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Purpose: Studies on the physiology of the transposed stomach as an esophageal substitute in the form of a gastric 

pull-up or a gastric tube in children are limited. We conducted a study of motility and the pH of gastric esophageal 

substitutes using manometry and 24-hour pH measurements in 10 such patients. 

Methods: Manometry and 24 hour pH studies were performed on 10 children aged 24 to 55 months who had under-

gone gastric esophageal replacement. 

Results: Six gastric tubes (4, isoperistaltic; 2, reverse gastric tubes) and 4 gastric pull-ups were studied. Two gastric 

tubes and 4 gastric pull-ups were transhiatal. Four gastric tubes were retrosternal. The mean of the lowest pH at 

the midpoint of the substitute was 4.0 (range, 2.8-5.0) and in the stomach remaining below the diaphragm was 3.3 

(range, 1.9-4.2). In both types of substitute, the difference between the peak and the nadir pH recorded in the in-

tra-thoracic and the sub-diaphragmatic portion of the stomach was statistically significant (p＜0.05), with the pH 

in the portion below the diaphragm being lower. The lowest pH values in the substitute and in the remnant stomach 

were noted mainly in the evening hours whereas the highest pH was noted mainly in the morning hours. All the cases 

showed a simultaneous rise in the intra-cavitatory pressure along the substitute while swallowing.

Conclusion: The study suggested a normal gastric circadian rhythm in the gastric esophageal substitute. Mass con-

tractions occurred in response to swallowing. The substitute may be able to effectively clear contents.
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INTRODUCTION

While “the native esophagus is the best esoph-
agus”, esophageal replacement becomes necessary 
in certain conditions. The stomach has become a 

popular substitute in recent decades. However, prep-
aration of the stomach as an esophageal substitute is 
associated with substantial alteration in its blood 
supply, capacity, parietal cell mass, innervation, and 
shape (due to stretching); and relocation of the or-
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Fig. 1. Position of the trans-
ducers in (A) gastric tube 
esophagoplasty and (B) gastric 
pull-up.

gan partly or completely in the intrathoracic position 
has its own implications. This surgical procedure has 
effects on gastric secretion, motility and gastric emp-
tying [1]. 

The physiology of the transposed stomach has 
been studied mainly in adults and the results are still 
debated [2]. Many case reports and series of gastric 
transpositions and gastric tube in children address 
the residual gastric motility after gastric transposition. 
However, studies of manometry and pH of gastric 
esophageal substitutes in children are relatively 
sparse. This study was designed to evaluate the mo-
tility of the gastric tube and the pulled-up stomach 
by manometry and 24-hour pH study in gastric 
esophageal substitutes. 

MATERIALS AND METHODS

This study was an observational evaluation of 10 
patients who had undergone an esophageal replace-
ment. These patients were investigated from 9 
months to 43 months after the operation. The aver-
age time since surgery at which the patients were in-

vestigated was 20.9 months. All the patients were 
subjected to a manometry and a 24-hour pH study.

Manometry was performed using a 16 channeled 
high resolution system (which uses software to ana-
lyze the manometry trace) for 30 minutes. This sys-
tem includes 16 channel water perfusion high reso-
lution manometry with spatiotemporal analysis plot. 
The pressure profiles of the upper, mid and lower 
portion of the transposed substitute were measured 
through multiple ports of a polyurethane 16-channel 
catheter. Ports were placed at a distance of 3 cm 
along the length of the substitute and the distance 
decreased to 1 cm at the lower esophageal sphincter 
(LES) and in the remaining part of native stomach 
below the diaphragm. These positions were labeled 
P1 (9 cm above the level of the diaphragm), P2 (6 cm 
above the level of the diaphragm), and P3 (3 cm 
above the level of the diaphragm) (Fig. 1). The num-
bers of ports used varied according to length of sub-
stitute and the part of the stomach remaining below 
the diaphragm. The catheter was connected to trans-
ducers; a continuous flow of distilled water was 
maintained through the catheter channels at a rate 
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Table 1. Age Distribution of the Patients

Girl Boy

Tube 2 y 6 mo, 3 y 10 mo 3 y 4 mo, 3 y 5 mo, 
2 y 2 mo, 4 y

Pull-up 2 y, 4 y 5 mo 4 y 7 mo, 4 y 6 mo

of 0.5 mL/min.
The catheter was inserted through the nostril and 

advanced until the lowermost port of the catheter 
corresponded to the antrum of the stomach. 
Intraluminal pressures were measured at rest and 
during swallowing. Children were given only water 
to swallow. Pressure tracings were seen on the mon-
itor with data acquisition at 25 Hz.

Manometry was performed without sedation in 
almost all the patients except for a few, in whom in-
jection midazolam 0.01g/kg was given. It has been 
proven that midazolam has minimal or no influence 
on pressure measurements [3].

Twenty-four hour pH studies were carried out us-
ing an antimony electrode with an external refer-
ence electrode, connected to a recording device, i.e., 
a gastrograph. The system was calibrated for pH 4 
and pH 7 for every patient. The antimony electrode 
had two sensors; the lower sensor was placed in the 
intra abdominal portion of the stomach, and the up-
per sensor was placed at the midpoint of the pulled 
up stomach or reconstructed gastric tube (the mid-
point from the diaphragm to the cricopharynx). The 
position of the sensors was confirmed using a C-arm.

The patients were taught to mark events such as 
feeding, crying and variation in position (upright 
and supine). The child was allowed to carry out rou-
tine activities and feed normally.

The gastrograph records the pH at the midpoint of 
the substitute and in the stomach remaining below 
the diaphragm every 4 seconds and stores the data. 
An event marker incorporated into the gastrograph 
marks the events. The data is analyzed by a computer.

Observations
The lowest pH, the highest pH, and the relation-

ship between pH and food, both in the esophageal 
substitute and in the stomach remaining intra-ab-
dominally were studied. Pressure changes in the 
substitute were also studied in resting and swallow-
ing phases. Of the 10 patients studied, 6 were boys 
and 4 were girls. The age range was 2 years to 4 years 
7 months with 3 patients each in the 2 to 3 years and 
3 to 4 year age groups and 4 patients in the 4 to 5 year 

age group (Table 1). The patients were investigated 9 
months to 43 months after the operation. The aver-
age time since surgery at which the patients were in-
vestigated was 20.9 months. Six patients had a gas-
tric tube esophagoplasty of which 4 were isoperistaltic 
and 2 were reverse gastric tubes. Four patients had a 
gastric pull-up. Two gastric tubes and 4 gastric 
pull-ups were done by the transhiatal route. The re-
maining 4 gastric tubes were brought up through the 
retrosternal approach.

The lowest pH at the midpoint of the substitute 
ranged from 2.8 to 5.0 (mean of 4) and in the stom-
ach remaining below the diaphragm ranged from 1.9 
to 4.2 (mean of 3.3). The highest pH values recorded 
at the midpoint of the gastric tubes were 8.0, 7.8, 7.2, 
7.8, 8.1, and 7.9 with a standard deviation (SD) of 
0.316. For gastric pull-ups, the highest pH at the 
midpoint of the thoracic portion were 7.2, 7.9, 8.4, 
and 7.7 with an SD of 0.496; the lowest pH were 2.8, 
3, 5, and 3.7 with an SD of 0.99. The highest pH in the 
stomach remaining below the diaphragm in all the 
10 patients was between 7 and 8. In patients with 
gastric tube esophagoplasty, the highest pH in the 
portion of the stomach below the diaphragm were 
7.3, 7.6, 7.5, 7.3, 7.4, and 7.6 with an SD of 0.1378. 
The lowest pH in this portion were 4.0, 2.8, 3.4, 3.9, 
4.1, and 3.4 with an SD of 0.493. In case of gastric 
pull-ups, the highest pH in the portion of the stom-
ach below the diaphragm were 7.3, 7.5, 7.3, and 7.1 
with an SD of 0.163 and the lowest pH in this portion 
was 1.9, 2.2, 4.2, and 3.0 with an SD of 1.02. 

In both types of substitute, the difference between 
the peak and the nadir pH recorded in the in-
tra-thoracic and the sub diaphragmatic portion of 
the stomach was statistically significant (p＜0.05; 
paired t-test), with the pH in the portion below the 
diaphragm being lower.
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Table 2. Lowest and Highest pH Values in Gastric Tubes and 
Gastric Pull-Ups

　

Midpoint of the 
substitute

Portion of the stomach 
below the diaphragm

Lowest Highest Lowest Highest

Gastric tubes 4.5 8 4 7.3
4.1 7.8 2.8 7.6
4 7.2 3.4 7.5
4.8 7.8 3.9 7.3
3.7 8.1 4.1 7.4
4.3 7.9 3.4 7.6

  Average 4.23 7.8 3.6 7.45
Gastric pull-ups 2.8 7.2 1.9 7.3

3 7.9 2.2 7.5
5 8.4 4.2 7.3
3.7 7.7 3 7.1

  Average 3.62 7.8 2.8 7.3

Table 3. Relationship between Food and pH

　

Midpoint of the 
substitute

Portion of the stomach 
below the diaphragm

 30 min 2 h 30 min 2 h 

Gastric tubes 6.9 5.2 5 4.6
4.1 4.2 6.9 7.4
4.5 4.3 3.6 3.4
5.7 5.5 4.1 4
4.3 4.3 4 4.2
4 4.1 3.9 4.2

  Average 4.92 4.6 4.58 4.63
Gastric pull-ups 4.2 3.9 3 2.8

3.4 3.7 3.7 3
6 5.9 4.4 4.5
4 4.3 3.2 3.1

  Average 4.4 4.45 3.575 3.35

The average peak pH in the intrathoracic gastric 
tube was 7.8 and the average nadir pH was 4.3. The 
average peak pH in the intrathoracic gastric pull-ups 
was 7.8 and the average nadir pH was 3.62. In the 
stomach remaining below the diaphragm, the aver-
age peak pH in the case of gastric tube esoph-
agoplasty was 7.45 and the average trough pH was 
3.6; whereas in the case of gastric pull-ups, the aver-
age peak pH in the stomach remaining below the di-
aphragm was 7.3 and the average trough pH was 2.8.

The lowest pH values in the substitutes and in the 
remnant stomachs were noted mainly in the evening 
hours whereas the highest pH was noted mainly in 
the morning hours (Table 2).

In a period of 24 hours, at the midpoint of the sub-
stitute, a pH of more than 6 was noted 70% of the 
time. During 26% of the time, the pH was between 4 
and 6 and only during 4% of the time did the pH dip 
below 4. In the stomach remaining below the dia-
phragm, during 68% of the time the pH was between 
4 and 6 and about 18% of the time the pH was in be-
tween 2 and 4. 

Relationship between supine position and pH
In supine position, the pH values at the midpoint 

of the gastric tube were 4.3, 7.6, 4.9, 5.2, and 4.8 with 
an average of 5.3 and an SD of 1.6. In patients with 

gastric pull-up, the pH values at the midpoint of the 
thoracic portion of the stomach were 3.9, 4.5, 5.8, 
and 5.1 with an average of 4.83 and an SD of 0.8.

Relationship between food and pH
The relationship between food and pH was also 

studied. The pH at the midpoint of the substitute and 
in the stomach remaining below the diaphragm was 
measured 30 minutes and 2 hours after a meal. The 
pH at the midpoint of the gastric tube substitute 30 
minutes after a meal was 4.91 (mean) with an SD of 
1.14. The pH at the same site 2 hours after a meal was 
4.6 (mean) with an SD of 0.5. The pH at the midpoint 
of the gastric pull-up substitute 30 minutes after a 
meal was 4.4 (average) with an SD of 1.1. Two hours 
after a meal, the pH at the midpoint of the gastric 
pull-up substitute averaged 4.45 with an SD of 0.9.

The pH in the stomach remaining below the dia-
phragm in the cases of gastric tube esophagoplasty 
30 minutes after a meal was 4.58 (average) with an 
SD of 1.22 and 2 hours after a meal was 4.63 with an 
SD of 1.14. 

In the case of gastric pull-ups, the pH 30 minutes 
after a meal in the portion of the stomach below the 
diaphragm was 3.57 on average, with an SD of 0.62 
whereas 2 hours after a meal, the pH in this portion 
of the stomach was 3.35 (average) with an SD of 0.77 
(Table 3).
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Average resting pressure
The average resting pressure in the patients with a 

gastric tube esophageal substitute throughout the 
substitute (i.e., average of P1, P2, and P3) was 1.358 
mmHg and at the level of the diaphragm (i.e., LES) it 
was 3.65 mmHg. 

The average resting pressure of the stomach re-
maining below the diaphragm was 2.06 mmHg.

In patients with gastric pull-up, the average rest-
ing pressure throughout the substitute (i.e., average 
of P1, P2, and P3) was 1.21 mmHg and at the level of 
the diaphragm (i.e., LES) it was 1.945 mmHg. The 
average resting pressure of the stomach remaining 
below the diaphragm was 1.845 mmHg.

Average peak pressure at various points
The average peak pressure of the gastric tube 

throughout the substitute (average of P1, P2, and 
P3) was 10.64 mmHg and the pressure at the level of 
diaphragm was 19.66 mmHg.

The average peak pressure of the stomach remain-
ing below the diaphragm was 7.45 mmHg.

The average peak pressure of the gastric pull-up at 
P1, P2, and P3 was 9.293 mmHg. The average peak 
pressure at the level of the diaphragm was 11.84 
mmHg. The average peak pressure of the stomach re-
maining below the diaphragm was 7.007 mmHg.

Effect of swallowing
In our study it was found that in all the cases there 

was a simultaneous rise in the intra-cavitatory pres-
sure at P1, P2, P3 during a swallow, indicating simul-
taneous contraction of the whole stomach 
substitute.

DISCUSSION

Of the many procedures described for esophageal 
replacement, gastric transposition has been consid-
ered the first choice [1,4]. According to a study by 
Hirschl and Yardeni [5] this procedure has few short 
term complications; however there are some long 
term complications [4], including the concern for 
Barret’s esophagus in the proximal esophageal 

remnant. Such outcomes would be dependent on the 
substititute’s ability to clear secretions and boluses, 
as well as its ability to maintain a physiological pH. 
Gupta et al. [2] performed a manometric evaluation 
of the intrathoracic stomach after gastric trans-
position in 18 children but the pH was not studied in 
that series. Hence, our study was designed to eval-
uate the motility of the gastric tube and the whole 
stomach by Manometry and 24-hour pH study of of 
the esophageal.

Gastric transposition in any form such as gastric 
tube (either reverse gastric tube or isoperistaltic gas-
tric tube) or gastric pull-up cannot function fully as a 
native esophagus. Factors such as disruption in the 
neuronal plexus, alteration in blood supply and ec-
topic position of the stomach definitely alter the 
pressure waves generated in the substitute. The ex-
act motor behaviour of the stomach as an esophageal 
substitute is not well understood. A few studies 
based on motor response suggest that it merely acts 
as an inert organ. However, recent follow-up studies 
question this concept and there is increasing evi-
dence that the transposed stomach recovers some 
motor activity and may even generate complete mi-
grating motor complexes [6]. Studies using electrical 
impedance tomography and surface electrography to 
study gastric emptying following gastric trans-
position have reported that the transposed stomach 
does not behave as an inert conduit but retains its 
reservoir function with an extremely irregular emp-
tying pattern [7-9].

Our study found a simultaneous rise in the in-
tra-cavitatory pressure at P1, P2, P3 during a swallow 
in all the cases, suggesting simultaneous contraction 
of the whole substitute. There was no propulsive pro-
gressive propagated peristaltic wave in any of the pa-
tients studied. Mass contractions were observed in 
all the cases. Our finding of mass contractions in re-
sponse to swallowing indicate that there probably is 
functional integrity of the neuronal plexuses and 
that while the waves may not appear progressive 
there is definite evidence of swallow related motor 
activity in the stomach. Whether this mass con-
traction ultimately will evolve into a peristalsis that 
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effectively clears gastric secretions away from the 
esophageal remnant remains to be seen and long 
term follow up of our patients may provide the an-
swer to this.

All the patients in our study were in the preschool 
age group. According to Nagita et al. [10], the normal 
pH of the stomach in the preschool age group is 1 to 
3. In our study, the average pH of substitute as well 
as the stomach in both groups is higher as compared 
to normal [10].

At the midpoint of the substitute, the pH was more 
than 6.0 about 70% of the time. During 26% of the 
time the pH was between 4 and 6 and during 4% of 
the time the pH was less than 4. In the stomach 
(below the diaphragm), during 68% of time the pH 
was between 4 and 6 and about 18% of time the pH 
was in between 2 to 4.

The lowest pH at the midpoint of the substitute 
averaged 4.3 in gastric tubes and 3.6 in gastric 
pull-ups. The lowest pH in the stomach remaining 
below the diaphragm averaged 3.6 in gastric tubes 
and 2.8 in gastric pull-ups. The lowest pH in the sub-
stitute and the stomach was noted mainly in the eve-
ning hours. The highest pH at the midpoint of the 
substitute and the stomach remaining below the dia-
phragm was noted mainly in the morning hours. 
These findings suggest that normal gastric circadian 
rhythm is maintained in the substitute. It could ei-
ther be due to reflux of gastric juice into the sub-
stitute from the stomach remaining below the dia-
phragm or due to gastric secretion from the 
substitute. It can also be attributed to circadian auto-
nomic nervous outflow.

Gutschow et al. [11] found the normal gastric pH 
profile in 32.3% of patients who were operated with-
in 1 year, in 81.5% of those operated between 1 and 
3 years previously and in 97.6% of those patients op-
erated more than 3 years before the study. 

The initial reduction of acid secretion in the trans-
posed stomach could be because of vagal denerva-
tion, alterations in the blood supply of the stomach, 
or decreased stomach capacity. In addition to these 
factors, a decrease in the number of parietal cells is 
also responsible for decrease in acid production in 

the gastric tube [1].
Intraluminal pH is gradually restored. This is prob-

ably similar to the increase in acid output with time 
in adult patients vagotomised for duodenal ulcer dis-
ease [9].

Gutschow et al. [11] discussed the cause of pro-
gressive acidification in the denervated stomach as 
an esophageal substitute and argued that “the vagus 
nerve fibers have no direct connection with the sub 
mucosal plexus but terminate on the myenteric 
plexus within the lesser curvature, so that vagal in-
puts reach the submucous plexus only through inter-
connective path ways originating from the myen-
teric ganglia.” However, the enteric nervous system 
within the gastric wall contains programs that or-
ganize both secretory and motor functions of the 
stomach; this ‘local brain’ can progressively function 
without any driving input from the central nervous 
system. Post-vagotomy ultra structural changes in 
neurons within the gastric wall and in parietal cells 
are reversible, while acid secretion increases towards 
preoperative values. Better recovery of the secretory 
than the motor function of the denervated stomach 
probably reflects easier self-reorganization of the sub 
mucous plexus because of a less complex archi-
tecture than the myenteric plexus. Moreover, unlike 
those in the myenteric plexus, nervous ganglia in the 
submucous plexus have not been shown to be con-
centrated within the lesser curvature, minimizing 
the role of resection of the lesser curvature in the re-
covery of a normal intraluminal pH profile.

Patterson et al. [12] in their longitudinal study 
found statistically significant differences in the elec-
trical control activity pattern at birth and that seen at 
the age of six months, suggesting that neonatal elec-
trical control activity undergoes a maturation 
process. This is an interesting phenomenon as it may 
follow in the transposed stomach and could be the 
cause of increased acidity in the substitute over time.

The average pH at the midpoint of the gastric tube 
30 minutes after a meal was 4.9 and 2 hours after a 
meal was 4.6. In the portion of the stomach below 
the diaphragm after gastric tube construction, the 
pH 30 minutes after a meal was 4.58 and 2 hours af-
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ter a meal was 4.63. In gastric pull-ups the pH 30 mi-
nutes after a meal as well as 2 hours after a meal was 
4.45. According to the study by Nagita et al. [10] 
postprandial peak intragastric pH values vary with 
age from 7 in neonates to about 4 in adolescents. 
Postprandial increases in intragastric pH lasted ap-
proximately 3 hours in children less than 10 years of 
age and lasted from 30 minutes to 2 hours in subjects 
over 10 years of age.

The salient findings of the present study can be 
summarized as follows: although there was no pro-
pulsive progressive propagated peristaltic wave in 
any of the patients studied, mass contractions were 
observed in all cases. There was no late mass con-
traction in response to swallow in any of the 
patients. A rise in pressure in the substitute was not-
ed during swallowing suggesting that the substitute 
may be able to clear contents. 

A circadian rhythm is maintained in the substitute. 
These findings need to be evaluated in a larger cohort 
over a longer period of time. Our finding that the 
substitute contracts during swallowing could have a 
bearing on the long term use of proton pump in-
hibitors and prokinetic agents in this group.
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