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Esophagus and stomach

The primary function of the esophagus, an approximately 25-centimeter long, 

tubular muscular organ, is to transport food from the mouth into the stomach. 

When food enters the esophagus, the combination of gravity and primary peristalsis 

pushes the food bolus across the esophagogastric junction into the stomach.1 The 

lower esophageal sphincter, located at the esophagogastric junction, generates a 

basal tonic pressure higher than the intragastric pressure to prevent reflux, but 

relaxes during swallowing or belching as a result of neurally mediated inhibition 

of the sphincter.2 The crural diaphragm, which surrounds the sphincter, augments 

the mechanical barrier between the esophagus and the stomach. Together, the 

two components of the barrier prevent reflux (‘’backflow’’) of gastric content into 

the esophagus, while at the same time they enable the movement of food across 

the esophagogastric junction.

After food enters the stomach, it is mixed with gastric juice that initiates digestion 

and converts it to chyme (a thick semifluid mass), preparing it for further transport 

into the intestinal tract. Gastric juice consists of a mixture of water, electrolytes, 

mucus, enzymes (e.g. pepsin and gastric lipase) and hydrochloric acid. The parietal 

cells of the stomach produce hydrochloric acid, creating an average pH of 1.7 in the 

fasted state.3 This highly acidic environment promotes digestion (particularly of 

proteins), facilitates the absorption of vitamin B12, calcium and iron, and protects 

against enteric pathogens and bacterial overgrowth.4 The surface of the gastric 

mucosa is lined with columnar epithelium and a layer of mucus that serves as an 

effective protective layer against the acidic gastric content. The esophageal lining 

consists of non-keratinized stratified squamous epithelium, which is vulnerable to 

damage by acidic stimuli.5, 6 

Gastroesophageal reflux disease (GERD)

Gastroesophageal reflux, the movement of gastric content into the esophagus, is a 

physiological phenomenon that occurs multiple times a day. These reflux episodes 

are often asymptomatic; however, they may lead to typical reflux symptoms such 

as heartburn and/or regurgitation. When reflux of the gastric content leads to 

mucosal damage to the esophagus and/or the symptoms are experiences as 

burdensome, it is referred to as gastroesophageal reflux disease (GERD).7 GERD is 

one of the most common gastrointestinal disorders with an estimated prevalence 
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1of 7%-33% worldwide.8 About 25% of the Western population experiences reflux 

symptoms at least once a month, 12% every week and 5% reports daily symptoms 

of heartburn.9 Reflux disease has a major impact on the quality of life; patients 

often have a disturbed sleep, which interferes with work and social activities.10 

Furthermore, GERD results in a major burden on the health care system due to 

medical visits, costs of treatments and loss of work productivity.8

Pathophysiology of GERD

The pathogenesis of GERD is multifactorial, but dysfunction of the esophagogastric 

junction plays a significant role.11 When the intra-abdominal pressure overcomes 

the lower esophageal sphincter pressure, gastroesophageal reflux can occur. This 

can be caused by a hypotensive lower esophageal sphincter, but is often the result 

of transient lower esophageal sphincter relaxations (TLESRs).12 These relaxations, 

which occur in the absence of swallowing, are triggered by stomach distention and 

allow the venting of gas from the stomach. The majority of reflux episodes occur 

during TSLERs13, thus playing a central role in the pathophysiology of GERD. Other 

important contributing factors are an anatomic disruption (e.g. hiatal hernia), 

increased esophageal sensitivity, impaired esophageal clearance and delayed 

gastric emptying.14 

Diagnosis and treatment of GERD

GERD is a clinical diagnosis based on typical symptoms of heartburn and 

regurgitation.7 Symptoms are often provoked by the consumption of alcohol, 

smoking, high-fat foods and can be worsened when lying down or bending forward. 

When patients present themselves to their general practitioner with these typical 

symptoms, lifestyle modifications are often the first step of treatment. These 

include the avoidance of reflux-provoking foods, weight loss, cessation of smoking 

and elevation of the head end of the bed.15 Subsequently, treatment with an 

antacid, histamine-2 receptor antagonist (H2RA) or a proton pump inhibitor (PPI) 

can be used on a trial basis. PPIs are the most effective due to their superiority 

in symptom relief and erosive esophagitis healing.16 In some patients, first-line 

treatment is not sufficient and a referral to a gastroenterologist is warranted for 

additional examinations such as upper endoscopy or an ambulatory 24-hour 

esophageal pH-impedance measurement. In severe and well-selected cases of 
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GERD, anti-reflux surgery may be considered. During this operation, the fundus of 

the stomach is totally (Nissen fundoplication) or partially (Toupet fundoplication) 

wrapped around the distal part of the esophagus. This operation restores the 

integrity of the antireflux barrier and effectively heals erosive reflux esophagitis 

and alleviates GERD symptoms. However, the majority of the patients with 

reflux symptoms are treated in general practice or help themselves with lifestyle 

modifications and over the counter acid-suppressive medication.

Nocturnal gastroesophageal reflux 

GERD symptoms occurring at nighttime when lying in bed can seriously affect 

sleep quality.17 Patients often describe difficulty falling asleep or wake up due to 

heartburn and/or (acid) regurgitation. Up to 80% of the GERD patients experience 

these nocturnal symptoms; which interfere with daytime functioning, work, social 

activities and has a negative effect on health related quality of life.10, 18, 19 A variety 

of physiological changes take place during sleep that makes the esophagus more 

susceptible to damage caused by nocturnal gastroesophageal reflux. The absence 

of a warning signal in the form of heartburn, a decreased swallowing frequency 

and suppressed salivary secretion during sleep result in a prolonged esophageal 

acid-mucosal contact time.20 In addition, there is no beneficial effect of gravity in 

the supine position and thus inhibits proper esophageal clearance, especially in 

case of ineffective esophageal motility. Indeed, esophageal acid-mucosal contact 

time (also known as esophageal acid exposure time) is strongly related to the 

extent of mucosal damage.21 Therefore, nocturnal reflux has been associated 

with more serious reflux disease phenotypes, including erosive reflux esophagitis, 

Barrett’s esophagus and esophageal cancer.22-24 In addition, nocturnal reflux 

seems to play a role in supra-esophageal manifestations, such as chronic cough, 

asthma, hoarseness and dental erosions.25, 26 

Similar to daytime reflux symptoms, the treatment of nocturnal reflux symptoms 

consist of a combination of lifestyle modifications and acid-suppressive medication. 

Avoiding food intake 2-3 hours before bedtime and raising the head-end of the bed 

are easy to adopt and can be very effective but do often not provide satisfactory 

relief. If symptoms persist, PPIs are often the next step but they seem to have less 

effect on nocturnal reflux symptoms.27 Because nocturnal reflux symptoms are 

associated with more severe forms of esophageal diseases, reduced sleep quality 
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1and impaired quality of life, adequate treatment is essential.28, 29 Optimizing 

current treatments or developing novel strategies for nocturnal gastroesophageal 

reflux are thus of great interest. 

Effect of sleep position on nocturnal gastroesophageal reflux

Increasing evidence suggest that body position during sleep or in the recumbent 

position has an effect on the occurrence of gastroesophageal reflux. Experimental 

studies in healthy volunteers30, 31, in infants32-35 and in patients with GERD36-

38 indicate that the right lateral decubitus position is associated with a higher 

esophageal acid exposure time compared to the left lateral decubitus position. A 

mechanism proposed to explain this, is that in the right lateral decubitus position, 

the stomach is anatomically above the esophagus, which facilitates the occurrence 

of reflux. However, these studies were conducted in experimental conditions and 

do not reflect the natural nocturnal period. Therefore, exploring the effect of body 

position on gastroesophageal reflux during sleep might provide novel insights in 

the treatment of GERD.

Outline of this thesis
This thesis covers studies on GERD, mainly focusing on nocturnal gastroesophageal 

reflux. Our aims are to evaluate the pathophysiology of gastroesophageal reflux 

during sleep and explore novel treatment strategies to optimize the management 

of GERD. We will describe (1) the current available treatment options for nocturnal 

reflux, (2) the effect of sleep position on the occurrence of nocturnal reflux and 

(3) the effect of sleep positional therapy on nocturnal reflux symptoms and pH-

impedance parameters. In addition, we discuss the management of dysphagia 

after anti-reflux surgery. 

The first part of this thesis focuses on nocturnal gastroesophageal reflux. In 
chapter 2, we give an overview of the currently available interventions (lifestyle 

modifications, pharmacological and surgical interventions) for the treatment of 

nocturnal gastroesophageal reflux. In chapter 3, we use 24-hour esophageal pH 

and impedance monitoring to investigate the associations between sleep position 

and nocturnal gastroesophageal reflux. In chapter 4, we share our experience 

with designing and conducting a randomized controlled clinical trial that was 
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conducted fully remotely during the COVID-19 pandemic. In this clinical trial, 

presented in chapter 5, we investigate the effect of a novel electronic wearable 

device on sleep position and nocturnal reflux symptoms. Chapter 6 describes 

the effect of sleep positional therapy on reflux parameters measured by pH-

impedance reflux monitoring. 

The second part of this thesis focuses on the management of dysphagia after 

anti-reflux surgery. In chapter 7, we evaluate whether pneumatic dilation is 

effective for persistent dysphagia after laparoscopic fundoplication. In the general 

discussion, chapter 8, the main findings of this thesis, their implications for clinical 

practice and future perspectives are discussed. 
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