduit in certain clinical 
situations. However, the jejunal interposition flap 
has limitations pertaining to its vascularity. Jejunal 
vessels must be divided to unfurl, mobilize, and 
appropriately position the proximal end of the 
flap at the level of the thoracic inlet. Although 
others have advocated dividing the mesentery to 
the serosal surface of the jejunum, we preferred 
to preserve the marginal vessels (Fig. 4).27,28 This 
modification allows for some native perfusion to 
be maintained and does not preclude appropri-
ate positioning of the flap. Despite this, ischemia 
of the proximal portion of the flap may still occur. 
We used microvascular techniques (supercharg-
ing) to augment the blood supply to the cranial 
end of the interposed conduit, preferentially 
using the internal mammary arteries and veins 
as recipient vessels. In patients with prior surgery 
and extensive abdominal adhesions, multiple jeju-
nal vessels may need to be divided to allow for 
sufficient jejunal translocation. For such patients, 
we have opted to double supercharge their jeju-
nal conduits (patients 1, 2, 5, and 14) (Table 1), 
using the pedicles from their previous reconstruc-
tions as a second set of recipient vessels to ensure 
robust flap perfusion.20 In all cases, early endos-
copy demonstrated pink, well-perfused, peristaltic 
conduits.

Supercharging increases the difficulty and 
length of surgery for jejunal interposition com-
pared with gastric pull-up and colonic interposition 
procedures.1,6 As with other reports, operations in 
our series were lengthy, with a mean time greater 
than 12 hours. In certain clinical situations, the 

added complexity and risk of supercharging make 
gastric pull-up and colonic interposition the more 
attractive options.13 For example, in a geriatric 
population, fewer life-years precludes the need 
for a functional conduit 15 years or more after 
surgery. In a pediatric population, however, the 
newly constructed esophagus should ideally last 
the entirety of the patient’s lifespan. If long-term 
follow-up demonstrates superior long-term func-
tion among jejunal conduits, a supercharged jeju-
nal interposition as a first-line operation for long 
esophageal gaps in children may justify the added 
operative time and technical challenges.1 Never-
theless, supercharged jejunal interposition should 
be recognized as a viable surgical option when tra-
ditional reconstructive avenues are unavailable.

Early outcomes in this study were largely simi-
lar to or favorable compared with those observed 
in adult studies of supercharged jejunal inter-
position.4,6,12–17,29–32 Our mortality rate was 0 per-
cent; compared to one study by Blackmon and 
colleagues12 in which a 10 percent mortality rate 
among adults was reported, and a separate study29 
reporting a 40 percent mortality rate following 
long-gap esophageal atresia repair in a pediatric 
population. Our cohort experienced no instances 
of conduit leak or flap loss; corresponding adult 
literature reported leak rates ranging from 7 to 
36 percent6,12–17,30–32 and flap loss rates ranging 
from 0 to 18 percent.5,12–15,31 Likewise, the 20 per-
cent stricture rate in our sample mirrored the 0 
to 50 percent stricture rate seen in adult super-
charged jejunal interposition.6,12–15,17 Our early 
postoperative outcomes also compare favorably 
to those reported in pediatric colonic interposi-
tion and gastric pull-up for long-gap esophageal 
atresia repair.4 Although patients in the present 
study experienced no mortality, flap loss, or leaks, 
a meta-analysis4 reported higher rates of all three 
of these outcomes in pediatric colonic interposi-
tion (4, 4, and 17 percent, respectively) and gas-
tric pull-up (10, 5, and 28 percent, respectively). 
In summary, the observed outcomes for super-
charged jejunal interposition among our own 
patients demonstrate the relative safety and effi-
cacy of our group’s approach.

Esophageal reconstruction in a pediatric pop-
ulation brings unique challenges. Most esopha-
geal defects in pediatric patients are congenital. 
Affected children frequently have a history of a 
failure to thrive, chronic aspiration (with second-
arily impaired respiratory function), and multisys-
tem dysfunction.2 Unlike their adult counterparts, 
most affected children have little to no experience 
with oral feeding and swallowing. In addition, 
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some patients in our series have developmental 
delays that may delay their ability to tolerate oral 
feeding. The majority of our patients require feed-
ing therapy, which can be difficult in patients with 
neurocognitive differences. Because of the unique 
nature of these patients, surgeons should anticipate 
feeding delays and appropriately counsel parents 
before surgery. In this study, patients with superior 
feeding outcomes (Table 2) tended to have longer 
follow-up and history of feeding. Excluding those 
with oral feeding aversions (n = 2), patients with 
persistent dysphagia (n = 7) had the shortest fol-
low-up (range, 0.3 to 1.3 years) (Table 2). Postop-
eratively, all patients managed their oral secretions 
through swallowing alone and did not require a 
diverting cervical esophagostomy.

The present study is limited by its small sample 
size, retrospective nature, variable follow-up, and 
tertiary center referral bias. The short follow-up pre-
vents assessment of long-term esophageal-jejunal 
performance, critical for characterizing the long-
term anatomical and physiologic integrity of these 
conduits and the ability to observe sustained weight 
gain.1,2,33 Future research must establish a treatment 
algorithm for pediatric esophageal reconstruction. 
Long-term prospective studies are needed to deter-
mine whether supercharged jejunal interposition 
should supplant gastric pull-up and colonic inter-
position for large esophageal defects.

CONCLUSIONS
We demonstrate the feasibility and safety of 

supercharged jejunal interposition in very young 
patients. When performed by an experienced, 
multidisciplinary team, this approach is reliable 
and should be considered as a valuable solution 
for children with otherwise limited reconstructive 
options. With further follow-up, the jejunum may 
prove to be a superior long-term conduit.
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