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Objective
To evaluate the authors’ experience with gastric transposition
as a method of esophageal replacement in children with con-
genital or acquired abnormalities of the esophagus.

Summary Background Data
Esophageal replacement in children is almost always done for
benign disease and thus requires a conduit that will last more
than 70 years. The organ most commonly used in the past
has been colon; however, most series have been fraught with
major complications and conduit loss. For these reasons, in
1985 the authors switched from using colon interpositions to
gastric transpositions for esophageal replacement in infants
and children.

Methods
The authors retrospectively reviewed the records of 41 pa-
tients with the diagnoses of esophageal atresia (n � 26), cor-
rosive injury (n � 8), leiomyomatosis (n � 5), and refractory
gastroesophageal reflux (n � 2) who underwent gastric trans-
position for esophageal replacement.

Results
Mean � SE age at the time of gastric transposition was 3.3 �
0.6 years. All but two transpositions were performed through
the posterior mediastinum without mortality or loss of the
gastric conduit despite previous surgery on the gastric fun-
dus in 8 (20%), previous esophageal operations in 15
(37%), and previous esophageal perforations in 6 (15%)
patients. Complications included esophagogastric anasto-
motic leak (n � 15, 36%), which uniformly resolved without
intervention; stricture formation (n � 20, 49%), all of which
no longer require dilation; and feeding intolerance necessi-
tating jejunal feeding (n � 8, 20%) due to delayed gastric
emptying (n � 3), feeding aversion related to the underlying
anomaly (n � 1), or severe neurological impairment (n � 4).
No redo anastomoses were required.

Conclusions
Gastric transposition reestablishes effective gastrointestinal
continuity with few complications. Oral feeding and appropri-
ate weight gain are achieved in most children. Therefore, gas-
tric transposition is an appropriate alternative for esophageal
replacement in infants and children.

The majority of esophageal procedures performed in in-
fants and children are done for congenital esophageal atresia
or acquired caustic strictures. With the former, the vast
majority (92–97%) can be corrected without difficulty by
primary esophagoesophagostomy.1,2 Successful esophageal
anastomoses may even be performed in those few with
“long gap” esophageal atresia, defined as a distance of more
than 3 cm between the proximal and distal esophageal
remnants, with use of circular myotomies, serial preopera-
tive proximal and distal pouch dilation, and other lengthen-
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ing techniques.3–7 Preservation of the native esophagus is
desirable and can be achieved in most cases. However,
some patients with long gap esophageal atresia will require
esophageal replacement. In addition, a number of those
patients who are managed with primary repair will require
an esophageal substitution as a result of complications of
the primary procedure or development of refractory gastro-
esophageal reflux, persistent stricture, and/or esophageal
dysfunction. In those patients, preservation of the esophagus
may be futile.

Caustic injuries represent the second most common rea-
son for esophageal replacement in children. Despite en-
hanced public education, safer packaging, and reduction in
the concentration of sodium hydroxide in the most com-
monly used drain cleaner fluids, caustic injuries to the
esophagus continue, especially in the less developed parts of
the world, though at a lower rate; the result is the formation
of strictures, which can usually be managed with serial
dilation.8 However, 59% of severe caustic injuries will
result in long and sometimes multiple strictures that are
refractory to serial dilation.9 The only option in these pa-
tients for restoration of esophagogastric continuity is esoph-
ageal replacement.

Alternatives for esophageal replacement in infants and
children in the past have included a right or left colon
interposition, formation of a gastric tube, and a jejunal
interposition. All of these have advantages and disadvan-
tages related to short- and long-term complications (Table
1). In 1980, Atwell et al described the use of the stomach as
a replacement for the esophagus in six children, all but one
of whom were newborns with congenital atresia of the
esophagus.10,11 This was followed in 1987 with a review by
Spitz et al, from the United Kingdom, of gastric transposi-
tions performed in 34 infants, 32 of whom had esophageal
atresia.12 Graft survival was 100% and outcome was excel-
lent in 81% of the surviving patients. However, adoption of
this technique in the United States has been slow, with few
pediatric surgeons performing the procedure.

In 1985, we switched from using colon interpositions to
gastric transpositions for esophageal replacement in infants

and children. Over the last 17 years we have performed 21
of these procedures at the C.S. Mott Children’s Hospital and
have been involved in an additional 20 performed at other
centers. The purpose of this report is to review our experi-
ence with these 41 gastric transpositions and to assess the
advantages and disadvantages of this approach compared
with alternative conduits.

METHODS

We retrospectively reviewed the records of 41 patients
who underwent gastric transposition for esophageal recon-
struction between 1985 and 2001 for data regarding demo-
graphics, initial esophageal disease, previous treatment, the
specifics of the gastric transposition procedure, complica-
tions, and follow-up. Internal Review Board (IRB) approval
or exemption for IRB review was obtained for all centers in
the United States. Approximately half of the operations
were performed at the University of Michigan (n � 21). The
senior author (A.G.C.) performed or oversaw all operations
performed at one of seven additional centers: Hadassah
University Hospital in Israel (n � 2), Children’s Hospital of
Wisconsin in Milwaukee (n � 4), Children’s Hospital of
Los Angeles (n � 2), Baby’s Hospital at Columbia in New
York (n � 1), Haemek Hospital in Israel (n � 6), Soroka
Medical Center in Israel (n � 2), and Ichilov Medical
Center in Israel (n � 3). Data were collected at the indi-
vidual centers and sent to the University of Michigan with-
out identifiers for analysis.

Technique of Gastric Transposition

The gastrointestinal tract is prepared so that the colon is
available should the gastric conduit prove to be unaccept-
able. The patient is placed in the supine position with the
left chest elevated on a longitudinal roll. The abdomen,
chest, neck, and left arm are prepped and draped. A left
subcostal incision is performed. If present, the gastrostomy
is taken down and closed. Likewise, if a fundoplication has
been performed, it is dismantled before proceeding with the

Table 1. SUMMARY OF LITERATURE DATA

Esophageal Replacement
No. of

Studies
No. of

Patients
Deaths
n (%)

Leaks
n (%)

Strictures
n (%)

Colon interposition 26 918 63 (7) 267 (29) 174 (19)
Jejunal interposition 6 64 6 (9) 12 (18) 9 (14)
Gastric tube esophagoplasty 7 156 7 (4) 108 (69) 83 (53)
Gastric transposition* 5 143 9 (6) 30 (21) 31 (22)

Data from individual studies were combined to produce the table. Data were obtained from the following:
Colon interposition24–33, 49–64

Jejunal interposition65–70

Gastric tube esophagoplasty36,39,62,71–74

Gastric transposition*11,42,43,75

(*Data from the current report are included in these data).
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transposition. The greater omentum is divided, taking great
care to maintain the gastroepiploic arcade. The left gastric
artery is test-occluded with a Heifitz clamp and then divided
and ligated. The right gastric artery is identified and pre-
served. An extensive Kocher maneuver is performed to
mobilize the duodenum. A pyloromyotomy is then per-
formed. The esophageal hiatus is then opened to allow easy
passage of the stomach, and the initial dissection of the
lower esophagus is performed bluntly. A left cervical inci-
sion is made and the sternocleidomastoid muscle is retracted
laterally along with the carotid artery and internal jugular
vein in order to identify the esophagus. If an esophagostomy
is present, it is mobilized for a distance of 2 to 3 cm. If
possible, the recurrent laryngeal nerve is identified and
preserved on both sides. The cervical esophagus is encir-
cled, and using blunt dissection, the cervical, thoracic, and
abdominal esophagus are mobilized. The cervical esopha-
gus is divided and a 28 French chest tube is sutured to the
distal cervical esophagus as the esophagus, along with end
of the chest tube, is delivered into the abdomen. In patients
with esophageal atresia, in whom there has been no esoph-
ageal bed, the mediastinum is bluntly dissected until a path
is created between the cervical incision and the esophageal
hiatus. The gastroesophageal junction is divided with the
stapler and the staple line oversewn. The highest point of the
fundus is sutured to the chest tube and then brought up
through the hiatus and chest to the cervical incision. The
apex of the stomach should be under minimal tension (Fig.
1). Mobilization of the left triangular ligament of the liver to
provide a shorter path to the neck may be required if tension
on the conduit is excessive. The esophagus is then sutured
to the sternocleidomastoid and strap muscles; we believe
this is important to prevent slippage of the esophagogastric
anastomosis into the mediastinum. A gastrotomy is then
created and a single-layer anastomosis is performed be-
tween the apex of the fundus and the distal cervical esoph-
agus. A Penrose drain is placed in the cervical incision and

the platysma and skin of the neck and the fascia and skin of
the abdomen are closed. A contrast study of the conduit is
obtained on the seventh postoperative day (Fig. 2).

RESULTS

Between 1935 and 2002, 554 patients with esophageal
atresia were managed at the C.S. Mott Children’s Hospital/
University of Michigan Health System. A gastric transpo-
sition was performed in 21 of these patients. Gastric trans-
positions were performed in an additional 20 patients at
other centers. The majority of the patients had a diagnosis of
esophageal atresia (n � 26), with other diagnoses including
corrosive injury of the esophagus with severe stricture for-
mation (n � 8), leiomyomatosis (n � 5), and refractory
gastroesophageal reflux (n � 2) (Table 2). Mean � SE age
at the time of gastric transposition was 3.3 � 0.6 years
(range 1 month to 15 years) for all patients and 1.7 � 0.4 for
those with esophageal atresia (range 1 month to 8.7 years).
Of the patients with esophageal atresia, 4 were standard
Gross type C with a distal fistula, 10 were long gap type C,
2 were long gap type B with a proximal fistula only, and 10
were type A pure esophageal atresia without a fistula. Table
3 shows the demographic, operative, complication, and out-
come data for the patients with esophageal atresia who
underwent gastric transposition. The esophagus was aban-
doned in four patients with standard type C esophageal
atresia with a distal tracheoesophageal fistula because of
esophageal dehiscence and leak in two patients, multiple
anomalies with severe respiratory failure in a third, and a
dysfunctional esophagus in a 9-year-old following primary
repair of an esophageal atresia and subsequent Nissen fun-
doplication due to recurrent gastroesophageal reflux. All of
the long gap type C patients were referred to the C.S. Mott
Children’s Hospital with a cervical esophagostomy after
receiving their initial care at another institution. Thus, none
of these patients was a candidate for primary repair of the
esophagus. Since 1989, our approach has been to perform a
gastric transposition in patients with type A pure esophageal
atresia without fistula, if indicated, as early as 1 month of
age. However, only two type A esophageal atresia patients
were primarily managed by us with this approach during
that time period; primary anastomosis was performed in the
majority of the type A patients. Five of the esophageal
atresia patients had previous failed attempts at placement of
a conduit (three colon interpositions and two substernal
gastric transpositions). The latter two conduits constituted
the only ones in our series that were placed in the substernal
location. They were initially created at another institution
and referred to us because of refractory strictures. These
gastric transpositions were approached via a median ster-
notomy with resection of the esophagogastric anastomosis
and successful reestablishment of the esophagogastric anas-
tomosis in the neck. Of the three previous colon interposi-
tions, two were performed at other institutions.

Eight patients underwent gastric transposition because of

Figure 1. The gastric transposition lying over the chest. Note the
length that can be achieved with this conduit. The patient’s neck is to
the right in this picture.
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lye ingestion and the development of long strictures refrac-
tory to dilation. One of these patients was managed at the
C.S. Mott Children’s Hospital; the remainder were cared for
at the various other centers. One of these latter patients had
undergone a right colon interposition that failed because of
ischemia and graft loss. Five patients were diagnosed with
esophageal dysfunction and leiomyomas of the esophagus.
Two were brothers, both with accompanying Alport’s syn-
drome. Finally, two patients with gastroesophageal reflux
were managed with esophagectomy and gastric transposi-

tion. The first was a patient with congenital diaphragmatic
hernia who had four previously failed Nissen fundoplica-
tions and developed a dilated, dysfunctional esophagus. The
second was a patient with severe esophagitis and a refrac-
tory esophageal stricture.

As mentioned above, there were five previous esophageal
replacement procedures performed in five patients, includ-
ing a retrosternal gastric transposition in two who developed
refractory strictures, and two right colon interpositions, and
a left colon interposition, all three of which failed due to

Figure 2. Contrast esophagram after gastric transposition placed through the left chest (A) or via a
posterior mediastinal route (B). With the latter, the mediastinum contains the conduit, making it more tubular
with less distention.

Table 2. DIAGNOSES, DEMOGRAPHICS, COMPLICATIONS, AND OUTCOME IN 41
PATIENTS WHO UNDERWENT GASTRIC TRANSPOSITION

Diagnosis n
Mean Age at

GT (years)
Anastomotic

Leak (n) Stricture (n)
Full Oral

Feeding (n)

EA type A 10 1.6 � 0.76 4 6 8
EA type B 2 0.92 � 0.91 0 0 2
EA type C 4 4.1 � 1.6 2 4 2
EA long gap type C 10 0.85 � 0.12 4 2 8
Caustic ingestion 8 6.5 � 1.5 2 4 8
Leiomyomatosis 5 7.1 � 3.0 2 4 5*
Gastroesophageal reflux 2 4.2 � 2.1 1 0 0
Total 41 3.3 � 0.6 15 (36%) 20 (49%) 33 (80%)

EA, esophageal atresia; GT, gastric transposition.
* Two patients take oral feeds equivalent to their predicted full caloric requirements but are undergoing supplemental jejunal feedings because of Alport’s syndrome and

renal insufficiency.

534 Hirschl and Others Ann. Surg. ● October 2002



development of ischemia. In addition, six of the patients in
whom gastric transposition was performed had a history of
a previous esophageal perforation and five had previous
empyemas. Previous esophageal operations were performed
on 15 (37%) patients. Despite these prior thoracic and
mediastinal operations and complications, blunt esophagec-
tomy was successfully performed and the gastric transposi-
tion placed via the posterior mediastinum in all of these
patients.

Combined abdominal and cervical incisions alone were
used in the majority of patients (n � 30), although a
thoracoabdominal incision was used in four patients and a
separate thoracotomy incision combined with abdominal
and cervical incisions in five. The majority of the thoracot-
omy and thoracoabdominal incisions were used in our early
experience with this technique, mostly in patients with
previous posterior mediastinal surgery. A median sternot-
omy approach was used in two patients as mentioned pre-
viously. Except for these two latter cases, all conduits were
placed in the posterior mediastinum via the left chest (n �
3), the right chest (n � 3), or the resected esophageal bed
(n � 33). A cervical esophagogastric anastomosis was per-
formed in 40 patients. In one of the very early patients, an
esophagoesophagostomy was formed in the right chest. A
pyloromyotomy was performed in 28 patients and a pylo-
roplasty in 4. Of the remaining nine patients, eight had had

a previous gastric drainage procedure. A jejunostomy tube
was placed in four patients.

There were no deaths and no loss of the gastric conduit
despite previous fundoplications performed in eight patients
(20%), including one Collis-Nissen. Small leaks from the
esophagogastric anastomosis were noted in 15 patients
(36%), and all uniformly resolved without intervention.
Mediastinitis did not occur in any patient. Anastomotic
strictures (defined as requiring one or more dilations)
formed in 20 patents (49%). However, none of these pa-
tients currently require dilations. Only eight patients re-
quired more than three dilations, and none of the anasto-
moses were revised. Immediate postoperative complications
included three patients with vocal cord paresis, two with
effusions, and one with pneumonia.

Follow-up was from 5 months to 18 years with a mean of
6.5 � 0.8 years. Delayed gastric emptying was initially
observed in five (12%) patients. Feeding intolerance neces-
sitating jejunal feeding at last follow-up was observed in
eight patients (20%) and was due to delayed gastric emp-
tying in three, severe neurological impairment in four, and
feeding aversion related to esophageal atresia in one patient.
Weight at last follow-up was available for 20 of the 26
esophageal atresia patients. Eight of these patients were
below the fifth percentile for weight for age. Two patients
with leiomyomatosis take oral feeds equivalent to their

Table 3. INDIVIDUAL DATA ON THE 26 PATIENTS WITH ESOPHAGEAL ATRESIA
MANAGED WITH GASTRIC TRANSPOSITION

Type of EA Center Year Performed Previous Conduit Age at GT % WT for Age Leak Stricture

Type A Michigan 1985 No 1 y �5% Yes Yes
Michigan 1999 Yes 4 y 10% Yes Yes
Michigan 1999 Yes 5 y 10% No Yes
Michigan 1989 No 1 m �5% No No
Michigan 1992 No 7 m 6% No Yes
Michigan 1996 Yes 8 m �5% No Yes
CHOW 1999 No 5 m 30% No No
CHOW 1999 No 2 m — Yes No
CHLA 1997 No 6 m 40% No Yes
Hadassah 2001 No 8 m — Yes No

Type B Michigan 2001 No 2 m 7% No No
Michigan 1999 No 2 y �5% No No

Standard type C Michigan 1998 No 9 y �5% Yes Yes
Michigan 1999 No 2 y 50% Yes Yes
CHLA 1997 No 2 y �5% No Yes
Afula 1997 Yes 4 y — No Yes

Long gap type C Michigan 1997 No 1 y 50% Yes No
Michigan 1994 No 8 m 6% No No
Michigan 1985 Yes 2 y �5% No Yes
Michigan 1989 No 8 m 40% Yes Yes
CHOW 2000 No 10 m 60% No No
Columbia 1998 No 10 m — No No
Haemek 1997 No 1 y — No No
Ichilov 1997 No 1 y �5% Yes No
Schneider 1999 No 8 m — No No
Hadassah 1997 No 6 m 6% Yes No

EA, esophageal atresia; GT, gastric transposition; CHOW, Children’s Hospital of Milwaukee at Wisconsin; CHLA, Children’s Hospital of Los Angeles.
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predicted full caloric requirements but are undergoing sup-
plemental jejunal feedings because of Alport’s syndrome
and renal insufficiency. Otherwise, all patients with
leiomyomatosis or lye ingestion are on full feeds and thriv-
ing. Only one patient demonstrated symptoms compatible
with dumping syndrome, which has resolved. There were no
respiratory symptoms encountered, and only one case of
pneumonia occurred in the postoperative period. Almost all
patients have undergone endoscopy of the cervical esopha-
gus and stomach. Esophagitis has not been noted in any of
these patients.

DISCUSSION

The findings in this study confirm that gastric transposi-
tion is an effective replacement for the esophagus. Short-
term complication rates are relatively low, and there are few
long-term complications. There were no respiratory physi-
ologic problems associated with performance of a gastric
transposition, even in infants.

The approach to the patient with long gap esophageal
atresia is controversial and without a perfect solution. As
such, a number of strategies for management have been
developed. Most surgeons agree that the native esophagus
serves as the best conduit and should be salvaged whenever
reasonable. Studies have suggested that this can be accom-
plished in most newborns with long gap esophageal atresia.
Mahour et al applied the technique of bougienage of the
proximal pouch once or twice daily along with periodic
radiographic evaluation of the distance between the upper
and lower esophageal segments, demonstrating growth of
both esophageal segments over a 4- to 13-week period.6

Successful esophagoesophagostomy was achieved in all 12
of their patients. The incidence of anastomotic leak, stric-
ture, and gastroesophageal reflux with this approach was
high, with subsequent frequent fundoplication and occa-
sional anastomotic stricture resection. Nevertheless, most
patients ultimately did well.2,13–16 The high incidence (al-
most 100% in patients with long gap disease) of gastro-
esophageal reflux observed in these patients was often man-
aged with a Nissen fundoplication, which can aggravate the
already present swallowing difficulties seen in these patients
with a dysfunctional esophagus.17 In fact, esophageal re-
placement was performed in one patient in our series be-
cause of the development of refractory esophageal dysfunc-
tion following a Nissen fundoplication for gastroesophageal
reflux.

A number of techniques are used to aid in primary repair
of the widely separated proximal and distal esophageal
segments. Proximal and distal circular myotomies may help
to achieve primary anastomosis in the setting of long gap
esophageal atresia, although ballooning of the myotomy,
diverticulum formation, and altered esophageal motility
may necessitate esophageal replacement.18–20 Foker et al
demonstrated successful approximation in those patients
with esophageal atresia and gaps as long as approximately 7

cm by placing temporary sutures in the esophageal ends and
applying increasing external traction over 6 to 10 days.16

Kimura et al applied a multistaged extrathoracic esophageal
prolongation technique in which the proximal esophagus
was translocated to the subcutaneous tissues of the anterior
chest wall and serially elongated.5 Successful anastomosis
was achieved in all patients. Scharli recommends a trans-
verse stapling of the body of the stomach to allow elonga-
tion of the lesser gastric curve, thus allowing transposition
of the lower esophagus into the chest for esophagoesopha-
gostomy.21 However, the Kimura and Scharli techniques
have been done in a small number of patients with a large
number of complications and even the necessity for subse-
quent replacement (personal communication).

Although the long gap esophagus can usually be success-
fully salvaged, a few cannot be put together primarily. Even
if a primary anastomosis is accomplished, often under sig-
nificant tension, complications of the initial procedure may
result in severe stricture formation and refractory gastro-
esophageal reflux ultimately leading to esophageal dysfunc-
tion. Our series represents a few of the most complicated
cases from eight centers. In fact, only 5 of the 14 patients
with esophageal atresia managed at the C.S. Mott Chil-
dren’s Hospital underwent their primary operation at our
center; all others were referred following an initial opera-
tion. In reality, therefore, referral centers treating newborns
with complex esophageal atresia will be faced with manag-
ing patients with complex forms of this anomaly, many of
whom will require esophageal replacement.

In adults, esophageal replacement is performed for ma-
lignancy in 74% of cases.22 In contrast, such a procedure is
applied to children uniformly for benign disease. Therefore,
the conduit must maintain excellent function for a lifetime.
The colon interposition as initially described by Waterston
et al has been the most popular operation for esophageal
replacement in children.23 Colonic conduits are effective
when placed through the left chest, the bed of the resected
esophagus, or in the substernal position (see Table 1).24–33

In most of these series, however, significant graft loss or
death, along with the problems of redundancy of the distal
colon, has been seen. Even adenocarcinoma in the conduit
has been observed.34 The colon is also prone to gastro-
esophageal reflux. Finally, a colon interposition is a more
complex endeavor than a gastric transposition.

An interesting solution to the discontinuous esophagus is
the reverse gastric tube, which was popularized by Ander-
son and Randolph35 and Burrington and Stephens.36 The
gastric tube remains narrow, does not become redundant,
and serves most children well. However, gastric tubes are
associated with a significant incidence of graft failure as
well as deaths related to pulmonary aspiration and leaks
from the esophagogastric anastomosis.37 Development of
mediastinitis from anastomotic leaks and the need for stric-
ture resection exist in most series.35,36,38,39 Gastroesopha-
geal reflux and peptic ulcer formation are additional prob-
lems.37,39,40 The gastric tube in infants is also associated
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with decreased capacity of the stomach, which appears to
resolve over the first 3 postoperative months.41

In 1987, Spitz et al reported their experience with 34
infants who underwent a gastric transposition for esopha-
geal replacement, 32 of whom had esophageal atresia.12

Twenty-seven of the infants had a long gap that prevented
initial primary anastomosis and five infants had disruption
of the anastomosis such that the native esophagus had to be
abandoned. The authors demonstrated excellent results,
with a mortality of 9%. Although two of the three deaths
occurred within 48 hours of the gastric transposition, all of
the deaths were respiratory-related and in patients with
severe preoperative respiratory insufficiency. There was no
graft failure. Four children developed esophagogastric anas-
tomotic strictures that resolved with dilation. Two small
anastomotic leaks were noted and resolved spontaneously.
An excellent result was noted in 25 children; in 4 there was
mild dysphagia. The majority of the children had excellent
weight gain. A similar experience with gastric transposition
was reported by Valente et al42 and Marujo et al.43 Based on
these successful reports and our initial success, we began to
use the gastric transposition for esophageal replacement.
The majority of our patients (n � 26, 63%) had esophageal
atresia.

We did not experience any respiratory symptoms in our
patients. Because of the potential for the stomach in the
chest to compromise respiratory status, Davenport et al
evaluated respiratory status in 17 children 5 years after
gastric transposition.44 All but 1 of the 17 children had lung
function values that were lower than the predicted values;
median total lung capacity was 68% and median forced vital
capacity was 64%. Interestingly, the pulmonary function in
children who had a primary gastric transposition was better
than in those who had complicated thoracic procedures
before the gastric transposition, suggesting that the under-
lying lung disease, rather than the stomach itself, might be
the cause for the observed decrease in pulmonary function.
Early in our experience we used either the right or left chest
for the gastric conduit. Subsequently, we have preferred the
transmediastinal route. This is likely advantageous from a
respiratory point of view since the stomach is confined
within the mediastinum. Figure 2 demonstrates the differ-
ence in the size of the gastric conduit in two children who
underwent a left transpleural and a transmediastinal gastric
transposition. We found esophagectomy with transmedias-
tinal gastric transposition to be safe despite a history of
multiple previous esophageal operations, development of
empyema following failed colon interpositions, perforations
as a complication of esophageal dilation, and the absence of
a native esophagus, such as in pure esophageal atresia,
treated with a primary gastric transposition. Thus, our ex-
perience suggests that transhiatal esophagectomy is rela-
tively safe even in the scarred mediastinum.

Previous gastric procedures have often been considered a
contraindication to gastric transposition. However, in our
series, eight patients underwent previous fundoplications

for reflux. One of these eight had a Collis-Nissen performed
after a previous Nissen fundoplication. Yet in all, the stom-
ach proved to be a viable and effective conduit despite
multiple operations and questions of adequate blood supply
and associated scarring.

A vagotomy is an inherent part of an esophagectomy and
gastric transposition. Likely as a result of the vagotomy, we
initially experienced delayed gastric emptying after gastric
transposition in five patients. However, only three patients
had persistent delayed gastric emptying at last follow-up.
Davenport et al demonstrated that rapid emptying occurred
from the intrathoracic stomach within 5 minutes of inges-
tion.44 Erythromycin may enhance the early postoperative
function of the transposed stomach.45 Eight of 20 patients
(40%) with esophageal atresia had weights less than 5%
predicted for age. None of the patients with other etiologies
for their esophageal dysfunction demonstrated low weights
for age except the two patients with Alport’s syndrome.

One unusual feature of our series is the five patients with
leiomyomatosis of the esophagus. Successful esophagec-
tomy with gastric transposition was performed in all. Only
24 cases of diffuse esophageal leiomyomatosis have been
reported in children less than 14 years of age.46 Most
patients have required resection of the esophagus.

Although we have not observed esophagitis in any of our
patients, the long-term risk of neoplasia and development of
cervical esophageal malignancy is unclear. The only study
addressing this issue is the one by Lindahl et al, in which
they systematically biopsied the cervical esophagus in 14
patients more than 2 years following gastric tube recon-
struction of the esophagus.47 Barrett’s esophagus was found
in 10 patients and was confirmed histologically in 8. As
such, long-term follow-up with routine surveillance is re-
quired, especially into adulthood. Guidelines for patients
with Barrett’s esophagus without dysplasia suggest perfor-
mance of endoscopy every 2 to 3 years.48 Extrapolation of
these guidelines to the patient with a gastric transposition
would not be unreasonable.

In conclusion, the gastric transposition establishes effec-
tive gastrointestinal continuity with few long-term compli-
cations. Oral feedings and appropriate weight gain are
achieved in most children. Therefore, the gastric transposi-
tion is an appropriate alternative for esophageal replacement
in infants and children.49–75
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DISCUSSION

DR. MORITZ M. ZIEGLER (Boston, MA): Dr. Hirschl and the Ann Arbor
group have once again contributed significantly to our understanding of
esophageal surgery in children. It has been literally more than 60 years
since Dr. Haight successfully did the first esophageal atresia repair. Now
we have heard another addition to the armamentarium of esophageal
replacement: namely, gastric transposition or interposition. I wanted to ask
Dr. Hirschl several questions regarding both the approach and the
technique.

This has been predominantly a remedial series of taking a group of
patients who had previous complications of their esophageal surgery in the
majority of cases, some 70% I think, and then done this gastric interposi-
tion. Now that the technique is so standardized, if you had a child with pure
atresia without a fistula, would you consider doing such a gastric interpo-
sition without first doing a cervical esophagostomy by simply doing this
procedure primarily in a younger age group? Would this technique actually
be amenable to the current vogue in pediatric surgery: namely, the mini-
mally invasive approach to esophageal atresia repair?

Though you have reported that the patients eventually achieve oral
feedings, there in fact is about a third of the patients in this series that have
a prolonged problem with either feeding aversion or their complete tran-
sition to oral feeds. Has that changed your approach to the operation such
that you would consider placing a feeding tube jejunostomy at the time of
the original procedure?

The final question is related to the long-term follow-up. As you correctly
stated in the manuscript, this is an esophageal replacement that has to serve
the child for their life, maybe 70-plus years. In the face of doing an
emptying procedure and in the face of doing a potential vagotomy, what
would you recommend for the long-range follow-up for these patients? If
they are achlorhydric or if they reflux, do they require additional esopha-
gogastric surveillance as they grow older?

PRESENTER DR. RONALD B. HIRSCHL (Ann Arbor, MI): With regard to
creating a cervical esophagostomy, our approach has changed over the last

decade. A number of centers are now performing daily bougienage over the
first 3 months in an attempt to lengthen the proximal esophagus in hopes
of performing a primary anastomosis. We use that approach as well and
thus are avoiding a cervical esophagostomy. We take the patients to the
operating room in the first 3 months and try to achieve a primary anasto-
mosis. If we find that, in fact, we cannot safely accomplish a primary
anastomosis, then we would perform a gastric transposition.

Should we perform a gastric transposition using a minimally invasive
approach? The procedure is fairly extensive and technically demanding,
especially with regard to the dissection of the esophagus. At the University
of Michigan we apply minimally invasive approaches to as many situations
as are possible. However, at this stage I do not believe that our technology
is ready for us to perform this technique in a minimally invasive fashion in
newborns and infants.

Feeding aversion is a problem, especially in the infants and children who
have had esophageal atresia and have not been feeding over the first
months or years of life. I would tend to place a feeding tube if I had a
patient who was not going to be feeding in the near term. In fact, there were
four patients in the series who had jejunostomy feeding tubes placed during
the esophageal replacement. There were also a number of patients who
required placement of jejunostomy feeding tubes after the gastric transpo-
sition. So, a feeding tube should be considered at the time of the gastric
transposition.

There are studies which have suggested, especially in adults, that there
may be development of esophageal metaplasia or Barrett’s esophagus in
the esophageal remnant. As such, long-term follow-up is important. In
childhood it is critical to follow these patients to ensure that they are
growing and developing well. In our series approximately 40% of the
esophageal atresia patients were at less than the fifth percentile for their
weight for their age. So, close follow-up is required to ensure that appro-
priate growth occurs.

DR. JOHN E. FOKER (Minneapolis, MN): We agree completely that the
goal should be 70-plus years, but that is a very stringent requirement. When
the esophagus is to be replaced in children, there are four major consid-
erations. The first is that the operation can be done relatively free of early,
compromising complications The gastric pull-up appears to meet this
requirement. But under the constraints of the 70-year goal, ease of doing an
operation does not provide sufficient justification for its use. The next three
requirements will be harder to meet. The operation should produce no bad
physiological consequences. For children, the main requirement is ade-
quate nutrition for good growth and development. As presented by De-
Meester and colleagues earlier in this meeting, the gastric pull-up produces
the unfortunate combination of dumping and gastric retention. A pyloro-
plasty seems necessary and the displaced stomach becomes a conduit with
a rapid transit time, all of which makes nutrition difficult. And as your data
show, at least 20% are below the fifth percentile in weight.

Your abstract stated that 32% of these children are on jejunal feedings.
What percentage of them have feeding tubes in place? What prevents these
children from eating sufficiently? What is the average number of feedings
per day? What do you predict the percentage will be that will be eventually
free of tube feedings?

Pulmonary consequences also occur. As you know, Davenport found all
of the children had significantly decreased lung volumes. In addition,
aspiration appears to be common. Do these children sleep with the head of
the bed elevated? Are you concerned about the effects on the lungs of
chronic aspiration?

Another main requirement is to minimize the adverse psychological
consequences. Your patients apparently have spit fistulas and G-tubes for
2 to 3 years. After repair, the feeding tubes, the continuing supplemental
feedings, as well as medications and surveillance, contribute to a state of
chronic therapy, if not outright illness. This is not conducive to optimal
emotional development.

The final and very important requirement is that no pathological pro-
cesses should be set in motion by the procedure. The lack of a functional
GE junction means there will be obligatory reflux into the upper esophagus.
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Although no long-term pediatric study has surfaced for gastric transposi-
tion, there are data on the physiologically similar gastric tube. Lindahl
looked at 14 patients who had a gastric tube for an average of 7 years and
found 10 of 14 already had the precancerous Barrett’s changes in their
upper esophagus.

As Dr. DeMeester has so elegantly defined, it is not just the acid reflux
that is the problem, but the contribution of bile. Antacid therapy reduces
the symptoms but not its most serious consequence.

My questions are: What percentage of these children remain on antac-
ids? Are you treating for H. pylori? Because there is no good antireflux
procedure for the gastric transposition, can you prevent these changes?
What method of surveillance are you going to be using for Barrett’s
esophagitis? And what do you plan to do if you find Barrett’s changes?

Another important consequence of stomach denervation will likely be
atrophic gastritis. Lam, who looked at adult patients from 1 to 9 years after
gastric pull-up, found 68% had moderate to severe atrophic gastritis. What
are you doing in this regard to prevent anemia? For the longer term, do you
have a surveillance strategy for evaluating changes in these stomachs?

The gastric pull-up would merit consideration if there were no good
alternatives. Part of the pediatric surgical litany, however, is that one’s own
esophagus is best. Five years ago, we presented to this Association a
flexible approach which allows a true primary repair to be achieved
throughout the entire esophageal atresia spectrum. A primary repair could
be done even after failed prior operations and the bailout of a cervical
esophagostomy.

The definition of a true primary repair remains an intact esophagus
without myotomies and with the stomach and GE junction below the
diaphragm where they belong. The definition is not satisfied by pulling the
stomach into the chest and joining it to the upper esophageal pouch.

We have achieved a primary repair in 30 infants with gaps of 4 cm or
longer, 14 with gaps of 6 cm or longer, and two with gaps of longer than
10 cm. All have been satisfactorily repaired, and no patient has been turned
down.

There are two main components to our approach. First, we have shown
that a well-constructed anastomosis will reliably withstand considerable
tension. But with the finding that esophageal growth can be stimulated to
occur in days, even more flexibility is achieved. For segments that can
almost be brought together initially, 2 to 3 days of internal traction can be
used. On reoperation, this will have induced sufficient growth to allow a
primary anastomosis.

For the most severe gap lengths, including all of those who had a
cervical spit fistula that had to be closed, external traction was used. Again,
the growth response surprised us and within 8 to 18 days, these relative
nubbins of tissue had grown to allow a very satisfactory true primary
repair.

By using these techniques, we have achieved a true primary repair in all
patients. The long gap repairs are begun when the infants weigh 3 to 4 kg.
None have been excluded, no matter their previous history. The true
primary repair has even been used for a long caustic stricture. An inter-
position graft has not been used since 1983. All of these children swallow
satisfactorily, and only the second-order problems of oral aversion and in
two cases food allergies have slowed the progression to a normal diet. We
anticipate, in the absence of significant CNS problems, that all will eat
normally and be without G-tubes.

We also stressed in our report to the Association that to achieve the
70-year good result, these patients would have to be followed for reflux. If
the reflux is significant, and it usually is after a long gap repair, we believe
an effective fundoplication is preferable to long-term medication. The
ability to control reflux also sharply distinguishes a true primary repair
from a gastric transposition.

My concluding question would be that given the ability to do a true
primary repair across the entire EA spectrum, even after failed repairs, how
can one justify setting in motion all of the issues associated with gastric
transposition? A much better alternative is available, and the benefits of
using the child’s own esophagus will only increase with time.

DR. RONALD B. HIRSCHL (Ann Arbor, MI): We agree that one should try
to salvage the native esophagus; that is the primary goal of all pediatric
surgeons who manage these children. However, if you examine our series,
the majority of the patients were first managed operatively at other insti-
tutions, followed by abandonment of the esophagus for one reason or
another. For instance, in one patient an anastomotic dehiscence led to
performance of a cervical esophagostomy. With another, the initial surgeon
felt that the tension was too great for a successful esophagoesophagostomy.
Finally, there were patients who developed long-term complications of a
primary esophagoesophagostomy such as refractory stricture or severe
esophageal dysfunction. So, although we agree that one should try to
salvage the esophagus, those who are serving as a referral center for
complicated esophageal atresia will end up managing patients in whom an
esophageal replacement will likely be required. In fact, if you look at our
series of 200 patients over the last 20 or 25 years, only 8 of the patients that
required an esophageal replacement received their primary treatment at our
institution.

We only observed dumping in one of our patients, and that has resolved.
It is true that we observed failure to thrive, as defined by predicted weights
less than 5%, in 40% of our esophageal atresia patients. But those patients
are continuing to grow, most without supplemental feeds, and are follow-
ing an appropriate growth curve.

Eight of our patients have feeding tubes in place to provide baseline
caloric needs. Four of these are a result of neurologic delay and inability to
adequately take oral feeds. Three patients have delayed gastric emptying
and one has feeding aversion associated with an esophageal atresia. I don’ t
know the average number of feedings per day, but most patients are on full
oral feedings.

The respiratory status has not appeared to be an issue in our patients. By
bringing the stomach through the mediastinum, the stomach is constrained
by the surrounding tissues. When we look at contrast studies, the stomach
in the mediastinum is much more tubularized than is the stomach in the left
or right chest. This may play a role in decreasing the respiratory effects that
have been observed previously with gastric transpositions in children.

We have not had problems with aspiration. Pneumonias were limited to
a couple of instances which occurred in the immediate postoperative
period. I should note that Dr. Orringer has reviewed 1,085 adults with
replacement of the esophagus using a gastric transposition due to nonma-
lignant disease. In 30% reflux was observed only if they lay down after a
full meal, 7% required that the head of their bed be elevated, while only 1%
had pulmonary pathology from aspiration.

Four of our patients were on H2 blockers. I believe that I already
addressed the issue of long-term follow-up and surveillance.

DR. JOHN E. FOKER (Minneapolis, MN): One quick comment. Among
those patients that I was talking about, five came to us with left and four
with right cervical fistulas. A number of these cases had abandoned
attempts at a primary repair. All of that is part of what comes to a major
referral center for esophageal atresia.

DR. TOM R. DEMEESTER (Los Angeles, CA): I rise to discuss the issue
that has surfaced regarding the long-term follow-up of these patients and
the development of reflux disease. Often when the torch is passed from one
discipline to another, much is lost in the transition. The principle is sound
that you cannot put gastric acid-secreting mucosa next to squamous mu-
cosa anywhere in the body and get away with it for long. We have seen
carditis develop in the cervical esophagus in 24% of patients 3 or more
years after esophagogastrectomy. This goes on to intestinal metaplasia in
about 14% of the patients. I personally had a patient whose esophagus was
replaced with his stomach at age 5 and subsequently developed an adeno-
carcinoma in the cervical esophagus later in life. I concur with you that you
can use the stomach for reconstruction, and I commend you on your
technical expertise. But is it wise to do so? Having heard the flavor of the
three previous discussants, will you return home to scope your patients? It
might be important to do so before you publish.
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DR. RONALD B. HIRSCHL (Ann Arbor, MI): As you note, the “ torch-
passing” is likely the most important part of the process. The complications
that arise will likely be long term and will probably arise in adulthood. We
have performed endoscopy on a number of children and have not observed
esophagitis. However, there have been studies in which children underwent
esophageal mucosal changes. So, these patients may be at risk for malig-
nancy and need to receive appropriate long-term follow-up.

DR. ARNOLD G. CORAN (Ann Arbor, MI): I want to stand to just make
two points to respond to Jack Foker and Tom DeMeester. There is no
perfect substitute for the esophagus. We are not saying that the stomach is

better than the colon, just that it works. With due respect to Jack, if one
surveys most of the pediatric surgeons around the world, there is not one
center in the world that is able to put every single esophageal atresia
together. I wish that were true. So I commend you on being able to do that.
But the rest of us can’ t technically do that. As a result, we need something
to replace the esophagus in a small number of cases. The question is: Is it
going to be colon, which we have experience with in several centers around
the country and around the world with lots of complications, even death, or
stomach, which seems to work better? We are well aware of the long-term
risks of doing this. But overall, if one weighs the pluses and minuses, in our
minds, stomach is still better in this group of patients than colon.
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