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Chapter 1
Distension of the esophagogastric junction in healthy volunteers affects 

triggering of transient lower esophageal sphincter relaxation and belching 

following consumption of a carbonated soft-drink
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ABSTRACT

Introduction

The mechanisms underlying transient lower esophageal sphincter relaxation (TLESR) are incom-

pletely understood. Aim of this study was to assess the effect of localized distension of the eso - 

phagogastric junction (EGJ) on triggering of TLESR in healthy volunteers prior and post consump-

tion of a carbonated drink. 

Methods

An esophageal manometric cathether incorporating an inflatable balloon was placed across the EGJ 

in 10 healthy volunteers and esophageal motility and EGJ pressures were recorded prior and post 

400mL carbonated soft drink consumption. The study protocol consisted of two 45 min pre-drink 

periods (deflated or inflated balloon) and two 90 min post-drink periods (deflated or inflated balloon). 

All subjects were studied twice on two separate days with the order of distension reversed. TLESRs 

and reported belches were recorded. 

Results

No order effect was seen, so the two studies per patient were taken together for analysis. Signifi-

cantly more belches were reported after inflation of the balloon, both pre- and post-drink (p=0.016 

and p=0.007 respectively). The number of TLESRs was also higher in the post-drink period with 

the balloon inflated, although this did not reach statistical significance (p=0.090). Inflation of the 

balloon caused a rise in EGJ pressure (21.7 ± 1.9 vs. 18.7 ± 2.1 mmHg, p<0.001).

Conclusion

Localized distension of the EGJ increases the number of belches, both before and after consumption 

of a carbonated drink. In addition, the number of TLESRs was higher when the EGJ was distended.
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INTRODUCTION

The esophagogastric junction (EGJ) is the high-pressure zone at the transition of the distal esoph-

agus and the cardia of the stomach and is composed of the lower esophageal sphincter (LES) and 

the crural diaphragm. The EGJ is the main anti-reflux barrier. The effectiveness of this barrier 

depends on both the distensibility and compliance of the EGJ. Distensibility is defined as the ability 

of the EGJ to relax when a stimulus (e.g. distension) is applied and the compliance is the ability of the 

EGJ to distend with increasing transmural pressure. GER disease (GERD) patients show an increase 

in EGJ distensibility and compliance, indicating its role in GERD pathology.1

The EGJ relaxes to allow bolus passage from the esophagus to the stomach after a swallow.2 However, 

the pressure in the EGJ can also drop transiently without a swallow This allows for venting air from 

the stomach, but also for gastroesophageal reflux (GER) to occur. These episodes of diminished EGJ 

pressure are caused by so called transient lower esophageal sphincter relaxations (TLESRs). 

TLESRs are mediated by a vago-vagal pathway, which can be initiated, amongst others, by the acti-

vation of tension receptors in the proximal stomach (e.g. by gastric distension after a meal, gas infu-

sion or intragastric balloon inflation).3,4 Vagal afferents of these receptors terminate in the brain-

stem (nucleus tractus solitarius), where they synapse with neurons of a central program generator 

that is sensitive to numeral other inputs regarding body position and consciousness. Vagal efferents 

then cause LES relaxation and inhibition of esophageal peristalsis. Furthermore, phrenic efferents 

result in relaxation of the crural diaphragm. TLESR is the mechanism underlying up to 90% of GER 

episodes in healthy controls and non-hiatus hernia GER disease (GERD) patients.5–8  

Although this mechanism is well described, multiple observations indicate a more complex mecha-

nism of TLESR triggering than can be explained by gastric distension alone.9–11 It is likely that several 

factors play a role in the neuromodulation of TLESR triggering. Pathological acid related GERD as 

well as non-erosive reflux disease patients have more liquid GER-related TLESR episodes, whereas 

healthy volunteers seem to selectively trigger gas GER.11–13 Cholecystokinin, a hormone released 

when nutrients enter the duodenum, decreases LES pressure and causes an increase in the number 

of TLESRs.14–16 It is furthermore known that nasogastric tubes exacerbate GER through enhance-

ment of TLESRs, while they are unlikely to induce gastric distension.17–20 In right lateral body posi-

tion, TLESRs are increased when compared to left lateral position, even though gastric emptying is 

enhanced which should theoretically lead to less distension of the proximal stomach. Finally, it was 

shown that TLESR triggering can be increased by relatively minor stimuli such as minimal amounts 

of infused feed and distension of the EGJ alone.21,22 We previously showed that distension of the EGJ 

increases the number of TLESRs during baseline recordings and in response to a test meal.21 Mucosal 

and/or tension receptors in and around the EGJ have been suggested to play a role in modulating 

this TLESR response.21

It is conceivable that EGJ distension affects the TLESR response differently when there is a sudden 

expansion of the proximal stomach after a carbonated drink as compared to the more gradually 
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distension of the stomach after a solid meal. In this study, our aim was to assess the effect of local-

ized EGJ distension on the triggering of TLESR following consumption of a carbonated soft drink.

METHODS

Subjects

Healthy adult volunteers, without a history of gastrointestinal surgery, were enrolled at the Women’s 

and Children’s hospital in Adelaide, Australia, and approval was obtained from the local medical 

ethical committee. All volunteers completed the Reflux Disease Questionnaire (RDQ) prior to 

commencement of the study.23 All subjects with a symptomatic (>1) score on the specific GER domain 

of the RDQ were excluded from the study.

Recording technique

The catheter used was previously described (Figure 1).21 The catheter incorporated a 6 cm long LES 

sleeve sensor and 6 manometric sides holes located -3.0, +3.0, +8.0, +18.0 and +29.0cm, relative to 

the sleeve midpoint. The pharyngeal channel was perfused at 0.15ml/min and all other sideholes 

and sleeve were perfused at 0.3ml/min with distilled degassed water. The catheter also incorpo-

rated an 8cm balloon that was located in the center of the catheter shaft adjacent to the sleeve 

sensor. The diameter of the sleeve sensor was 5.0mm (round) and inflation of the balloon doubled 

the catheter cross-sectional area to 5.0x11.0mm (oval). This design allowed continuous recording of 

EGJ tone and EGJ relaxation during periods when the balloon was deflated as well as inflated. The 

balloon was inflated with air and maintained at a constant pressure of 120mmHg using a purpose-

built low-pressure blowoff valve. Bench testing was performed to confirm that inflation and deflation 

of the balloon did not deform the sleeve membrane or alter sleeve performance. We previously 

showed that this catheter enables EGJ distension by inflation of a balloon without obscuring sleeve 

sensor measurements of LES pressure.21 Data acquisition and analysis were performed with the use 

of the BioView GER monitoring and manometry system (Sandhill Scientific, Denver, Colorado, USA).

Study protocol

The study protocol (Figure 2) used was designed to test the effect of EGJ distension on the trig-

gering of TLESRs following a 400ml carbonated soft drink. Subjects fasted for at least four hours 

prior to each study. The catheter was passed trans-nasally into the esophagus with the tip in the 

stomach and the sleeve straddling the LES high-pressure zone. Thirty minutes after intubation 

(adaptation period) the balloon was either inflated (Protocol A) or left deflated (Protocol B). After 

45 minutes of baseline recording (first pre-drink period), the subject was given the test drink and 

asked to consume it over a maximum of one minute. After 60min (first post-drink period) the balloon 

was either deflated (Protocol A) or inflated (Protocol B). After another 45 minutes (second pre-drink 

period) the subjects were given a second drink. Sixty minutes later (second post-drink period), the 

manometric recording was stopped and the catheter was removed. During the study, subjects were 
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asked to report any perceived belches to the investigator who marked these episodes on the mano-

metric tracing. Subjects were studied in a sitting position, were not permitted to view the mano-

metric equipment or tracing during acquisition and were not informed of the status of balloon-in-

flation. All subjects were studied twice on two separate days with the order of distension reversed.

Analysis of manometric tracings

The acquired data were divided into 3 periods (adaptation period, pre-drink period and post-drink 

period) that were further subdivided into two categories (inflated balloon or deflated balloon). To 

account for any order effects, subjects were studied twice and numbers of TLESRs and belches 

between different periods in protocol A and B were compared using non-parametric tests. Because 

order effects were not found, we averaged the results of all pre-drink and post-drink periods of study 

subjects.

Analyses were performed blinded to the status of the balloon. All given pressures are relative to 

gastric pressure. Mean basal end-expiratory LES pressure was determined at 2-minute intervals. 

All tracings were analyzed for TLESRs. These were defined using well-established water-perfused 

manometry criteria: 1) absence of swallowing for 4 s before to 2 s after the onset of LES relaxation; 

2) relaxation rate of >1mmHg/s; 3) time from the onset of relaxation to complete relaxation of < 10 

s; and 4) nadir pressure of <2mmHg. Excluding LES relaxations associated with multiple swallows, 

LES pressure falls that fulfill the last three criteria but have duration of >10s were also judged to be 

TLESRs, irrespective of the timing of the onset of the LES pressure fall to swallowing.23 Swallows 

were defined as a short sudden rise of pharyngeal pressure and their presence was recorded. 

To exclude an effect of balloon inflation on peristalsis, we analyzed all primary swallows and 

secondary peristaltic movements of 5 randomly picked volunteers for their amplitude in the 

esophagus. Average amplitudes of primary and secondary peristalsis were compared between the 

different pre- and post-drink periods. 

Statistical analysis

Parameters with a distribution that was assumed to be normal were described using mean ± SD. All 

other parameters are described using median (range). Primary outcome measure was defined as 

the number of TLESRs in the post-drink period. Secondary outcome measures were (1) the number 

of TLESRs during pre-drink periods and (2) the number of belches during pre-drink and post-drink 

periods in both protocols. Since no normal distribution could be assumed for the primary and 

secondary outcome measures, the paired data were compared using Wilcoxon’s paired signed rank 

sum test. For repeated measures of non-parametric data, the Friedman test was used.

Nadir pressure values were also compared using non-parametric tests, while baseline LES pressure 

values and amplitudes of primary and secondary peristalsis were assumed to be normally distrib-

uted and therefore tested using paired T-tests.  
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RESULTS

Subjects

All subjects enrolled (n=10, 6 male, age 24.2 [19-37] years) had RDQ scores of ±1 (0 [0-0]) and 

completed both studies. All but two subjects drank Coca Cola®, one subject drank Coca Cola light® 

and one drank soda water. Subjects did not react to or report any symptoms or sensations at the 

time of balloon inflation/deflation. When asked, subjects reported they could only guess during 

which periods in the study the balloon was inflated.

Order effects were ruled out, by showing numbers of TLESRs and belches were not significantly 

different in the two pre-drink periods of protocol A and B with the balloon left deflated (p=0.482 

respectively p=0.518). In pre-drink periods of protocol A and B with inflated balloon state, numbers 

of TLESRs and belches were not significantly different either (p=0.779 respectively p=0.291). 

Similarly, numbers of TLESRs and belches in the two after-drink periods of both protocols with 

deflated balloon were not different (p=0.858 respectively p=0.953). Finally, pst-drink periods of 

both protocols with inflated balloon showed no significant difference in TLESR rates and belches 

either (p=0.234 respectively p=0.592).

EGJ pressure

Mean EGJ pressure during the adaptation period was 17.2 ±2.2 mmHg. Inflation of the balloon caused 

an immediate and significant rise in EGJ pressure compared to a deflated balloon (respectively 

21.7 ± 1.9 vs. 18.7 ± 2.1 P<0.001), which was sustained for the entire pre-drink period (Figure 3). EGJ 

baseline pressure dropped significantly during and following consumption of the carbonated drink in 

both balloon states. In deflated state of the balloon, EGJ pressure dropped from 21 (10 – 39) mmHg 

before the drink to 1 (-4.5-17.5) mmHg after the drink (p=0.050). With an inflated balloon, EGJ pres-

sure dropped from 20 (10-47) before the drink to 0.25 (-4.5-20.5) mmHg after the drink (p=0.05). 

Balloon state did not influence nadir pressures significantly (p=0.280). In the post-drink period, EGJ 

pressures remained lower with the balloon deflated (12.4 ± 3.5 mmHg vs. inflated: 16.7 ±3.9 mmHg, 

p<0.001). EGJ pressure recovery to 90% of baseline pressure took an average of 45.2 ± 9.4 min in 

deflated vs. 29.4 ± 20.4 min in inflated balloon state. Mean difference in recovery time was 15.8 min 

(95% CI: -2.3-33.9 min, p=0.080).

TLESR and belching

Number of TLESRs and reported belches in the different periods in both protocols are shown in 

Table 1 and Figure 4. The number of TLESRs was higher in the post-drink period when the balloon 

was inflated vs. deflated, although it did not reach statistical significance (p=0.090). Significant more 

belches were reported in inflated vs. deflated balloon state, both during pre-drink and post-drink 

periods (p=0.016 and p=0.007 respectively). One of the volunteers, who drank Coca Cola Light®, was 

found to have less TLESRs in the post-drink period (n=10.5) compared to the pre-drink period (n=13).
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Primary and secondary peristalsis

Primary and secondary peristaltic contractions were analyzed in tracings of 5 subjects. Median 

number of primary peristaltic movements per patient was equal for deflated (230 [153-371]), and 

inflated (250 [206-366]) balloon state (p=0.271). Similarly, number of secondary peristaltic contrac-

tions was comparable for deflated (13 [8-28]) and inflated (11[10-25]) balloon state (p=0.73). There 

was no difference in the median amplitude of primary peristalsis in inflated (41[38-51] mmHg) and 

deflated (42 [38-48] mmHg) balloon state (p=0.209). Nor was there a difference in the median 

amplitude of primary peristalsis in inflated (42 [20-82] mmHg) and deflated (35[23-69] mmHg) 

balloon state (p=0.331). 

DISCUSSION

In this study, we show that localized distension of the EGJ increases the number of belches, both 

before and after consumption of a carbonated drink. In addition, we demonstrated that the number 

of TLESRs was higher when the EGJ was distended, although this did not reach statistical signifi-

cance. 

The results of this study add to those of our previous study in which we distended the EGJ prior and 

after a refluxogenic test meal.21 In both studies, triggering of TLESR was more pronounced during 

distension of the EGJ. We believe this cannot solely be explained by the currently known pathway of 

gastric distension induced activation of vagal afferents ultimately leading to TLESR. It is important 

to realize that application of the distending stimulus applied to the EGJ in this study does not cause 

a large increase in triggering TLESRs on itself, which is the case when e.g. a balloon is positioned 

in the proximal stomach and inflated.24 It rather seems to lower the threshold for a TLESR to occur. 

Ingestion of a solid meal showed a more convincing effect of EGJ distension on triggering of TLESRs 

directly after consumption of the (high caloric) meal,21 compared to the post-drink period in this 

study. This suggests that other mechanisms are in play when the stomach is distended by a meal 

as compared by a carbonated drink. It is conceivable that mucosal and/or mechanoreceptors in and 

around the EGJ react differently to gas or liquid contents and could selectively lower the threshold 

for stimulation of the pathway inducing TLESR. This would be important to allow venting of air, but 

at the same time reduce the number of liquid GER events. Previous observations in GERD patients 

show that they have more liquid GER-associated TLESRs compared to healthy volunteers,25 which 

could then in part be explained by the absence or defective function of such receptors. Furthermore, 

the previously described increased distensibility of the EGJ in GERD patients,1 may actually lead to 

augmentation of TLESRs via such receptors.

Vagal receptors in and around the EGJ have been described in several species.26,27 A recent study in 

mice found 4 different specialized varieties of densely distributed vagal afferents innervating the 

lower esophageal sphincter (LES).28 These receptors form an annular ring of mechanoreceptors 
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around the EGJ and are distributed throughout the myenteric plexus and all muscle layers of the 

LES.28 

In addition, it is likely that a meal with high fat contents as used in our previous study leads to more 

cholecystokinin (CCK) release after the commencement of gastric emptying, which is known to lead 

to more TLESRs.14–16 It is unknown whether this effect of CCK is caused by a vagally mediated post 

prandial accommodation reflex (reduced gastric tone and increased gastric compliance) or alterna-

tively by direct interaction with the vagal afferent system triggering TLESR. 

In this study, we found significant more belches with the balloon inflated as compared to the deflated 

state. This is especially interesting in the pre-drink period, where EGJ was not distended. This 

suggests that other mechanisms led to the belching. We did, however, not find a difference in the 

number of swallow-induced LES relaxations, multiple swallow related LES relaxations or straining 

events (data not shown). Although they did not report so, some individuals might have (uncon-

sciously) noticed the distension of the EGJ, which has led to the induction of supragastric belching 

events. Esophageal impedance measurements should be included in future studies to exclude this. 

To confirm we distended the EGJ without affecting normal esophageal physiology, we have demon-

strated that inflation of the balloon did increase EGJ resting pressure, without affecting nadir pres-

sures. Number and amplitudes of primary and secondary peristaltic movements were shown not 

affected by inflation of the balloon.

The recent development the functional lumen imaging probe (EndoFLIP®), allows for a more detailed 

study of mechanisms influencing EGJ distensibility. Using this technique, GERD patients exhibited a 

two- to threefold increased EGJ distensibility compared to controls, although others were unable to 

show a difference.29,30 This technique could be used to further investigate our hypotheses and their 

importance in healthy volunteers and patients with GERD. 

In conclusion, in this study we have shown that carbonated soft-drink induced triggering of TLESRs 

is augmented by EGJ distension. This cannot solely be explained by the excitation of commonly 

known tension receptors in the proximal stomach. Furthermore, augmentation of TLESRs seems 

less convincing compared to a previous study using a test meal. Further studies are needed to 

explain these findings and the importance they might have in the pathophysiology of GERD.  
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LES sleeve (recording side)

5 cm

LES sleeve incorporated balloon 

Cut away diagram of LES sleeve
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balloon 
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in�ated

5 cm
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esophageal 
sidehole

11 cm

pharyngeal
sidehole
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 sidehole

Figure 1. Catheter design. LES=lower esophageal sphincter. Figure adapted with permission (Am J 
Physiol Gastrointest Liver Physiol. 2011 Oct;301(4):G713-8). 
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*	  Deflated	  balloon	  

	  1st	  pre-‐drink	  period	  

PROTOCOL	  B	  

PROTOCOL	  A	  

Figure 2. The study protocol. Subjects were randomized to protocol A or B Subjects were studied 
a second time according to the other protocol. Adaptation periods are white, pre-drink periods are 
highlighted in grey and post-drink periods in black.

Figure 3. Mean EGJ pressures during pre-drink period (0-45min) and post-drink (45-104 min). 
Dotted line indicates study period with inflated balloon, the solid black line indicate EGJ pressures 
with deflated balloon.
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Period Measure
Balloon deflated
Median (range)

Balloon inflated
Median (range)

p-value

Pre-drink TLESR 3.3   (1-9.5) 4.8   (3-7.5) 0.116

Belches 2.0   (0-4) 3.3    (0.5-6.5) 0.025

Post-drink TLESR 8.0   (5-13) 10.0  (7.5-12.5) 0.09

Belches 7.5   (2.5-15.5) 10.3  (5.5-14) 0.007

Table 1. Effect of balloon inflation on number of TLESRs and reported belches. P-values below cut-ff 
value of 0.05 are bold. Median (range)

 

Figure 4a. Effect of EGJ distension on number of TLESRs during pre-drink period (solid line, 90 min) 
and post-drink period (dashed line, 120 min). Figure 4b. Effect of EGJ distension on the number of 
reported belches during pre-drink period (solid line, 90 min) and post-drink period (dashed line,(120 
min). Please note the different scales on the y-axes.
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