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The Stomach and Esophageal 
Atresia Repair

Khalid M. Khan

 Introduction

Esophageal atresia (EA) with or without a tra-
cheoesophageal fistula (TEF) is an abnormality 
of embryologic differentiation. There are a range 
of phenotypes, and EA-TEF is associated with 
developmental anomalies in other organ sys-
tems. The gastric cavity is intimately related to 
the esophagus anatomically and functionally. In 
clinical practice gastric morphological anoma-
lies are not reported in patients with EA, and 
there is little discussion on gastric function. In 
this chapter we examine clinical and experimen-
tal data that includes the stomach in patients 
with EA. Gastric neuromuscular development 
during embryogenesis, electrophysiology, and 
gastric function after EA repair are reviewed in 
relation to EA-TEF and EA without TEF. The 
effects of EA repair surgery and fundoplication 
on gastric function are examined and whether 
there is an impact of this on long-term outcome 
of patients with EA.

 Embryology

The relationship between the esophagus and 
stomach is an example of the coordinated func-
tion that characterizes the alimentary tract. The 
smooth sequential movement of the upper intesti-
nal tract is made possible by their common ori-
gins. The embryology of the foregut is discussed 
elsewhere in this book. In brief the primitive fore-
gut gives rise to the pharynx, respiratory tract, 
esophagus, stomach, and proximal duodenum. 
Differentiation of the stomach commences 
around 7 weeks of gestation. The gastric cavity 
and esophagus therefore develop in concert dur-
ing embryologic differentiation of the foregut. 
While the precise event or sequence of events 
that lead to the various EA defects is not defined, 
there is data that shows anomalies of the sonic 
hedgehog and related signaling pathways are 
involved [1]. The same pathways are involved 
anatomically and functionally in the normal fore-
gut [2]. Furthermore atretic malformation of seg-
ments of the alimentary tract distal to the stomach 
is associated with the EA-TEF spectrum [3].

 Gastric Anatomy at Birth

During fetal growth functional maturity of the 
alimentary tract involves the flow of amniotic 
fluid, and in utero foregut obstruction leads to 
abnormalities of fluid volume [4]. The most 
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 common form of EA comprises a blind-ending 
upper esophageal pouch and a TEF to the lower 
esophageal end so that fluid can flow via the tra-
cheal fistula into the distal esophagus and there-
fore the remainder of the alimentary tract. In EA 
without a TEF to the distal esophageal pouch, 
amniotic fluid cannot flow through to the lower 
esophagus and stomach, and therefore develop-
ment of the stomach can potentially be affected 
in such cases. Indeed diminished or absence of 
air in the stomach is a radiological feature for the 
diagnosis of pure EA [5].

Sase et al. examined fetal gastric volume using 
ultrasound [6]. Women with normal singleton 
pregnancies between 18 and 39 weeks of gesta-
tion were included in their study. Gastric mea-
surements were also performed in 13 fetuses with 
digestive tract obstruction. While the cases of EA 
were not defined in terms of the presence or 
absence of a fistula, the gastric area ratio was 
below the 95 % confidence interval for the pre-
dicted value in all five fetuses with EA and 
greater than the 95 % confidence interval for the 
predicted value in 7 of 8 with duodenal atresia or 
distal intestinal tract obstruction. While it is rea-
sonably assumed that amniotic fluid has a role to 
play in the development of the gut, there has been 
no systematic study on the development of the 
stomach and gastric anatomy in patients with 
EA. Indirect evidence comes from an investiga-
tion of the neurohistopathology of the lower 
esophagus, gastroesophageal junction, and gas-
tric cardia associated with EA. Nakazato et al. 
used a microdissection technique to study the 
upper gastrointestinal tract of five patients with 
EA-TEF prior to surgical repair [7]. A looser than 
normal Auerbach’s plexus configuration was 
present in the distal esophagus, and the nerve 
plexus was abnormal in the gastric fundus of all 
the patients. The authors concluded that the find-
ings suggest the existence of congenital func-
tional impairment of the upper gastrointestinal 
tract in patients with EA-TEF, due to abnormal 
development of the myenteric plexus. In contrast 
to this, a report in which the authors utilized a 
manometric approach to examine the lower 
esophageal sphincter (LES) prior to EA repair 
showed that the relaxation of the LES was nor-

mal in response to contractions in the upper 
esophageal pouch suggesting that the neurophys-
iology of the gastroesophageal junction is normal 
in these patients [8, 9]. Our series of patients 
comprises the largest group of EA patients with-
out a distal TEF undergoing primary EA repair 
[10]. We have also noted that in cases of pure EA 
where there is almost no discernible length to the 
distal esophageal pouch (Fig. 44.1), the LES can 
still be visualized as a distinct structure 
(Fig. 44.2). Furthermore we have assessed the 
stomach visually and with contrast to define gas-
tric anatomy and noted that the dimensions of the 
gastric cavity have not been compromised in typ-
ical cases of EA without a distal TEF (Fig. 44.3) 
[10]. Conversely a report on nine babies with 
pure EA, albeit over a decade ago, noted that 
after initiation of gastrostomy feeds, seven (78 %) 
developed gastric complications, including two 
posterior gastric perforations (one fatal). The 
authors proposed that the high complication rate 
was due to a small, abnormal stomach that was 
vulnerable to damage by operative trauma and 
the effects of handling large volumes of feed. 
They hypothesized that the stomach is abnormal 
because it has not been exposed to the maturing 
effects of amniotic fluid in utero [11].

Fig. 44.1 An extremely short lower esophageal remnant 
that cannot be easily seen even when a probe is used to 
distend the area of the stomach in a case of pure esopha-
geal atresia. The gastric volume is not diminished
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 Gastric Electrophysiology

The electrical activity of the stomach was first 
defined almost a century ago. There is a consis-
tent pattern whether recorded from the serosal or 
mucosal surface of the stomach or the skin sur-
face [12]. The characteristic electrical activity 

comprises slow waves of three cycles per minute 
(cpm) or 0.05 Hz. This is driven by pacemaker 
cells high on the greater curvature and is an inher-
ent property of the smooth muscle of the stomach 
and related to cell membrane permeability 
changes and movement of sodium – interstitial 
cells of Cajal have been defined as the primary 
pace setting cells of the gastrointestinal tract 
[13]. Spikes waves correspond to action poten-
tials of muscular contractions. A maturation pat-
tern of the gastric electrical activity has been 
demonstrated dependent on the gestational age; a 
normal electrical rhythm can be detected during 
early gestation [14, 15]. Chen and McCallum 
reported that normal slow-wave frequency in the 
EGG was related to normal gastric motility and 
that abnormal slow-wave frequencies were asso-
ciated with motility disorders [16]. Dysrhythmias 
have been reported in patients with pseudo- 
obstructive disorders with associated gastric dys-
function suggesting that disordered gastric 
electrical activity is a sign of intrinsic neuro-
pathic disorders of the gut [3]. Surface skin 
recording or electrogastrography (EGG) and its 
uses in clinical practice are discussed in detail 
elsewhere in this book. Patients with EA have 
been studied using this technique. In a study of 
16 EA patients in comparison to controls, the 
authors found a wide frequency distribution with 
two individuals showing tachygastria (frequency 
≥5 cpm) and another two demonstrating brady-
gastria (frequency <2 cpm) [12]. The authors 
postulated that the wide range suggests that there 
is an electromechanical dissociation that results 
in abnormal gastric contractions. In a similar 
study by Yagi et al., 13 children with a history of 
EA repair underwent EGG, 5 of whom demon-
strated abnormalities [17]. The dysrhythmias 
continued in the postprandial period and were 
persistent in 3 of 5. The authors concluded from 
this that there must be a congenital neuronal 
defect associated with these findings in patients 
with EA. In support of this hypothesis, there is 
evidence to show that the smooth muscle cells of 
the stomach can exhibit an abnormal slow-wave 
frequency after inhibition of cholinergic activity 
[18]. Gastric dysrhythmias are suggested to cause 
antral dysmotility by inhibiting the strength of 

Fig. 44.2 The appearance of the lower esophageal 
sphincter in the case from Fig. 44.1

Fig. 44.3 Contrast study after esophageal atresia repair 
and fundoplication in a case of pure esophageal atresia; 
the gastric volume does not appear to be diminished
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contractions or reducing aboral propagation of 
contractions [19]. In a study by Bokay et al., 
there was a significant increase in bradygastria 
and decrease in tachygastria in the postprandial 
from the preprandial period in patients with a his-
tory of EA repair in comparison to controls [20]. 
Abnormal EEG patterns were present in 11 of 15 
of the EA patients, while in 12 of 15 some clini-
cal evidence of gastroesophageal reflux (GER) 
had been noted, and 60 % of the EA patients 
showed reflux on esophageal pH monitoring. 
There was no difference in the distribution of 
gastric myoelectrical activity between those with 
and without esophageal reflux on pH monitoring 
either before or after a meal. The authors of this 
study hypothesized that the significant increase 
in bradygastria and decrease in tachygastria in 
the postprandial period indicate that the myoelec-
trical response to ingested meals is sluggish [20]. 
The lack of a relationship between symptoms and 
abnormal myoelectrical activity evident in this 
study was a feature of the studies of Cheng et al. 
and Yagi et al. In particular there is no clear asso-
ciation between the presence of GER and abnor-
malities of gastric slow waves from these 
studies.

 Gastric Function

There are limited data on the mechanical func-
tion of the stomach after EA repair. Investigators 
have focused on the stomach mainly to try and 
explain upper digestive symptoms that are 
reported in patients after EA repair in children 
and adults [21]. Gastric emptying by scintigraphy 
is the gold standard for the study of gastric func-
tion [21, 22]. It was first described by Griffith 
et al. in 1966 and is now used routinely in adult 
and pediatric patients to assess gastric emptying 
of solids and liquids [22]. Jolly et al. used scintig-
raphy to assess liquid-phase gastric emptying as 
well as GER in children after EA repair [3]. The 
authors noted that gastric emptying delay and 
GER were related to the use of tension on the 
esophageal ends in achieving primary EA repair. 
In a study by Montgomery et al. using a mixed 
meal comprising of pancakes in older children 

gastric emptying was abnormal in two of ten chil-
dren with GER [23]. Romeo et al. examined gas-
tric emptying in patients who had EA repair in 
childhood, 60 % of whom had symptoms of dys-
pepsia and dysphagia [24]. They found longer 
gastric emptying times in EA patients compared 
to controls with overt gastric delay in 4 of 11 
patients using solid-phase emptying. The authors 
concluded that delayed gastric emptying is com-
mon and may be responsible for GER in EA 
patients. Our own data (unpublished) has been 
based on long-gap EA patients [10]. We exam-
ined liquid-phase gastric emptying in nine infants 
with only one showing delay (gastric emptying 
half-life – T ½ of >90 min); all our patients had 
undergone a fundoplication. In the most recent 
publication on the subject by Caldaro et al., 12 of 
39 patients with EA exhibited delayed gastric 
emptying [25]. The possibility of gastric empty-
ing delay as a cause of significant GER though 
elegant is not clear from the pediatric data. In a 
study by Aktas et al., gastric emptying times did 
correlate with the degree of scintigraphically 
assessed GER in infants [26]. In children with 
severe neurological injury from birth (cerebral 
palsy), gastric emptying times were found to be 
the same in patients with pathological GER diag-
nosed with pH monitoring and control patients 
[27]. Gastric emptying, foregut dysmotility, and 
GER often coexist. This has been noted in spe-
cific patient groups such as the abovementioned 
children with neurological injury [28], as part of 
morphological syndromes and foregut anatomi-
cal disorders. Manometric study of gastric motil-
ity in EA patients was conducted by Romeo et al. 
in the study of EA patients discussed above [24]. 
The investigators were able to recognize the fea-
tures of the migrating motor complex in the inter-
digestive phases: phase I, a quiescent period; 
phase II consisted of irregular motor activity; and 
phase III a period of coordinated contraction. 
Three peristaltic wave types (I, II, and III) cycle 
were also identified. In 5 of 11 patients, the dura-
tion of the third phase and the frequency and 
amplitude of the peristaltic waves were abnor-
mal. The authors found that antral hypomotility 
was due to increased duration of the third fasting 
phase and to reduced amplitude of type III 
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 peristaltic waves. The significance of the findings 
was less clear in that two patients with GER were 
symptomatic and had delayed gastric emptying 
and abnormal gastric manometry, two others with 
delayed gastric emptying and abnormal manom-
etry had no symptoms, and one patient had mano-
metric abnormality but without major symptoms 
or gastric emptying problems. The authors noted 
that the alterations observed had some similari-
ties with those observed in patients with primary 
or secondary dyspeptic syndromes. As noted 
above antral dysmotility may be a feature abnor-
mal slow-wave activity [20, 29]. It could be pos-
tulated that foregut dysmotility gives rise to 
gastric emptying delay which in turn results in 
GER. In addition primary repair of EA could 
potentially involve disruption of the vagus nerve 
further complicating the etiological relationship 
between electrophysiology, manometry, and 
symptomatology in these patients [30].

 Fundoplication

Gastroesophageal reflux is a common sequel to 
congenital disorders of the foregut. In one study 
almost all patients treated for EA developed GER 
[31]. Not surprisingly therefore most case series 
of EA patients show that a proportion of children 
undergo fundoplication [32]. Fundoplication in 
children with preexisting upper gastrointestinal 
dysmotility may however be problematic. In a 
series of children evaluated for symptoms of 
upper gastrointestinal motor dysfunction having 
undergone fundoplication for severe GER symp-
toms were unchanged or worsened after fundo-
plication [33]. The outcome of fundoplication 
may be specifically related to gastric motility. 
Loots et al. examined dysphagia after fundoplica-
tion and found that children who developed post-
operative dysphagia were those with preoperative 
gastric emptying delay as compared to children 
without gastric emptying problems [34]. 
Conversely mean gastric emptying time was 
shown to be reduced in patients after undergoing 
Nissen fundoplication [35]. The acceleration in 
gastric emptying after fundoplication was elabo-
rated to represent a shift toward normal gastric 

emptying times in the vast majority of patients in 
one study [36]. This would imply that while post- 
fundoplication symptoms may develop in patients 
with preoperative gastric emptying delay, ulti-
mately gastric emptying may be improved in this 
group. The findings in relation to post- 
fundoplication gastric emptying are however not 
consistent. In a study of children undergoing 
Nissen fundoplication for GER, the investigators 
were able to demonstrate reduction in gastric 
compliance, an increase in minimal gastric dis-
tending pressure, exacerbation of the sensation 
discomfort with gastric distension, and yet no 
effect on gastric emptying [37].

Patients with EA are likely to need a fundopli-
cation if tension is necessarily applied to the 
esophageal ends to achieve primary anastomosis 
[19]. Wheatley et al. described wrap disruption 
and recurrent reflux in 33 % of a pediatric popula-
tion treated for EA [38]. The authors theorized 
that upward tension on the wrap owing to the 
presence of a shortened esophagus probably pre-
disposed these patients to an increased frequency 
of fundoplication failure. Snyder et al. also con-
cluded that the same factors responsible for the 
development of reflux in children with EA (poor 
acid clearance, altered motility, esophageal short-
ening) may contribute to the higher failure rate 
[39]. The authors showed that a complete or 
Nissen fundoplication failed twice as commonly 
as partial wrap fundoplication.

Apart from failure of the fundoplication, there 
are other consequences to a Nissen fundoplica-
tion in patients after EA repair. In the study by 
Curci et al. of 14 of 31 patients who underwent a 
Nissen fundoplication, dysphagia requiring sup-
plemental gastrostomy feeding became an issue 
in 5 [32]. Of those five patients, four underwent 
postoperative manometry and extended pH moni-
toring, which revealed normal LES pressure, nor-
mal pH results, and marked esophageal 
dysmotility. The authors postulated that the fun-
doplication created a mechanical obstruction for 
those patients with a dyskinetic esophagus that 
cannot generate the pressure to open the 
LES. Other investigators have also concluded 
that particularly in children with EA, 
 fundoplication cannot be considered a procedure 
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without complications and that problems result-
ing from disturbed gastric and esophageal motil-
ity should not be underestimated [40]. As 
discussed above fundoplication is inevitable in 
cases of long-gap EA where significant tension is 
necessary for primary repair, and, as noted by 
Esposito et al., dysphagia occurs independent of 
the anti-reflux mechanism adopted and that dys-
phagia especially when associated with respira-
tory symptoms may be a consequence of the 
primary dysmotility of the esophagus that typi-
fies EA [41]. In our true long-gap EA patients, 
fundoplication was always performed after EA 
repair, and we have shown that the children are 
able to develop normal feeding milestones [42].

 Long-Term Outcome

The most commonly reported long-term problem 
after EA repair is GER [43–48]. An Australian 
long-term follow-up study showed that older 
symptomatic patients had a high risk of compli-
cations: 63 % had reflux symptoms and 19 % had 
severe symptoms [43]. Another long-term study 
of 227 EA patients, spanning more than two 
decades, found GER in 127 patients (58 %); 56 
patients (44 %) required an anti-reflux procedure 
[49]. Similarly in a series of 31 EA patients 
treated for GER 14 patients (45 %) required a 
Nissen fundoplication [32]. A study of adults 
found that GER was a common problem that 
impaired quality of life in 30 % of patients [44]. 
Tovar et al. showed symptoms were related to 
reduced acid clearance as a result of ineffective 
peristalsis in the distal esophagus in relation to 
GER [45], and as discussed above disordered 
esophageal motility is known to be a constant 
feature of the repaired esophagus in EA and 
therefore poor esophageal clearance [43–50]. 
Apart from low LES pressure and lack of propa-
gating motility, esophageal contractions are 
simultaneous and weak, especially in the lower 
esophagus [20, 50, 51]. Low LES pressure in 
such patients has been associated with more 
severe reflux and aspiration pneumonia [52]. 
However, no correlation was found between pul-
monary problems and the presence of GER, 
esophagitis, or esophageal dysfunction [49, 53].

 Summary

The available data on gastric pathophysiology in 
the setting of EA is limited but does allow some 
conclusions to be drawn. It can be reasonably 
argued that the foregut neurophysiology may not 
be normal at birth at least in a proportion of EA 
patients; however, the genetic data which is 
largely based on animal models does not allow us 
to differentiate between the known human pheno-
types. At birth the morphology of the stomach is 
not greatly altered in EA-TEF, and there is insuf-
ficient data to suggest gastric volume is reduced in 
cases of EA without TEF. Gastric emptying delay 
can be a problem in patients and may contribute to 
GER. The etiology of gastric delay may involve 
antral hypomotility related to congenital neuronal 
disruption in some patients. The effect of EA sur-
gery and possible injury to the vagus nerve can be 
considered as contributing to gastric emptying 
delay. Tension applied to the esophagus affects 
the gastric cardia, and fundoplication is known to 
have an effect on gastric physiology though how 
this affects patients with EA is less clear. Our own 
findings based on long- gap EA patients along 
with other data indicate that indeed a small pro-
portion of children consistently demonstrate 
abnormalities of gastric function; however, this 
does not account for the proportion of patients 
with a history of EA-TEF repair that expresses 
upper gastrointestinal symptoms. Apart from 
GER there is evidence to show that the upper 
digestive and pulmonic symptomatology is related 
to poor clearance from the esophagus and may be 
the major factor to consider in adults who present 
with esophagopulmonic symptoms.
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