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geneRal intRoduction
This thesis aims to address current topics in the field of gastroesophageal reflux disease, 

(excessive) belching and rumination syndrome. Our investigations were prompted by 

the impression that it may not only be difficult to distinguish between these disorders 

clinically, but that there are overlaps and interrelationships between the disorders, which 

would merit further investigation. 

gastRoesophageal Reflux
Pathophysiology
Gastric content is prevented from entering the esophagus by the esophagogastric junction 

(EGJ) formed by the lower esophageal sphincter (LES) and the crural diaphragm(1). Despite 

this barrier between the stomach and the esophagus, gastric content often flows from the 

stomach into the esophagus(1). The latter phenomenon is called gastroesophageal reflux 

and since reflux can also be observed in healthy volunteers, gastroesophageal reflux is 

considered a physiological phenomenon. However, in patients with gastroesophageal 

reflux disease (GERD), gastroesophageal reflux episodes cause complaints such as 

retrosternal pain, heartburn, and regurgitation, or mucosal damage(2). 

In patients suffering from GERD, the barrier function of the EGJ is usually disturbed 

and reflux of gastric content can occur freely(1). However, in most GERD patients, only 

a few reflux episodes are symptomatic and the majority of reflux episodes do not cause 

symptoms(3). Moreover, there are  vast differences in the number of reflux episodes 

between GERD patients with similar symptom severity and there are even GERD patients 

with a low number of reflux episodes, comparable to healthy volunteers(3). Therefore, the 

perception of reflux episodes in GERD patients differs greatly. The pathophysiological 

mechanisms underlying this variable perception of reflux episodes are still largely unknown.

It is a well-established fact that anxiety and depression have an effect on functional 

gastrointestinal disorders such as functional dyspepsia and irritable bowel syndrome(4–6). In 

these disorders, increased anxiety levels and depression levels decrease the threshold for 

perception of visceral stimuli and thereby increase the risk of developing symptoms. Increased 

anxiety levels could, in theory, affect the perception of reflux episodes. In chapter 2 of this 

thesis we assess the effect of increased anxiety levels on the perception of reflux episodes. 

Diagnosis
Acid reflux episodes can be measured using esophageal pH monitoring. pH-monitoring has 

long been the gold standard to detect gastroesophageal reflux episodes and the technique 

has gained an important role in the diagnostic process of GERD(7). However,  pH-monitoring 

detects reflux episodes by detecting a drop in pH and since not all reflux is acidic, so-called 

non-acidic or weakly acidic reflux episodes cannot be detected. Impedance monitoring was 

therefore introduced as a new technique to detect flow of fluids and gas(8). In esophageal 
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1
impedance monitoring one measures the resistance encountered by an alternating electric 

current which is generated between pairs of electrodes mounted on a non-conductive 

catheter. The conductivity of fluids such as saline or gastric juice is high and the impedance 

level decreases if these substances form the medium between the electrodes. The conductivity 

of air is almost infinitely low which results in a high impedance if the medium between the 

electrodes consists of air. Placement of a series of electrodes along the catheter also enables 

one to evaluate the direction and velocity in which the gaseous or liquid medium is transported 

through the esophagus. Therefore, with esophageal impedance monitoring, the nature and 

movement of a substance in the esophagus can be detected. Notably, when the esophagus is 

empty, the catheter is in contact with the collapsed esophageal wall thus forming the medium 

between the sensors, this level is referred to as the baseline impedance level.

Gastroesophageal reflux can result in macroscopic damage to the esophageal wall. Other, 

more discrete reflux-induced changes to the esophageal wall are dilated intercellular spaces 

(DIS) which can occur without macroscopic damage to the esophageal wall(9). In theory, reflux-

induced changes to the esophageal wall could affect the resistance of the esophageal wall 

and thereby affect the baseline impedance level(10). This potential application of esophageal 

impedance monitoring in the diagnosis of GERD is investigated in chapter 3.

Esophageal manometry is a tool to assess pressures in the lumen of the esophagus(11). 

Since its introduction in the early 1950s, esophageal manometry has greatly increased 

our understanding of esophageal function and is currently a widely performed technique 

to assess esophageal function. Conventional manometry  measures pressure using a 

catheter with several water-perfused sideholes. However, conventional manometry 

catheters have a low spatial resolution because of the limited number of pressure sensors. 

The intervals between the pressure sensors are several centimeters long. As a result of 

technical advances, manometry catheters with smaller spacings between sideholes were 

developed, the so-called high-resolution manometry (HRM) catheters(12). The current 

HRM catheters can be water-perfused or equipped with intraluminal pressure transducers, 

the so-called solid state manometry catheters.

Solid-state high-resolution manometry is currently being considered as the gold 

standard for esophageal manometry(13). Despite the advantages of solid-state HRM, 

water-perfused HRM systems are still being used frequently and their popularity is the 

result of the relatively low costs of the catheter and the fact that the external pressure 

transducers result in a long life expectancy of the system. Recently, a water-perfused HRM 

catheter has been developed which utilizes 36 pressure sensors, similar to the currently 

available solid-state catheters. However, no normal values for this technique are available 

this far, which limits the use of water-perfused HRM in clinical practice. In chapter 4 we 

establish normal values for this novel manometric technique.

Treatment
Therapy for GERD consists of lifestyle modifications, antacids, H2-antagonists and proton 

pump inhibitors(14). However, medical treatment fails in a substantial proportion of 
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patients(15). In these patients, anti-reflux surgery is currently the only remaining option. 

Anti-reflux surgery aims to restore the barrier function of the EGJ by creating an artificial 

high-pressure zone at the position of the EGJ. The short-term effects of anti-reflux surgery 

are good, resulting in excellent symptomatic and objective outcomes(16). However, 10 

years after anti-reflux surgery as many as 25% - 28% of the patients has again become daily 

PPI-dependent and/or has recurrent reflux symptoms(17). Despite these shortcomings in 

long-term symptom relief, little is known about the long-term physiological effects of 

anti-reflux surgery on the EGJ. We therefore assess the long-term physiological effects of 

anti-reflux surgery on the EGJ in chapter 5.

In the past, cisapride, a serotonin (5-HT4) receptor agonist, was an effective agent 

for treatment for GERD which was shown to decrease esophageal acid exposure(18,19). 

Unfortunately, cisapride has been retracted from the market due to rare adverse events, 

in particular QT time prolongation, and is no longer available for clinical use. Prucalopride 

is a novel 5-HT4 receptor agonist without these side effects and has recently received 

marketing authorization for the symptomatic treatment of chronic constipation(20). In 

theory, prucalopride could also improve  gastric and esophageal contractility, similar to 

its 5-HT4 predecessors. The latter effect could be beneficial for patients with GERD in 

whom PPI treatment does not result in adequate symptom relief. In chapter 6 we assess 

the effects of prucalopride on the stomach and the esophagus.

belching
With each swallow, air enters the esophagus and is transported to the stomach(21). 

Distension of the stomach, such as caused by swallowed air, triggers a vagally mediated 

reflex during which gas is vented from the stomach into the esophagus, after which it 

can be expelled orally.(22) This type of belching, referred to as gastric belching, is the 

physiological mechanism which enables venting of ingested gas from the stomach to the 

esophagus in order to prevent accumulation of intestinal gas. With the use of esophageal 

impedance monitoring a second mechanism of belching was identified, the so-called 

supragastric belch(23). During a supragastric belch, air rapidly enters the esophagus and 

is immediately followed by a rapid expulsion of air without ever reaching the stomach. 

Notably, patients with excessive belching as their main symptom are characterized by an 

increased frequency of supragastric belches but not of gastric belches.

Studies utilizing conventional manometry in patients with excessive belching have 

provided some insight into the mechanisms underlying supragastric belches(24). However, 

due to the low spatial resolution and low response rate of conventional manometry, 

detailed knowledge on the mechanisms responsible for supragastric belching is lacking. 

In chapter 7 we assess the esophageal pressure characteristics during supragastric 

belches in more detail using high-resolution manometry.

Troublesome belching is a symptom which also occurs in nearly half of all GERD 

patients(25). However, little is known about the etiology of this common complaint. Recent 

13



G
e

n
e

r
a

l in
tr

o
d

u
c

tio
n

 a
n

d
 o

u
tlin

e
 o

f th
e

 th
e

sis

1
studies demonstrate that supragastric belching also occurs frequently in GERD patients. 

In theory, supragastric belching can contribute to the troublesome belching symptoms 

observed in GERD. In chapter 8 we aim to determine what causes troublesome belching 

symptoms in GERD patients.

While in some patients excessive belching causes complaints,  an inability to belch can also 

result in complaints(26). An inability to belch and abdominal bloating are common side effects 

after anti-reflux surgery(16,26). Little is known about the etiology of gas-related symptoms 

such as bloating and the inability to belch after anti-reflux surgery. In chapter 9 we assess 

the impact of gas-related symptoms on surgical outcome and aim to determine why some 

patients develop severe gas-related symptoms after anti-reflux surgery and others do not.

Rumination
Rumination is the regurgitation of recently ingested food, which, typically, is not preceded 

by retching and nausea(27). In ruminant animals, this is a physiologic process which aids in 

the digestion and absorption of food. However, if rumination occurs repetitively in humans, 

this is considered pathological and the condition is known as the rumination syndrome(28).

Since rumination may resemble  regurgitation, the syndrome is often mistaken for 

GERD. Therefore, patients often have had symptoms for several years and have consulted 

many different physicians before rumination syndrome is diagnosed(29,30). Unfortunately, 

objective diagnostic criteria which are able to differentiate rumination syndrome from GERD 

using physiological measurements have not yet been developed. These shortcomings in our 

current diagnostic tools are believed to contribute to an under-appreciation of the syndrome.

Previous studies have shown that patients with the rumination syndrome exhibit 

typical patterns when measured by HRM and pH-impedance measurement(31). In 

chapter 10 we aim to determine objective criteria for the rumination syndrome which 

can differentiate between rumination and GERD.

14
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abstRact
background: Increased anxiety levels and depression levels have been associated with 

esophageal hyperalgesia and an increased risk of gastroesophageal reflux disease (GERD). 

We aimed to determine the effect of increased anxiety and depression levels on GERD 

symptoms and the perception of reflux episodes in a well characterized patient group.

methods: We prospectively studied 225 patients with symptoms suggestive of GERD. 

Ambulatory 24-hour pH-impedance monitoring was performed. Anxiety levels and 

depression levels were assessed using the Hospital Anxiety and Depression Scale.

Results: GERD was diagnosed in 147 patients of which 36 patients were hypersensitive 

for gastroesophageal reflux. 78 patients were diagnosed as functional heartburn and 

thus did not have GERD. In GERD patients, increased anxiety levels were associated 

with more severe symptoms of retrosternal pain and retrosternal burning. Furthermore, 

increased anxiety levels and depression levels were associated with lower scores of the 

mental component of quality of life. The number of reflux symptoms reported during 

the 24-hour monitoring was not affected by anxiety levels or depression levels, nor was 

the number of symptoms that were associated with a reflux event. The anxiety levels, 

depression levels and decrease in quality of life in GERD patients with hypersensitivity 

to reflux was similar to other GERD patients. Patients with functional heartburn exhibited 

higher anxiety levels than the GERD patients. 

conclusion: In GERD patients, increased anxiety levels are associated with increased 

severity of retrosternal pain and heartburns and a decreased quality of life. GERD patients 

with hypersensitivity to gastroesophageal reflux are characterized by similar anxiety levels 

and similar impact of GERD symptoms on the quality of life.
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intRoduction
Gastroesophageal reflux disease (GERD) is a chronic disorder characterized by frequent 

symptoms of heartburn and regurgitation1. The presence of GERD symptoms is associated 

with a decreased quality of life2. Anxiety is a natural psychological manifestation which is 

characterized by feelings of nervousness, apprehension, fear and worrying. Anxiety and 

depression have a well established effect on functional gastrointestinal disorders such as 

functional dyspepsia and irritable bowel syndrome3–7. In these disorders, increased anxiety 

levels and depression levels decrease the threshold for perception of visceral stimuli and 

thereby increase the risk of developing a functional gastrointestinal disorder4,6. In a population-

based study, increased anxiety levels also increased the risk of GERD, suggesting that anxiety 

is also associated with reflux perception8, but in that study the diagnosis of GERD was not 

based on objective testing such as ambulatory esophageal pH-impedance monitoring.

The results of clinical studies which assessed the effect of experimentally administered 

psychological stressors on the perception of reflux episodes have so far been inconclusive. 

Fass and co-workers applied auditory stress to patients with GERD and observed an enhanced 

perception of esophageal acid exposure as well as an increased severity of symptoms9. 

However, in a study by Hemmink et al, an acute psychological stressor to patients with GERD 

that increased systolic blood pressure did not result in a difference in esophageal sensitivity10. 

Johnston et al demonstrated that in patients who are referred for a diagnostic work-up for 

GERD, increased anxiety levels were most observed in patients in whom complaints are due 

to a functional disorder such as functional heartburn or functional dyspepsia11.

Several experimental studies have provided insights into how stress could affect 

reflux perception.  The epithelium of the esophagus is sealed by tight junctions between 

the cells and is characterized by a low permeability for intraluminal molecules. The 

esophageal epithelium therefore serves as a protective barrier for the sensory nerve 

endings below. However, in patients with gastroesophageal reflux disease these 

tight junctions are disrupted ultimately resulting in a phenomenon which is referred 

to as dilated intercellular spaces (DIS)6. Animal studies show that although increased 

permeability can occur well before DIS is observed12, DIS can be considered an accurate 

but late marker of increased mucosal permeability13. It has therefore been proposed that 

dilated intercellular spaces are associated with increased perception of reflux episodes7. 

A study in rats demonstrated that DIS in the esophageal epithelium of rats could also 

be induced by psychological stress14. This suggests that psychological stress can affect 

the esophagus on a cellular level by decreasing the barrier function of the esophageal 

mucosa and thus enhance perception of reflux.

We therefore hypothesized that increased anxiety levels and depression levels increase 

the burden of GERD by affecting the perception of reflux episodes and increasing the 

severity of GERD symptoms.

Therefore, The aim of this study was thus to assess the relationship between anxiety 

levels and depression levels and the severity of GERD symptoms, the perception of reflux 

episodes and health-related quality of life.
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methods
Study design
This is a prospective observational cohort study.

Participants
Between February 2011 and August 2012, we included all patients who were referred to 

our center for a diagnostic work-up for typical reflux symptoms. All patients exhibited 

symptoms which were suggestive of GERD and were referred due to an incomplete 

response to PPIs or since anti-reflux surgery was considered. All patients underwent 

ambulatory impedance-pH measurements and filled in questionnaires. We considered 

patients with either a positive correlation between symptoms and reflux episodes or a 

pathological acid exposure time as having GERD15.

Questionnaires
Reflux symptoms (retrosternal burning, retrosternal pain, regurgitation and acid taste in 

the mouth) were assessed using the Reflux Disease Questionnaire (RDQ)16. In summary, 

the RDQ provides a score for each typical reflux symptom using a 6-point Likert scale 

(0-5). Furthermore, quality of life was assessed using the SF12v2 which consists of a 

physical component score (PCS) and a mental component score (MCS) (QualityMetric, 

Lincoln, RI, USA)17. The presence of anxiety levels and depression levels was assessed 

using the Hospital Anxiety and Depression Scale (HADS)18. The HADS is a widely used 

scale which was designed for detecting depression and anxiety in an out-patient clinic 

setting, with the A part focusing on anxiety and the D part focusing on depression.

pH-impedance measurements
Measurements were performed using a combined pH-impedance catheter assembly which 

consisted of 6 impedance segments and 1 ISFET pH electrode (Unisensor AG, Attikon, 

Switzerland) which was placed at 5 cm from the upper border of the manometrically localized 

lower esophageal sphincter. Impedance recording segments were located at 2-4, 4-6, 6-8, 

8-10, 14-16 and 16-18 cm above the upper border of the lower esophageal sphincter. 

Impedance and pH signals were stored on a digital datalogger (Ohmega, MMS, Enschede, 

The Netherlands), using a sampling frequency of 50 Hz. Measurements were performed after 

cessation of PPI or H2-antagonist and medication which could influence GI motility for 7 days.

During the measurement, patients reported each reflux symptom by pressing an 

assigned button on the digital datalogger.

Data analysis
A HADS-A or HADS-D score ≥8 was considered as cut-off value for a high probability 

for an anxiety disorder19. Esophageal acid exposure time was determined by calculating 
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the percentage of time pH<4 and a total acid exposure time >6% was considered to 

be pathological. Correlation between symptoms and reflux episodes was assessed by 

analyzing the 2-minute window preceding a reflux symptom. If a reflux episode occurred 

within this 2-minute time window it was considered to be associated with the symptom. 

A Symptom Association Probability (SAP) was determined according to previously 

published methods and a SAP≥95% was considered as a positive symptom association 

probability20. GERD was defined by pH-impedance as a pathological acid exposure time 

and/or a positive SAP. Patients with symptoms which were not due to reflux episodes 

were considered as having complaints due to functional heartburn.

All 24-h pH-impedance tracings were analyzed manually. Liquid-containing reflux events 

were identified in the impedance tracings according to previously described criteria21. The 

observer was blinded for patient characteristics when analyzing the impedance tracings.

Statistical analysis
Throughout the manuscript, data are presented as median (interquartile range (IQR)) or 

mean ± SEM depending on data distribution. Statistical analysis was performed using Prism 

software version 5 (Graph Pad, CA). Data distribution was evaluated using the Kolmogorov–

Smirnov test. Comparisons between two groups were assessed using the Mann-Whitney test 

or Student t-test depending on data distribution. Correlations were assessed using Spearman 

correlation statistics. Differences were considered statistically significant when p<0.05.

Results
Subjects
We included a total of 225 patients (mean age 58, range 18-79, 83 male). Of these 

patients, 154 exhibited a HADS-A score <8 and 169 exhibited a HADS-D score <8. A 

positive temporal correlation between occurrence of symptoms and reflux episodes 

and/or a pathological acid exposure time was observed in 149 patients (mean age 50, 

range 18-79, 57 male) and these patients were therefore diagnosed as GERD patients. 

Of the GERD patients, 36 patients exhibited a positive temporal correlation between the 

occurrence of symptoms and reflux episodes while exhibiting physiological acid exposure 

times, these patients were therefore considered as hypersensitive for gastric contents. In 

76 patients no evidence of GERD was found and these patients were thus diagnosed as 

functional heartburn. No significant differences in age and sex were observed between 

GERD patients and patients with functional heartburn (table 1). Anxiety levels (HADS-A 

scores) were significantly lower in GERD patients than in patients with functional 

heartburn. However, no significant differences between HADS-D scores were observed 

between GERD patients and patients with functional heartburn.
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Relationships between anxiety levels and symptom scores  
and quality of life
Symptom scores for regurgitation, acid taste in the mouth and retrosternal burning were 

significantly higher in patients with GERD than in patients with functional heartburn but 

the symptom score for retrosternal pain was not significantly different (table 2).

In the GERD patients, increased anxiety levels (HADS-A score ≥ 8) were associated 

with significantly higher symptom scores for retrosternal pain and retrosternal burning. 

The severity of symptoms of regurgitation and acid taste in the mouth were not affected 

by increased anxiety levels (table 3).

In GERD patients, the median physical component score for quality of life was 38.7 

(30.1-46.8) and 49.5 (40.2-57.2) for the mental component score. Increased anxiety levels 

table 1. Difference between GERD patients and patients with a functional heartburn. 

geRd (n=152) functional heartburn (n=73) p-value

Gender M:F 59:93 23:50 NS

Age 50.1±1.1 51.7±1.6 NS

Acid exposure time 10.5±0.6 2.1±0.2 P<0.001

HADS-A score 6.4±0.3 7.6±0.5 P<0.05

HADS-D score 7.4±0.3 7.4±0.4 NS

Data are presented as mean ± SEM. Gender is presented as number (%). Acid exposure time is 
presented as %time pH<4. NS = non significant.

table 2. Difference in symptoms scores between GERD patients and patients patients with functional 
heartburn. 

geRd functional heartburn p-value

Regurgitation 4.0 (2.0-4.5) 2.3 (0.0-3.5) P<0.001

Acid taste in the mouth 3.0 (1.0-4.5) 1.5 (0.0-3.6) P<0.001

Retrosternal burning 4.0 (2.0-5.0) 2.5 (1.0-4.3) P<0.05

Retrosternal pain 3.8 (1.5-4.5) 3.3 (1.4-4.1) NS

Data are presented as mean ± SEM. NS = non significant.

table 3. Effect of increased anxiety levels on the severity of symptoms in patients with GERD. 

hads-a<8 hads-a≥8 p-value

Retrosternal pain 3.0 (0.0-4.5) 4.3 (2.5-5.0) P<0.05

Retrosternal burning 4.0 (1.5-4.5) 4.3 (3.0-5.0) P<0.05

Regurgitation 4.0 (1.5-4.5) 3.8 (2.5-4.5) NS

Acid taste in the mouth 3.0 (0.1-4.5) 3.5 (1.5-4.5) NS

Data are presented as median (IQR). NS = non significant.
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did not affect physical component scores being 40.1 (29.6-47.2) for HADS-A<8 and 

37.5 (30.4-45.8) for HADS-A≥8. However, the mental component score was significantly 

affected by increased anxiety levels being 55.3 (49.2-59.3) for HADS-A<8 and 36.2 

(32.3-43.9) for HADS-A≥8, p<0.001. Furthermore, a significant negative correlation was 

observed between the outcomes of the HADS-A score and the mental component score 

of quality of life (r = -0.73, p<0.001) but not for the physical component score (figure 1).

figure 1. Effect of increased anxiety levels on the quality of life in patients with GERD. PCS = Physical 
Component Score. MCS = Mental Component score.

Relationships between anxiety levels and outcomes of esophageal 
reflux monitoring
In GERD patients, median acid exposure time was 8.6 (5.5-13.6) % and 7 (4-14) symptoms 

were reported during the measurement of which 4 (1-8) symptoms were associated 

with a reflux episode. Acid exposure times in patients with functional heartburn were 

significantly lower that those in patients with GERD (table 1).

During ambulatory pH-impedance monitoring, anxiety levels were not correlated 

with the number of reported symptoms in patients with GERD. Similarly, anxiety levels 

were neither correlated with the number of symptom episode which were associated 

with a reflux episode nor with the number of symptoms which were not associated with a 

reflux episode (table 4). Furthermore, increased anxiety levels were not associated with a 

difference in esophageal acid exposure time.

Relationships between depression levels and symptom scores 
and quality of life
In the GERD patients, increased depression levels (HADS-D score ≥ 8) were not associated 

with higher symptom scores for retrosternal burning, regurgitation and acid taste in the 

mouth (table 5). However, a trend to significance was observed for higher retrosternal 

pain symptoms scores in patients with increased depression levels.
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A trend to significance was observed between increased depression levels and 

decreased physical component scores being 40.8 (30.6-48.0) for HADS-D<8 and 34.5 

(28.1-43.6) for HADS-D≥8, p = 0.07. The mental component score was significantly affected 

by increased anxiety levels being 52.8 (45.6-58.3) for HADS-D<8 and 34.7 (30.2=40.8) 

for HADS-D≥8, p<0.001. Furthermore, a significant negative correlation was observed 

between the outcomes of the HADS-D score and the mental component score of quality 

of life (r = -0.73, p<0.001) and for the physical component score (r= -0.32, p<0.01).

Relationships between depression levels and outcomes  
of esophageal reflux monitoring
During ambulatory pH-impedance monitoring, depression levels were not correlated with 

the number of reported symptoms in patients with GERD. Similarly, depression levels 

were neither correlated with the number of symptom episode which were associated 

with a reflux episode nor with the number of symptoms which were not associated with 

a reflux episode (table 4). Furthermore, increased depression levels were not associated 

with a difference in esophageal acid exposure time.

Patients with hypersensitivity for gastric contents
In the patients who were considered hypersensitive for gastric contents, no differences 

in HADS-A or HADS-D scores was observed compared to patients with pathological acid 

table 4. Effect of increased anxiety levels on the number of reported symptoms and their association 
with reflux episodes in patients with GERD.

hads-a<8 hads-a≥8 p-value

Acid exposure time 9.3 (5.4-19.0) 7.5 (6.0-11.6) NS

N symptoms 6.0 (4.0-12.8) 8.0 (4.0-15.0) NS

N symptoms associated with reflux 4.0 (1.3-8.0) 3.0 (1.0-9.0) NS

N symptoms not associated with reflux 2.5 (1.0-5.0) 3.0 (2.0-7.0) NS

data are presented as median (IQR). Acid exposure time is presented as % of time with pH<4. NS = 
non significant.

table 5. Effect of increased depression levels on the severity of symptoms in patients with GERD. 

hads-d<8 hads-d≥8 p-value

Retrosternal pain 4.5 (0.0-4.5) 3.5 (2.5-5.0) P = 0.7

Retrosternal burning 4.0 (2.0-4.5) 4.5 (3.0-5.0) NS

Regurgitation 3.8 (1.5-4.5) 4.0 (2.0-4.5) NS

Acid taste in the mouth 3.0 (1.0-4.5) 3.0 (1.0-4.5) NS

Data are presented as median (IQR). NS = non significant.
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exposure times (table 7). Furthermore, no differences between the severity of retrosternal pain, 

retrosternal pain, regurgitation or acid taste in the mouth was observed. Moreover, similar 

physical component scores and mental component scores for the quality of life was observed. 

table 6. Effect of increased depression levels on the number of reported symptoms and their 
association with reflux episodes in patients with GERD. 

hads-d<8 hads-d≥8 p-value

Acid exposure time 8.6 (5.4 -14.1) 8.4 (6.5- 11.7) NS

N symptoms 7.0 (4-14.3) 8.0 (4.0 – 16.0) NS

N symptoms associated with reflux 4.0 (2.0 – 9.0) 3.0 (1.0 – 9.0) NS

N symptoms not associated with reflux 3.0 (1.0 -6.0) 3.0 (2.0 – 7.0) NS

Data are presented as median (IQR). Acid exposure time is presented as % of time with pH<4. NS = 
non significant.

table 7. Characteristics of GERD patients with a hypersensitive esophagus and GERD patients with 
pathological acid exposure times.

hypersensitive
pathological acid 

exposure p-value

HADS-A score 6.0 (4.0 – 10.0) 5.0 (4.0 - 9.0)

HADS-D score 3.5 (1.0 – 6.0) 4.0 (2.0 – 8.0)

PCS 37.5 (26.3 – 50.0) 38.9 (30.7 – 46.6)

MCS 50.8 (45.2 – 57.5) 48.8 (37.2 – 57.3)

Retrosternal pain 4.0 (0.4 – 5.0) 3.5 (1.5 – 4.5)

Retrosternal burning 3.5 (1.6 – 5.0) 4.0 (2.5 – 5.0)

Regurgitation 3.8 (2.5 = 5.0) 4.0 (1.5 – 4.5)

Acid taste in the mouth 2.5 (0.13 – 4.5) 3.5 (1.0 – 4.5)

Data are presented as median (IQR). NS = non significant. MCS = mental component score. PCS= 
physical component score

discussion
This is the largest study in which the relationship between anxiety levels and reflux symptoms 

in GERD patients was assessed. The results from our study demonstrate that GERD patients 

with increased anxiety levels, but not depression levels, are characterized by an increased 

severity of perceived reflux episodes but not an increased perception of reflux. GERD patients 

who are considered to be hypersensitive for gastroesophageal reflux are similar to other 

GERD patients with regard to anxiety levels, depression levels, severity of symptoms and the 

impact of these symptoms on the quality of life. Furthermore, patients in whom the putative 

diagnosis of GERD is not confirmed during the work-up for reflux symptoms, and thus are 

diagnosed with functional heartburn, exhibit higher anxiety levels than patients with GERD. 
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Chronically increased anxiety levels can decrease the threshold for perception of visceral 

stimuli and thereby increase the risk of developing a functional gastrointestinal disorder 

such as functional dyspepsia and irritable bowel syndrome4,6. In a laboratory setting, Sharma 

et al have demonstrated that acutely increased anxiety levels can also enhance acid-

induced esophageal hyperalgesia22. Furthermore, acute stress can increase esophageal 

permeability, thereby allowing gastric acid to reach the esophageal nociceptors more 

readily14. Whereas these two studies suggest that GERD patients with increased anxiety 

levels could be more sensitive for reflux episodes than patients with low anxiety levels, 

the results of our study show that GERD patients with increased anxiety levels do not feel 

their reflux episodes more often. Furthermore, patients who exhibit a positive symptom-

association probability in the absence of a pathological acid exposure time (hypersensitive 

GERD patients), are not characterized by increased anxiety levels. Instead, anxious patients 

rated that their perceived reflux episodes are more severe. Since we assessed the effect 

of chronic increased anxiety levels rather than that of acutely increased anxiety, our results 

suggest that chronically increased anxiety has a different effect on esophageal sensitivity 

than acutely increased anxiety. Since GERD is a chronic disease, the effect of chronically 

increased anxiety levels could be a more relevant factor in clinical practice.

In contrast to the severity of heartburn, the severity of the symptom of regurgitation 

was not affected by increased anxiety levels in our study. Heartburn and regurgitation are 

clearly different symptoms. The former is generated in the esophagus and is painful, the 

latter involves sensations in pharynx and mouth and is not painful. 1,23. Previous studies 

have suggested that anxiety has a clear effect on esophageal pain perception but its 

effect on non-painful pharyngeal complaints has not been proven4,6. 

Increased anxiety levels were found to have a strong effect on the mental component 

of the quality of life in GERD patients. Since increased anxiety levels were associated with 

increasing severity of symptoms, one could hypothesize that increased anxiety levels are 

also associated with a decreased physical component of the quality of life. However, this 

was not found in this study. Our results therefore suggest that the relatively small increase 

in symptom severity caused by increased anxiety levels has no measurable effect on the 

physical component of the quality of life.

Whereas the perception of reflux events is not affected by increased anxiety levels in 

GERD patients, we observed a difference between the anxiety level in patients with GERD 

and patients with functional heartburn.  Anxiety has a well established effect on functional 

gastrointestinal disorders such as functional dyspepsia and irritable bowel syndrome3–7. 

Our study confirms the relation between increased anxiety levels and the functional 

symptoms in patients with functional heartburn. Notably, no difference was observed 

between the depression levels in GERD patients and patients with functional heartburn.

Johnston et al used a similar study design and observed that patients in whom no 

association between symptoms and reflux episodes was observed, hence patients with 

functional heartburn, exhibited higher levels of anxiety11. These findings are similar to our study 

and confirm that patients with functional heartburn are characterized by higher anxiety levels. 
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Moreover, these results also suggest that increased anxiety levels are a negative predictor for 

diagnosing GERD in patients who are referred for a diagnostic follow-up for GERD symptoms.

The severity of GERD symptoms and the number of perceived reflux episodes was not 

affected by increased depression levels. An effect of depression on esophageal sensitivity 

is therefore unlikely. The latter therefore suggests that the impact of depression on the 

diagnosis and treatment of GERD is limited.

Patients with physiological acid exposure times, but a positive temporal association 

between reflux episodes and symptoms of heartburn and regurgitation, are often 

described as being hypersensitive to acid reflux. Even though the esophageal acid 

exposure is less compared to patients with pathological acid exposure, the number of 

reported symptoms and the severity of GERD symptoms in these hypersensitive patients 

is comparable. Moreover, the impact of GERD symptoms on the quality of life is similar 

in hypersensitive patients. These findings therefore underscribe the importance of this 

subgroup of GERD patients and the relevance of symptom analysis in patients with GERD 

symptoms even in the absence of pathological esophageal acid exposure times.

A limitation of our study is the absence of information on the response to PPIs. Since all 

patients have been included in a referral center, the initial clinical work-up such as prescription 

of PPIs had not been performed in our center and this information was not readily available 

for analysis. Furthermore, relevant co-morbidity, such as IBS has not been systematically 

assessed. Although this was not the scope of this article, this information could provide 

valuable insights and we believe that this should be evaluated by future studies.

The results from our study suggest that physicians should be aware of increased 

anxiety levels in patients who are referred for an evaluation of GERD symptoms. Since 

increased anxiety levels were most often observed in patients with a functional disease, 

the likelihood of diagnosing GERD in patients with increased anxiety levels is lower than 

in patients without increased anxiety levels. Furthermore, since increased anxiety levels 

affect the severity of symptoms, decreasing the anxiety levels in these patients could 

decrease the severity of symptoms. In theory, anxiolytics could therefore benefit a small 

subgroup of GERD patients. However, more research is needed to determine whether 

this effect can be achieved in clinical practice.

In conclusion, increased anxiety levels, but not depression levels, are associated with 

greater severity of GERD symptoms such as retrosternal pain and retrosternal burning, but 

not of regurgitation and acid taste in the mouth. However, increased anxiety levels in GERD 

patients do not affect the number of reported symptoms during ambulatory reflux monitoring 

or affect the number of perceived reflux episodes. GERD patients with hypersensitivity to 

acid reflux are characterized by similar anxiety levels, similar severity of reflux symptoms 

and similar impact of GERD symptoms on the quality of life. Patients who are referred for a 

diagnostic work-up of symptoms which are suggestive of GERD, increased anxiety levels are 

most often observed in patients whose symptoms are due to a functional disorder.
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abstRact
introduction: Intraluminal baseline impedance levels are determined by the conductivity of 

the esophageal wall and can be decreased in GERD patients. The aim of this study was to 

investigate baseline impedance in GERD patients, on and off PPI, and in healthy controls.

methods: Ambulatory 24-h pH-impedance monitoring was performed in 1) 24 GERD 

patients with and 24 without pathological esophageal acid exposure as well as in 10 

healthy controls and in 2) 20 patients with refractory GERD symptoms despite PPI, once 

on PPI and once off PPI. Baseline impedance levels in the most distal and the most 

proximal impedance channels were assessed.

Results: Median (IQR) distal baseline impedance in patients with physiological (2090 

(1537-2547) Ω) and pathological (781 (612-1137) Ω) acid exposure was lower than in 

controls (2827 (2127-3270) Ω, p<0.05 and p<0.001). A negative correlation between 

24-hour acid exposure time and baseline impedance was observed (r=-0.7, p<0.001). 

In patients measured off and on PPI, median distal baseline impedance off PPI was 

significantly lower than on PPI (886 (716-1354) vs 1372 (961-1955) Ω, p<0.05) and distal 

baseline impedance in these groups was significantly lower than in healthy controls 

(p<0.05 and p<0.001). Proximal baseline impedance did not differ significantly between 

the patients off PPI and on PPI (1793 (1384-2489) vs 1893 (1610-2561) Ω), however, 

baseline impedance values in both measurements were significantly lower than in healthy 

controls (3648 (2815-3932) Ω, both p<0.001). 

conclusions: These findings suggest that baseline impedance is related to esophageal 

acid exposure and could be a marker of reflux-induced changes to the esophageal mucosa.
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intRoduction
Ambulatory esophageal intraluminal impedance monitoring is used to detect gastroesophageal 

reflux by measuring changes in electrical impedance caused by gas and fluid reflux and 

swallows1. Between reflux episodes and swallows, the esophageal lumen is collapsed and the 

resulting baseline impedance level is determined by the surrounding esophageal wall. 

Reflux episodes as measured by esophageal impedance monitoring are defined as a 

>50% drop from impedance baseline. Therefore, low baseline impedance levels can lead 

to difficulties or even an inability to interpret impedance measurements3. Acid reflux can 

result in macroscopic damage to the esophageal wall and baseline impedance levels can be 

decreased in patients with esophagitis2. Other, more discrete reflux-induced changes to the 

esophageal wall, are dilated intercellular spaces (DIS) which can occur without macroscopic 

damage to the esophageal wall4. Farré et al demonstrated that DIS can be induced by 

esophageal acid exposure5,6. Furthermore, most patients with DIS show a recovery of DIS 

after PPI treatment7. However, the effect of DIS on baseline impedance levels are not known.

In theory, reflux induced changes to the esophageal wall could affect the resistance 

of the esophageal wall and thereby affect baseline impedance level. However, it is not 

known whether GERD patients are characterized by decreased baseline impedance levels 

and how this is affected by esophageal acid exposure.

We hypothesized that esophageal baseline impedance levels are decreased in GERD 

patients due to acid reflux. To test this hypothesis we aimed to assess baseline impedance 

levels in GERD patients, controls and in patients measured with and without inhibition of 

gastric acid secretion.

methods
Subjects
In Part A of the study we included 24 GERD patients with physiological acid exposure, defined 

as an acid exposure time <6%, (mean age 46 yr, range 20-68 yr, 18 female) and 24 patients 

with pathological esophageal acid exposure, defined as an acid exposure time ≥6%, (mean 

age 49 yr, range 21-74 yr, 10 female) (table 1). A history of reflux esophagitis was present 

in 10 GERD patients for which they were treated accordingly and no erosive damage was 

observed in 38 GERD patients (table 1). No Barrett’s esophagus was observed in the included 

GERD patients. In all patients, the indication for the 24-h reflux monitoring was the presence 

of typical reflux symptoms (heartburn, regurgitation). All patients had a Symptom Association 

Probability SAP ≥95%, indicative of a temporal correlation between their reflux symptoms 

and reflux episodes(9). We excluded patients with a history of upper gastrointestinal surgery. 

Furthermore, 10 healthy controls (mean age 48 yr, range 23-61 yr, 7 female) defined as not 

having gastrointestinal symptoms or a history of major abdominal surgery were also studied. 

In Part B of the study, 20 patients were included who had typical reflux symptoms 

(heartburn, regurgitation, and/or chest pain) despite PPI therapy twice daily (b.i.d.) (mean age 
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45 yr, range 21-68 yr, 10 female) (table 1). A history of reflux esophagitis was present in 2 out 

of 20 patients with persistent symptoms despite PPI for which they were treated accordingly 

and no erosive damage was observed in 18 patients (table 1). No Barrett’s esophagus was 

observed in the patients which were included in part B of the study. In these patients the effect 

of gastric acid secretion on baseline impedance was measured. Patients from part B of the 

study were described previously and informed consent for the initial study was obtained(10). 

Approval by a medical ethical committee was obtained for both parts of the study.

Esophageal pH-impedance measurements
In the GERD patients who were included in part A of the study and in the healthy controls, 

measurements were performed without inhibition of gastric acid secretion. 

The research protocol in patients with symptoms despite PPI who were included in 

part B of the study consisted of ambulatory 24-h pH-impedance monitoring twice, once 

on PPI (double dose b.i.d.) and once after cessation of the PPI for 7 days, in a randomized 

order with an interval varying between 1 and 4 wk.

Measurements were performed using a combined pH/impedance catheter assembly 

which consisted of 6 impedance segments and 1 ISFET pH electrode (Unisensor AG, Attikon, 

Switzerland) which was placed at 5 cm from the upper border of the of the manometrically 

localized lower esophageal sphincter. Impedance recording segments were located at 

2-4, 4-6, 6-8, 8-10, 14-16 and 16-18 cm above the upper border. Impedance and pH 

signals were stored on a digital datalogger (Ohmega, Medical Measurement Systems, 

Enschede, The Netherlands), using a sampling frequency of 50 Hz.

Data analysis
Baseline impedance levels were assessed every two hours in the most distal impedance 

channel, situated at 3 cm above the LES, and in the most proximal channel, at 17 cm 

above the LES.  A 30 s time period was selected (figure 1) and the impedance baseline 

table 1. Subject characteristics

pathological physiological on vs off patients controls

number 24 24 20 10

Age 49 46 45 48

Female 10 18 10 7

Non-erosive 18 20 18

Esophagitis 6 4 2

LA grade A 4 4 2

LA grade B 1 0 0

LA grade C 1 0 0

Barret’s Esophagus 0 0 0
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figure 1. Time period selection for measurement of esophageal impedance baseline levels. Mean 
impedance value during the selected period was considered baseline impedance for that time period 
and was calculated every two hours.

during this period was calculated by averaging the raw impedance values during the 

selected time period. Thereafter, the 2-hourly impedance baseline values were averaged 

to arrive at mean distal and proximal baseline impedance levels for the entire 24-h 

measurement. Investigators were blinded for the study group.

Statistical analysis
Throughout the manuscript, baseline impedance levels (Ω) and total esophageal acid 

exposure time (% time pH<4) are presented as median (IQR), upright and supine reflux 

are presented as mean±SEM. Statistical analysis was performed using Prism software 

version 5 (Graph Pad, CA). Data distribution was evaluated using the Bartlett’s test for 

equal variances or Kolmogorov–Smirnov test. One-way ANOVA analysis followed by 

Tukey’s post hoc analysis in the GERD patients and healthy controls analysis and Dunnet’s 

post hoc analysis in the patients with symptoms despite PPI and healthy controls analysis 

were used. Comparisons between distal and proximal baselines as well as baselines on 

and off PPI were analyzed using paired Student’s t-test or Wilcoxon signed rank test. 

Spearman’s correlation statistics was used for correlation analysis. Differences were 

considered statistically significant when p<0.05.

Results
Part A: GERD patients
Acid exposure time was significantly higher in patients with pathological acid exposure 

(14.0 (10.8-17.0) %) than in  patients with physiological acid exposure (2.7 (1.6-4.5) %, 

p<0.001) and healthy controls  (1.8 (0.9-2.9) %). There was no significant difference 
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between acid exposure times in patients with physiological acid exposure and controls. 

Upright acid exposure time was significantly higher than supine acid exposure time in all 

GERD patients (10.4±1.1 vs 6.0±1.2 %, p<0.05) and in patients with physiological acid 

exposure (4.5±0.6 vs 0.8±0.3 %, p<0.05) and a trend was observed in patients with 

pathological acid exposure (16.4±1.3 vs 11.4±2.0 %, p=0.07). Distal baseline impedance 

(781 (612-1137) Ω) was significantly lower in patients with pathological acid exposure than 

in patients with physiological acid exposure and controls (both p<0.001) (figure 2). Distal 

baseline impedance in patients with physiological acid exposure (2090 (1537-2547) Ω) 

was significantly lower than in controls (2827 (2127-3270) Ω, p<0.05). Proximal baseline 

impedance values in patients with pathological acid exposure (2544 (1980-3473) Ω) and in 

patients with physiological acid exposure (3014 (2304-3653) Ω) were higher compared to 

distal baseline measured at the same time periods in these patients (p<0.001 and p<0.001) 

and a trend to significance was observed in controls (3648 (2815-3932) Ω, p=0.07). Proximal 

baseline impedance was not significantly different between all three groups (figure 2). 

In GERD patients, a negative correlation between esophageal acid exposure and distal 

baseline impedance was observed (r=-0.7, p<0.001) (figure 3). No statistically significant 

circadian patterns in baseline impedance were observed in these subjects (figure 4).

figure 2. Esophageal baseline impedance levels in GERD patients with pathological reflux, GERD 
patients with physiological reflux and healthy control subjects.
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figure 3. Correlation between acid exposure time and distal baseline impedance levels in GERD patients.

figure 4. Diurnal variations in esophageal impedance baseline levels in GERD patients, data are 
presented as mean and SEM.

Part B: Measurements with and without inhibition of gastric 
acid secretion
Esophageal acid exposure time (% time pH<4) measured off PPI was significantly higher 

compared to the measurement on PPI (6.2 (2.3-15.7) % vs 1.1 (0.6-5.2) %, (p<0.05). Distal 

baseline impedance in patients off PPI was significantly lower than in patients on PPI treatment 

(886 (716-1354) vs 1372 (961-1955) Ω, p<0.05) (figure 5). In healthy volunteers distal baseline 

impedance (2827 (2127-3270) Ω) was significantly higher than in patients off and on PPI (both 

p<0.05). Proximal baseline impedance did not differ significantly between the patients off PPI 

or on PPI (1793 (1384-2489) vs 1893 (1610-2561) Ω) (figure 5). However, proximal baseline 

impedance was higher off and on PPI compared to distal baseline impedance measured 

at the same time periods, p<0.05 and p<0.001. Proximal baseline impedance in healthy 

volunteers was significantly higher compared to patients off and on PPI, (both p<0.001). 
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figure 5. Esophageal baseline impedance levels measured on and off PPI.

discussion
This is the first study in which esophageal baseline impedance levels were studied in 

detail. We specifically aimed to determine whether there is a difference in baseline 

impedance levels between GERD patients and controls and between measurements 

performed with and without inhibition of gastric acid secretion. 

In this study, we show that distal baseline impedance levels in GERD patients with 

pathological acid exposure are markedly lower than those in healthy volunteers and 

GERD patients with physiological acid exposure. GERD patients with physiological acid 

exposure also have significantly lower impedance baselines, but the decrease is less 

pronounced than in patients with pathological acid exposure and an overlap exists.

We hypothesized that esophageal acid exposure correlates with baseline impedance. 

A negative correlation was observed between esophageal acid exposure time and distal 

baseline impedance, suggesting that acid exposure indeed affects baseline impedance. 

Furthermore, the distal baseline impedance levels in healthy controls which were 

measured in this study are comparable to levels reported by other studies11,12.

Proximal baselines impedance levels were significantly higher than distal baseline 

impedance levels in GERD patients. This is in accordance with our hypothesis that acid 

exposure in GERD patients results in decreased baseline impedance levels since proximal 

acid exposure is lower than distal acid exposure12. In healthy volunteers we only observed 

a trend towards higher proximal baselines compared to distal impedance baselines, which 

could be due to the fact that in healthy controls there is a smaller proportion of reflux 

episodes that reaches the proximal esophagus than in GERD patients and less reflux in 
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general12. We expected to find a difference between proximal baseline impedance levels 

in GERD patients and healthy controls since GERD patients have more proximal reflux 

than healthy volunteers12, but no significant difference between these groups was found.

Whereas acid exposure time in our patients decreased during the night, we did not find a 

clear diurnal trend in baseline levels during the 24-hour measurement. These results therefore 

suggest that esophageal baseline levels in GERD patients do not recover during the night.

Since we hypothesized that acid reflux lowers baseline impedance levels, we expected 

that PPI would increase baseline impedance levels. The results from this study confirm 

that baseline impedance is indeed higher on PPI which further suggests that baseline 

impedance is affected by acid exposure.

Despite the fact that these results are in accordance with our hypothesis, it is still 

possible that a low baseline impedance is caused by coating of the esophageal wall 

with gastric content which has a high ionic content. A study which used scintigraphy 

to visualize the position of postprandial acid pocket demonstrated that coating of the 

esophageal wall can be detected by a pH electrode. This suggests that esophageal acid 

coating is unlikely without a concurrent pH-drop15. We therefore limited the effect of 

esophageal coating by only determining baseline impedance during periods without 

reflux or a pH drop. Furthermore, the finding that baseline impedance during the night, 

even hours after the last reflux episode, is stable and comparable to baseline impedance 

during the day is suggestive of a mechanism other than coating of the esophageal wall 

with acidic content. One could also argue that low baseline impedance is due to altered 

esophageal motility. Blonski et al described that baseline impedance levels in patients 

with ineffective esophageal motility are lower than those found in healthy controls13. 

However, no information about esophageal acid exposure was presented in that study 

and, given that impaired motility is associated with pathological acid exposure, the latter 

could be the true explanation for the observed low impedance levels. Furthermore, 

baseline impedance values just before swallows and after liquid and viscous swallows 

were not different, suggesting that these low baselines are more likely to be caused by 

discrete esophageal changes due to ineffective acid clearing after reflux.

A limitation of our study is that the design did not incorporate systematic assessment 

of macroscopic or microscopic mucosal changes during the measurement but only presents 

historical endoscopic and histological data. Therefore, a relation between changes in the 

esophageal wall and baseline impedance could not be demonstrated. However, several 

previous studies have demonstrated that DIS can be induced by gastroesophageal reflux, that 

PPI therapy results in a decrease in DIS and that macroscopic changes are more common in 

patients with increased acid exposure5-7,14. The patients who were assessed in this study were 

therefore expected to have reflux-induced changes in the esophageal wall. Furthermore, 

the first results from a study which links DIS to baseline impedance levels shows decreased 

baseline impedance levels in rabbit esophagus in which DIS was present11. 

Therefore, this study warrants further research in which baseline impedance levels 

are correlated to macroscopic and microscopic changes to the esophagus, such as DIS, 
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to determine the extent to which baseline impedance reflects structural changes to the 

esophagus. Due to the great overlap between the groups and the relatively small number 

of healthy controls, a lower limit of normal could not be established. However, this needs 

to be explored in the future if the baseline impedance level is to become clinically useful. 

Therefore, future studies should also focus on establishing this lower limit of normal. 

Furthermore, tissue impedance is a technique which aims to measure structural changes 

in the esophageal wall by measuring its electrical conductivity. These results therefore 

suggest that the use of tissue impedance in GERD patients could, in theory, provide useful 

information regarding changes in the esophageal mucosa. Finally, although there is a great 

overlap between the groups, the change in baseline impedance before and during therapy 

could, in theory, be a marker for response to therapy. Future studies are warranted to assess 

whether baseline impedance levels could be a marker for predicting response to therapy.

In conclusion, baseline impedance is related to esophageal acid exposure and baseline 

impedance levels are often decreased in GERD patients even without pathological 

esophageal acid exposure. These results suggest that esophageal baseline impedance 

could be a marker for acid reflux-induced changes to the esophageal mucosa.
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abstRact
background: Water-perfused high-resolution manometry (HRM) catheters with 36 

unidirectional pressure channels have recently been developed but normal values are not yet 

available. Furthermore, the level of agreement between water-perfused HRM and solid-state 

HRM is unknown. We therefore aimed to develop normal values for water-perfused HRM and 

to assess the level of agreement between water-perfused HRM and solid-state HRM.

methods: We included 50 healthy volunteers (Mean age: 35 years, range: 21 – 64 years, 15 

female). Water-perfused HRM and solid-state HRM were performed in a randomized order. 

Normal values were calculated as 5th and 95th percentile ranges and agreement between 

the two systems was assessed using intraclass correlations coeffecient (ICC) statistics.

Results: The 5–95th percentile range for contractile front velocity (CFV) was 3.0 – 6.6  cm 

s-1, 141.6 – 3674  mmHg*s*cm for distal contractile integral (DCI), 6.2 – 8.7 s for distal 

contraction latency (DL) and 1.0 – 18.8 mmHg for the integrated relaxation pressure 

(IRP4s).  Mean (SD) and ICC for water-perfused HRM and solid-state HRM were 4.4 (1.1) vs 

3.9 (0.9) cm s-1, ICC: 0.49 for CFV, 1189 (1023) vs 1092 (1019)  mmHg*s*cm, ICC: 0.90 for 

DCI, 7.4 (0.8) vs 6.9 (0.9) s, ICC: 0.50 for DL and 8.1 (4.8) vs 7.9 (5.1), ICC:0.39 for IRP4s.

conclusions: The normal values for this water-perfused HRM system are slightly different 

from previously published values with solid state HRM. Moderate to good agreement 

was observed between the two systems with only small differences in mean outcomes.
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intRoduction
Since it’s introduction in the early 1950s, esophageal manometry has resulted in a better 

understanding of esophageal motor function and has become a widely performed 

technique in clinical practice1. The first manometry systems used a catheter which 

contained water-perfused channels which opened to the lumen at several points along 

the catheter. These water-perfused pressure channels were driven by a pneumatic pump 

and connected to external pressure sensors1. Water-perfused manometry catheters 

were hindered by large gaps between the pressure sensors of several centimeters long 

which could result in an inadequate assessment of sphincter pressure and peristaltic 

abnormalities. This shortcoming was partly overcome by adding a so-called sleeve sensor, 

which measured the highest pressure exerted along a segment of several centimeters2. 

This allowed for a reliable measurement of the EGJ, even though the EGJ moves up and 

down the catheter during inspiration or during swallowing. However, the esophageal 

pressure was still measured with a low level of detail and adding more pressure channels 

would require more water-perfused channels through the catheter and thus a larger 

diameter of the catheter and a significant amount of water being administered to a patient 

during the measurement. Furthermore, the response rate of water-perfused manometry 

is relatively low which results in difficulties when measuring rapidly changing pressures.

The second type of esophageal manometry system uses a so-called solid-state catheter 

which has electronic pressure sensors within the catheter itself. With the use of this technique 

a so-called high-resolution manometry catheter was developed which showed a high level 

of detail at the EGJ and the esophagus by using 36 pressure sensors. The currently available 

solid-state high-resolution manometry catheters often use circumferential pressure sensors 

and it has been suggested that the latter increases the accuracy of measuring the pressure of 

the asymmetric EGJ3. Furthermore, the response rate of solid-state manometry is considerably 

higher and there was no longer the need to perfuse water into the esophageal lumen during 

the measurement. However, solid-state manometry catheters are relatively expensive and 

more vulnerable to damage compared to water-perfused manometry.

The solid-state high-resolution manometry catheter is currently being considered as the 

gold standard for esophageal manometry due the excellent reproducibility and reliability. 

HRM is analyzed according to the so-called Chicago classification, named after the city in 

which these criteria were developed4-6. These criteria were developed using the solid-state 

catheter (Given Imaging, Los Angeles, CA, USA) and the normal values presented in this 

classification have therefore specifically been developed for the use of solid-state catheters.

Despite the advantages of solid-state HRM, water-perfused HRM systems are 

still being used frequently and its popularity is the result of the relatively low costs 

of the catheter and the fact that the external pressure transducers result in a high life 

expectancy of the system. Recently, a water-perfused HRM catheter has been developed 

which utilizes 36 pressure sensors, similar to the currently available solid-state catheters. 

However, no normal values for this technique are available which limits the use of water-

49



W
a

te
r

-pe
r

fu
se

d
 e

so
ph

a
g

e
a

l h
ig

h
-r

e
so

lu
tio

n
 m

a
n

o
m

e
try: n

o
r

m
a

l va
lu

e
s a

n
d

 va
lid

a
tio

n

4

perfused HRM in clinical practice this far. Furthermore, the level of agreement between 

water-perfused HRM and solid-state HRM is currently unknown. The aim of this study was 

therefore to develop normal values for water-perfused high-resolution manometry for the 

parameters defined by the Chicago classification and to assess the level of agreement 

between water-perfused HRM and solid-state HRM.

methods
Subjects
We included 50 healthy volunteers (Mean age: 35 years, range: 21 – 64 years, 15 females) 

without a history of upper gastrointestinal complaints. Subjects who used medication which 

could affect upper gastrointestinal motility or subjects with a history of upper gastrointestinal 

surgery were excluded. All subjects provided written informed consent. This study has 

been reviewed by the ethics committee of the academic medical center (internal reference 

number MEC 2012_017) and was approved on the 19th of February 2012.

High-resolution manometry
Subjects reported to the hospital after fasting for a minimum of 3 hours. Thereafter, 

the manometry catheter was introduced transnasally and positioned to record from 

hypopharynx to stomach. Subjects were placed in supine position and received 10 

boluses of 5 ml water with an interval of 20 seconds. 

The water-perfused high-resolution manometry assembly consisted of a 36-channel 

water-perfused catheter (Dentsleeve, Mississauga, Ontario, Canada). The catheter was 

zeroed to the atmospheric pressure before the catheter was introduced. The manometric 

signals were recorded with a frequency of 20 Hz and were stored on a personal computer.

Solid-state HRM was carried out using a solid state HRM assembly with 36 circumferential 

pressure sensors spaced at 1-cm intervals (Given Imaging, Los Angeles, CA, USA). A 

sampling frequency of 20 Hz was used to record HRM signals. Before the onset of the 

measurement, the HRM pressure tracings were calibrated at 0 and 300 mmHg.

Data analysis
Water-perfused high-resolution manometry data were analyzed using dedicated software 

(Medical Measurements Systems (MMS), Enschede, the Netherlands). Solid-state high-

resolution manometry data were also analyzed using dedicated software (Given Imaging, 

Los Angeles, CA, USA). Esophageal motility was assessed using the Chicago criteria4-6. 

Assessment of EGJ relaxation pressure, resting pressure and upper esophageal sphincter 

(UES) resting pressure and relaxation pressure was automatically performed using 

dedicated software after manual inspection of the tracings and placement of analysis 

markers (Measurement and analysis software v 8.23a, MMS, Enschede, the Netherlands). 

EGJ pressure was referenced to gastric pressure whereas the esophageal contraction 
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parameters and UES pressures were referenced to atmospheric pressure. Breaks in the 

esophageal contraction were defined as segments within the esophageal contraction 

with an amplitude below the 20-mmHg isobaric contour7. Average break length was 

defined as the mean break length during the 10 swallows. The contractile front velocity 

(CFV) was defined as the slope of the line connecting the points on the 30-mmHg isobaric 

contour at the proximal and the distal margin of the distal esophageal segment4. Distal 

contractile latency (DL) was defined as the time between deglutitive UES relaxation and 

the contractile deceleration point (CDP: the inflection point along the 30-mmHg isobaric 

contour where propagation velocity slows demarcating the tubular esophagus from the 

phrenic ampulla)8,9. The distal contractile integral (DCI) was calculated by multiplying the 

length of the smooth muscle esophagus by the duration of propagation of the contractile 

wave front, and the mean pressure in the manually placed frame excluding pressures below 

20 mmHg4. Deglutitive relaxation of the EGJ was assessed with the Integrated relaxation 

pressures (IRP) which measured the lowest 4-s cumulative pressure values that occurred 

during a 10-s postdeglutition time window in the electronically generated e-sleeve signal 

through the anatomic zone defining the EGJ4. There is currently no general consensus for 

the assessment of deglutitive relaxation of the UES, we therefore assessed UES relaxation 

with the Integrated relaxation pressures (IRP) during the lowest 0.2-s and 0.8-s cumulative 

pressure values that occurred during a 3-s window in the electronically generated e-sleeve 

signal through the UES. Furthermore, UES relaxation was assessed by calculating the UES 

residual pressure (intrabolus pressure at the level of the UES during a swallow) automatically 

during the manually placed marker during UES relaxation. Esophageal intrabolus pressure 

(IBP) was measured between the peristaltic wavefront and the EGJ.

Statistical analysis 
Normal values were defined as the interval between the 5th and 95th percentile of values. 

The level of agreement between the two systems were assessed using intraclass correlation 

coefficient statistics. Data are presented as mean±SD, median and 5th and 95th percentiles. 

Results
Subjects
Measurements were successfully performed in all subjects and no subjects met the 

criteria for achalasia or esophageal spasms.

Normal values for water-perfused HRM
EGJ parameters and UES parameters are demonstrated in table 1. The 5–95th percentile 

range for basal pressure of the EGJ (respiratory minimum) was 3.0 – 29.8 mmHg and 1.0 

– 18.8 mmHg for the IRP 4s. The 5–95th percentile range for basal pressure of the UES 

(mean) was 28.8 – 199.3 mmHg and 1.1 – 28.9 for IRP 0.2s.
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Table 1 also demonstrates the esophageal parameters as assessed with water-

perfused HRM. The 5–95th percentile range for CFV was 3.0 – 6.6 cm s-1, 141.6 – 

3674 mmHg*s*cm for DCI and 6.2 – 8.7 s for DL. Total break length in the esophageal 

contraction length was 3.0 cm and it’s 5–95th percentile range was 0.0 - 9.5 cm.

Agreement between solid-state HRM and water-perfused HRM
The levels of agreement for EGJ parameters and UES parameters between water-perfused 

HRM and solid-state HRM are demonstrated in table 2. UES resting pressure showed no 

correlation between the two measurement techniques (ICC = -0.11) and a markedly higher 

95th percentile was observed for water-perfused HRM compared to solid-state HRM (199.3 

vs 137.7 mmHg). The bland-altman plot did not identify a consistent difference (increased 

or decreased value) in resting UES pressure between the two techniques. Slight agreement 

between the two techniques was  observed for UES residual pressures (ICC = 0.15). The 95th 

percentile of UES residual pressure was 30.7 mmHg using water-perfused HRM compared 

to 8.5 mmHg using solid-state HRM. Moreover, the bland-altman plot demonstrated that 

the residual UES pressure measured by solid-state catheter is consistently lower using the 

compared to the water-perfused catheter.

Slight agreement between the two techniques was observed for EGJ resting pressures 

(ICC = 0.16). The Bland-Altman plot did not demonstrate a consistent difference 

table 1. Esophageal parameters, EGJ parameters and UES parameters as measured by water-perfused 
HRM.

mean sd median

percentiles

5th 95th 95th chicago

EGJ parameters

Basal pressure (resp min) (mmHg) 11.6 8.1 9.5 3 29.8 >10, <35

Basal pressure (mean) (mmHg) 23.7 12.9 20.5 9.1 54.8 N.A.

IRP 4s (mmHg) 8.1 4.8 7 1 18.8 <15

UES parameters

Basal pressure (mean) (mmHg) 91.8 55.5 76 28.8 199.3 26.3–85.1

Residual pressure (mmHg) 13.0 8.2 11.5 1.7 30.7 N.A.

IRP 0.2s (mmHg) 11.3 7.9 9.5 1.1 28.9 N.A.

IRP 0.8s (mmHg) 24.8 10.5 24.0 8.0 42.6 N.A.

Esophageal parameters

CFV (cm s-1) 4.4 1.1 4.2 3.0 6.6 <7.5

DCI (mmHg*s*cm) 1189 1023 970 141.6 3674 <5000

DL (s) 7.4 0.8 7.4 6.2 8.7 >4.5 (5th perc)

IBP (mmHg) 5.7 3.5 6.0 0.0 12.0 <15

Total break length (cm) 3.0 2.7 2.3 0.0 9.5 N.A.
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(increased or decreased value) in LES resting pressure between the two measurement 

techniques and similar 5th percentile and 95th percentiles were observed.

Fair agreement between the two measurement techniques was observed for the 

IRP4s values, with a slightly higher 95th percentile of 18.8 mmHg using water perfused 

HRM compared to 15.5 mmHg measured with solid-state HRM.

Table 2 also demonstrates the esophageal parameters as measured by water-

perfused HRM and solid-state HRM and their respective intra-class coefficient values. 

No correlation (ICC = -0.07) was observed between the IBP values as measured by the 

two techniques (figure). Moderate agreement between the two techniques was observed 

for CFV (ICC – 0.49) and DL (ICC = 0.50) (figure). Correlation between DCI values as 

measured by the two techniques was almost perfect (ICC = 0.90).

discussion
This study provides normal values for water-perfused high-resolution manometry, a 

widespread technique for esophageal pressure measurements. The normal values for 

DL, CFV and IRP 4s acquired by a water-perfused catheter are comparable to previously 

published criteria and a moderate to good agreement was observed compared to solid-state 

HRM. Furthermore, even though the normal values for DCI appear to be markedly lower 

compared to previously published criteria, an almost perfect ICC was observed between 

water-perfused HRM and solid-state HRM. Basal pressure of the EGJ and UES appears to 

be markedly different between water-perfused HRM and solid-state HRM, a finding which is 

also reflected by a poor ICC. However, the latter two parameters are no longer part of the 

Chicago classification and the relevance of these observations  for clinical practice is limited.

table 2. Esophageal parameters, EGJ parameters and UES parameters as measured by water-perfused 
HRM and solid-state HRM. ICC = Intra-class correlation coefficient, 5Th - 95th = 5th percentile - 95th percentile.

solid-state water-perfused

iccmean (sd) 5th - 95th mean (sd) 5th - 95th

UES parameters

Resting pressure 75.8 (32.2) 34.6 - 137.7 91.8 (55.5) 28.8 - 199.3 - 0.11

Residual pressure 1.9 (2.6) 0.0 - 8.5 13.0 (8.2) 1.7 - 30.7 0.15

EGJ parameters

Resting pressure (min) 14.7 (8.3) 3.0 - 31.2 11.6 (8.1 3.0 - 29.8 0.16

IRP4 7.9 (5.1) 2.0 - 15.5 8.1 (4.8) 1.0 - 18.8 0.39

Esophageal parameters

DCI 1092 (1019) 178 - 2828 1189 (1023) 142 - 3674 0.90

CFV 3.9 (0.9) 2.9 - 5.9 4.4 (1.1) 3.0 - 6.6 0.49

DL 6.9 (0.9) 5.4 - 8.5 7.4 (0.8) 6.2 - 8.7 0.50

IBP 2.9 (2.6) 0.0 - 7.9 5.7 (3.5) 0.0 - 12.0 - 0.07
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The water-perfused catheter used in this study incorporates unilateral pressure 

sensors in contrast to the circumferential pressure sensors of the solid state catheter 

used in previous publications4-6. Since the EGJ is asymmetric, the latter could explain the 

poor agreement between water-perfused HRM and solid-state HRM. However, a recent 

study which also incorporated unilateral pressure sensors did not observe such a low EGJ 

resting pressure10. Moreover, using this unilateral-pressure sensing solid-state catheter, a 

markedly higher IRP4s was observed, a finding which was also not observed in our study. 

The use of unilateral pressure sensors is therefore not likely to cause these observed 

differences in resting pressure of the EGJ.

The response rate of water-perfused systems is markedly slower compared to solid-

state systems. Since the UES is a striated muscle, pressure changes are much more rapid 

that esophageal pressure changes or pressure changes in the EGJ. The latter is reflected 

by the large differences and poor agreement between the UES residual pressure as 

measured by solid-state HRM and water-perfused HRM. We therefore believe that the 

results which are obtained with water-perfused HRM are an underestimation of the 

relaxation pressure of the UES and water-perfused HRM is not well suited for pressure 

measurements of the UES. Since the presented normal values for UES relaxation are 

developed specifically for water-perfused systems, we advise caution when these values 

are used for UES relaxation using solid-state systems.

Water-perfused catheters with a so-called high-resolution segment at the position 

of the EGJ are also available. These catheters measure pressure similarly to the catheter 

used in our study but have a larger spacing between the sensors which are placed 

within the esophageal lumen. We therefore propose that centers which use these water-

perfused catheters with high-resolution segments adopt our proposed values for EGJ 

measurement. However, we advise to use caution with using our proposed criteria for 

esophageal parameters until future studies evaluate the effect of larger sensor spacing 

on HRM parameters defined by the Chicago classification.

In conclusion, in this study we have established normal values for a water-perfused 

high-resolution manometry system. The normal values which we propose are only slightly 

different from previously published criteria and a moderate to high level of agreement was 

observed for CFV, DL, DCI and IRP4s between water-perfused HRM and solid-state HRM. 

The presented normal values now allow physicians to use water-perfused HRM catheters in 

clinical practice. However, since differences exist between different manometric systems, 

the latter stresses the need for normal values for each manometric system. 
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abstRact
background: Studies performed shortly after anti-reflux surgery have demonstrated that 

the reduction of reflux episodes is caused by a decrease in the rate of transient lower 

esophageal sphincter relaxations (TLESRs) and a decrease in the distensibility of the 

esophagogastric junction (EGJ). We aimed to assess the long-term effects of surgical 

fundoplication on the physiology of the EGJ.

methods: We included 18 patients who underwent surgical fundoplication >5 years 

before and 10 GERD patients that did not have surgery. Patients underwent 90 

minutes combined high-resolution manometry and pH-impedance monitoring and EGJ 

distensibility was assessed.

Results: Post-fundoplication patients exhibited a lower frequency of reflux events than 

GERD patients (2.0 ± 0.5 vs 15.1 ± 4.3, p<0.05). The rate of TLESRs (6.1 ± 0.9 vs 12.6 

± 1.0, p<0.05) and their association with reflux (28.3 ± 9.0 vs  74.9 ± 6.9 %, p<0.05) 

was lower in post-fundoplication patients than in GERD patients. EGJ distensibility was 

significantly lower in post-fundoplication patients than in GERD patients. Recurrence of 

GERD symptoms after fundoplication was not associated with an increased number of 

reflux episodes, nor was it associated with an increased distensibility of the EGJ or an 

increase in the number of TLESRs.

conclusion: More than 5 years after anti-reflux surgery patients still exhibit a lower rate 

of TLESRs and a reduced distensibility of the EGJ compared to medically treated GERD 

patients. These data suggest that the effects of surgical fundoplication on EGJ physiology 

persist at the long-term and underlie the persistent reduction of reflux events.
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intRoduction
The esophagogastric junction (EGJ), formed by the lower esophageal sphincter (LES) and 

the crural diaphragm, prevents gastric content from entering the esophagus1. In patients 

suffering from gastroesophageal reflux disease (GERD) this barrier is compromised and 

reflux of gastric content can occur more freely causing symptoms (heartburn, regurgitation) 

as well as damage to the esophagus (esophagitis) 2. Most reflux episodes occur during 

a so-called Transient Relaxation of the Lower Esophageal Sphincter (TLESR)3 (figure 1). 

These are spontaneous sphincter relaxations that are not induced by swallowing4.

Initial management in GERD patients is medical therapy using proton pomp inhibitors 

(PPI)5. In patients that are intolerant for PPI therapy or patients in whom troublesome 

symptoms persist despite PPI therapy, anti-reflux surgery is indicated5. The short-term effects 

of the surgical fundoplication are good, resulting in excellent symptomatic and objective 

outcomes such as a reduction in the number of reflux episodes. Broeders et al6 reported that 

10 years after anti-reflux surgery as many as 25% - 28% of the patients has become daily PPI-

dependent again and/or has recurrent reflux symptoms. Surprisingly, abnormal esophageal 

acid exposure was found to be present in only 20%-30% of these subjects, which suggests that 

a concomitant functional disease such functional dyspepsia or functional heartburn is the most 

frequent cause of recurrent symptoms during the long-term follow-up after a fundoplication6.

figure 1. An example of a transient lower esophageal sphincter relaxation (TLESR) which is associated with 
a reflux episode as measured by combined high-resolution manometry and pH-impedance monitoring. The 
continuous high-pressure zone of the lower esophageal sphincter is temporarily interrupted during which 
a reflux episode can occur. The dotted arrow indicates the direction of reflux. The white lines represent 
impedance channels and the reflux episode is characterized by a drop in impedance starting in the distal 
channel. The pH-channel is represented by the most lower graph and demonstrates an acidic reflux episode.
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The exact mechanisms through which anti-reflux surgery prevents gastroesophageal reflux 

are not completely clear. However, it has been proposed that three main mechanisms play a 

role. The first of these is anatomical restoration of the esophagogastric junction (EGJ) by the 

repair of a hiatal hernia, if present. Secondly, anti-reflux surgery reduces the rate of TLESRs 

as well as the proportion of TLESRs that is associated with acid reflux7. The third proposed 

mechanism is decreased distensibility of the EGJ8,9. It should be noted that the studies that 

demonstrated the latter two physiological effects were carried out shortly after fundoplication. 

The long-term effects of fundoplication on the physiology of the EGJ are still unknown.

We hypothesized that in patients who underwent a surgical fundoplication > 5 years 

ago, the rate of TLESRs and the distensibility of the EGJ are still decreased compared to 

GERD patients without a fundoplication.

We therefore aimed to assess the long-term effects of surgical fundoplication on the 

physiology of the EGJ by studying the rate of TLESRs and distensibility of the EGJ.

methods
Subjects
All patients who underwent a laparoscopic fundoplication in the Academic Medical Center 

Amsterdam and the VU University Medical Center in Amsterdam between 1999 and 2008 

were invited to participate in this study. Patients were eligible when they underwent their 

fundoplication > 5 years before inclusion in this study. We excluded patients in whom a multiple 

operations were performed or when severe complications had occurred during the operation.

As a control group, we prospectively included 10 patients matched for age and sex 

with GERD which we defined as an association between symptoms and reflux episodes 

during ambulatory 24-hour pH-impedance monitoring. In these patients, we performed a 

measurement protocol similar to patients who underwent a fundoplication.

Questionnaires
All subjects filled out the Reflux Disease Questionnaire (RDQ) to assess the severity of 

symptoms of GERD18. In summary, the RDQ provides a score for regurgitation and heartburn 

based on the severity and frequency of the symptoms. The RDQ scores range between 0-5 

whereas subjects without complaints have a score of 0. Furthermore, the total RDQ score 

provides a score based on the severity and frequency of heartburn and regurgitation. 

Furthermore, the recurrence of symptoms of GERD was assessed in all patients. If 

patients indicated that their initial symptoms of GERD had recurred, they were considered 

as patients with recurrent symptoms.

EGJ distensibility
Subjects arrived to the clinic after an overnight fast (no fluid or food after midnight). 

EGJ distensibility was assessed using the EndoFLIP device. The EndoFLIP system for 
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endoluminal impedance planimetry (Crosspon inc, Carlsbad CA, USA) consists of a 

catheter (outer diameter 3 mm) with an infinitely compliant cylindrical bag at the distal tip, 

and dedicated software and hardware. The balloon covers the distal 10 cm and contacts 

the esophageal wall upon filling with saline solution. A series of electrodes within the 

balloon measures the impedance at 16 longitudinal levels and these measurements are 

used to calculate cross-sectional areas at these levels. 

The catheter was introduced transnasally and positioned into the stomach. After 

inflation of the distal balloon the catheter was pulled back and the balloon was placed 

across the EGJ. Each measurement consisted of volume-controlled distension with of 

20 mL, 30 mL, 40 mL and 50 mL. The lowest cross-sectional area at different fluid volumes 

was considered as the diameter of the EGJ. Distensibility was calculated as the lowest 

cross-sectional area divided by pressure (mm2/mmHg).

Distensions were stopped if the patient indicated discomfort. 

HRM and pH-impedance monitoring
Catheters for high-resolution manometry (HRM) and impedance measurement (see below) 

were inserted transnasally after the EndoFLIP catheter had been removed. Combined HRM 

and impedance monitoring was performed for 90 minutes immediately after ingestion of a 

standardized meal consisting of two pancakes (140 kcal, 23.4 g carbohydrate, 1.6 g fat).

The impedance monitoring catheter was fitted with 6 impedance recording segments 

and 1 ISFET pH electrode (Unisensor AG, Attikon, Switzerland). Impedance recording 

segments were located at 2-4, 4-6, 6-8, 8-10, 14-16 and 16-18 cm above the upper 

border of the LES. A sample frequency of 50 Hz was used to record impedance signals. 

Concurrently, HRM was carried out using a solid-state HRM assembly with 36 solid-state 

sensors spaced at 1-cm intervals (Unisensor AG, Attikon, Switzerland). The manometry 

catheter was positioned to record from hypopharynx to stomach. A sampling frequency 

of 20 Hz was used to record HRM signals. Impedance and pressure signals were recorded 

and automatically synchronized on a personal computer system (Medical Measurement 

Systems (MMS), Enschede, The Netherlands). Before the onset of the measurement, the 

HRM pressure tracings were zeroed to the atmospheric pressure.

The occurrence of TLESRs was analyzed according to the modified criteria published by 

Holloway et al 10. Impedance tracings were analyzed for the occurrence of reflux episodes 

according to previously published criteria11. The presence of a double high-pressure zone 

as observed during high-resolution manometry was assessed12. A double high-pressure 

zone is an indication of two separate pressure zones caused by the diaphragm and the 

LES and occurs in patients with hiatal hernia. The occurrence of a double high-pressure 

zone after fundoplication therefore suggests that a hiatal hernia is present and could, in 

theory, contribute to the occurrence of reflux episodes.
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Statistical analysis
Throughout the manuscript, data are presented as mean ± SEM. Statistical analysis was 

performed using Prism software version 5 (Graph Pad, La Jolla CA, USA). Comparisons 

were analyzed using the Students t-test. Differences were considered statistically 

significant when p<0.05.

Results
Subjects
A total of 18 patients (mean age: 59 (range 43 – 73), 11 male)in whom a fundoplication 

was performed > 5 years ago successfully completed the measurement protocol. 

A total of 13/18 patients underwent a laparosopic Nissen fundoplication and 5/18 

patients underwent a Toupet fundoplication. A total of 8 out of 18 patients in whom 

a fundoplication was performed reported that their pre-operative reflux had returned. 

Therefore, these 8 patients were considered to be patients with recurrent symptoms.

In patients who underwent a fundoplication the RDQ score was significantly lower 

compared to GERD patients without a fundoplication, as were the scores for regurgitation 

and heartburn (table 1).

table 1. Outcomes of symptom questionnaires in patients who underwent the surgical fundoplication 
> 5 year ago and GERD patients without a fundoplication. Results are presented as mean ± SEM.

post-fundoplication  
(n=18)

geRd without  
fundoplication (n=10) p-value

Heartburn 1.5 ± 1.6 3.2 ± 1.4 P < 0.05

Regurgitation 0.5 ± 1.0 3.1 ± 1.6 P < 0.001

Total RDQ score 1.1 ± 1.3 3.2 ± 1.3 P < 0.001

EGJ distensibility measurements
EndoFLIP measurements were completed by all GERD patients without a fundoplication 

and were stopped during the measurement due to severe discomfort in 1 post-

fundoplication patient. EGJ distensibility was significantly higher in GERD patients who did 

not undergo a fundoplication compared to patients post-fundoplication at 20 mL, 30 mL 

and 40 mL (table 2). Balloon pressure was significantly higher in patients that underwent 

fundoplication compared to GERD patients without fundoplication at 20 mL (14.5±1.6 vs 

9.3±1.5, p<0.05), 30 mL (19.9±2.0 vs 13.4±1.6, p<0.05), 40 mL (30.2±2.5 vs 21.3±2.5, 

p<0.05) but not at 50 mL (40.3±3.2 vs 32.4±2.9, NS). Differences in cross-sectional area of 

the EGJ did not reach statistical significance at the different balloon volumes.
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Combined pH-impedance monitoring and high-resolution 
manometry
Combined pH-impedance monitoring and HRM was completed by all subjects. However, 

in one post-fundoplication patient the HRM signals showed an artifact which prohibited 

analysis of the measurement. In another patient of the fundoplication group a technical 

problem prohibited analysis of the pH-impedance signals. In the latter two patients only 

the HRM or pH-impedance signals were analyzed.

A double high-pressure zone was observed in 7/18 patients who underwent a 

fundoplication and was observed in 6/10 GERD patients without a fundoplication. Resting 

pressure of the lower esophageal sphincter (respiratory minimum) was not significantly 

different between patients who underwent a fundoplication compared to GERD patients 

who did not undergo a fundoplication (table 2). The number of TLESRs was significantly 

lower in patients who underwent a fundoplication compared to GERD patients without a 

fundoplication (6.1 ± 0.9 vs 12.6 ± 1.0, p<0.05). Furthermore, the percentage of TLESRs that 

was associated with a reflux episode was significantly higher in patients with GERD compared 

to the post-fundoplication patients. Notably, in patients that underwent a fundoplication, 

reflux episodes occurred most frequently during a TLESR (71%). Other mechanisms observed 

in these patients were swallow-induced reflux (16%), free reflux (6%) and reflux during 

abdominal pressure peaks such as strain-induced reflux and cough-induced reflux (6%).

Recurrence of GERD symptoms after fundoplication
A total of 8 out of 18 patients were considered as having recurrent symptoms after 

fundoplication. Patients with recurrent symptoms had significantly higher RDQ scores for 

heartburn (2.9 ± 0.4 vs 0.4 ± 0.3, p<0.05) regurgitation (1.3 ± 0.5 vs 0.0 ± 0.0, p<0.001) and 

table 2. Results of the combined HRM-pH-impedance measurements and EndoFLIP measurements 
in patients who underwent surgical fundoplication > 5 year ago and GERD patients without a 
fundoplication. Results are presented as mean ± SEM. TLESR = Transient Lower Esophageal Sphincter 
Relaxation. LES = Lower Esophageal Sphincter. NS = Non Significant.

post-fundoplication 
(n=18)

geRd without 
fundoplication (n=10) p-value

Number of reflux episodes / 90 min 2.0 ± 0.5 15.1 ± 4.3 P < 0.05

Number of TLESRs / 90 min 6.1 ± 0.9 12.6 ± 1.0 P < 0.05

Percentage of TLESRs with reflux 28.3 ± 9.0 74.9 ± 6.9 P < 0.05

Distensibility (mm2/mmHg)

50 ml 6.2 ± 1.2 8.0 ± 1.7 NS

40 ml 4.1 ± 0.6 7.1 ± 1.4 P < 0.05

30 ml 2.7 ± 0.4 5.0 ± 0.9 P < 0.05

20 ml 2.3 ± 0.4 4.0 ± 0.8 P < 0.05

End-exp LES pressure (mmHg) 11.5 ± 1.7 8.2 ± 3.0 NS
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total RDQ score (2.2 ± 0.4 vs 0.2 ± 0.2, p<0.001)  compared to patients without recurrent 

symptoms. A double high-pressure zone was observed in 2/8 patients with recurrent 

symptoms and the latter was observed in 5/10 patients without recurrent symptoms. 

The number of reflux episodes reported during the 90-minute measurement period 

was not significantly different between patients with and without recurrent symptoms after 

fundoplication (table 3). Furthermore, we did not observe a difference in the number of TLESRs, 

nor did we observe a difference in the distensibility of the EGJ at different balloon volumes.

discussion
Fundoplication is a surgical intervention which has been applied extensively in the 

treatment of GERD over the last few decades. Excellent symptomatic and objective 

outcomes during short- and long-term follow-up have been reported6,13. Since the 

mechanisms through which these beneficial effects are achieved had only been assessed 

in studies carried out shortly after fundoplication, our study aimed to assess the long-term 

effects of the fundoplication on the physiology of the EGJ.

Distensibility of the EGJ was found to be increased in patients with GERD14. It has 

been suggested that this increased distensibility contributes to an increased incidence of 

gastroesophageal reflux episodes 14. Pandolfino et al demonstrated that one of the short-

term physiological effects of surgical fundoplication is reduced distensibility of the EGJ 

and they have confirmed this finding using the EndoFLIP device8,9. Therefore, decreased 

distensibility of the EGJ due to the creation of the surgical fundoplication is believed 

to be an important contributor to the reduction in reflux episodes. Our study clearly 

demonstrates that patients who underwent a surgical fundoplication > 5 years ago still 

have a persistent markedly reduced distensibility of the EGJ. Therefore, this reduced 

distensibility of the EGJ after fundoplication appears to be an important physiological 

mechanism in the long-term reduction of reflux episodes.

table 3. Results of the combined HRM-pH-impedance measurements and EndoFLIP measurements in 
patients post-fundoplication with recurrent reflux symptoms compared to patients without recurrent 
symptoms.

Recurrent symptoms 
(n=8)

no recurrent 
symptoms (n=10) p-value

Number of reflux episodes / 90 min 3.1 ± 0.9 1.0 ± 1.1 NS

Number of TLESRs / 90 min 6.0 ± 1.5 6.1 ± 1.0 NS

Distensibility (mm2/mmHg)

50 ml 4.7 ± 1.3 7.6 ± 1.8 NS

40 ml 3.3 ± 0.6 4.7 ± 0.9 NS

30 ml 2.5 ± 0.7 2.8 ± 0.6 NS

20 ml 2.7 ± 0.8 2.0 ± 0.3 NS
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In the beginning of the 1980s, TLESRs were recognized as the most important 

mechanism during which gastroesophageal reflux episodes occurred15. Straathof et al 

demonstrated that surgical fundoplication reduces the number of TLESRs16. This effect of 

the fundoplication could be attributed to a reduced elicitation of TLESRs in response to 

gastric distension17. Furthermore, fundoplication not only reduces the number of TLESRs 

but also the percentage of TLESRs which is associated with a reflux episode7. Therefore, 

the reduction in TLESRs and their association with reflux is considered to be an important 

physiological mechanism by which the fundoplication reduces the number of reflux 

episodes. However, the long-term effects of the fundoplication on the elicitation of TLESRs 

were hitherto unknown. In theory, during a long-term follow-up, the ability to trigger 

TLESRs could be restored, thereby re-allowing reflux episodes to occur during TLESRs. Our 

study clearly demonstrates that during a long-term follow-up after fundoplication, the rate 

of TLESRs is still markedly decreased compared to GERD patients without a fundoplication. 

Furthermore, the proportion of TLESRs associated with gastroesophageal reflux episodes 

was also clearly reduced. The results of our study therefore show that the reduced incidence 

of TLESRs and their reduced association with reflux episodes are important physiological 

mechanisms in the long-term reduction of reflux episodes after fundoplication.

Broeders et al demonstrated that during a long-term follow-up, patients with recurrent 

symptoms often do not exhibit pathological acid exposure times6. Accordingly, we also did 

not observe a significant difference in the number of reflux episodes between patients with 

recurrent symptoms > 5 years after fundoplication and patients without recurrent symptoms. 

In theory, 24-hour pH-impedance monitoring could have identified such a difference but 

these measurements were not performed in our study. However, our findings lend further 

support to the notion that “recurrent” symptoms after fundoplication are mostly caused by 

a concomitant functional disease such as functional heartburn or functional dyspepsia. Since 

we also observed similar numbers of reflux episodes in patients with recurrent symptoms 

and patients without recurrent symptoms, it is not surprising that we did not observe a 

difference in the number of TLESRs or in the distensibility of the EGJ. However, Broeders 

et al also demonstrated that a small percentage of patients with recurrent symptoms does 

exhibit pathological acid exposure times. The limited number of patients included in our 

study made it impossible to identify this subgroup. Further studies are needed to explore 

the EGJ physiology in patients with true recurrence after fundoplication. 

A limitation of this study is the inclusion of patient who underwent the Nissen 

fundoplication and the Toupet fundoplication. In theory, a difference could exist between 

these two surgical techniques. However, since the short term physiological effects of 

the two techniques have many similarities, we believe that the long term effects can be 

studied in these two groups together.

In conclusion, during a follow-up > 5 years after fundoplication, the rate of TLESRs 

as well as their association with reflux episodes is reduced compared to patients with 

GERD who did not undergo a fundoplication. Furthermore, the distensibility of the EGJ 

is markedly decreased in patients > 5 years after fundoplication compared to GERD 
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patients who did not undergo a fundoplication. Our findings therefore suggest that the 

effects of the surgical fundoplication persist during a long-term follow-up and could 

underlie the long-term reduction in reflux episodes. 
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abstRact
background: The 5-HT4 receptor agonist prucalopride is a prokinetic drug which improves 

colonic motility. Animal data and in vitro studies suggest that prucalopride also affects 

gastric and esophageal motor function. We aimed to assess the effect of prucalopride on 

gastric emptying, esophageal motility and gastroesophageal reflux in man.

methods: In this double-blind, placebo-controlled, randomized, crossover study we 

included 21 healthy volunteers who received 4 mg prucalopride or placebo per day for 

6 days. We performed high-resolution manometry (HRM) followed by 120 minutes HRM-

pH-impedance monitoring after a standardized meal, ambulatory 24-hr pH-impedance 

monitoring and gastric emptying for solids.

Results: Prucalopride decreased (median (IQR)) total acid exposure time (3.4 (2.5-5.6) vs 

1.7 (0.8-3.5) %, p<0.05). The total number of reflux events was unaffected by prucalopride, 

however, the number of reflux events extending to the proximal esophagus was reduced 

by prucalopride (15.5 (9.8-25.5) vs 10.5 (5.3-17.5), p<0.05). Furthermore, prucalopride 

improved acid clearance time (77.5 (47.8-108.8) vs 44.0 (30.0-67.8) s, p<0.05). Prucalopride 

did not affect the number of transient lower esophageal sphincter relaxations or their 

association with reflux events. Esophageal motility as well as basal pressure of the lower 

esophageal sphincter were not affected by prucalopride. Prucalopride increased gastric 

emptying (T1/2 (32.7 (27.9-44.6 vs 49.8 (37.7-55.0) min, p<0.05) and decreased residue 

after 120 min (8.8 (4.4-14.8) vs 2.7 (1.3-5.4) %, p<0.05).

conclusion: Prucalopride reduces esophageal acid exposure and accelerates gastric 

emptying in healthy male volunteers. These findings suggest that the drug could be 

effective for treatment of patients with reflux disease and functional dyspepsia.
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intRoduction
Treatment of gastroesophageal reflux disease (GERD) fails in a small proportion of 

patients1. As GERD is one of the most prevalent chronic disorders in the western world, this 

small proportion of therapy-resistant patients encompasses a substantial part of the work 

load of general practitioners and gastroenterologists. The cause of GERD is multifactorial 

and consists, among many others, of an impaired lower esophageal sphincter (LES), weak 

esophageal peristalsis and slow gastric emptying. Furthermore, most reflux episodes 

occur during so-called, transient lower esophageal sphincter relaxation (TLESR)2. Previous 

studies have demonstrated that GERD patients have a higher percentage of TLESRs 

associated with a reflux episode compared to healthy controls3. Slow gastric emptying has 

also been associated with functional dyspepsia, another highly prevalent disease4. A drug 

with a prokinetic effect on the upper gastrointestinal (GI) tract could thus be beneficial for 

a large group of patients, but only a few of such drugs are available, most of these are 

accompanied by side-effects, strong tachyphylaxis and/or insufficient effects on motility. 

Prucalopride is a 5-HT4 receptor agonist that stimulates colonic motility5. It recently 

received marketing authorization for the symptomatic treatment of chronic constipation 

in women in whom laxatives fail to provide adequate relief. Animal studies reveal 

that besides its effect on colonic motility, prucalopride also induces dose-dependent 

tonic gastric contractions in the dog6. Furthermore, prucalopride induces relaxation 

of a rat esophagus preparation suggesting that prucalopride also has binding affinity 

for esophageal 5-HT4 receptors7. Two papers have been published on the effects of 

prucalopride on gastric emptying in humans which showed contradictory results. No 

statistically significant effect on gastric emptying in healthy volunteers was observed in the 

one study8, while in the other study in patients with functional constipation, prucalopride 

significantly accelerated gastric emptying9. It has been argued that the effect on gastric 

emptying in these constipated patients was secondary to the effect on the colon, and 

that this was the reason for the lack of effect in healthy subjects.

In the past, the 5-HT4 receptor agonist cisapride has been used successfully in 

patients with gastroparesis, and resulted in both an acceleration of gastric emptying and 

symptom improvement. Cisapride also increases LES pressure and decreases esophageal 

acid exposure10–12. Tegaserod, another 5-HT4 agonist, significantly decreased esophageal 

acid exposure in GERD patients but not in healthy volunteers13–15. Furthermore, it has been 

shown that tegaserod improves esophageal peristaltic contractions in healthy volunteers13. 

However, both tegaserod and cisapride have been retracted from the market due to rare 

adverse events and are no longer available for clinical use. However, they illustrate that 

5-HT4 receptor agonists can have effects on gastric and esophageal motility.

This far, data on the effect of prucalopride on the esophageal contractility and 

reflux characteristics in humans is lacking. We therefore aimed to assess the effect of 

prucalopride on esophageal reflux parameters, gastric emptying, esophageal contraction 

characteristics, incidence of TLESRs and their association with reflux episodes and lower 

esophageal sphincter pressure in healthy subjects.
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methods
Study design
This was a double-blind, randomized, placebo controlled, cross-over study.

Subjects
We included 21 healthy men, age >18 year between August 2011 and December 2012. Full 

details of the inclusion/exclusion criteria are presented in supplementary table S1. Renal 

function was assessed during a screening visit after written informed consent was received.

Randomization of subjects was based on an assigned chronological subject number 

which corresponded to a treatment order. The treatment order was only known by the 

pharmacist and was also stored in a sealed envelope. Treatment codes were not broken 

until all data from each participant was analyzed and documented. 

This study was conducted in accordance with the Declaration of Helsinki and the 

International Conference on Harmonisation Guidelines for Good Clinical Practice. This 

study has been reviewed by the ethics committee of the Academic Medical Center 

(internal reference number 2011_133) and was approved on the 19th of August 2011. All 

subject provided written informed consent for the study. This study is registered on a 

publicly accessible website (Nederlands trial register number (trialregister.nl): NTR2857).

Study protocol
Subjects were measured twice, once on a daily dose of 4 mg of prucalopride and once on 

placebo treatment in a randomized order. The placebo medication was visually identical 

to the prucalopride tablets and consisted of two tablets. The dosage of 4 mg is the 

maximum available safe dosage and was therefore chosen as the dosage regimen for this 

study. Measurements were performed on the 5th day and the 6th day of either prucalopride 

or placebo treatment to reach steady state drug serum levels and medication was ingested 

each morning. In between the two treatments there was a wash-out period ≥7 days. 

On the first measurement day (figure 1), subjects arrived at the clinic in the morning 

after an overnight fast (no fluid or food after midnight). We performed a stationary high-

resolution manometry (HRM) to assess esophageal motility and basal pressure of the LES. 

Thereafter, prolonged combined HRM and pH-impedance monitoring was performed 

after a standardized meal to assess reflux mechanisms such as the occurrence of TLESRs. 

After 120 minutes of postprandial measurement, the HRM catheter was removed and the 

pH/impedance catheter remained in situ in order to perform a 24-hour ambulatory pH/

impedance measurement. Subjects returned home and were instructed to perform normal 

daily activities. Meals and beverages were consumed on fixed times during the day.

On the second day, subjects arrived at the clinic and the ambulatory pH/impedance 

catheter was removed. A scintigraphic gastric emptying test was then performed using a 

standardized meal labeled with 99mTc-pertechnetate to assess gastric emptying for solids 

during a total period of 120 minutes. 
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All subjects reported their adverse events during the study. Duration of adverse 

events and severity of the adverse events were documented.

Smoking was prohibited during both measurement days. Alcohol consumption, the 

use of drugs and the use of any medication with a potential effect on gastrointestinal 

motility was prohibited during the entire 6-day treatment period.

Ambulatory pH-impedance monitoring
Ambulatory measurements were carried out according to the routine protocol used in our 

institution. A combined pH-impedance catheter assembly was used. The latter consisted 

of 6 impedance segments and 1 ISFET pH electrode (Unisensor AG, Attikon, Switzerland) 

which was placed at 5 cm from the upper border of the manometrically localized lower 

esophageal sphincter (LES). Impedance recording segments were located at 2-4, 4-6, 

6-8, 8-10, 14-16 and 16-18 cm above the upper border. Impedance and pH signals were 

stored on a digital datalogger (Ohmega, Medical Measurement Systems, Enschede, The 

Netherlands), using a sampling frequency of 50 Hz. Meals and beverages were consumed 

on fixed times during the day. 

Impedance tracings were analyzed for the occurrence of reflux episodes 
and for their proximal extent according to previously published criteria16. Acid 
exposure time was calculated as the percentage of time during which the pH 
was below 4. Investigators were blinded for the study group during the analysis 
of the measurements.

Prolonged combined high-resolution manometry  
and pH-impedance
Combined HRM and impedance monitoring was performed for 120 minutes immediately 

after ingestion of a standardized meal consisting of a cheeseburger, chips and 200 ml 

orange juice (967 kcal).

The pH-impedance catheter was similar to the pH-impedance catheter which was 

used during ambulatory pH-impedance monitoring and is described above. Prolonged 

HRM was carried out using a water-perfused HRM assembly with 36 pressure sensors 

spaced at 1-cm intervals (Mui scientific, Mississauga, Ontario, Canada). The manometry 

catheter was positioned to record from hypopharynx to stomach. A sampling frequency 

of 20 Hz was used to record HRM signals. Impedance and pressure signals were recorded 

and automatically synchronized on a personal computer system using dedicated software 

(Medical Measurement Systems (MMS), Enschede, The Netherlands). Before the onset of 

the measurement, the HRM pressure tracings were zeroed to the atmospheric pressure.

Impedance tracings were analyzed for the occurrence of reflux episodes according to 

previously published criteria16. The occurrence of TLESRs was analyzed according to the 

modified criteria published by Holloway et al17. Investigators were blinded for the study 

group during the analysis of the measurements.
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Stationary high-resolution manometry
Stationary HRM was carried out according to the routine protocol used in our institution. 

A sold state HRM assembly with 36 circumferential pressure sensors spaced at 1-cm 

intervals (Given Imaging, Los Angeles, CA, USA) was used. The HRM catheter was placed 

transnasally and was positioned to record from hypopharynx to stomach. Thereafter, 10x 

water (5ml) swallows were performed in supine position. A sampling frequency of 20 Hz 

was used to record HRM signals. Before the onset of the measurement, the HRM pressure 

tracings were calibrated at 0 and 300 mmHg. 

HRM studies were analyzed as described in the Chicago classification18. LES resting 

pressure was defined the respiratory minimum during deglutitive relaxation of the LES 

and the mean LES pressure during deglutitive relaxation of the LES. Strength of the 

esophageal contraction was assessed by the Distal Contractile Integral (DCI) and as the 

maximum amplitude of the contraction at 3 cm above the LES. Velocity of the esophageal 

contraction was assessed by the contractile front velocity (CFV). Investigators were 

blinded for the study group during the analysis of the measurements.

Scintigraphy
Gastric emptying rate was studied according to the routine protocol used in the Nuclear 

Medicine department at our institution. Subjects ingested a standardized meal after an 

overnight fast consisting of a pancake (275 Kcal) which was labeled with technetium-99m 

(99mTc)-pertechnetate (20 MBq). This was followed by ingestion of 200 ml of plain water. 

Thereafter, gastric emptying was studied during 2 hours in which scintigraphy was performed 

every 15 minutes on a dual head gamma camera (GE Infinia, GE Health,‘s Hertogenbosch, 

The Netherlands) equipped with low-energy high resolution collimators. 1-min anterior and 

figure 1. Study protocol
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posterior images were made immediately after ingestion of the test meal and subsequently 

every 15 minutes until 2h postprandially. Images were analyzed using a Hermes processing 

station (Hermes Medical Solutions, Stockholm, Sweden). After gastric emptying scintigraphy 

the lag phase, T½ (time needed to empty half of the gastric content) and %RA120 (percentage 

of radioactivity remaining in the stomach after 120 minutes of emptying), were calculated. 

Investigators were blinded for the study group during the analysis of the measurements.

Statistical analysis and sample size analysis
Throughout the manuscript, data are presented as median (interquartile range (IQR)). 

Statistical analysis was performed using Prism software version 5 (Graph Pad, La Jolla CA, 

USA). Comparisons between treatment with medication and placebo were analyzed using the 

Wilcoxon signed rank test. Differences were considered statistically significant when p<0.05.

A sample size of 19 will have 80% power to detect a 20% difference in mean number 

of reflux events during the 24-hour measurement (e.g. a First condition mean, m1, of 

23,900 and a Second condition mean, m2, of 19,120), assuming a standard deviation of 

differences of 6,960, using a paired t-test with a 0,050 two-sided significance level19. Total 

population will therefore consist of 21 subjects to compensate for two technical failures.

Results
Ambulatory pH-impedance monitoring
Ambulatory pH-impedance monitoring was completed by all subjects. However, one 

subject did not concur with dietary instructions and we therefore excluded this subject 

from the analysis.

Prucalopride significantly reduced total acid exposure time (1.7 (0.8 – 3.0) vs 3.4 (2.4 – 

5.4) %, p<0.05) and upright acid exposure time (2.6 (1.3 – 3.9) vs 4.8 (3.4 – 7.6) %, p<0.01) but 

did not result in a significant reduction of supine acid exposure time (table 1). Furthermore, 

acid clearance time was also significantly reduced by prucalopride (44.0 (30.0 – 67.8) vs 77.5 

(47.8 – 108.8) s, p<0.01). Impedance monitoring revealed that prucalopride did not affect 

the number of reflux episodes, neither acid or weakly acidic. However, the proximal extent of 

reflux episodes was significantly reduced since the number of reflux episodes reaching the 

proximal esophagus was significantly reduced as well as the percentage of reflux episodes 

which reached the proximal esophagus. Furthermore, the reflux clearing time, as measured 

by impedance monitoring was also significantly reduced by prucalopride.

Prolonged combined high-resolution manometry  
and pH-impedance
Prolonged combined HRM and pH-impedance monitoring was completed by all subjects. 

However, the measurement could not be analyzed in one subject due to a technical failure. 

The prolonged measurement for this subject was therefore excluded from the analysis.
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table 1. Outcomes of ambulatory pH-impedance monitoring. Data are presented as median (IQR). Acid 
exposure time is presented as % time pH<4. Acid clearing time is defined as the mean time until the pH 
returned >4 after the onset of a reflux episode (pH<4). Reflux clearing time is defined as the mean time 
before the impedance level returned to the baseline impedance level after the onset of a reflux episode.

placebo prucalopride p-value

Acid exposure time

Total (%) 3.4 (2.4 – 5.4) 1.7 (0.8 – 3.0) P < 0.01

Upright (%) 4.8 (3.4 – 7.6) 2.6 (1.3 – 3.9) P < 0.01

Supine (%) 0.3 (0.0 – 2.5) 0.1 (0.0 – 0.4) P = 0.09

Reflux episodes

Total number 50.5 (28.0 – 74.8) 48.0 (24.8 – 57.0) P = 0.07

Acidic 30.5 (23.3 – 49.8) 26.0 (13.0 – 42.3) P = 0.06

Weakly-acidic/alkaline 14.0 (9.0 – 20.3) 14.5 (9.3 – 24.5) P = 0.64

Proximal reflux episodes 14.0 (9.0 – 25.0) 10.0 (3.0 – 17.0) P < 0.05

Percentage proximal reflux 29.0 (20.0 – 44.0) 20.0 (10.0 – 31.0) P < 0.001

Acid clearing time (s) 77.5 (47.8 – 108.8) 44.0 (30.0 – 67.8) P < 0.01

Reflux clearing time (s) 14.2 (10.3 – 19.9) 12.4 (9.8 – 13.5) P < 0.05

Prolonged combined HRM and pH-impedance monitoring revealed that prucalopride 

did not affect the number of reflux episodes (table 2). The number of TLESRs and the 

number of TLESRs which was associated with a reflux episode was not affected by 

prucalopride either. Other mechanisms by which reflux episodes occurred such as gastric 

strain, swallow-induced reflux or free reflux were also not affected by prucalopride.

Stationary HRM
Stationary HRM was completed by all subjects. However, one measurement could not be 

analyzed due to a technical failure. The stationary HRM measurement for this subject was 

therefore excluded from the stationary HRM analysis.

Prucalopride did not affect DCI and the amplitude of the contraction 3 cm above the 

LES (table 3). No significant difference in the percentage of contractions during which a 

peristaltic sequence was observed and the CFV was not affected by prucalopride. 

LES pressure as measured during the respiratory minimum and mean LES pressure 

were not affected by prucalopride (table 3). Furthermore, maximum IBP during deglutitive 

relaxation and IBP during deglutitive relaxation were also not affected by prucalopride.

Scintigraphy
Scintigraphy was successfully completed by all subjects.

Prucalopride did not affect lag time of gastric emptying for solids (table 4). However, 

prucalopride significantly reduced T½ (32.7 (27.9 – 44.6) vs 49.8 (37.7 – 55.0), p<0.01) 

and retention after two hours (2.7 (1.3 – 5.4) vs  8.8 (4.4 – 14.8) %, p<0.001).
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table 2. The outcomes of prolonged combined HRM and pH-impedance monitoring. Other reflux 
mechanisms include swallow-induced reflux, gastric strain, free reflux and cough-induced reflux.

placebo prucalopride p-value

Number of reflux episodes 9.5 (5.5 - 14.5) 10.5 (7.0 – 15.5) P = 0.8

TLESRs

Total 16.0 (12.0 – 19.0) 16.0 (13.0 – 19.0) P = 0.8

With reflux 9.0 (5.3 – 13.0) 10.5 (6.3 – 14.8) P = 0.7

With acidic reflux 3.0 (0.0 – 12.0) 3.0 (2.0 – 8.5) P = 0.7

With weakly acidic/alkaline reflux 4.0 (2.0 – 7.0) 3.0 (2.3 – 6.5) P = 1.0

Other reflux mechanisms 0.0 (0.0 – 0.8) 0.0 (0.0 – 0.0) P = 0.2

table 3. Outcomes of stationary high-resolution manometry.

placebo prucalopride p-value

LES pressure (resp min) (mmHg) 10.0 (6.0 – 15.6) 13.1 (6.1 – 20.4) P = 0.2

LES pressure (mean) (mmHg) 21.7 (17.4 – 25.5) 25.2 (16.0 – 32.4) P = 0.07

IRP 4s (mmHg) 5.8 (3.0 – 8.4) 6.7 (3.9 – 10.0) P = 0.2

DCI (mmHg.cm.s) 803.2 (454.3 – 1479) 824.3 (409.6 - 1407) P = 1.0

Amplitude +3cm (mmHg) 70.6 (47.4 – 93.2) 61.2 (50.4 – 100.1) P = 0.6

CFV (cm/s) 3.9 (2.9 – 4.3) 3.7 (3.3 – 4.2) P = 0.5

% peristaltic 80 (70 - 100) 90 (70 - 100) P = 0.2

IBP max (mmHg) 10.2 (7.7 – 12.4) 10.6 (7.6 – 13.9) P = 0.6

IBP during LES relaxation (mmHg) 2.5 (1.0 – 4.7) 2.2 (0.1 – 3.9) P = 0.6

table 4. Effect of prucalopride on gastric emptying for solids as measured by scintigraphy. T½: time 
needed to empty half of the gastric content. %RA120: percentage of radioactivity remaining in the 
stomach after 120 minutes of emptying.

placebo prucalopride p-value

Lag time 15.4 (10.0 – 18.6) 10.1 (8.6 – 16.3) P = 0.09

T ½ (min) 49.8 (37.7 – 55.0) 32.7 (27.9 – 44.6) P < 0.01

%RA120 (%) 8.8 (4.4 – 14.8) 2.7 (1.3 – 5.4) P < 0.001

Adverse events
The adverse events experienced during the study are reported in table 5. One adverse 

event, which comprised flatulence, was reported as a severe intensity. All other 

adverse events were mild to moderate in intensity and no adverse event required 

medical intervention. No serious adverse events were reported during treatment with 

prucalopride, and there were no discontinuations due to adverse events.
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figure 2. Total acid exposure time (% time pH<4) as measured during 24-hour ambulatory pH-
impedance monitoring.

figure 3. Gastric emptying for solids as measured by scintigraphy. A: T½ (time needed to empty half of 
the gastric content) B: %RA120 (percentage of radioactivity remaining in the stomach after 120 minutes 
of emptying).

A total of 52 adverse events were reported during prucalopride treatment compared 

to 2 adverse events during placebo treatment. A total of 6 adverse events lasted during 

the total duration of prucalopride treatment (table 5). Notably, a total of 45 adverse 

events resolved ≤2 days after start of prucalopride treatment (figure 4) and did not recur 

during the rest of the time during which subjects were studied.

discussion
This study demonstrates that prucalopride reduces esophageal acid exposure and 

accelerates gastric emptying. No effect was seen on the number of reflux episodes or on 

esophageal contractility. 

The ambulatory pH-impedance studies revealed that both acid clearance time and reflux 

clearance time were reduced by prucalopride. The enhanced clearance time could theoretically 

be caused by either reduced refluxate volume or by enhanced reflux clearance. However, 

since our stationary HRM study revealed that prucalopride did not affect the contractility of 
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table 5. Self reported adverse events.

prucalopride placebo

Loose stool 19 0

Headache 10 1

Nausea 7 0

Abdominal bloating 3 0

Increased abdominal sounds 3 0

Increased hunger 2 0

Abdominal pain 2 1

Flatulence 1 0

Decreased hunger 1 0

Increased urge 1 0

Flushes 1 0

Decreased concentration 1 0

Heartburn 1 0

figure 4. Duration of the 7 most frequently reported adverse events.

the esophagus, it is therefore most likely that the observed effect of prucalopride on acid 

exposure was through a decreased refluxate volume. This is further supported by our finding 

that prucalopride reduced the proximal extent of reflux episodes. We can only speculate 

how prucalopride could reduce reflux volume, but we think the observed reduction in gastric 

emptying rate is the most likely explanation. Acceleration of gastric emptying will reduce the 

availability of gastric content during a reflux episode, thereby reducing the volume of a reflux 

episode. However, more research is needed to determine whether this accelerated gastric 

emptying rate is the true cause of the decrease in esophageal acid exposure of whether other 

factors, which have not been investigated in this study, play a role. Interestingly, a similar 
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reduction in esophageal acid exposure time through a decrease in the duration of reflux 

episodes without an effect on the number of reflux episode was observed by Katschinksi et 

al who assessed the effect of cisapride on reflux parameters19. It is very well possible that the 

mechanism through which prucalopride is effective is similar to that other 5-HT4 agonist.

Surprisingly, the reduced esophageal acid exposure time during prucalopride 

treatment was not caused by a reduced number of reflux episodes. TLESRs are the most 

common mechanism during which reflux episodes occur and the number of TLESRs was 

not affected by prucalopride and neither was LES pressure. Also, there was no change 

in the number of TLESRs associated with a reflux. It thus seems that prucalopride has no 

effect on sphincter dynamics.

The findings from our gastric emptying studies are line with previous work by Bouras 

et al who investigated the effect of prucalopride in patients with functional constipation9. 

However, it has been argued that the effect on gastric emptying in these constipated 

patients was secondary to the effect on the colon, and that this was the reason for the 

lack of effect in healthy subjects. Our findings suggest that the effect of prucalopride on 

gastric emptying is not secondary to the effect on the colon but suggest that prucalopride 

has a direct effect on gastric accommodation.

Fox et al used the 5HT-4 receptor agonist tegaserod and observed an effect on esophageal 

contractility13. However, we did not observe an effect of prucalopride on esophageal 

contractility. Notably, the observed differences in the study by Fox et al were small and their 

clinical relevance remains doubtful since a statistically significant difference in bolus transport 

was not observed. Furthermore, Fox et al had also not found an effect of tegaserod on the 

frequency of TLESRs and on the basal tone of the LES, similar to our findings. 

Therapy-refractory GERD affects a large proportion of the Western population. The 

reflux episodes which result in these symptoms are characterized by a higher proximal 

extent and a longer duration of the reflux episode20. Furthermore, the cornerstone of the 

current medical treatment for GERD consists of acid suppression which does not reduce the 

number of reflux episodes or the proximal extent of reflux episodes but reduces the acidity 

of reflux epidoes21. Therefore, non-acidic reflux episodes and the volume component of 

the reflux episodes are considered to be important causes of therapy-refractory GERD22. 

In theory, prucalopride could reduce symptoms of GERD by reducing the exposure of 

the esophagus to non-acid reflux and by reducing the proximal extent of reflux episodes 

through volume reduction. These observed effects in healthy subjects make efficacy in 

GERD patients very likely, further research will need to determine whether prucalopride 

reduces esophageal acid exposure time in patients with GERD. Notably, the mechanism 

by which prucalopride could reduce symptoms is therefore different from treatment with 

PPI and could, in theory, benefit patients with PPI refractory symptoms. Furthermore, also 

patients with functional dyspepsia and patients with gastroparesis could benefit from 

prucalopride by accelerating of gastric emptying. In this study, a high incidence of diarrhea 

was observed during the first few days of prucalopride usage, therefore, this effect should 

be considered when future studies with GERD patients are designed.
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In conclusion, prucalopride reduces esophageal acid exposure and accelerates gastric 

emptying in healthy volunteers. The observed reduction in esophageal acid exposure time 

is most likely caused by decreased volume of the refluxate rather than a reduction in the 

number of reflux episodes. Future studies will determine whether patients with GERD and/

or patients with delayed gastric emptying could benefit from treatment with prucalopride.
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table s1. Inclusion and Exclusion criteria

Inclusion: •	 Written informed consent 
•	 Minimum age: 18 years 
•	 Male gender

Exclusion •	 Surgery of the GI tract other than appendectomy or cholecystectomy
•	 Motility disorders of the GI tract leading to delayed gastric emptying or altered 

intestinal motility
•	 A history of gastrointestinal complaints
•	 Abnormal renal function, severe renal impairment and renal impairment requiring dialysis
•	 Use of any medication with a potential effect on gastrointestinal motility that can not be 

stopped for the duration of the study, including erythromycin
•	 Participation in another study with exposure to radiation within the last year
•	 Severe and clinically unstable concomitant disease (e.g. liver, cardiovascular or lung disease, 

neurological or psychiatric disorders, cancer or AIDS and other endocrine disorders)
•	 Intestinal perforation or obstruction due to structural or functional disorder of the gut 

wall, obstructive ileus, severe inflammatory conditions of the intestinal tract, such as 
Crohn’s disease, and ulcerative colitis and toxic megacolon/megarectum.

•	 Heart disease or a family history of heart disease such as arrhythmias or ischaemic 
cardiovascular disease

•	 Medication-related
•	 Medication known to cause QTc prolongation
•	 Ketoconazole and other other potent inhibitors of P-gp such as verapamil, 

cyclosporine A and quinidine
•	 Hypersensitivity to the active substance or to any of the excipients.
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abstRact
objective: Esophageal impedance monitoring has made it possible to distinguish 

two types of belches, designated gastric and supragastric. We aimed to compare the 

esophageal pressure characteristics during supragastric belches and gastric belches 

using combined high-resolution manometry and impedance monitoring.

design: We included 10 patients with severe and frequent belching. Combined high-

resolution manometry and impedance monitoring was performed.

Results: Whereas gastric belching was relatively rare in all patients (median incidence 2 per 

90-minute period), 9 of the 10 patients exhibited excessive supragastric belching (36 in 90 

minutes). Supragastric belches were characterized by (i) movement of the diaphragm in aboral 

direction and increased esophagogastric junction (EGJ) pressure, (ii) decrease in esophageal 

pressure, (iii) upper esophageal sphincter (UES) relaxation, (iv) antegrade airflow into the 

esophagus and (v) increase in esophageal and gastric pressure leading to expulsion of air out 

of the esophagus in retrograde direction. In contrast, gastric belches were characterized by (i) 

decreased or unchanged EGJ pressure, which was significantly lower than during supragastric 

belches, (ii) absence of decreased esophageal pressure preceding entrance of air into the 

esophagus (iii) retrograde airflow into the esophagus, (iv) common cavity phenomenon and 

(v) UES relaxation after the onset of the retrograde airflow.

conclusion: In gastric belching UES relaxation is a late event, allowing efflux of air that 

entered the esophagus from the stomach. In most patients with supragastric belching 

air is brought into the esophagus by movement of the diaphragm in aboral direction, 

creation of negative esophageal pressure and UES relaxation. 
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intRoduction
During each swallow a small quantity of air enters the esophagus and is transported to the 

stomach1. Distension of the stomach, such as caused by accumulation of swallowed air, 

triggers a vagally mediated response known as transient lower esophageal sphincter relaxation 

(TLESR)2,3. During a TLESR, air is vented from the stomach into the esophagus, after which it 

can be orally expulsed. This mechanism is referred to as a gastric belch and is the physiological 

mechanism which prevents excessive gastric distension and accumulation of intestinal gas.

With the use of esophageal impedance monitoring a second mechanism of belching was 

identified, the so-called supragastric belch4. During a supragastric belch, air rapidly enters 

the esophagus from above and this is immediately followed by a rapid expulsion of the air, 

before it has reached the stomach. It has been suggested that patients start supragastric 

belching as an involuntary response to an unpleasant gastrointestinal sensation5.

The clinical relevance of the differentiation between supragastric belches and 

gastric belches has been demonstrated in patients with excessive belching as their 

main symptom4. It was found that this group of patients is characterized by an increased 

frequency of supragastric belches but not of gastric belches. Moreover, it was shown 

that in patients with excessive supragastric belching speech therapy can decrease the 

severity of belching symptoms and that distraction of these patients results in a decrease 

in the frequency of supragastric belches6,7. Furthermore, belching is a common symptom 

in patients with gastro-esophageal reflux disease (GERD) and the burden of these 

complaints is mainly determined by the frequency of supragastric belches and not of 

gastric belches8. A better understanding of the mechanism of supragastric belches and 

the difference with gastric belches could contribute to a more specific treatment.

Studies with conventional manometry in healthy volunteers have shown that gastric 

belches are characterized by LES relaxation, a simultaneous esophageal pressure 

increase known as the common cavity phenomenon and UES relaxation9,10. Studies in 

which conventional manometry was performed in patients with excessive belching show 

that supragastric belches are preceded by a decrease in esophageal pressure followed 

by a rapid increase in esophageal pressure without relaxation of the LES4. Furthermore, 

a second mechanism of supragastric belches was identified which was characterized by 

a pharyngeal pressure increase preceding the esophageal air flow4. However, due to 

the low spatial resolution and low response rate of conventional manometry, detailed 

knowledge on the mechanisms responsible for these phenomena as well as information 

on the interaction between LES and UES during supragastric belches is lacking.

High-resolution manometry (HRM) is a relatively new method to assess esophageal 

pressure characteristics11. With HRM, one can measure pressure from hypopharynx to stomach 

using closely spaced pressure transducers. Furthermore, the use of solid-state pressure sensors 

instead of conventional water-perfused pressure sensors enables faster response rates to 

pressure changes. The technique enables a more detailed assessment of esophageal pressure 

characteristics and makes it possible to study the interaction between pressure in the stomach, 

LES, upper esophageal sphincter (UES) and esophageal body in detail.
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We aimed to study the esophageal pressure characteristics during gastric belches 

and supragastric belches in detail using combined HRM and impedance monitoring and 

to compare the observed mechanisms of belching.

methods
Subjects
We included 10 patients (median age: 44 years, range: 21-64, 7 female) with complaints of 

severe and frequent belching. All patients underwent conventional stationary esophageal 

manometry in which severe esophageal motility disorders were excluded. 

Study protocol
Catheters for HRM and impedance measurement (see below) were inserted transnasally 

after an overnight fast. Combined HRM and impedance monitoring was performed for 90 

minutes immediately after ingestion of a standardized meal consisting of a pancake (140 

kcal, 23.4 g carbohydrate, 1.6 g fat).

The impedance monitoring catheter was fitted with 6 impedance recording segments 

and 1 ISFET pH electrode (Unisensor AG, Attikon, Switzerland). Impedance recording 

segments were located at 2-4, 4-6, 6-8, 8-10, 14-16 and 16-18 cm above the upper 

border of the LES. A sample frequency of 50 Hz was used to record Impedance signals. 

Concurrently, HRM was carried out using a solid-state HRM assembly with 36 solid-state 

sensors spaced at 1-cm intervals (Unisensor AG, Attikon, Switzerland). The manometry 

catheter was positioned to record from hypopharynx to stomach. A sampling frequency 

of 20 Hz was used to record HRM signals. Impedance and pressure signals were recorded 

and automatically synchronized on a personal computer system using dedicated software 

(Medical Measurement Systems (MMS), Enschede, The Netherlands). Before the onset of 

the measurement, the HRM pressure tracings were zeroed to the atmospheric pressure.

Data analysis
Intraluminal pressures immediately before and during air flow events (belches) were 

analyzed at the EGJ and in the esophageal body at 5 cm, 10 cm and 15 cm above the 

manometrically localized LES.

Gastric belches were defined as a rapid retrograde rise in impedance ≥3000 Ω in 

at least two consecutive channels reaching the most proximal impedance-recording 

segment4 (figure 1). A supragastric belch was defined as a rapid antegrade movement of 

gas ≥1000 Ω followed by a quick expulsion of gas in retrograde direction resulting in a 

return to baseline impedance level in retrograde direction4 (figure 1). Repetitive belching 

was defined as ≥2 belches with onset <5 s between each belch.

Impedance tracings were analyzed for the occurrence of reflux episodes according to 

previously published criteria and a possible temporal relation between reflux episodes 
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and supragastric belches was analyzed by determining whether a reflux episode occurred 

<1 minute before a supragastric belch12.

Statistical analysis
Throughout the manuscript, data are presented as median (IQR). Statistical analysis was 

performed using Prism software version 5 (Graph Pad, CA). Comparisons were analyzed 

using the Wilcoxon signed rank test. Differences were considered statistically significant 

when p<0.05. 

Results
Esophageal pressure characteristics during gastric belching
Median (range) frequency of gastric belches during the 90-minute measurement was 1(0-12)/h 

per patient. The onset of gastric belches was characterized by a decrease in EGJ pressure 

(figure 4). Of the gastric belches, 71% was associated with a TLESR and 29% occurred during 

low LES pressure. The pressure in the esophageal body preceding the air flow was not 

different from the baseline level and was significantly higher than the pressure preceding 

the air flow during supragastric belches (Table 1). Thereafter, air flowed in retrograde 

direction from the stomach to the esophagus. During this retrograde air flow, a discrete 

increase in esophageal pressure was observed which was not different from the increase in 

pressure during supragastric belches (table 1). This phenomenon is known as the common 

cavity phenomenon14. UES relaxation occurred only after the appearance of the common 

cavity phenomenon and was followed by oral venting of air from the esophagus which was 

observed as a return to baseline impedance level in antegrade direction. Thereafter, the 

UES returned to its resting pressure. In summary, the chain of events during a gastric belch 

was characterized by (i) decreased or unchanged EGJ pressure which was significantly lower 

than during supragastric belches (ii) absence of a fall in esophageal pressure preceding 

figure 1. Gastric belching and supragastric as measured with impedance monitoring. The presence of 
air is indicated as a blue color. Dashed arrows indicate the direction of air flow.
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7 the esophageal airflow, (iii) retrograde airflow into the esophagus, (iv) common cavity 

phenomenon characterized by an increase in esophageal pressure which was not different 

from supragastric belches and (v) UES relaxation after the onset of the retrograde airflow. 

Esophageal pressure characteristics during supragastric belching
Of the 10 patients who were included in this study, 9 patients exhibited supragastric 

belches. During the 90-minute recording session a median (IQR) of 36 (2-111) supragastric 

belches were observed per patient. In 8 out of the 9 patients with supragastric belching, a 

specific pattern of esophageal pressure characteristics was observed. The onset of these 

supragastric belches was characterized by a pressure increase at the location of the EGJ 

and simultaneous movement of the diaphragm in aboral direction (figure 2) (table 1). The 

aboral movement of the diaphragm marked a decrease in pressure in the esophageal 

body. During the initial decrease in esophageal pressure, no UES relaxation was observed. 

Thereafter, a relaxation of the UES was observed which was not associated with an upward 

movement of the UES as occurs during swallowing. The relaxation of the UES resulted in 

a pressure gradient between the atmospheric pressure in the pharynx and the negative 

esophageal pressure. This allowed an antegrade air flow that is responsible for the typical 

pattern which is observed on the impedance tracings during a supragastric belch. The 

antegrade airflow was immediately (< 1 s) followed by an increase in gastric pressure 

and esophageal body pressure which forced the air out of the esophagus in retrograde 

direction. This clearing of the esophageal air could be observed in the impedance recording 

as a return to baseline impedance level which started in the most distal channel. During 

the expulsion of air through the UES, the pressure at the location of the UES increased. 

When all esophageal air had been forced out, the UES returned to its resting pressure. In 

summary, the chain of events during a supragastric belch was characterized by concurrent 

table 1. Esophageal pressure characteristics during gastric belching and supragastric belching. Data 
are presented as median (IQR) mmHg.

gastric belches supragastric belches significance level

Aboral movement of the diaphragm 0 (0-0) cm 2 (1-2) cm NS

Increase in EGJ pressure 0 (-2.5-0) 20 (10-51) p<0.05

Pressure preceding air flow

5 cm above LES 2.5 (-0.6-5.7) -10.7 (-13.2- -4.3) p<0.05

10 cm above LES -2.3 (-12-2) -9.3 (-12.4- -3.6) NS

15 cm above LES 0 (-4-2.3) -7.7 (-8.3- -5.4) p<0.05

Pressure during expulsion of air

5 cm above LES 16.3 (5.4-18.3) 17.7 (8.5-23.3) NS

10 cm above LES 14.0 (1.3-18.1) 13.2 (5.5-27.3) NS

15 cm above LES 18.0 (9.3-27.5) 20.6 (4.7-36.4) NS
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figure 2. Supragastric belch characterized by a decrease in esophageal pressure preceding the 
esophageal air flow. Dashed arrows indicate the direction of air flow. Pressure increase at the position 
of the UES during the expulsion of air is caused by intrabolus pressure.

figure 3. Supragastric belch preceded by an increase in pharyngeal pressure and not by a decrease in 
esophageal pressure. Dashed arrows indicate the direction of air flow.

(i) EGJ contraction and aboral displacement of the diaphragm, (ii) pressure decrease in the 

esophageal body, (iii) UES relaxation, (iv) air being sucked into the esophagus and (v) air 

being forced out of the esophagus in retrograde direction.

Notably, one patient exhibited a different mechanism of supragastric belching. In this 

patient a non-peristaltic, simultaneous increase in pharyngeal pressure up to 250 mmHg 

preceded the airflow event (figure 3). This mechanism was observed during all supragastric 

belches in this patient and occurred 441 times during the measurement. Whereas the UES 

relaxed shortly before the pharyngeal contraction there was no pharyngeal peristalsis or 
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figure 4. Gastric belch as measured by combined HRM and impedance monitoring. The dashed arrow 
indicates the direction of air flow.

axial movement of the UES. In this mechanism the driving force behind the influx of air is 

the pressure gradient between the elevated pharyngeal pressure and unchanged intra-

esophageal pressure.

Repetitive supragastric belching
In 7 out of 10 patients, episodes with repetitive supragastric belching were observed 

(figure 5). During an episode of repetitive belching, supragastric belches occurred almost 

instantaneously after one another which could result in the occurrence of supragastric 

belches every 2 seconds during a period >10 seconds. Notably, repetitive belching only 

occurred with supragastric belches and not with gastric belches.

Failed supragastric belching
In 7 out of 10 patients, we observed episodes of EGJ contraction and a sudden pressure 

decrease in the esophageal body without concurrent UES relaxation (figure 6). Rather, an 

UES contraction occurred during the intra-esophageal pressure drop . This phenomenon 

did not result in an antegrade air flow. Therefore, we considered this phenomenon as 

failed supragastric belches or futile attempts to induce supragastric belches.

Reflux parameters
Median (range) frequency of reflux episodes during the 90-minute measurement was 

0 (0-13)/h per patient. Of the reflux episodes, a median of 0 (0-4)/h reflux episodes 

occurred <1 minute before a supragastric belch. Notably, 0 (0-14)% of the supragastric 

belches was preceded by a reflux episode.
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figure 5. Combined HRM and impedance monitoring during an episode of repetitive belching. Arrows 
indicate the onset of a supragastric belch.

figure 6. EGJ contraction and negative esophageal pressure without concurrent UES relaxation as 
measured by combined HRM and impedance monitoring.

discussion
This is the first study in which esophageal pressure characteristics during supragastric 

belches were studied in detail and compared to gastric belches, using combined HRM 

and impedance monitoring.

The mechanisms through which supragastric belches and gastric belches are 

accommodated are clearly different. In the vast majority of patients supragastric belches 
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are initiated by creation of a subatmospheric pressure in the thoracic cavity by movement 

of the diaphragm in aboral direction similar to deep inspiration, whereas gastric belches 

occur while the LES is relaxed and intrathoracic pressure is slightly elevated in the context 

of a common cavity phenomenon. Both in supragastric and in gastric belches UES 

relaxation occurs; during supragastric belches UES relaxation precedes the onset of the 

antegrade air flow, whereas during gastric belches UES relaxation occurs after the onset 

of the retrograde esophageal air flow. 

The results of our study demonstrate that the chain of events which results in a supragastric 

belch commences with a contraction and subsequent aboral movement of the diaphragm. 

The diaphragm receives impulses from the lower brain centers during involuntary breathing. 

However, since the diaphragm consists of striated muscle, the contraction of which is under 

voluntary control, our findings corroborate the notion that supragastric belching can be the 

result of voluntary behavior. We speculate that many patients with supragastric belching 

started with supragastric belching as voluntary behavior which has spun out of control. 

This is also suggested by the clinical observation that patients with severe and frequent 

belching often describe that their belches initially started with a frequent sensation of air 

in the stomach. Therefore, their belching behavior might have started as a deliberate but 

futile attempt to vent air from the stomach.  The contraction and movement pattern of 

the diaphragm observed during supragastric belches is similar to that seen during deep 

inspiration. Therefore, the results of our HRM study suggest that the muscles which are 

involved in the generation of a supragastric belch are the same as those are used during 

breathing. Since the diaphragm is actively used during speech, the latter would explain 

the clinical observation that patients with supragastric belches rarely belch while speaking. 

Moreover, this would also explain why behavioral therapy, which implies breathing exercises, 

can decrease the severity of belching complaints7. However, the frequency of supragastric 

belches also decreases during distraction of the patient6. Therefore, one could also suggest 

that the mechanism by which active use of speech and behavioral therapy results in a 

decrease of supragastric belches is the result of distracting the patient. 

The results of our study indicate that the onset of the antegrade air flow during a 

supragastric belch occurs after UES relaxation. UES relaxation can occur as a reflexogenic 

response to fast distension of the proximal esophagus13,14. However, during supragastric 

belches, UES relaxation occurs during a negative pressure in the esophagus which renders 

esophageal distension unlikely. Moreover, UES relaxation can also occur as voluntary behavior 

due to laryngeal elevation during swallowing15. In theory, a similar laryngeal elevation could 

be responsible for UES relaxation. With the use of HRM, this mechanism can be observed 

as an upward motion of the high-pressure zone at the location of the UES (figure 7)16. Since 

such an upward motion of the UES was not observed at the onset of a supragastric belch 

it is unlikely that UES relaxation during a supragastric belch is due to voluntary pharyngeal 

elevation. It is thus unclear how UES relaxation is initiated during supragastric belches.

In one of the eight patients with supragastric belching examined in this study we 

observed a different, second mechanism of supragastric belching. In this patient air influx 
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into the esophagus was not preceded by a decrease in esophageal pressure, but by an 

increase in pharyngeal pressure. Our findings indicate therefore that, in this patient, the 

air was pushed rather than sucked into the esophagus. Since the pharyngeal pressure rise 

preceding the air influx was simultaneous rather than peristaltic, and was not followed 

by esophageal peristalsis, it is likely that this pressure rise was not caused by swallow-

associated contraction of pharyngeal muscles but represents intrabolus pressure. We 

believe that retraction of the tongue base is the most likely pushing force with the 

tongue acting like a piston in the pharynx while the nasopharynx is closed17. Notably, 

the retraction of the tongue is, similar to the movement of the diaphragm, voluntary 

behavior and this mechanism cold therefore also have started as voluntary behavior A 

limitation of our study is that we only observed one patient who exhibited the behavior of 

increased pharyngeal pressure preceding the air flow, therefore, more research is needed 

to adequately describe this group of patients.

In conclusion, this study has provided new insights into the mechanisms underlying 

supragastric and gastric belches. More detailed knowledge will aid therapists who are 

responsible for treating patients with supragastric belches as more specific targets for 

behavioral therapy are identified. Furthermore, more detailed knowledge will allow 

the clinician to better explain the mechanisms at work to the patient and thereby make 

patients better aware of their behavior. Another finding which we observed in this study 

was a specific pattern of repetitive belching in patients who exhibited supragastric 

belches. More importantly, repetitive belching was not observed during gastric belches. 

Therefore, if a patient presents with complaints of repetitive belching, supragastric 

belching is the most likely underlying cause of these complaints.

figure 7. Pressure characteristics at the location of the upper esophageal sphincter during a supragastric 
belch of the negative pressure type, during a supragastric belch of the ‘push’ type and during a swallow.
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abstRact
background: Patients with gastroesophageal reflux disease (GERD) frequently report 

excessive belching but it is not known what determines the severity of these complaints. 

aim: To determine what causes troublesome belching symptoms in GERD patients.

methods: We included 90 consecutive patients who were referred for ambulatory 24-h 

pH-impedance measurement as part of the analysis of reflux symptoms. Overall severity 

of belching was reported by the patients using a three-point scale. Furthermore, each 

belch perceived during the ambulatory measurement was reported by the patients using 

a symptom diary.

Results: No significant differences in frequency of gastric belches or combined liquid 

reflux and gastric belches were observed. However, the number of supragastric belches 

was significantly higher in patients with severe belching complaints compared to patients 

with moderate and none to mild complaints. Moreover, the number of supragastric 

belches which coincided with a liquid reflux episode was significantly higher in patients 

with severe complaints than in those with moderate and none to mild complaints. Per-

patient analysis showed that belches coinciding with a liquid reflux event were more 

often symptomatic than isolated belches.

conclusions: The type of belch determines the burden of belching complaints in patients 

with GERD. Supragastric belches, not gastric belches determine the severity of belching 

complaints.

102



B
e

lc
h

in
g

 in
 g

e
R

D
 pa

tie
n

t

8

backgRound 
Heartburn and regurgitation are the predominant symptoms of gastroesophageal reflux 

disease (GERD)1. However, troublesome belching is also frequently reported and is 

presents in 40-49% of the patients with GERD1.  The mechanism through which reflux 

induces heartburn and regurgitation has been studied extensively. In contrast, little is 

known about the nature of troublesome belching in GERD patients, despite the high 

incidence of this symptom. Even less is known about treatment strategies for GERD 

patients with troublesome belching symptoms.

Gastric belching is a physiological mechanism which enables venting of gas from the 

stomach to the esophagus in order to prevent accumulation of excess gas in the stomach or 

duodenum2,3. Distention of the stomach, such as caused by intragastric air, triggers a vagally-

mediated reflex also known as a transient lower esophageal sphincter relaxation (TLESR)4,5. 

During a TLESR, the lower esophageal sphincter (LES) relaxes and air is vented from the 

stomach. The air in the esophagus can subsequently be expelled orally and be perceived as 

a belch. Since TLESRs were first observed in the 1980s it has becoming increasingly clear that 

most reflux episodes in both healthy subjects and patients with GERD occur during TLESRs6.

Eophageal impedance monitoring showed that besides gastric belches that occur 

during TLESRs, another type of belches exists, the so-called supragastric belch7. During 

a supragastric belch, air is rapidly brought into the esophagus and this is immediately 

followed by a rapid expulsion (figure 1). Although the pathophysiology of supragastric 

belching has not been elucidated fully, it has been suggested that supragastric belching 

can be provoked by an unpleasant gastrointestinal sensation8. 

The clinical relevance of supragastric belches was first demonstrated in patients 

who reported isolated excessive belching7. Bredenoord et al demonstrated that these 

patients are characterized by an increased incidence of supragastric belches but not 

gastric belches7. The clinical relevance of supragastric belches became even more 

evident when a pilot study in patients with supragastric belches revealed that speech 

therapy could decrease the severity of belching symptoms9. Furthermore, Hemmink et al 

figure 1. Belching of gas only as measured by impedance monitoring. Supragastric belches are characterized 
by a quick antegrade movement of gas (rise in impedance level) followed by a quick expulsion of gas (return 
to baseline) whereas gastric belches are characterized by retrograde movement of gas.
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reported that supragastric belches can also be observed in GERD patients8. It could well 

be possible that supragastric belching is the cause of symptoms of excessive belching in 

GERD patients but this has not yet been studied yet. 

Sifrim at al already described in the late 1990s that in GERD patients, gastric belches 

often coincide with a liquid reflux episode due to the fact that both gastric belches and 

reflux episodes are mediated through TLESRs10. Hemmink et al observed that supragastric 

belches can occur in close temporal relation with liquid reflux episodes in GERD patients, 

occurring either at the onset or during a liquid reflux episode. In theory, an increased 

frequency of gastric and supragastric belches coinciding with a liquid reflux event could 

also result in an increased severity of belching symptoms in GERD patients.

We hypothesized that supragastric belches are associated with more severe belching 

complaints and are perceived more readily than gastric belches. Furthermore, we 

hypothesized that belches coinciding with liquid reflux are more frequent in patients 

with severe belching complaints and are perceived more readily than isolated belches. 

Therefore, we aimed to assess the number of different types of belches in patients with 

varying degrees of belching complaints. Furthermore, we aimed to assess which types of 

belches were most often symptomatic.

methods
Subjects
We included 90 consecutive patients (mean age 50, range 18-77, 66 female) who were 

referred to our center for an ambulatory 24-h pH-impedance measurement as part of 

the work-up for reflux symptoms. All patients underwent ambulatory impedance-pH 

measurements and filled in symptom questionnaires. This study was approved by the 

medical ethical committee of the Academic Medical Center Amsterdam.

Questionnaires
There is currently no validated questionnaire to assess the severity of belching complaints 

in patients with GERD. Therefore, the overall severity of belching was reported by the 

patients using a questionnaire which consisted of a three point scale which was defined 

as none to mild, moderate or severe complaints of belching. Furthermore, patients 

reported each perceived belch during the ambulatory measurement by pressing an 

assigned button on a digital datalogger.

The severity of reflux symptoms was assessed using the reflux disease questionnaire 

(RDQ)11. The RDQ assigns a score for heartburn and regurgitation based on the frequency 

and severity. Anxiety levels were assessed using the hospital anxiety and depression scale 

(HADS-A)16.
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pH-impedance measurements
Measurements were performed using a combined pH/impedance catheter assembly which 

consisted of 6 impedance segments and 1 ISFET pH electrode (Unisensor AG, Attikon, 

Switzerland) which was placed at 5 cm from the upper border of the manometrically 

localized lower esophageal sphincter (LES). Impedance recording segments were located 

at 2-4, 4-6, 6-8, 8-10, 14-16 and 16-18 cm above the upper border of the LES. Impedance 

and pH signals were stored on a digital datalogger (Ohmega, MMS), using a sampling 

frequency of 50 Hz. Measurements were performed after cessation of PPI or H2-antagonist 

and medication which could influence GI motility for 7 days.

During the measurement, patients reported each belch symptom by pressing an 

assigned button on the digital datalogger.

Data analysis
All 24-h pH-impedance tracings were analyzed manually. Liquid containing reflux events 

were identified in the impedance tracings according to previously described criteria13. All 

liquid containing reflux episodes were classified according to their pH into acid (pH<4) 

and non-acid (pH ≥4) reflux. 

Belches were classified according to their temporal relationship with a liquid reflux 

episode; a belch could coincide with a reflux event or occur as an isolated belch. 

Moreover, belches coinciding with a reflux event were further classified as preceding a 

liquid reflux episode (<1s prior to the liquid reflux event) or occur during a liquid reflux 

episode (figure 2).

Gastric belches were defined as a rapid retrograde rise in impedance ≥3000 Ω in 

at least two consecutive channels reaching the most proximal impedance-recording 

segment14

 
(figure 1). A supragastric belch was defined as a quick antegrade movement 

of gas ≥1000 Ω followed by a quick expulsion of gas in retrograde direction resulting a 

return to baseline impedance level in retrograde direction7 (figure 1).

figure 2. Belching immediately followed by a gastroesophageal reflux episode, as measured during 
pH-impedance monitoring, is characterized by a supragastric or gastric belch followed  by a >50% drop 
in distal  impedance with or without a pH drop.
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A belch was considered to be symptomatic if it occurred within the 1-minute time 

window preceding a reported belch symptom. If multiple belches occurred during this 

1-minute time window, the belch with the closest temporal association to the reported 

belch symptom was considered to be the symptomatic belch. If a reflux episode with 

multiple belches during and/or preceding the reflux episode occurred before a reported 

belch symptom, belches during that reflux episode were considered to be a single 

episode during the analysis of symptomatic belches.

The observer was blinded for patient characteristics and questionnaire outcome 

when analyzing the impedance tracings.

Statistical analysis
Throughout the manuscript, data are presented as median (IQR) . Statistical analysis was 

performed using Prism software version 5 (Graph Pad, CA). Kruskal-Wallis test followed by 

Dunn’s post hoc analysis were used to compare parameters between the three groups of 

belching severity. Comparisons between the perception of belches were analyzed using the 

Wilcoxon signed rank test. Differences were considered statistically significant when p<0.05.

Results
Subjects
None to mild belching complaints were reported by 22 (24%) patients (age 53 (50-64), 

17 female) , 28 (31%) patients reported moderate belching complaints (age 47 (35-55), 

17 female) and 40 (44%) patients (age 47 (37-56), 27 female) reported severe belching 

complaints. Acid exposure time (% time pH<4) did not differ between patients with none to 

mild symptoms compared to severe complaints. However, acid exposure time was lowest 

in patients with moderate symptoms (table 1). Symptoms of regurgitation and heartburn 

were also most severe in patients with severe belching complaints (table 1). No significant 

differences in the anxiety levels between patients with none to mild, moderate and severe 

table 1. Patient characteristics according to the severity of belching complaints. Duration of symptoms 
is presented as months. Data are presented as median (IQR).

symptom severity

none to mild (n=22) moderate (n=28) severe (n=40)

Age 53 (50-64) 47 (35-55) 47 (37-56)

Gender 17 female 17 female 32 female

Acid exposure time 7.2 (3.2-13.0) 2.7 (0.8-7.2) 8.4 (3.1-14.1)

RDQ 2.2 (1.1-3.2) 3.3 (1.8-4.1) 3.6 (2.2-4.5)

Regurgitation 0.6 (0.0-2.7) 2.5 (1.8-4.3) 3.8 (2.6-4.5)

Heartburn 2.8 (1.9-4.5) 3.5 (1.8-4.2) 4.0 (1.1-4.8)
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complaints of belching were observed (table 1). The incidence of a positive Symptoms 

Association Probability was highest in patients with severe belching complaints.

Belching
No significant differences in median frequency of gastric belches or gastric belches with 

a liquid reflux component were found (figure 3, table 2). However, the median number of 

supragastric belches was significantly higher in patients with severe belching complaints 

compared to the other groups. Moreover, the median number of supragastric belches 

which coincided with a reflux episode was significantly higher in patients with severe 

complaints compared to the others (figure 3).

figure 3. Total number of belches and belches coinciding with a liquid reflux event according to the 
severity of belching complaints.
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table 2. Number of reflux episodes and belches per 24 hours according to the severity of belching 
complaints. Data are presented as median (IQR).

symptom severity

p-valuenone to mild (n=22) moderate (n=28) severe (n=40)

Liquid reflux episodes 37.0 (26.8-52.5) 35.0 (16.5-58.8) 54.5 (36.3-77.3) p<0.05

Without belch 17.0 (15.0-24.5) 13.0 (5.0-28.3) 21.5 (9.3-42.3) NS

Supragastric belches 2.5 (1.0-7.8) 5.5 (1.3-25.0) 28.5 (6.0-58.0) p<0.001

Without liquid reflux 1.0 (0.8-4.0) 2.5 (0.3-13.0) 11.0 (2.0-30.3) p<0.05

With liquid reflux 1.0 (0.0-3.0) 1.5 (0.0-7.8) 15.0 (3.3-25.8) p<0.001

Acidic 1.0 (0.0-2.0) 1.0 (0.0-6.8) 11.0 (3.0-20.8) p<0.001

Non-acidic 0.0 (0.0-1.0) 1.0 (0.0-2.0) 2.0 (0.0-5.0) p<0.05

Preceding reflux 1.0 (0.0-3.0) 1.0 (0.0-6.5) 7.0 (1.0-17.0) p<0.05

During reflux 0.0 (0.0-1.3) 0.0 (0.0-3.0) 5.0 (3.0-9.0) p<0.001

Gastric belches 27.0 (18.0-39.5) 16.5 (9.3-39.8) 26.0 (15.3-42.8) NS

Without liquid reflux 11.5 (5.8-17.0) 6.0 (4.0-12.5) 11.0 (5.3-20.5) NS

With liquid reflux 13.0 (5.0-20.5) 8.0 (3.3-24.0) 12.5 (7.0-23.0) NS

Acidic 8.5 (4.8-15.0) 5.0 (1.3-16.3) 10.0 (4.3-16.8) NS

Non-acidic 3.0 (0.8-5.0) 2.0 (1.0-7.0) 2.0 (1.0-6.0) NS

Preceding reflux 11.0 (4.8-19.8) 7.5 (2.3-19.5) 9.5 (5.0-18.0) NS

During reflux 1.0 (0.0-2.3) 1.0 (0.0-2.8) 1.0 (0.0-4.8) NS

Supragastric belches preceding liquid reflux events were observed in 61 out of 

90 patients. Moreover, ≥10 supragastric belches preceding liquid reflux events were 

observed in 24 out of 90 patients (figure 2). This phenomenon occurred during a median 

of 33 (19-44) % of all liquid reflux events in the patients in whom ≥10 supragastric belches 

preceded a liquid reflux event.

Symptomatic belches
Of the gastric and supragastric belches which were detected using impedance monitoring, 

31% was symptomatic, i.e. occurred <1 minute preceding a reported belch (table 3). Per-

patient analysis showed a trend to significance between the percentage of symptomatic 

supragastric belches and the percentage of symptomatic gastric belches (34% vs 27%, 

p=0.05). Supragastric belches coinciding with a liquid reflux event were more often 

symptomatic than isolated supragastric belches (50% vs 33%, p<0.05). Likewise, gastric 

belches containing a liquid component were perceived more often than gastric belches 

containing only gas (30% vs 22%, p<0.05).
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table 3. Percentage of liquid reflux episodes and belches which are symptomatic. Data are presented 
as median (IQR).

symptomatic (%)

Liquid reflux episodes 23(10-42) 

Without belch 7(0-17)

Supragastric belches 34(14-58)

Without liquid reflux 33(2-49)

With liquid reflux 50(16-88)

Acidic 50(10-86)

Non-acidic 50(13-100)

Preceding reflux 56(18-88)

During reflux 50(10-91)

Gastric belches 27(13-50)

Without liquid reflux 22(5-48)

With liquid reflux 30(10-52)

Acidic 33(12-60)

Non-acidic 7(0-50)

Preceding reflux 31(9-50)

During reflux 21(0-63)

discussion
This is the first study in which troublesome belching symptoms in GERD patients were 

studied in detail. We specifically aimed to determine why some belches are symptomatic 

and others are not. We hypothesized that, in line with liquid reflux episodes, the 

characteristics of the belches may play a role in this.

Patients with troublesome belching symptoms had more supragastric belches than 

patients with none to mild and moderate symptoms. Furthermore, belches coinciding 

with a liquid reflux event were found to be more often symptomatic than isolated belches. 

Gastric belching is a physiological mechanism which prevents the accumulation 

of excess gas in the stomach. The results from this study suggest that the burden of 

belching complaints is not determined by the frequency of physiological gastric belches 

and therefore not related to excessive swallowing of air (aerophagia). Instead, it is mainly 

determined by excess supragastric belches. This association between supragastric 

belching and troublesome belching symptoms is similar to patients with isolated 

excessive belching in whom belching is the main symptom15.

Since supragastric belches are associated with troublesome belching in GERD 

patients it was expected that supragastric belches were perceived more often than gastric 

belches. Moreover, gastric belches coinciding with a reflux event are also perceived 

more often than isolated gastric belches. Despite the increased perception of gastric 
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belches coinciding with a reflux event, its frequency does not determine the burden of 

troublesome belching symptoms.

Hemmink et al suggested that supragastric belching can develop in response to an 

unpleasant abdominal sensation8. Therefore, more severe GERD symptoms could, in 

theory, result in the development of supragastric belching. This study shows that patients 

with severe reflux symptoms indeed have more supragastric belching and subsequently 

more severe belching complaints. Furthermore, the incidence of a positive SAP is highest 

in patients with severe belching complaints without a significant difference in acid 

exposure time between patients with none to mild symptoms and patients with severe 

symptoms. The latter suggests that patients with severe belching symptoms perceive 

their reflux episodes more readily.

figure 4. 
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The association between supragastric belches and troublesome belching symptoms 

in this study could lead to more specific treatment strategies for the subgroup of GERD 

patients with troublesome belching. Speech therapy has been shown to decrease 

symptoms due to supragastric belching in patients who present with isolated excessive 

belching9. We speculate that GERD patients with troublesome belching symptoms can 

also be treated with speech therapy aimed at reducing the incidence of supragastric 

belches. Furthermore, Hemmink et al described that supragastric belches often precede 

a liquid reflux episode and this suggests that a supragastric belch can elicit a liquid reflux 

episodes8 (figure 2). Moreover, a significant subgroup of patients (24 out of 90) who 

were referred to us for the work-up of GERD showed ≥10 supragastric belches preceding 

liquid reflux episodes. On average, this comprised 33% of all liquid reflux events in 

this subgroup of patients. If the relationship between supragastric belches and reflux 

episodes is causal, a decrease in the number of supragastric belches could also decrease 

the number of reflux episodes. Studies in which the use of speech therapy in this specific 

group of GERD patients is evaluated are currently being performed.

In conclusion, our data suggest that, in patients with GERD, the patient’s belching 

pattern is the major determinant of the severity of the belching complaints. Supragastric 

belches, but not gastric belches, are associated with more severe belching complaints 

and are more readily perceived than gastric belches. More studies are needed to assess 

whether the occurrence of supragastric belches provides new treatment strategies in 

GERD patients with troublesome belching symptoms.
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abstRact
background: Gas-related symptoms such as bloating, flatulence and impaired ability to 

belch are frequent after anti-reflux surgery but it is not known how these affect patient 

satisfaction with the procedure, nor what determines the severity of these complaints. 

We aimed to assess the impact of gas-related symptoms on patient-perceived success of 

surgery and to determine whether the severity of gas-related complaints after anti-reflux 

surgery is associated with objectively measured abnormalities.

methods: Fifty-two patients were studied at a median of 27 months after anti-reflux 

surgery. The influence of gas-related symptoms on their quality of life and satisfaction 

with surgical outcome was assessed. The rates of air swallows, gastric and supragastric 

belches before and after surgery were assessed using impedance measurements.

Results: Bloating and flatulence were associated with a decreased quality of life and less 

satisfaction with surgical outcome. Notably, 9% of the patients would not opt for surgery 

again due to gas-related symptoms. Anti-reflux surgery decreased the total number of 

gastric belches but did not affect the number of air swallows. The severity of gas-related 

symptoms was not associated with an increased number of pre-operative air swallows 

and/or belches or a larger post-operative decrease in the number of gastric belches. 

conclusion: Gas-related symptoms are associated with less satisfaction with surgical outcome. 

The severity of gas-related symptoms is not determined by the number of pre-operative air 

swallows or a more severe impairment of the ability to belch after surgery. Pre-operative 

predictors of postoperative gas-related symptoms could therefore not be identified.
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intRoduction
Therapy for gastroesophageal reflux disease (GERD) consists of lifestyle modifications, 

antacids, H2-antagonists and proton pump inhibitors1. However, a small group of GERD 

patients has refractory symptoms despite these therapeutic interventions. In this group of 

patients, anti-reflux surgery is the only remaining treatment option2. Since the first report on 

fundoplication by Rudolf Nissen in the 1950s, several variants of the procedure have been 

introduced3. The two procedures which are currently most widely performed are the classical 

Nissen fundoplication, which consists of a 360-degree posterior wrap around the esophagus, 

and the Toupet fundoplication, which consists of a 270-degree posterior wrap4. 

The outcome of anti-reflux surgery is at least comparable with that of medical 

treatment and anti-reflux surgery is associated with high patient satisfaction rates2,5-7. 

However, side effects such as dysphagia, abdominal bloating, flatulence and an inability 

to belch are common side effects after surgery4,8. The development of dysphagia after 

anti-reflux surgery has been studied extensively9. In contrast, little is known about gas-

related symptoms such as bloating, flatulence and the inability to belch after surgery. In 

particular, it is unknown to what extent the quality of life and patient satisfaction with the 

fundoplication is affected by these symptoms.

With each swallow, air enters the esophagus and is transported to the stomach. 

Distension of the stomach, such as caused by swallowed air, triggers a vagally mediated 

reflex known as a transient lower esophageal sphincter relaxation (TLESR)10. During a 

TLESR, the lower esophageal sphincter (LES) relaxes and air is vented from the stomach 

into the esophagus after which it can be orally expelled. This type of belching, referred 

to as gastric belching, is the physiological mechanism which enables venting of this 

ingested gas from the stomach to the esophagus in order to prevent accumulation of 

intestinal gas11. With the use of esophageal impedance monitoring a second mechanism 

of belching was identified, the so-called supragastric belch12. During a supragastric belch, 

air is sucked into the esophagus and expelled immediately thereafter (within one second), 

before it has reached the stomach12. Whereas the mechanisms of gastric and supragastric 

belching are completely different, the patient experiences these two types of belches in 

a similar fashion13. Although the pathophysiology of supragastric belching has not been 

elucidated fully, it has been suggested that patients start supragastric belching as an 

involuntary response to an unpleasant gastrointestinal sensation14.

Bredenoord et al. demonstrated that anti-reflux surgery results in a decreased 

rate of TLESRs and of gastric belches15. Broeders et al. showed that the incidence of 

air swallows is not affected by anti-reflux surgery16. The combination of impaired air 

venting and unaltered air ingestion provides a plausible explanation for gas-related post-

fundoplication symptoms such as bloating and flatulence. However, it is unclear why 

some patients develop severe gas-related symptoms after anti-reflux surgery and others 

do not. It can be hypothesized that patients with more severe post-operative gas-related 

symptoms exhibit more pre-operative air swallows and gastric belches and have a larger 

decrease in gastric belches after surgery.
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The aim of this study was to assess the impact of gas-related symptoms on surgical 

outcome. Furthermore, we aimed to assess whether gas-related complaints after surgery 

are associated with an increased number of pre-operative number of air swallows and/or 

gastric belches or a larger post-operative decrease in gastric belches. 

methods
Subjects
We contacted all patients who underwent an ambulatory pH-impedance measurement 

preceding anti-reflux surgery between 2008 and 2011 in the Meander hospital in 

Amersfoort, the University Medical Centre in Utrecht, and the Academic Medical Centre 

in Amsterdam. In 42 of the 52 patients results of pre- and postoperative esophageal 

impedance monitoring were available since impedance monitoring was performed as part 

of the follow-up of a study protocol. Part of this data has previously been described16,17.

Questionnaires
Questionnaires were completed by telephone interview >3 months after surgery. The post-

procedural severity of bloating, flatulence and the inability to belch as compared to the 

severity of these symptoms before surgery was reported using a three-point scale which 

was defined as none to mild, moderate or severe. Overall quality of life was assessed 

by the SF12v2 which consists of a physical component summary (PCS) and a mental 

component summary (MCS) (QualityMetric, Lincoln, RI, USA)18. Furthermore, patients were 

asked whether complaints of bloating, flatulence or an inability to belch decreased their 

satisfaction with the overall result of their fundoplication and whether their gas-related 

symptoms would make them opt out for surgery if the decision were to be taken again.

pH-impedance measurements
Measurements were performed using a combined pH/impedance catheter assembly which 

comprised 6 impedance segments and 1 ISFET pH electrode (Unisensor AG, Attikon, 

Switzerland) which was placed at 5 cm from the upper border of the manometrically 

localized lower esophageal sphincter (LES). Impedance recording segments were located 

at 2-4, 4-6, 6-8, 8-10, 14-16 and 16-18 cm above the upper border of the LES. Impedance 

and pH signals were stored on a digital datalogger (Ohmega, MMS), using a sampling 

frequency of 50 Hz. Measurements were performed after cessation of PPI or H2-antagonist 

and medication which could influence GI motility for 7 days.

Postoperative impedance measurements were performed in 42 of the 52 patients.

Esophageal manometry
Measurements were performed using a water-perfused catheter with an incorporated 

sleeve sensor (Dentsleeve International Ltd, Mississauga, Canada). The sleeve sensor was 
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positioned at the level of the LES and intraluminal esophageal pressures were recorded 

at 5, 10, 15, 20, and 25 cm above the proximal margin. Thereafter, the manometric 

response to 10 standardized wet swallows (5-mL water bolus) was studied. LES pressure 

and residual LES pressure were referenced to the gastric baseline which was registered 2 

cm below the distal margin of the sleeve sensor.

Patients were measured in the supine position and measurements were performed after 

cessation of PPI or H2-antagonist and medication which could influence GI motility for 7 days.

Surgical procedure
The surgical procedures which were performed in these patients have been previously 

described16,17. In all patients, a standardized laparoscopic fundoplication was performed 

that aimed to create a loose valve to minimize postoperative symptoms. After full 

mobilization of the distal esophagus, surgeons verified that the gastroesophageal 

junction was placed in the abdomen without tension. The short gastric vessels were 

ligated and divided and it was made sure that the fundoplication was tension-free as well. 

A floppy fundoplication of 2.5 to 3.0 cm was constructed after posterior crural repair. A 

bougie was never used. Two hundred seventy degrees LPF was defined as a posterior 

fundoplication with a 270 degree circumference19 and 360 degrees LPF was defined as a 

posterior fundoplication with a circumference of 360 degrees20. The margins of the 270 

degrees wrap were fixed to the esophagus and to the crural arch anterosuperiorly and the 

wrap was fixed to the crural repair with 1 or 2 posterior sutures. One of the sutures of the 

360 degrees wrap incorporated the esophageal wall and the posterior aspect of the wrap 

was fixed to the crural repair in an identical fashion to the 270 degrees wrap.

Data analysis
All 24-h pH-impedance tracings were analysed manually. Liquid-containing reflux events were 

identified in the impedance tracings according to previously described criteria21. The criteria 

used for classification of air-containing swallows (air swallows), gastric belches, supragastric 

belches and liquid-containing reflux events have also been published before12,15,22.

In summary, gastric belches were defined as a rapid retrograde rise in impedance 

≥3000 Ω in at least two consecutive channels reaching the most proximal impedance-

recording segment22. A supragastric belch was defined as a quick antegrade movement 

of gas ≥1000 Ω followed by a quick expulsion of gas in retrograde direction resulting a 

return to baseline impedance level in retrograde direction12.

The observer was blinded for patient characteristics and preoperative or postoperative 

status when analysing the impedance tracings.

Statistical analysis
Throughout the manuscript, data are presented as median (IQR). Statistical analysis was 

performed using Prism software version 5 (Graph Pad, CA). Comparisons between the 
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pre-operative and post-operative number of belches and air swallows were analysed 

using the Wilcoxon signed rank test. we performed the Kruskal-Wallis test To compare 

parameters between the three groups of severity of bloating and flatulence and if a 

significant difference was found, this was followed by Dunn’s post hoc analysis. Moderate 

and severe symptoms of an inability to belch were relatively rare, therefore, statistical 

analysis was performed between patients with none to mild symptoms and moderate to 

severe symptoms. The latter was analysed using the Mann-Whitney test. Differences were 

considered statistically significant when p<0.05. 

Results
Subjects
Two of the 54 patients could not be contacted due to incorrect contact information. The 

remaining 52 patients (mean age 52 years (range: 26-70), 32 female) all completed the 

questionnaire. Of the patients who participated, 24 patients had undergone a Toupet 

fundoplication and 28 patients had undergone a Nissen fundoplication. Post-operative 

impedance measurements and manometry studies were performed in 42 patients. 

Questionnaire scores were assessed after a median of 27 months (19-31) after surgery.

Patients exhibited a median of 53 (31-79) liquid-containing reflux episodes before 

surgery and 7 (4-13) liquid-containing reflux episodes after surgery (table 1) (p<0.001). 

esophageal acid exposure time (% time pH<4) significantly decreased from 13% (9-18) 

to 0.5% (0.0-1.9), p<0.001. The number of air swallows did not differ significantly before 

and after surgery (378 (260-523) vs. 360 (249-495)). 

The total number of gastric belches was significantly decreased after surgery (60 (49-79) 

vs. 12 (5-35), p<0.001) (table 1). This decrease of gastric belches was highest in patients 

who underwent a Nissen fundoplication compared to patients who underwent a Toupet 

fundoplication (-52 (-64- -29) vs. -38 (-55- -18)), however, this difference was not significant.

The total number of supragastric belches did not differ significantly before and after 

surgery (5 (0-33) vs 6 (0-51)) (table 1). Notably, 14 patients did not exhibit any supragastric 

belches before surgery and 13 patients did not exhibit any supragastric belches after surgery. 

In the patients who did exhibit supragastric belches preoperatively, the total number of 

supragastric belches increased from 25 (3-55) to 44 (5-58), however, this difference was not 

significant. Moreover, 17 patients exhibited an increase in the total number of supragastric 

belches whereas 12 patients exhibited a decrease in the total number of supragastric belches.

LES resting pressure was significantly increased after surgery (7.5 (4.1-13.5) vs 15.0 

(9.8-21.0), p<0.05). Residual LES pressure was also  significantly increased after surgery 

(1.1 (0.0-2.3) vs 5.3 (2.3-9.4), p<0.05).

Subjective outcomes
None to mild bloating symptoms were reported by 24 patients, 18 patients reported 

moderate bloating and 10 patients reported severe bloating. Severe bloating was more 
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common in patients who underwent a Nissen fundoplication than in those who underwent a 

Toupet fundoplication (25% vs 13%) (table 2). A significant difference between the physical 

component of the quality of life questionnaire score of patients with none to mild bloating 

symptoms and patients with moderate or severe bloating symptoms (52 (39-55) vs 37 (20-47) 

vs 24 (20-46), p<0.05) was found (figure 1) (table 3). However, the mental component of the 

quality of life questionnaire score did not differ significantly. Furthermore, satisfaction with 

the outcome after surgery was decreased due to bloating symptoms in 15% of the patients.

None to mild flatulence symptoms were reported by 14 patients, 16 patients 

reported moderate flatulence and 22 patients reported severe flatulence. Severe 

flatulence symptoms were more common after Nissen fundoplication than after Toupet 

fundoplication (57% vs 25%) (table 2). No significant differences between the physical 

or mental component of the quality of life questionnaire scores were found between 

patients with none to mild, moderate or severe flatulence symptoms (figure 1)(table 3). 

table 1. Reflux and air movements through the esophagus as measured with impedance monitoring, 
before and after anti-reflux surgery.Outcomes are presented as median (IQR). NS = non-significant.

pre-operative post-operative p-value

Liquid-containing reflux episodes 53 (31-79) 7 (4-13) p<0.001

Acid exposure time 13 (9-18) % 0.5 (0.0-1.9) % p<0.001

Air swallows 378 (260-523) 360 (249-495) NS

Gastric belches 60 (49-79) 12 (5-35) p<0.001

Supragastric belches 5 (0-33) 6 (0-51) NS

figure 1. Impact of symptoms of bloating and flatulence on the physical component of the quality of life
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table 2. Severity of bloating, flatulence and inability to belch in patients who underwent a Nissen 
fundoplication and/or a Toupet fundoplication. Time after surgery represents the time (months) 
between surgery and the questionnaire and is presented as median (IQR). Data on the prevalence of 
gas-related symptoms are presented as number (percentage). NS = non-significant.

toupet (n=24) nissen (n=28) total p- value

Bloating

None to mild 12 (50) 12 (43) 24 (46)

Moderate 9 (38) 9 (32) 18 (35) NS

Severe 3 (13) 7 (25) 10 (19)

Flatulence

None to mild 7 (29) 7 (25) 14 (27)

Moderate 11 (46) 5 (18) 16 (31) p<0.05

Severe 6 (25) 16 (57) 22 (42)

Inability to belch

None to mild 17 (71) 24 (86) 41 (79)

Moderate 4 (17) 1 (4) 5 (10) NS

Severe 3 (13) 3 (11) 6 (12)

Time after surgery 19 (15-28) 30 (22-38) 27 (19-31) p<0.05

table 3. Quality of life scores relative to the severity of gas-related symptoms. Data are presented as 
median (IQR). NS=non-significant.

severity of symptoms

p-valuenone to mild moderate severe

Bloating

Mental component 59 (54-63) 54 (36-59) 58 (38-64) NS

Physical component 52 (39-55) 37 (20-47) 24 (20-46) p<0.05

Flatulence

Mental component 60 (45-65) 60 (54-63) 55 (34-58) NS

Physical component 51 (33-56) 43 (35-50) 39 (23-54) NS

Inability to belch

Mental component 57 (50-63) 54 (40-59) NS

Physical component 43 (25-54) 45 (34-50) NS

Although not significant, patients with severe flatulence had a lower score for the physical 

component of their quality of life than patients with moderate or none to mild symptoms 

(51 (33-56) vs 43 (35-50) vs 39 (23-54)). Moreover, 19% of the patients was less satisfied 

with the outcome after surgery due to flatulence symptoms.

None to mild symptoms of an impaired ability to belch were reported by 41 patients, 

5 patients rated their impaired ability to belch as moderate and 6 patients as severe. The 
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prevalence of severe inability to belch was similar in patients who underwent a Nissen 

fundoplication compared to a Toupet fundoplication (table 2). No significant differences 

between the physical or mental component of the quality of life questionnaire scores was 

found between patients with none to mild and moderate to severe belch impairment (table 

3). Furthermore, 6% of the patients were less satisfied with the outcome after surgery due 

to their impaired ability to belch. Notably, the time after surgery was shorter in patients 

with moderate to severe inability to belch compared patients with none to mild symptoms.

Severe dysphagia was reported by 8 patients, 11 patients reported moderate 

symptoms and 33 patients reported no symptoms of dysphagia. Severe dysphagia 

was most often associated with severe bloating (38%) compared to patients with mild 

symptoms (27%) or no symptoms of dysphagia (12%). Furthermore, severe dysphagia 

was also most often associated with severe flatulence (50% vs 36% and 39%) but not a 

more severely impaired ability to belch.

Notably, 9.6% of the patients would not opt for surgery again due to gas-related symptoms. 

Associations with pre- and post-operative air movement 
patterns or LES pressure
No significant differences between the pre-operative number of gastric belches, 

supragastric belches and air swallows were found between patients with none to mild, 

moderate or severe bloating symptoms (table 4). Likewise, no association was found 

between the pre-operative belching and air swallowing patterns and postoperative 

flatulence and inability to belch. 

table 4. Pre-operative incidence of gastric belches and air swallows in relationship to the severity 
of post-operative gas-related symptoms. Data are presented as median (IQR). NS = non-significant. 

pre-operative analysis

p-valuenone to mild moderate severe

Bloating

Gastric belches 56 (42-75) 72 (54-97) 57 (35-83) NS

Supragastric belches 11 (4-65) 26 (8-28) 12 (2-44) NS

Air swallows 300 (239-450) 343 (240-599) 427 (245-523) NS

Flatulence

Gastric belches 65 (51-87) 56 (48-68) 64 (47-80) NS

Supragastric belches 23 (4-62) 28 (5-70) 11 (2-29) NS

Air swallows 324 (263-501) 254 (180-461) 411 (271-507) NS

Inability to belch

Gastric belches 57 (52-77) 75 (27-112) NS

Supragastric belches 21 (2-59) 17 (7-26) NS

Air swallows 323 (257-491) 284 (164-561) NS
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table 5. Results of post-operative impedance monitoring and manometry relative to the severity of 
gas-related symptoms. Data are presented as median (IQR). NS = non-significant. LES pressure and 
residual LES pressure is presented as mmHg.

post-operative analysis

p-valuenone to mild moderate severe

Bloating

Gastric belches 7 (4-15) 21 (8-47) 8 (4-77) NS

∆ Gastric belches -44 (-62- -20) -58 (-64- -32) -30 (-53- -20) NS

Supragastric belches 5 (0-51) 11 (0-61) 8 (1-55) NS

∆ Supragastric belches 0 (-14-3) 0 (0-33) 2 (-10-42) NS

Air Swallows 274 (244-417) 380 (283-498) 371 (238-774) NS

∆ Air Swallows -31 (-86-16) -23 (-198-41) -39 (-95-265) NS

LES pressure 10.5 (7.5-18.0) 18.8 (10.5-22.5) 18.8 (9.4-21.8) NS

Residual Les pressure 4.5 (1.9-6.8) 5.3 (3.0-10.5) 6.8 (1.5-11.6) NS

Flatulence

Gastric belches 10 (3-41) 10 (4-30) 15 (6-39) NS

∆ Gastric belches -35 (-19- -60) -41 (-13- -63) -47 (-21- -56) NS

Supragastric belches 28 (0-58) 3 (0-54) 7 (0-51) NS

∆ Supragastric belches 0 (-14-5) 0 (-3-8) 1 (-7-31) NS

Air Swallows 350 (246-515) 370 (227-474) 338 (264-515) NS

∆ Air Swallows -58 (-127-8) -1 (-121-162) -35 (-128-23) NS

LES pressure 14.6 (8.1-22.5) 15.8 (9.9-21.6) 13.1 (7.9-20.6) NS

Residual Les pressure 6.8 (2.6-10.5) 3.4 (0.0-7.3) 6.4 (3.4-9.6) NS

Inability to belch

Gastric belches 10 (5-28) 21 (7-102) NS

∆ Gastric belches -45 (-62- -28) -32 (-61- -10) NS

Supragastric belches 8 (1-56) 0 (0-11) NS

∆ Supragastric belches 0 (-11-11) 0 (0-4) NS

Air Swallows 324 (247-434) 494 (255-572) NS

∆ Air Swallows -31 (-114-41) -11 (-198-21) NS

LES pressure 15 (9.4-20.3) 15 (12.8-22.5) NS

Residual Les pressure 5.3 (2.6-7.9) 9.0 (2.3-12.8) NS

Analysis of the association between postoperative air movement patterns (gastric and 

supragastric belches and air swallows) and the severity of gas-related symptoms (bloating, 

flatulence and inability to belch) showed no statistically significant relationships (table 5). 

Furthermore, no association was found between the severity of gas-related complaints and 

the post-operative LES resting pressure or post-operative residual LES pressure.
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discussion
This is the first study in which the impact of gas-related symptoms on the outcome of 

fundoplication was studied, in conjunction with an analysis of the association between 

these symptoms and objective pre-operative and post-operative parameters. We 

specifically aimed to determine whether gas-related symptoms are associated with a 

specific belching or air swallowing behavior.

The main contributor to intragastric air is swallowing of air and the main mechanism 

of venting this ingested air is by gastric belching. We hypothesized that patients with gas-

related symptoms after surgery have an increased number of pre-operative air swallows 

and gastric belches or a more severely impaired ability to belch after surgery. However, 

gas-related symptoms after surgery were not associated with an increased number of 

pre-operative air swallows or belches. Furthermore, gas-related symptoms were not 

associated with a lower number of post-operative gastric belches or a larger decrease in 

the number of gastric belches. These findings suggest that the pre-operative incidence 

of gastric belches or air swallows cannot be used as a predictor of the development of 

gas-related symptoms after fundoplication.

The LOTUS trial has described the incidence of post-operative bloating and flatulence 

as 40% and 57% of the patients respectively31. Although the data from the LOTUS trial 

does not assess symptoms of flatulence and bloating using a 3-point scale, our data 

also show a relatively high incidence of gas-related symptoms after surgery  which is 

comparable to the much larger population of the LOTUS trial.

The presence of bloating and flatulence after surgery decreases the satisfaction with 

surgical outcome and is associated with a decreased quality of life. Moreover, 9% of 

the patients who were included in this study would not opt for surgery again due to 

gas-related symptoms. These findings suggest that gas-related symptoms can have a 

major impact surgical outcome. Patients should therefore be carefully informed about the 

implications and incidence of gas-related symptoms after surgery and the fact that these 

cannot be predicted on beforehand.

Broeders et al described that patients who underwent a Nissen fundoplication 

developed bloating and flatulence more often than patients who underwent Toupet 

fundoplication17. The patients who underwent a Nissen fundoplication in our study 

exhibited a two-fold increase in the prevalence of severe bloating and flatulence compared 

to patients who underwent Toupet fundoplication. However, this only reached significance 

for flatulence. This suggests that patients who undergo a Nissen fundoplication are more at 

risk to develop postoperative gas-related symptoms than patients who undergo a Toupet 

fundoplication. Gas-related symptoms tend to decrease with time after fundoplication. 

Since the time interval between the telephone interview and the operation date was longer 

in the group of patients who underwent a Nissen fundoplication compared to patients 

who underwent a Toupet fundoplication, these results could even be an underestimation 

of the increased risk to develop gas-related symptoms after Nissen fundoplication. In 

theory, a different technique to create a fundoplication such as with the guidance of an 

125



G
a

s-r
e

la
te

d
 sym

pto
m

s a
fte

r
 a

n
ti-r

e
flu

x
 su

r
G

e
ry

9

endoscopically placed bougie could influence the occurrence of gas-related symptoms. 

However, such an analysis is not possible with our available data.

It has previously been suggested that supragastric belching could be a response to 

an unpleasant retrosternal or abdominal sensation14. Furthermore, it has been suggested 

that supragastric belching is exhibited by patients who underwent anti-reflux surgery 

in a futile attempt to vent air from the stomach16. It is thus possible that patients could 

exhibit an increased number of supragastric belches after anti-reflux surgery. However, 

the patients in our study did not exhibit an increase in the total number of supragastric 

belches after surgery. Furthermore, more severe gas-related symptoms were not 

associated with a larger number of supragastric belches or an increase in the number 

of supragastric belches. Therefore, supragastric belches do not appear to be associated 

with gas-related symptoms after anti-reflux surgery.

Despite the fact that objective findings do not correlate to the severity of gas-related 

symptoms, anti-reflux surgery does trigger the development of gas-related symptoms. 

Abdominal distension, which can be caused by increased intestinal gas, is an objective 

finding. In contrast, abdominal bloating refers to the subjective sensation of abdominal 

distension. In healthy subjects, normal gut transit and evacuation prevent gas pooling 

and symptoms since air in the gut triggers a distension-related reflex23,24. However, when 

this protective mechanism fails, subjective symptoms, predominantly bloating, may 

develop in healthy volunteers23,24. Furthermore, the perception of symptoms depends 

on the motor response of the gut rather than on the volume of retention25,26. Similar to 

patients who underwent anti-reflux surgery; patients with irritable bowel syndrome (IBS) 

often experience troublesome symptoms of bloating27. Serra et al demonstrated that 

patients with IBS have impaired transit and intolerance to intestinal gas loads which are 

tolerated by healthy subjects28. This impaired gas handling and reduced tolerance could 

underlie bloating symptoms in patients with IBS.

Our observations suggest that gas-related symptoms after surgery are more likely to 

be related to impaired gas handling than increased air swallowing or more impaired gastric 

belching. Therefore, symptomatic patients may be hypersensitive to the increased intestinal 

gas after surgery due to impaired gas handling. In contrast, non-symptomatic patients may 

exhibit an adequate gut response which prevents symptoms. This is made even more likely 

by a retrospective study in which an association was observed between pre-operative IBS 

symptoms, such as constipation and diarrhoea, and post-operative bloating29.

The main limitation of our study is its retrospective nature, where prospectively 

collected data from another study were analysed for the current study.   Therefore, no 

sample size analysis has been done before the start of the study. Since the available data 

was limited by the number of measurements which were performed, a type II error could 

have been made. However, our data shows great overlap between the outcomes of the 

different  groups of severity and relatively similar median values. Therefore, we believe 

that increasing the population is unlikely to result in the identification of pre-operative 

predictors for gas-bloat symptoms based on pre-operative impedance measurements. 
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Notably, an exception is the association between severity of flatulence complaints and 

quality of life shows which shows a trend towards a significant association and we therefore 

speculate that a type II error is likely in this analysis. We believe that a type I error in this 

study is unlikely since the inclusion was based on the availability of the measurement and 

not on the severity of complaints. Furthermore, the decision to perform a pH-impedance 

measurement was also not based on the presence or severity of symptoms and the 

incidence of gas-related symptoms is similar to other studies which assessed the severity 

of gas-related symptoms thereby further preventing a type I or type II error.

A second limitation of this study is the lack of the use of a calibration bougie during the 

fundoplication procedures which were performed in our study population. A large proportion 

of surgeons use an intra-operative bougie during the procedure to prevent post-operative 

complications such as dysphagia32. Several studies have studied the effect an intra-operative 

bougie focussed mainly on post-operative dysphagia and found conflicting evidence whether 

the use of a bougie affected the occurrence of dysphagia33. The effects an intra-operative 

bougie on the occurrence of gas-related complaints is currently still unclear but could, in 

theory, result in a reduction of gas-related complaints. Therefore, future studies are warranted 

which study the effect of utilization of a bougie on gas-related complaints in detail.

The pathophysiology of gas-related symptoms is currently not known. Therefore, 

further research on the pathophysiology of gas-related symptoms after anti-reflux surgery 

is warranted. In theory, a patient’s pre-operative gas intolerance could be a marker for the 

development of post-operative gas-related symptoms. Future studies should therefore assess 

the clinical value of a pre-operative gas challenge test24. Furthermore, there is currently no 

therapy available that can reduce gas-related symptoms after anti-reflux surgery. However, 

our results suggest that reducing the severity and incidence of gas-related symptoms will 

improve surgical outcome. Prokinetics can reduce gas-related symptoms in IBS patients and 

patients with functional bloating30. In theory, the effect of prokinetics on gas-related symptoms 

after fundoplication could have similar effects. Therefore, future studies should also assess 

the application of prokinetics in patients with gas-related symptoms after fundoplication.

In conclusion, our data suggest that severe gas-related symptoms are not associated 

with a specific belching or air swallowing behavior but are most likely determined by 

impaired intestinal gas handling and hypersensitivity to gas-induced distention in response 

to impaired gastric air venting. Gas-related symptoms result in less satisfaction with surgical 

outcome and a decrease in the quality of life. Pre-operative impedance monitoring cannot 

be used to predict the development of post-operative gas-related symptoms. Patients 

should therefore be carefully informed about the implications and incidence of gas-related 

symptoms after surgery and the fact that these cannot be predicted on beforehand.
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abstRact
background: The rumination syndrome is a behavioral disorder resulting in recurrent 

regurgitation of undigested food. The diagnosis of this syndrome is currently based on 

clinical features. We aimed to determine criteria for the rumination syndrome based on 

physiological measurements.

methods: We studied patients with clinically confirmed rumination syndrome and GERD 

patients with predominant symptoms of regurgitation. All patients underwent combined 

high-resolution manometry and pH-impedance measurement after a standardized meal. 

All reflux events extending to the proximal esophagus were analyzed. Furthermore, 

ambulatory measurements were performed in the majority of patients.

Results: In the rumination group, the amplitude of the abdominal pressure increase 

during proximal reflux events and of the esophageal pressure peaks was significantly 

higher compared to GERD patients. None of the GERD patients exhibited abdominal 

pressure peaks >30 mmHg, whereas in the rumination patients 70% of the pressure 

peaks had an amplitude >30 mmHg. Abdominal pressure patterns were also observed 

during ambulatory pH-impedance-pressure monitoring in the rumination patients. pH-

impedance monitoring alone could not differentiate between GERD and rumination, 

however, a higher percentage of reflux events reached the proximal esophagus in the 

rumination patients. Notably, three different mechanisms of rumination were observed: 

1. primary rumination, in which the abdominal pressure increase preceded the retrograde 

flow, 2. secondary rumination, consisting of an increase in abdominal pressure following 

the onset of a reflux event and 3. supragastric belch-associated rumination, consisting of 

a supragastric belch immediately followed by a rumination event.

conclusions: The diagnosis of the rumination syndrome can be made when reflux events 

extending to the proximal esophagus that are closely associated with an abdominal 

pressure increase >30 mmHg and an esophageal pressure increase are observed during 

combined pressure-impedance monitoring.
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intRoduction
The rumination syndrome is a functional gastroduodenal disorder of unknown etiology 

characterized by persistent or recurrent regurgitation of recently ingested food into the 

mouth, typically not preceded by retching and occurring without nausea1–3. The syndrome 

was originally described in mentally disabled children but it has now been well-recognized 

that the rumination syndrome can occur in all ages and in all cognitive abilities4. Rumination 

episodes are induced by a rise in intra-gastric pressure which is generated by a voluntary, 

but often not intentional, contraction of the abdominal wall musculature5. When this 

increase in gastric pressure overcomes the pressure of the lower esophageal sphincter 

(LES), gastric content can flow into the esophagus. Notably, when the gastric content flows 

into the esophagus, relaxation of the upper esophageal sphincter (UES) occurs and gastric 

content can subsequently flow from the esophagus into the pharynx and the mouth after 

which it can be spat out or remasticated6. Diagnosis of the rumination syndrome is currently 

based on clinical features as defined by the Rome III criteria1,7. However, differentiating 

rumination syndrome from gastroesophageal reflux disease (GERD) can be challenging 

since patients with GERD can also present with predominant symptoms of regurgitation1.

Studies using combined manometry and pH-monitoring have demonstrated that rumination 

patients exhibit typical manometric patterns during their regurgitation episodes, however, 

not all rumination episodes could be detected using pH-monitoring since the regurgitated 

material was often not acidic8. With the use of combined manometry and pH-impedance 

monitoring, similar manometric patterns were observed but the majority of rumination 

episodes could now be reliably detected using impedance monitoring6,9–11. However, objective 

diagnostic criteria which are able to differentiate rumination syndrome from other pathology 

using physiological measurements have not yet been developed12. These shortcomings in 

our current diagnostic tools are believed to contribute to an under-appreciation and often 

misdiagnosis of the syndrome. Therefore, patients often have symptoms for several years 

and have consulted many different physicians before rumination syndrome is diagnosed13. 

An objective classification which is able to detect the rumination syndrome and differentiate 

rumination from GERD will therefore contribute to earlier recognition and treatment.

We hypothesized that criteria based on combined manometry and impedance 

monitoring can reliably differentiate between rumination patients and GERD patients.

We therefore aimed to determine criteria for the rumination syndrome based on 

quantitative analysis of physiological measurements.

methods 
Subjects
We prospectively included 12 patients (median age: 42 years, range: 19-56, 7 female) 

with complaints of postprandial regurgitation in whom the diagnosis of the rumination 

syndrome was made by two experts. Furthermore, we included 12 patients with GERD 
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(median age: 55 years, range: 23-71, 6 female), who presented with predominant symptoms 

of regurgitation. All GERD patients exhibited esophagitis during upper endoscopy or a 

positive Symptom Association Probability during ambulatory pH-impedance monitoring14. 

Questionnaires
All rumination patients filled out questionnaires which included the duration of complaints 

and the occurrence of weight loss. Furthermore, severity of postprandial regurgitation, 

nausea, retching, acid taste in the mouth, belching, bloating and heartburn were assessed 

using 6-point Likert scales with scores ranging between 0-5.

HRM and pH-impedance monitoring
Catheters for HRM and impedance measurement (see below) were inserted transnasally 

after an overnight fast. Combined HRM and impedance monitoring was performed for 90 

minutes immediately after ingestion of a standardized meal consisting of two pancakes 

(140 kcal, 23.4 g carbohydrate, 1.6 g fat).

The impedance monitoring catheter was fitted with 6 impedance recording segments 

and 1 ISFET pH electrode (Unisensor AG, Attikon, Switzerland). Impedance recording 

segments were located at 2-4, 4-6, 6-8, 8-10, 14-16 and 16-18 cm above the upper 

border of the LES. A sample frequency of 50 Hz was used to record Impedance signals. 

Concurrently, HRM was carried out using a solid-state HRM assembly with 36 solid-state 

sensors spaced at 1-cm intervals (Unisensor AG, Attikon, Switzerland). The manometry 

catheter was positioned to record from hypopharynx to stomach. A sampling frequency 

of 20 Hz was used to record HRM signals. Impedance and pressure signals were recorded 

and automatically synchronized on a personal computer system (Medical Measurement 

Systems (MMS), Enschede, The Netherlands). Before the onset of the measurement, the 

HRM pressure tracings were zeroed to the atmospheric pressure.

Ambulatory manometry and pH-impedance monitoring
Ambulatory manometry and pH-impedance monitoring was part of our routine protocol 

for patients with suspected rumination during the time of the study. Therefore, after 

completion of the HRM study, the HRM catheter was removed and a solid-state manometry 

catheter was placed which consisted of 4 pressure sensors which were located at 5 cm 

below the upper border of the LES and 5, 10 and 15 cm above the upper border of the 

LES, the pH-impedance catheter remained in situ. Impedance, pH and manometry signals 

were recorded for 24 hours using a digital datalogger (Ohmega, Medical Measurement 

Systems, Enschede, The Netherlands), using a sampling frequency of 50 Hz.

Data analysis
Stationary measurements were used for a detailed analysis of the rumination episodes 

and to create manometric criteria for the rumination syndrome which could differentiate 
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rumination from GERD. Therefore, during the 90-minute measurement, all reflux 

episodes that reached the proximal esophagus were identified. Peak intraluminal 

esophageal pressures during these proximal reflux events were analyzed at 5 cm above 

the manometrically localized LES. Peak gastric pressure during proximal reflux events was 

analyzed 2 cm below the lower border of the LES. Furthermore, the temporal relation 

between the onset of the reflux event and the peak pressure and onset of gastric and 

esophageal pressure increase was analyzed. 

Impedance tracings were analyzed for the occurrence of reflux episodes according to 

previously published criteria15. Furthermore, a supragastric belch was defined as a rapid 

antegrade movement of gas ≥1000 Ω followed by a quick expulsion of gas in retrograde 

direction resulting in a return to baseline impedance level in retrograde direction.

During the ambulatory measurement, peak gastric pressure during proximal reflux 

events was analyzed to determine whether similar results were obtained with ambulatory 

manometry and impedance as compared with stationary HRM. Furthermore, we 

determined whether similar pressure-impedance impedance patterns could be identified 

as compared to stationary measurements. 

Acid exposure time was calculated as the percentage of time during which the 

pH was <4 was determined during the ambulatory measurements. Furthermore, the 

proximal extent of all reflux episodes was analyzed determined during the ambulatory 

measurements.

Statistical analysis
Throughout the manuscript, data are presented as median (interquartile range (IQR)). 

Statistical analysis was performed using Prism software version 5 (Graph Pad, La Jolla CA, 

USA). Data distribution was evaluated using the Kolmogorov–Smirnov test. Comparisons 

between rumination patients and patients with GERD were analyzed using the Wilcoxon 

signed rank. Differences were considered statistically significant when p<0.05.

Results
Subjects
None of the rumination patients had a history of psychiatric illness. Of the rumination 

patients, 50% used PPI daily. Complaints of postprandial regurgitation had been present 

for a median duration of 24 (range: 3-240) months. Weight loss had occurred in 10/12 

rumination syndrome patients and patients had lost a median of 10 (range: 3-20) kg. After 

postprandial regurgitation, belching was the most severe complaint (table 1).

Upper endoscopy was performed in all patients during the routine follow-up of their 

complaints. In patients with the rumination syndrome, an esophagitis was observed in 

8% of the patients, and a sliding hiatal hernia was observed in 50% of the patients. In 

patients with GERD, an esophagitis was observed in 17% of the patients, and a sliding 

hiatal hernia was observed in 50% of the patients.
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table 1. Self-reported symptoms in patients with the rumination syndrome using 6-point likert scales 
(scores 0-5). Data is presented as median (IQR).

Postprandial regurgitation 4.5 (4.5-4.6)

Nausea 0.3 (0.0-1.0)

Retching 1.8 (0.0-2.9)

Acid taste in the mouth 3.3 (1.9-5.0)

Belching 3.8 (2.9-5.0)

Bloating 2.5 (0.0-3.9)

Heartburn 2.1 (0.6-3.9)

table 2. Outcomes of stationary combined HRM and pH-impedance monitoring during the 
postprandial measurement. Data is presented as median (IQR).

Rumination (n=12) geRd (n=12) p-value

LES resting pressure (mmHg) 7 (4-12) 8 (3-10) NS

Number of proximal reflux events 13.0 (6.0-33.0) 2.5 (1.0-9.5) NS

Peak abdominal pressure (mmHg) 43 (35-81) 6 (0-14) P < 0.05

Peak esophageal pressure (mmHg) 35 (30-49) 13 (5-16) P < 0.05

Combined HRM and pH-impedance monitoring
All patients successfully completed combined HRM and pH-impedance monitoring. 

End-expiratory resting pressure of the LES in the patients with rumination was 7 (4-12) 

mmHg (normal: 8.95 – 51.4 mmHg) and all patients exhibited complete relaxation of the 

LES during wet swallows(16) (table 2). In the patients with GERD, end-expiratory resting 

pressure of the LES was 8 (3-10) mmHg and all patients exhibited complete relaxation of 

the LES during wet swallows.

During the stationary measurement, the number of proximal reflux events was 13.0 

(6.0-33.0) in the rumination patients, and 2.5 (1.0-9.5) in the GERD patients but this 

difference was not statistically significant. In the rumination group, the median peak 

amplitude per patient of the abdominal pressure increase during proximal reflux events 

was 43 (35-81) mmHg compared to 6 (0-14) mmHg in the GERD patients, p<0.05. 

None of the GERD patients demonstrated abdominal pressure peaks during proximal 

reflux episodes that exceeded 30 mmHg, whereas in the rumination patients 70% of the 

individual gastric pressure peaks during proximal reflux episodes had an amplitude of >30 

mmHg (figure 1). Furthermore, all rumination patients demonstrated abdominal pressure 

peaks exceeding 30 mmHg. In the rumination patients, the abdominal pressure increase 

started 1.1 s (0.9-1.5) before the drop in the most distal impedance channel. The peak of 

the abdominal pressure increase occurred 1.5 s (0.8-1.8) after the initial drop in the distal 

impedance channel. Esophageal pressure peaks had an amplitude of 35 (30-49) mmHg in 

the rumination group compared to 13 (5-16) mmHg in the GERD group, p<0.05.
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Rumination mechanisms
Three different mechanisms of rumination were observed during the stationary 

measurements. The first mechanism was characterized by an abdominal pressure increase 

that preceded the retrograde flow (figure 2-I). The peak pressure of the abdominal 

pressure increase occurred after the initial drop in impedance and during the retrograde 

flow. Furthermore, the intraluminal esophageal pressure increased during the retrograde 

flow and concurrent relaxation of the UES was observed. Thereafter, the gastric content 

in the esophageal body was cleared by a swallow. This mechanism was labeled as primary 

rumination since the abdominal pressure increase resulted in the retrograde flow of 

gastric content. Primary rumination occurred in 100% of the rumination patients and was 

the predominant mechanism in 8/12 patients (table 4). 

The second mechanism was similar to a primary rumination event but the increase 

in abdominal pressure occured after the onset of a reflux event (figure 2-II). This 

mechanism was labeled as secondary rumination since the abdominal pressure increase 

was secondary to reflux. Secondary rumination occurred in 45% of patients and was the 

predominant mechanism in 1/12 patients. 

The onset of the third mechanism of rumination was characterized by the typical 

pattern of a supragastric belch during which an aboral movement of the diaphragm 

creates a sub-atmospheric pressure in the esophageal body and concurrent UES relaxation 

occurs (figure 2-III)(17). The latter allows inflow of air into the esophageal body which 

could be observed with impedance monitoring as a rise in impedance level in aboral 

direction. The inflow of air was followed by an immediate expulsion of the esophageal 

air (<1s) which could be observed in the impedance signals as a return to baseline 

impedance level. The abdominal pressure increase during supragastric belch-associated 

rumination occurred during the expulsion of air and preceded the retrograde flow of 

figure 1. Amplitude of the gastric pressure peak during proximal reflux events for rumination patients 
and GERD patients. Data is presented as the percentage of proximal reflux events reaching a certain 
pressure level.
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figure 2. The rumination variants as measured by combined high-resolution manometry and pH-
impedance monitoring. I: Primary rumination: An increase in gastric pressure is followed by the flow 
of gastric content. Peak gastric pressure is observed during the flow of gastric content. Pressure in the ▶
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gastric content. Subsequently, the esophageal pressure increased during the retrograde 

flow and concurrent relation of the UES was observed. This mechanism was considered as 

supragastric belch-associated rumination since the abdominal pressure increase occurred 

during the expulsion of air. Supragastric belch-associated rumination occurred in 36% of 

the patients and was the predominant mechanism in 3/12 patients.

Ambulatory combined manometry and pH-impedance monitoring
Ambulatory manometry-pH-impedance monitoring was refused by 3 rumination patients 

and could not be analyzed in 1 patient due to a technical failure. Ambulatory pH-

impedance data was available for 9 of 12 GERD patients. Rumination patients exhibited 

a larger percentage of reflux episodes reaching the proximal esophagus compared to 

patients with GERD (table 3). However, other parameters of ambulatory pH-impedance 

monitoring were similar between the groups.

All three mechanisms of rumination could also be identified using ambulatory 

combined manometry and pH-impedance monitoring and similar pressure patterns were 

observed (figure 3). Similar to stationary manometry, all rumination patients exhibited 

proximal reflux events which were associated with a pressure peak >30 mmHg during the 

table 3. Outcomes of ambulatory combined (manometry) pH-impedance monitoring during the 24 
hr measurement. AET = Acid Exposure Time and represents the % of time pH<4. Data is presented 
as median (IQR).

Rumination (n=8) geRd (n=9) p-value

Upright AET 9.7 (3.1- 26.9) 9.7 (2.4-11.5) NS

Supine AET 1.1 (0.2–2.5) 7.7 (0.3-30.2) NS

Total AET 6.1 (1.9-19.3) 9.8 (8.0-15.0) NS

Reflux events 63.5 (31.5–86.8) 76.5 (39.8-108.3) NS

Acid reflux events 39.5 (23.0-67.3) 70.0 (32.0-83.0) NS

Weakly acidic 18.5 (11.0-26.5) 16.0 (10.0-35.0) NS

Proximal reflux events 27.0 (16.0-42.0 ) 15.0 (10.8-31.0) NS

% proximal reflux events 58.8 (42.8-75.4) 27.9 (11.9-40.6) P<0.05

% proximal events >30mmHg 57 (34.0-79.5) N.A.

esophageal lumen increases during the retrograde flow of gastric content and subsequent relaxation 
of the upper esophageal sphincter is observed. II: Secondary rumination: Similar to primary rumination 
but preceded by a spontaneous gastroesophageal reflux event. III: Supragastric belch-associated 
rumination: Initially, a movement of the diaphragm in aboral direction and a sub-atmospheric pressure 
in the esophageal lumen is observed. Relaxation of the UES is observed during the onset of inflow of 
air. The inflow of air is indicated by an antegrade rise in impedance. Thereafter, the esophageal air is 
immediately expulsed during which an increase in gastric pressure is observed. Subsequent flow of 
gastric content into the esophagus is observed during the increase in gastric pressure. The latter can be 
observed as a drop in impedance from baseline immediately after the supragastric belch.

▶
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figure 3. Rumination variants as measured by combined ambulatory manometry and pH-impedance 
monitoring. I: Primary rumination. II: Secondary rumination. III: Supragastric belch-associated rumination.

ambulatory measurement. Moreover, 57 (34-80) % of the proximal reflux episodes per 

patient coincided with a gastric pressure increase of >30 mmHg.

Repetitive rumination episodes were observed in 50% of the rumination patients 

(figure 4). During an episode of repetitive rumination, the rumination events occurred 

shortly (<1 minute) after one another. Repetitive rumination could occur as repetitive 

primary rumination and as repetitive supragastric belch-associated rumination but not as 

repetitive secondary rumination.
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figure 4. Repetitive primary rumination episodes as measured by combined ambulatory manometry 
and pH-impedance monitoring.

table 4. Rumination profile of each rumination patient which demonstrates the percentage of rumination 
episodes which occurred during the different rumination mechanisms.

primary rumination secondary rumination supragastric belch-associated

Subject 1 100 0 0

Subject 2 100 0 0

Subject 3 29 71 0

Subject 4 100 0 0

Subject 5 36 18 45

Subject 6 75 4 21

Subject 7 100 0 0

Subject 8 54 31 15

Subject 9 100 0 0

Subject 10 83 17 0

Subject 11 30 0 70

Subject 12 40 0 60

discussion
In order to search for objective impedance-pressure criteria for the rumination syndrome, we 

compared impedance-pressure patterns in patients with clinically diagnosed rumination and 

compared these to patterns found in patients with GERD. Our results demonstrate that it is 

indeed possible to use impedance-manometry to distinguish patients with the rumination 
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syndrome from GERD patients with regurgitation as clearly distinct patterns are seen. All 

patients with the rumination syndrome, but none of the patients with GERD, exhibited gastric 

pressure peaks >30 mmHg during stationary manometry and ambulatory manometry.

Until now, rumination is a difficult clinical diagnose. The current diagnostic criteria 

which are defined in the ROME III criteria are mainly based on the presence of postprandial 

regurgitation1. Therefore, several problems arise with regard to the rumination syndrome. 

Firstly, the syndrome is relatively rare and physicians therefore often do not recognize the 

symptoms of rumination as such. Secondly, patients with GERD often present with complaints 

of regurgitation18. Since reflux episodes often occur in the postprandial period, complaints of 

the rumination syndrome are often mistaken for symptoms of GERD. Even though the clinical 

presentation of rumination and GERD is similar, the management of these two groups of 

patients is vastly different. Rumination patients are treated with behavioral feedback therapy 

whereas GERD patients are treated by PPI and ultimately anti-reflux surgery. There is thus 

great need for an adequate diagnostic tool to diagnose the rumination syndrome.

We demonstrated that all patients with rumination syndrome exhibit gastric 

pressure peaks >30 mmHg during combined manometry-impedance. However, 30% of 

all rumination episodes were characterized by pressure peaks <30 mmHg. The latter 

suggests that rumination episodes can also be induced by pressure peaks <30 mmHg.  

A cut-off value below 30 mmHg would therefore enhance the detection of rumination 

episodes. However, GERD patients can exhibit gastric pressure peaks up to 30 mmHg 

and a significant overlap between the pressure peaks of patients with the rumination 

syndrome and patients with GERD was observed. Therefore, a cut-off value <30 mmHg 

would also identify GERD patients as having the rumination syndrome. Since all patients 

with the rumination syndrome exhibit pressure peaks >30 mmHg we consider a gastric 

pressure peak of >30 mmHg as the optimal cut-off for rumination episodes.

For this study we used combined stationary high-resolution manometry and pH-

impedance monitoring as well as combined ambulatory manometry and pH-impedance 

monitoring. Similar findings were observed with these two techniques which suggests 

that both techniques are able to diagnose the rumination syndrome and ambulatory 

measurements do not provide additional information. Furthermore, our proposed criteria 

can be applied to ambulatory manometry-impedance and stationary HRM-impedance 

which suggests that the techniques are equally effective in diagnosing the rumination 

syndrome. If both techniques are available in a center, other factors, such as duration 

of the investigation, the availability of an investigation room and the preference of the 

physician and patient will determine the technique that will be used.

Three distinct rumination variants have been identified in this study which could, in theory, 

be caused different pathophysiological mechanisms. In patients with primary rumination, 

the etiology is least clear since no event could be identified that preceded a rumination 

episode using HRM-impedance monitoring. Previous studies have suggested that rumination 

is a learned behavior caused by an unpleasant gastrointestinal sensation19. Moreover, the 

initial trigger for a patients behavior could even have disappeared before the diagnosis 

144



O
b

je
c

tiv
e

 c
r

ite
r

ia
 fO

r
 r

u
m

in
a

tiO
n

10

is made. The pathophysiology of primary rumination therefore remains to be elucidated 

and additional studies are warranted. During secondary rumination, a gastroesophageal 

reflux episode precedes the rumination episode. The latter suggests that the unpleasant 

sensation of gastric content in the esophagus could trigger a rumination event. In patients 

with supragastric belch-associated rumination, a supragastric belch precedes the rumination 

episode. The results from our HRM-impedance study demonstrated that the intragastric 

pressure rises during the expulsion of air. The latter suggests that this forceful expulsion of 

air also forces out gastric content into the esophagus. Therefore, supragastric belches are 

the most probable cause of the rumination episodes in these patients and their belching 

behavior has most likely existed before the rumination episodes occurred.

The identification of three different rumination variants could, in theory, affect the treatment 

of rumination patients. The cornerstone of treatment of the rumination syndrome is currently 

an explanation of a patient’s condition after which a patient is referred for behavioral therapy 

or bio-feedback training. The latter two treatments are believed to compete with the urge to 

regurgitate and have yielded positive outcomes in previous studies5,20. Previous studies have 

also demonstrated that patients with isolated belching symptoms caused by supragastric 

belching  respond favorably to behavioral therapy performed by a speech therapist21. The 

latter suggests that patients who exhibit supragastric belch-associated rumination would also 

benefit from behavioral therapy. However, in patients with secondary rumination, rumination 

episodes appear to be triggered by reflux episodes. Biofeedback could, in theory, decrease 

a patient’s response to the unpleasant sensation of a reflux episode. PPI could also reduce 

the number of rumination episodes by decreasing the severity of heartburn. However, reflux 

episodes will still occur despite PPI and weakly acidic reflux could still trigger secondary 

rumination episodes. Therefore, fundoplication could, in theory prevent the trigger for 

rumination episodes in these patients. However, there is no evidence which supports the use 

of fundoplication in patients with the rumination syndrome and clinicians should be hesitant 

with performing anti-reflux surgery in patients with secondary rumination.

A limitation of this study is the limited size of our study population. However, the 

results from our study show a statistically significant difference between patients with 

the rumination syndrome and patients with GERD and we therefore believe that the 

size of the population in this study is sufficient for the development of a classification 

based on physiological measurements. Furthermore, all known variants of the rumination 

syndrome have been included in this study and all these variants show similar outcomes 

with regard to the cut-off value of 30 mmHg.

In conclusion, combined pressure-impedance criteria can differentiate rumination 

patients from GERD patients with predominant symptoms of regurgitation. We propose 

that the diagnosis of the rumination syndrome is based on demonstration of reflux events 

extending to the proximal oesophagus that are closely associated with an abdominal 

pressure increase >30 mmHg. In addition, three subtypes of the rumination syndrome 

have been identified which include primary rumination, secondary rumination and 

supragastric belch-associated rumination.
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english summaRy
Patients with gastroesophageal reflux disease (GERD), excessive belching and the 

rumination syndrome are all characterized by troublesome symptoms due to retrograde 

flow of material (liquid, solid and/or gaseous)  through the esophagus. In this thesis, we 

present a number of studies in which we provide novel insights into the pathophysiology, 

diagnosis and treatment of these diseases. Furthermore, we aim to shed more light on  

the interrelationships between these three disorders .

Gastroesophageal reflux disease
Pathophysiology
Anxiety has a well-established effect on functional gastrointestinal disorders such 

as functional dyspepsia and irritable bowel syndrome. The results of clinical studies 

which assessed the effect of experimentally administered psychological stressors on 

the perception of reflux episodes have so far been inconclusive. In chapter 2 we have 

assessed the effect of anxiety on the perception of reflux episodes by studying 225 

patients with symptoms suggestive of GERD, using questionnaires and pH-impedance 

measurement. The results of our study demonstrate that GERD patients with increased 

anxiety levels are characterized by an increased severity of perceived reflux episodes but 

not by an increased perception of reflux. The latter suggests that the threshold for the 

perception of reflux episodes is not affected by increased anxiety levels. Instead, anxious 

patients rated  their perceived reflux episodes  as more severe.

Diagnosis
In chapter 3 we assessed the role  of esophageal baseline impedance in the detection 

of reflux-induced changes to the esophageal wall by assessing the baseline impedance 

levels in GERD patients and controls and by measuring baseline impedance with and 

without inhibition of gastric acid secretion. Distal baseline impedance levels in GERD 

patients with pathological acid exposure were markedly lower than those in healthy 

volunteers and GERD patients with physiological acid exposure. A negative correlation 

was observed between esophageal acid exposure time and distal baseline impedance. 

Baseline impedance was highest when  the secretion of gastric acid was suppressed 

using PPI. These results therefore suggest that esophageal baseline impedance can serve 

as  a marker of  acid reflux-induced changes to the esophageal mucosa.

High-resolution manometry (HRM) is a tool which has provided valuable information 

about esophageal motility. Solid-state HRM systems with 36 closely spaced pressure 

sensors are currently considered to be gold standard to assess esophageal motility. 

However, water-perfused HRM systems are still popular due to relatively low costs of the 

catheter and a long life expectancy of the  catheters. Recently, a water-perfused HRM 

system with 36  pressure  sensors  has become available. In chapter 4 we have studied 

50 healthy volunteers and performed water-perfused HRM and solid-state HRM in a 
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randomized order. This study  provided normal values for this novel catheter system and 

the presented normal values now allow physicians to use water-perfused HRM catheters 

in clinical practice. Moreover, by comparing both HRM systems, we demonstrated 

moderate to good agreement with only small differences in mean outcomes. 

Treatment
Fundoplication is a surgical intervention which has been applied extensively in the 

treatment of GERD over the last few decades. However, the long-term effects of the 

fundoplication on the physiology of the esophagogastric junction (EGJ) are currently 

unknown and these have  therefore been assessed in chapter 5. For this study, we 

included patients who underwent a surgical fundoplication > 5 years previously  and 

compared these patients to GERD patients who did not undergo surgery. Our study 

demonstrates that patients who underwent a surgical fundoplication > 5 years ago 

have a markedly reduced distensibility of the EGJ. Moreover, the most important 

mechanism through  which gastroesophageal reflux episodes occur is known as transient 

lower esophageal sphincter relaxation (TLESR). Our study demonstrated that during 

a long-term follow-up after fundoplication, the rate of TLESRs is markedly decreased 

compared to GERD patients without a fundoplication. Since these observed effects on 

EGJ physiology are similar to those made at short-term observation, our findings suggest 

that the physiological effects of the surgical fundoplication are permanent. 

Prucalopride is a novel 5-HT4 receptor agonist which could in theory  provide an alternative 

for anti-reflux surgery by promoting motility and emptying of the stomach and the esophagus. 

In chapter 6 we performed a double-blind, placebo-controlled, randomized, crossover study 

in which we included healthy volunteers who received prucalopride or placebo. We observed 

that prucalopride decreased esophageal acid exposure time by improving the time needed 

to clear reflux episodes from the esophagus. Surprisingly, the number of reflux episodes was  

not affected by prucalopride. Since esophageal motility was also not affected by prucalopride, 

the observed effect on reflux is most likely due to a decreased volume  of the refluxate. 

Furthermore, prucalopride also increased gastric emptying of a solid test meal, measured 

scintigraphically. Our study therefore suggests that patients with GERD and patients with 

delayed gastric emptying could benefit from treatment with prucalopride.

Belching
In chapter 7 we aimed to provide better insight into the mechanisms of gastric and 

supragastric belching by using combined high-resolution manometry and impedance 

monitoring. Two distinct mechanisms of supragastric belching were observed. The first 

mechanism was characterized by (i) movement of the diaphragm in aboral direction and 

increased EGJ pressure, (ii) decrease in esophageal pressure, (iii) upper esophageal 

sphincter (UES) relaxation, (iv) antegrade airflow into the esophagus and (v) increase 

in esophageal and gastric pressure leading to expulsion of air out of the esophagus in 
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retrograde direction. During this first mechanism, the driving force behind the air inflow was 

creation of negative esophageal pressure by the diaphragm. In one patient we observed a 

second mechanism of supragastric belching which was characterized by a non-peristaltic, 

simultaneous increase in pharyngeal pressure which preceded the airflow event. In this 

mechanism the driving force behind the influx of air was the pressure gradient between 

the elevated pharyngeal pressure and unchanged intra-esophageal pressure.

In contrast, gastric belches were characterized by (i) decreased or unchanged EGJ 

pressure, which was significantly lower than during supragastric belches, (ii) absence 

of decreased esophageal pressure preceding entrance of air into the esophagus, (iii) 

retrograde airflow into the esophagus, (iv) common cavity phenomenon and (v) UES 

relaxation after the onset of the retrograde airflow. 

Troublesome belching is a common symptom in GERD patients. However, little is 

known about the etiology of these complaints. In chapter 8 we included 90 patients 

who were referred for ambulatory 24-h pH-impedance measurement as part of the 

analysis of reflux symptoms. We observed no significant differences in frequency of 

gastric belches when comparing patients with severe belching complaints to those with 

moderate and none to mild complaints. However, the number of supragastric belches 

was significantly higher in patients with severe belching complaints compared to patients 

with moderate and none to mild complaints. Notably, the number of supragastric belches 

which coincided with a liquid reflux episode was significantly higher in patients with 

severe complaints than in those with moderate and none to mild complaints. The type 

of belch therefore determines the burden of belching complaints in patients with GERD. 

Supragastric belches, not gastric belches determine the severity of belching complaints.

Gas-related symptoms such as bloating, flatulence and an impaired ability to belch 

are frequent complaints after anti-reflux surgery. In chapter 9 we have studied 52 patients 

who underwent anti-reflux surgery and assessed the influence of gas-related symptoms on 

patient-reported outcomes. We observed that bloating and flatulence were associated with 

a decreased quality of life and less satisfaction with surgical outcome. Notably, 9% of the 

patients would not opt for surgery again due to gas-related symptoms. Furthermore, by using 

impedance measurements, we observed that anti-reflux surgery decreased the total number 

of gastric belches. However, the severity of gas-related symptoms was not associated with a 

larger post-operative decrease in the number of gastric belches. Therefore, even though gas-

related symptoms decrease patient-reported outcomes, the severity of gas-related symptoms 

is not determined by a more severe impairment of the ability to belch after surgery.

Rumination
The rumination syndrome is a syndrome which is often mistaken for GERD. In chapter 10 

we therefore aimed to determine objective criteria for the rumination syndrome which can 

differentiate between rumination and GERD. We studied patients with clinically confirmed 

rumination syndrome and compared the outcomes of concurrent HRM and impedance 

measurements with GERD patients with predominant symptoms of regurgitation. 
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We observed that abdominal pressure increases during proximal reflux events were 

significantly higher in the rumination patients compared to GERD patients. Furthermore, 

none of the GERD patients exhibited abdominal pressure peaks >30 mmHg, whereas in 

the rumination patients 70% of the pressure peaks had an amplitude >30 mmHg.

Notably, three different mechanisms of rumination were observed: 1. primary 

rumination, in which the abdominal pressure increase preceded the retrograde flow, 

2. secondary rumination, consisting of an increase in abdominal pressure following the 

onset of a spontaneous reflux event and 3. supragastric belch-associated rumination, 

consisting of a supragastric belch immediately followed by a rumination event.

Based on these observations we were able to introduce objective  criteria for rumination;  

reflux events should extend to the proximal esophagus and be  closely associated with an 

abdominal pressure increase >30 mmHg. We demonstrated that these criteria can differentiate 

rumination patients from GERD patients with predominant symptoms of regurgitation. 

discussion and futuRe peRspectives
Whereas we believe that the studies described in this thesis have provided relevant 

new information on some aspects of pathophysiology, diagnosis and treatment of 

gastroesophageal reflux disease (GERD), rumination and excessive belching, there are 

still many remaining questions that need to be addressed.

Pathophysiology
Supragastric belches, first described in 2004, are belches in which the eructated gas does 

not come from the stomach, but in which air that was sucked into the esophagus less than 

a second before is expelled before having passed the LES. In chapter 8 we observed in a 

group of GERD patients that supragastric belches often precede a liquid reflux episode, 

suggesting that a supragastric belch can elicit reflux. Moreover, a significant subgroup 

of patients (24 out of 90) showed ≥ 10 belch-elicited  liquid reflux episodes during the 

24-hour study. On average, this comprised 33% of all liquid reflux events in this subgroup 

of patients. Surprisingly, a similar pattern of supragastric belches preceding reflux events 

was observed in patients with the rumination syndrome who were studied in chapter 

10. Moreover, the mechanism of supragastric belching was found to be similar to that 

observed in patients with isolated belching who were studied in chapter 7. Therefore, 

the subgroup of GERD patients who exhibit supragastric belches preceding reflux events 

might have more in common with patients with the rumination syndrome and patients 

with excessive belching than with classical GERD patients with spontaneous reflux.

In chapter 10 we studied patients with clinically diagnosed rumination syndrome. 

Despite their similar clinical presentation of regurgitation, these patients were found to 

be heterogeneous in the mechanisms underlying their rumination events. Three distinct 

rumination variants were identified in this study. In patients with so-called secondary 

rumination the rumination events appear to be triggered by a spontaneous reflux 
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episode. In patients with supragastric belch-induced rumination the rumination episodes 

appear to be induced by a supragastric belch, a phenomenon that has been shown 

to be a behavioral disorder. In patients with primary rumination, the etiology is least 

clear since no event can be identified that precedes the rumination episode. Previous 

studies have suggested that rumination is a learned behavior triggered by an unpleasant 

gastrointestinal sensation. Moreover, the initial trigger for a patient’s behavior could 

even have disappeared before the diagnosis is made. The pathophysiology of primary 

rumination therefore remains to be elucidated and additional studies are warranted. 

It is likely that for optimal management of patients with the rumination syndrome the 

therapeutic approach needs to be tailored to the prevailing rumination variant. 

In chapter 9 we demonstrated that not only excessive belching, but also an inability 

to belch can result in severe symptoms which negatively affect the patient’s quality of life. 

Inability to belch is seen in patients with achalasia and in patients who underwent surgery 

that alters the esophagogastric junction (EGJ), such as fundoplication. Surprisingly, in 

our studies in patients who underwent fundoplication, we did not observe that a greater 

impairment of gastric belching was associated with more severe symptoms. We therefore 

hypothesized that symptomatic patients may be hypersensitive to the increased intestinal 

gas after surgery, due to impaired gas handling. In contrast, non-symptomatic patients 

could, in theory, exhibit an adequate gut response which prevents symptoms. To optimize 

patient-reported outcomes after surgery, more research is needed to determine the 

pathophysiological mechanisms underlying gas-related symptoms after anti-reflux surgery.

Diagnosis
In most GERD patients, the majority of reflux episodes does not generate symptoms and 

often the number of reflux episodes in GERD patients is comparable to those found in 

healthy volunteers. This can make GERD sometimes difficult to diagnose. Numerous studies 

have shown that there are considerable inter-individual differences in esophageal sensitivity 

and that these play an important role in whether or not reflux leads to symptoms. Using 

intraluminal impedance monitoring, reflux events of all types (acid and non-acid, liquid and 

gaseous) and swallows can be identified. However, impedance monitoring can also be used 

to measure the resting, baseline electrical resistance, between swallows and reflux events. 

In chapter 3 we demonstrated a clear association between esophageal acid exposure and 

baseline impedance, suggesting that excessive acid exposure impairs esophageal mucosal 

integrity. The results of our studies on baseline impedance therefore warrant further research 

in which baseline impedance levels are correlated to macroscopic and microscopic changes 

to the esophageal mucosa to determine the extent by which baseline impedance reflects 

structural changes to the esophagus and thereby identify GERD patients. The latter could 

determine whether baseline impedance could contribute to the diagnosis of GERD.

Not only could baseline impedance measurement be used to diagnose GERD, the 

change in baseline impedance before and during therapy could, in theory, also be a 

marker of the response to therapy. Future studies on this subject are therefore warranted. 
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The importance of accurately diagnosing GERD is greatest in patients in whom the 

esophageal mucosa shows no erosions and in whom 24-hour esophageal acid exposure 

is normal. These patients are often described as being hypersensitive to reflux, be it acid 

or non-acid. In chapter 2 we observed that, in hypersensitive patients, even though the 

esophageal acid exposure is less compared to patients with pathological acid exposure, 

the number of reported symptoms and the severity of GERD symptoms are comparable. 

Moreover, the impact of GERD symptoms on the quality of life is similar in hypersensitive 

patients. These findings corroborate the notion that normal esophageal acid exposure 

does not exclude GERD and that patients with “reflux-negative” GERD deserve adequate 

work-up and treatment.

Treatment
In the study described in chapter 8 we demonstrated that, in patients with GERD, an 

association exists between the incidence of supragastric belches and troublesome belching 

symptoms.  Speech therapy can decrease symptoms due to supragastric belching in patients 

who present with isolated excessive belching. We therefore speculate that GERD patients 

with troublesome belching symptoms due to supragastric belching can also be treated with 

behavioral speech therapy aimed at reducing the incidence of supragastric belches.

In chapter 8 we also studied the subgroup of GERD patients who exhibit supragastric 

belches immediately preceding reflux episodes. If the relationship between supragastric 

belches and reflux episodes is causal, a decrease in the number of supragastric belches 

could also decrease the number of reflux episodes. A similar benefit could also be 

observed for those patients who exhibit supragastric belch-associated rumination who 

were identified in chapter 10. Therefore, future studies should assess the role for speech 

therapy in both GERD patients in whom supragastric belches precede reflux episodes, as 

well as supragastric belch-associated rumination.

Support for a treatment with a focus on reflux symptom reduction instead of a 

reduction of reflux episodes can be derived from the results of chapter 2. We observed 

that anxiety levels affected the severity of symptoms in patients with GERD. One could 

therefore hypothesize that decreasing anxiety levels in these patients could also decrease 

the severity of symptoms. Since anxiolytics can reduce levels of anxiety and could 

therefore benefit this small subgroup of GERD patients with increased anxiety levels. 

However, more research is needed to determine whether this effect can be achieved in 

clinical practice and which patients could benefit from this therapy.

Treatment with a PPI is the cornerstone of current GERD management. However, 

PPI-refractory GERD is more and more recognized as a sizeable problem. It should not 

be considered surprising that a treatment that consists only of acid suppression does not 

provide satisfactory results in 100% of patients. Acid suppression does not reduce the 

number of reflux episodes or the volume component of the reflux episodes. In theory, 

prucalopride could reduce symptoms of GERD by reducing the exposure of the esophagus 

to non-acid reflux and through volume reduction. The observed effects of prucalopride 
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on gastric emptying and gastroesophageal reflux in healthy subjects in chapter 6 make 

lend support to the hypothesis that prucalopride can be used to treat GERD patients. 

Anti-reflux surgery is often the last resort in patients with therapy-refractory GERD. 

Although most patients have excellent symptom relief, a significant proportion of patients 

has recurrent symptoms during long-term follow-up. Surprisingly, in chapter 5 we 

observed that there was no difference in the number of reflux episodes between patients 

with recurrent symptoms > 5 years after fundoplication and patients without recurrent 

symptoms. Our findings therefore suggest that “recurrent” symptoms after fundoplication 

are often not caused be recurrent GERD but rather by a concomitant functional disease 

such as functional heartburn or functional dyspepsia. Patients are therefore most likely to 

benefit from treatment for functional diseases rather surgical re-intervention.

In conclusion, GERD, belching and rumination are three distinct disorders but with 

many interrelationships. The studies described in this thesis contribute to a better 

identification of patients in whom the treatment can be aimed at the mechanism underlying 

their belching complaints or complaints of regurgitation. Moreover, these studies could 

also result in new treatment modalities for patients with “true” GERD such as prokinetics 

or anxiolytics or affect the treatment for patients in whom anti-reflux surgery appears to 

have failed. However, many more well designed studies are needed to be able to assess 

whether these novel insights can and should eventually affect our clinical practice.
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nedeRlandse samenvatting
Patiënten met gastro-oesofageale refluxziekte (GORZ), overmatig boeren en het 

ruminatiesyndroom hebben klachten die worden veroorzaakt door terugstromen van 

maaginhoud of lucht door de slokdarm. In dit proefschrift beschrijven wij een aantal 

onderzoeken die hebben geleid tot nieuwe inzichten ten aanzien van de pathofysiologie, 

diagnose en behandeling van deze aandoeningen. Tevens richten we ons specifiek op de 

verbanden tussen deze aandoeningen.

Gastro-oesofageale refluxziekte
Pathofysiologie
Mentale spanning heeft een duidelijk effect op functionele gastro-intestinale 

aandoeningen zoals functionele dyspepsie en prikkelbaredarmsyndroom. De resultaten 

van studies, die het effect van experimenteel toegediende psychologische stress op 

de perceptie van refluxepisodes hebben onderzocht, hebben echter niet tot duidelijke 

conclusie geleid. Het is daarom onduidelijk of mentale spanning de perceptie van 

refluxepisodes en/of de ernst van klachten van GORZ kan beïnvloeden. In hoofdstuk 2 

onderzoeken we het effect van mentale spanning op de perceptie van refluxepisodes 

door vragenlijsten af te nemen en een 24-uurs pH-impedantiemeting te verrichten bij 

225 patiënten met symptomen van GORZ. De resultaten van deze studie laten zien dat 

GORZ-patiënten met een verhoogde mentale spanning ernstiger symptomen van GORZ 

hebben maar dat ze niet vaker klachten van refluxepisodes ervaren. Dit suggereert dat 

de drempel voor het ontwikkelen van symptomen niet beïnvloed wordt door mentale 

spanning maar dat de symptomen van GORZ als ernstiger worden ervaren.

Diagnose
Meting van de impedantie in het lumen van de slokdarm, met behulp van een catheter met 

electroden, kan worden gebruikt om verplaatsing van vloeistof of lucht door de slokdarm te 

meten. Het grootste gedeelte van de tijd wordt het impedantieniveau bepaald door de wand 

van de slokdarm, de zogenaamde basislijnimpedantie. In hoofdstuk 3 onderzoeken we de rol 

van basislijnimpedantiemetingen in de detectie van reflux-geïnduceerde veranderingen in de 

wand van de slokdarm. Hiervoor hebben we de impedantiebasislijn van patiënten met GORZ 

en gezonde vrijwilligers vergeleken en hebben we metingen verricht met maagzuurremmende 

medicatie en zonder deze medicatie. De basislijnimpedantie in het distale deel van de 

slokdarm van GORZ-patiënten met een pathologische aantal refluxepisodes was duidelijk lager 

dan de basislijnimpedantie bij gezonde vrijwilligers maar ook dan dat van GORZ-patiënten 

met fysiologische reflux. Er was sprake van een negatieve correlatie tussen de hoeveelheid 

gastro-oesofageale reflux en de basislijnimpedantie in de distale slokdarm. Tevens was de 

basislijnimpedantie het meest afwijkend als patiënten geen maagzuurremmende medicatie 

gebruikten. Deze resultaten suggereren dat de basislijnimpedantie in de slokdarm een 

indicator kan zijn voor reflux-geïnduceerde afwijkingen in de slokdarm.
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Hoge-resolutie manometrie (HRM) is een onderzoeksmiddel waarmee de druk op 

meerdere plekken in de slokdarm tegelijkertijd kan worden gemeten. Onderzoeken 

waarin HRM is gebruikt hebben waardevolle informatie opgeleverd over de motoriek van 

de slokdarm bij onder andere refluxklachten en slikklachten. Bij de zogenaamde solid-

state HRM catheters zijn er 36 miniatuur-druksensoren op korte afstand van elkaar op de 

catheter geplaatst. Doordat er hiermee een zeer gedetailleerd beeld van de motoriek 

van de slokdarm wordt verkregen wordt solid-state HRM op dit moment beschouwd 

als de gouden standaard. Een oudere manier van drukmetingen in de slokdarm maakt 

gebruik van een zogenaamde water-geperfundeerde HRM catheter. Deze catheters 

zijn relatief goedkoop en hebben een langere levensduur maar tot voor kort was het 

niet mogelijk om 36 kanalen in deze catheters te plaatsen. Recent is echter wel een 

36-kanalige water-geperfundeerde catheter ter beschikking gekomen. In hoofdstuk 4 

onderzoeken we deze nieuwe catheter door bij 50 gezonde vrijwilligers metingen te 

verrichten met zowel water-geperfundeerde HRM als solid-state HRM. Deze studie heeft 

geleid tot normaalwaardes voor deze nieuwe catheter zodat deze nieuwe catheter nu in 

de kliniek gebruikt kan worden. Ook hebben we de twee catheters met elkaar vergeleken 

en hebben we aangetoond dat er een redelijk tot goede overeenkomst is tussen de twee 

catheters met slechts marginale verschillen in de gemiddelde uitkomsten.

Behandeling
De chirurgische fundoplicatie is een anti-refluxoperatie die in de laatste decennia 

veelvuldig gebruikt is in de behandeling van GORZ. Ondanks het feit dat op lange termijn 

de klachten van GORZ in sommige gevallen terugkomen is er slechts weinig bekend 

over de langetermijneffecten op de fysiologie van de gastro-oesofageale overgang. In 

hoofdstuk 5 onderzoeken we de langetermijngevolgen van de fundoplicatie bij patiënten 

bij wie deze operatie >5 jaar geleden is verricht en vergelijken we deze resultaten met 

metingen bij GORZ-patiënten zonder fundoplicatie.

Transiënte relaxaties van de onderste slokdarmsfincter (TLESRs) worden beschouwd 

als het belangrijkste mechanisme waardoor refluxepisodes kunnen ontstaan. De resultaten 

van onze studie laten zien dat er bij de patiënten met een fundoplicatie minder TLESRs 

optreden. Ook hebben we gevonden dat de rekbaarheid van de gastro-oesofageale 

overgang bij de patiënten met een fundoplicatie sterk verminderd is ten opzichte van 

GORZ-patiënten zonder fundoplicatie. Aangezien deze bevindingen gelijk zijn aan de 

kortetermijneffecten van de fundoplicatie suggereren onze resultaten dat de effecten van 

anti-reflux chirurgie op de fysiologie van de gastro-oesofageale overgang permanent zijn.

Prucalopride is een nieuwe 5-HT4-receptorantagonist die, in theorie, een alternatief 

kan zijn voor anti-refluxchirurgie omdat het middel de slokdarmmotiliteit stimuleert en de 

maaglediging versnelt. In hoofdstuk 6 beschrijven we een dubbel-geblindeerde, placebo 

gecontroleerde, gerandomiseerde, cross-over studie waarin we het effect van prucalopride op 

de slokdarm en de maag onderzoeken. Uit onze studie blijkt dat prucalopride de hoeveelheid 

reflux vermindert doordat de duur van de refluxepisodes verminderd wordt. Opvallend was 
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dat het aantal refluxepisodes niet veranderde door het gebruik van prucalopride. Aangezien 

prucalopride geen effect had op de motoriek van de slokdarm is een vermindering van het 

volume van de refluxepisodes de meest waarschijnlijke oorzaak van de verminderde duur 

van de refluxepisodes. Tevens versnelde prucalopride de maaglediging. Deze bevindingen 

suggereren dat patiënten met GORZ en patiënten met een vertraagde maaglediging baat 

zouden kunnen hebben bij het gebruik van prucalopride.

Boeren
Boeren is een fysiologisch mechanisme dat het mogelijk maakt dat lucht uit de maag kan 

ontsnappen zodat dit niet de darmen kan bereiken. In sommige gevallen is er sprake van 

supragastrisch boeren; dit is een fenomeen waarbij lucht de slokdarm in wordt gezogen 

om vervolgens, zonder dat het de maag bereikt heeft, direct weer via de mond het lichaam 

te verlaten. Bij patiënten bij wie de belangrijkste (en vaak enige) klacht overmatig boeren 

is, gaat het zonder uitzondering om supragastrisch boeren. In hoofdstuk 7 werden twee 

verschillende mechanismen van supragastrisch boeren gevonden. Het eerste mechanisme 

bestond uit een neerwaartse beweging van het diafragma die een negatieve druk in 

de slokdarm veroorzaakte. Doordat de bovenste slokdarmsfincter tegelijkertijd opende 

kon lucht de slokdarm instromen. Hierop volgde direct een verhoging van de druk in 

de slokdarm en werd de lucht weer naar buiten geperst. Het tweede mechanisme van 

supragastrisch boeren werd getypeerd door een sterke contractie van de farynx waardoor 

lucht de slokdarm in werd geperst om vervolgens direct weer de slokdarm uit te stromen. 

Bij het eerste mechanisme was de oorzaak van het supragastrisch boeren dus de beweging 

van het diafragma en bij het tweede mechanisme de contractie van de farynx.

Overmatig boeren is een veelvoorkomend symptoom bij patiënten met GORZ. Er is 

echter weinig bekend over de etiologie van deze klachten. In hoofdstuk 8 hebben we 

90 patiënten geïncludeerd die naar ons centrum verwezen werden voor een analyse van 

klachten die zouden kunnen passen bij GORZ. Er werden geen verschillen gevonden in 

de frequentie van maagboeren tussen de patiënten met ernstige klachten van boeren en 

de patiënten met weinig tot geen klachten van boeren. Daarentegen bleek het aantal 

supragastrische boeren significant hoger bij patiënten met ernstige klachten van boeren 

dan bij patiënten met weinig tot geen klachten van boeren. Opvallend was ook dat het 

aantal supragastrische boeren dat samenviel met een refluxepisode significant hoger was 

bij patiënten met ernstige klachten van boeren dan bij patiënten met weinig tot geen 

klachten. Het type boer lijkt daarom de ernst van boerklachten bij patiënten met GORZ 

te bepalen. Supragastrische boeren, maar niet maagboeren, zijn verantwoordelijk voor 

ernstige klachten van boeren bij patiënten met GORZ.

Symptomen die veroorzaakt lijken te worden door gas of lucht, zoals een opgeblazen 

gevoel, toegenomen flatulentie en een onvermogen tot boeren, zijn vaak voorkomende 

klachten na anti-refluxchirurgie. In theorie zouden deze veroorzaakt kunnen worden 

doordat anti-refluxchirurgie leidt tot een vermindering van het aantal maagboeren. 

In hoofdstuk 9 beschrijven we 52 patiënten, na anti-refluxchirurgie, bij wie de invloed 
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van gas-gerelateerde klachten op de uitkomsten van de operatie werd onderzocht. Uit 

onze studie bleek dat een opgeblazen gevoel en flatulentie waren geassocieerd met een 

verminderde kwaliteit van leven en ook dat patiënten met deze klachten minder tevreden 

waren met het effect van de operatie. Opvallend was dat 9% van de patiënten, louter op 

basis van deze bijwerkingen, niet opnieuw voor een operatie zou kiezen. Ook hebben wij 

bij deze patiënten impedantiemetingen verricht om het aantal luchtslikken en het aantal 

boeren te objectiveren. Zoals verwacht was er slechts een klein aantal maagboeren. Er 

werd echter geen relatie gevonden tussen het aantal maagboeren en de ernst van de 

symptomen die gerelateerd leken aan gas/lucht. Opvallend was dat er zelfs patiënten 

waren die geen enkele maagboer meer hadden zonder dat er sprake was symptomen die 

aan gas-gerelateerd leken. Ondanks dat anti-refluxchirurgie duidelijk kan leiden tot een 

onvermogen tot gastrische boeren suggereren onze resultaten dat de ernst van mogelijk 

gas-gerelateerde symptomen niet gerelateerd is aan het onvermogen tot gastrisch boeren.

Ruminatie
Het ruminatiesyndroom wordt gekenmerkt door het terugkomen van onverteerd 

voedsel tot in de mond zonder dat er sprake is van misselijkheid en/of braken. Doordat 

deze klachten sterk kunnen lijken op refluxklachten wordt het ruminatiesyndroom in 

de praktijk vaak verward met GORZ. De behandeling van deze twee ziektebeelden is 

echter sterk verschillend en patiënten zijn daarom gebaat bij een goede diagnose 

van het ruminatiesyndroom. Desondanks zijn er geen objectieve criteria voor het 

ruminatiesyndroom en hebben patiënten vaak al lange tijd klachten voordat de diagnose 

gesteld wordt. In hoofdstuk 10 hadden we als doel om objectieve criteria voor het 

ruminatiesyndroom te definiëren die het ruminatiesyndroom van GORZ kan onderscheiden. 

We hebben voor deze studie patiënten geïncludeerd met een klinische diagnose van 

het ruminatiesyndroom en een groep patiënten met GORZ met voornamelijk klachten 

van oprispen van maaginhoud. Gecombineerde HRM-impedantiemetingen toonden 

dat de abdominale drukken tijdens een ruminatie-episode significant hoger waren dan 

bij refluxepisodes. Verder was opvallend dat er bij GORZ-patiënten geen abdominale 

drukken >30 mmHg werden gezien tijdens refluxepisodes maar dat bij ruminatie-patiënten 

in >70% van de ruminatie-episodes een abdominale druk >30mmHg werd waargenomen.

Er werden drie verschillende mechanismen van ruminatie gevonden: 1. Primaire 

ruminatie, waarbij de abdominale drukverhoging voorafgaat aan de ruminatie-episode, 

2. Secundaire ruminatie, waarbij er een refluxepisode optreedt voorafgaand aan de 

abdominale drukverhoging en 3. Ruminatie geassocieerd met supragastrisch boeren, 

waarbij een supragastrische boer direct gevolgd wordt door een ruminatie-episode.

Op basis van bovenstaande observaties was het mogelijk om objectieve criteria te 

definiëren; reflux- episodes die tot de proximale slokdarm reiken en geassocieerd zijn 

met een verhoging van de abdominale druk >30 mmHg moeten worden beschouwd als 

ruminatie. In onze studie hebben we laten zien dat het mogelijk is om met deze criteria 

patiënten met het ruminatiesyndroom te onderscheiden van patiënten met GORZ.
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Dit proefschrift had niet tot stand kunnen komen zonder de hulp van vele anderen. Ik wil 

ze hier graag bedanken.

Beste André, het is traditie om met de promotor van het proefschrift te beginnen. In dit 

geval is dat zonder twijfel ook degene die de grootste bijdrage aan het ontwerpen van 

de studies en het schrijven van dit proefschrift heeft geleverd. Ik ben je erg dankbaar 

dat je mij de kans hebt geboden om samen met jou aan jouw Amsterdamse avontuur 

te beginnen. Ik heb altijd veel bewondering gehad voor jouw vlijmscherpe inzichten en 

je weet als geen ander met één opmerking, artikelen een volledig nieuwe wending te 

geven. Maar ik bewonder vooral dat je ondanks dat je een onderzoeker van wereldklasse 

bent, je ook de meest bescheiden en laagdrempelige professor bent die ik ken. Jouw 

avontuur in Amsterdam zit er bijna op en ik voel mij bevoorrecht dat ik daar deel van heb 

mogen uitmaken. Ik hoop dat jouw talenten nog lange tijd een rol zullen blijven spelen 

bij jonge onderzoekers zoals ikzelf. Ze zijn van onschatbare waarde geweest.

Beste Arjan, waar sommige mensen slechts kunnen dromen van een glansrijke 

wetenschappelijke carrière lijkt het bij jou voorbestemd te zijn. Het is erg indrukwekkend 

om te zien hoe jij in Amsterdam je vleugels hebt uitgeslagen en ik twijfel er niet aan dat 

Amsterdam onder jouw leiding een wereldspeler op het wetenschappelijk strijdtoneel 

zal zijn. Onder jouw begeleiding heb ik mij als onderzoeker kunnen ontplooien en heb ik 

veel ruimte gekregen om zelf nieuwe ideeën uit te voeren. Jouw feedback, inzichten en 

sturing hebben dit proefschrift voor een groot deel vorm gegeven en hebben mij veel 

geleerd. Bedankt dat je mij, ook tijdens zwaar weer, bent blijven steunen en bent blijven 

geloven in het afronden van dit proefschrift.

Mijn dank gaat ook uit naar de overige leden van de promotiecommissie, prof. dr. M.A. 

Benninga, Prof. dr. J.J.G.H.M. Bergman, Prof. dr. I.A.M.J. Broeders, Prof. dr. A.A.M. 

Masclee, Prof. dr. J.H. Ravesloot voor het beoordelen van mijn proefschrift en de 

bereidheid zitting te nemen in mijn promotiecommissie. 

Professor Sifrim, I am honored that an international expert such as yourself is willing to be 

part of my Doctorate Committee. 

Beste Pim, je was jarenlang mijn kamergenoot, mijn eerste mede-onderzoeker in de 

nieuwe motiliteitsgroep, degene met wie ik binnen enkele maanden nadat ik je heb 

leren kennen al een eerste stuk had geschreven, mijn maatje met wie ik jaren lang ’s 

middags buiten ‘een luchtje ging scheppen’ en degene met wie ik veel congressen heb 

afgestruind. Ik heb ervan genoten.

Beste Bram en lieve Fraukje, je mede onderzoekers in je onderzoeksgroep heb je niet 

voor het uitzoeken, maar wat was ik blij dat jullie het waren. Bedankt voor de gezellige tijd, 

de hulp bij het voorbereiden van praatjes en natuurlijk onze wekelijkse curve bespreking. 

Want er gaat niets boven filosoferen over 6 gekleurde lijntjes en een pH-kanaal.
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Beste Jac., je was voor mij de klusjesman als de apparatuur het begaf, de ITer als de 

software niet meewerkte, de fysioloog als een meting moeilijk te interpreteren was en de 

psycholoog als ik er even doorheen zat. Dank voor al je hulp tijdens mijn promotie traject 

in het AMC. Je bent onmisbaar geweest.

Lieve Aaltje, ook al heeft onze samenwerking niet tot een hoofdstuk in dit proefschrift 

geleid, heb ik tijdens mijn promotie erg prettig met je samengewerkt. In onze tijd met 

Stoorbert heb ik je als een zeer professionele research nurse/coördinator leren kennen 

en kijk ik met plezier terug op de gesprekken over ons leven buiten het AMC. Daar wil ik 

je graag voor bedanken.

Beste Sem en Ramona, bedankt voor jullie hulp bij het doen van de onderzoeken en het 

afnemen van de vragenlijsten die tot een mooie publicatie hebben geleid.

Beste Noémie, Caroline en Nikki, als student hebben jullie een belangrijke bijdrage 

geleverd aan dit proefschrift en daar wil ik jullie graag voor bedanken.

Beste Inge, bedankt voor je prachtige medische illustraties die uiteindelijk allemaal in 

mooie tijdschriften terecht zijn gekomen

Een groot deel van de hoofdstukken in dit boek had niet tot stand kunnen komen zonder 

de hulp van onderzoekers van andere afdelingen en andere centra. Ik zou graag de 

volgende mensen in het bijzonder willen bedanken; Marlies Schijven, Roel Bennink, 

Claire Loots, Joris Broeders, Eric Hazebroek, Ivo Broeders, Donald van der Peet, Mark 

van Berge Henegouwen en Maarten Hemmink.

Aan iedereen van de MDL afdeling in Roermond maar in het bijzonder Paul Bus. Er zijn 

momenten dat je als student zeker denkt te weten welke richting je later op wil en er zijn 

momenten waarop uiteindelijk iemand je de ogen opent en met zijn eigen enthousiasme 

laat zien wat een prachtig vak hij beoefent. Door mijn stage op jullie afdeling heb ik mijn 

weg gevonden naar de MDL en daar kan ik jullie niet genoeg voor bedanken.

Geachte Professor Masclee en dr. Conchillo, beste Ad en José, door jullie enthousiasme 

en goede begeleiding heb ik als student mijn eerste stappen kunnen zetten binnen 

wetenschappelijk onderzoek. Zonder jullie had ik nooit de weg gevonden die naar dit 

proefschrift heeft geleid.

Mijn mede-onderzoekers van de MDL, de onderzoekers van de kinder-MDL en in het 

bijzonder mijn kamergenoten op C2-310. Bedankt voor jullie adviezen en meningen, de 

wetenschappelijke intermezzo’s, de roddels, de filmpjes, de taarten, de thee en koffie, 

jullie gezelligheid en jullie steun. Het was een prachtige tijd.

Lieve Marjolijn, ik vind het erg bijzonder dat wij tijdens de verdediging zij aan zij zullen 

staan, zoals wij ons hele leven al zij aan zij hebben gestaan. Ik weet zeker dat we dit altijd 

zullen blijven doen.
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Beste Bastiaan, zonder enige twijfel wist ik dat ik jou op de dag van de verdediging aan 

mijn zijde wilde hebben. Ook al zien we elkaar een stuk minder dan ik graag zou willen, 

zullen wij elkaar nooit uit het oog verliezen. Bedankt dat jij mijn paranimf wilt zijn.

Lieve Joost en Sue, het is pas twee jaar geleden dat jullie in mijn leven zijn verschenen 

maar in deze korte tijd zijn jullie erg veel voor mij gaan betekenen. Jullie onbegrensde 

interesse en steun tijdens de laatste loodjes van dit proefschrift zijn hartverwarmend 

geweest. Westzaan hebben jullie tot een nieuw thuis gemaakt en waarschijnlijk kon 

ik daarom die laatste hoofdstukken alleen bij jullie schrijven. Ik kan me geen lievere 

schoonouders wensen.

Lieve Pa en Ma, vanaf de eerste jaren op de basisschool tot aan de laatste jaren van mijn 

promotie heb ik kunnen rekenen op jullie onbegrensde vertrouwen. Men zegt dat als je ouder 

wordt je sommige dingen pas op waarde leert schatten en ik besef me nu maar al te goed 

dat jullie rol in het tot stand komen van dit proefschrift zonder twijfel de grootste is geweest. 

Bedankt voor alle kansen die jullie mij gegeven hebben, waar was ik zonder jullie geweest.

Men zegt dat je het mooiste voor het laatste moet bewaren, en dat ben jij, mijn allerliefste 

Emily. Als een storm trof je mijn promotie, een solide fundering bleek een kaartenhuis 

dat omver geblazen werd. Het had niet anders kunnen zijn, want nooit in mijn leven had 

ik iemand zoals jou ontmoet. Als geen ander heb jij mij hierna geholpen met die laatste 

loodjes van dit proefschrift en ben jij zonder twijfel mijn allergrootste steun geweest. Vol 

bewondering heb ik tijdens het schijven van dit proefschrift mogen genieten van jouw 

geduld en vertrouwen, jouw liefde en empathie, jouw enthousiasme en energie maar 

vooral hoe jij mijn vele tekortkomingen hebt laten vervagen. Woorden schieten te kort 

waar dit dankwoord zal eindigen. Want jij bent het en jij zal het voor altijd blijven.
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