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When reflux symptoms occur at nighttime, they negatively affect sleep quality and 

patients often do not respond sufficiently to current treatment strategies. Although 

acid-suppressive medications can be very effective, lifestyle modifications remain 

a cornerstone in the approach to patients with symptoms of gastroesophageal 

reflux. In this thesis, we explored the effect of sleep position on nocturnal 

gastroesophageal reflux and investigated sleep positional therapy as a novel 

lifestyle modification for nocturnal gastroesophageal reflux. In this chapter, we 

elaborate on the clinical implications and discuss future perspectives for this novel 

therapy for nocturnal reflux. 

Part 1 – Nocturnal gastroesophageal reflux
How to treat it?

Lifestyle modifications are the first step of treatment when patients present 

themselves to their physician with troublesome reflux symptoms. General lifestyle 

modifications include weight loss in overweight patients, smoking cessation, 

avoidance of consumption of large fatty meals, carbonated beverages and 

other reflux-provoking foods.1, 2 However, when patients complain of nocturnal 

symptoms, which occur in up to 80% of the GERD patients3, specific interventions 

for nocturnal reflux are warranted. In chapter 2, we have summarized the current 

available interventions (lifestyle modifications, pharmacological and surgical 

interventions) for the treatment of nocturnal gastroesophageal reflux symptoms. 

Although widely recommended by international guidelines 4, 5, few high-quality 

clinical trials on lifestyle modifications for nocturnal reflux were identified. 

Avoidance of meals 2-3 hours before bedtime and elevation of the head-end of 

the bed are pragmatic, safe and easy-to-adopt lifestyle modifications and seem 

sensible from a physiological perspective. There is insufficient evidence for the 

use of hypnotics, baclofen, and nasal continuous positive airway pressure therapy 

for the treatment of nocturnal reflux. Furthermore, we found no beneficial effect 

of adding bedtime H2RA on PPI therapy on esophageal pH parameters.

When lifestyle modifications do not provide sufficient relief, acid-suppressive 

medications are the next step for the treatment of (nocturnal) reflux symptoms. 

PPIs are the most effective treatment for GERD, both in healing erosive esophagitis 

and reflux symptoms.4 However, they seem to have less effect for nocturnal reflux 

symptoms.6 The high efficacy of PPIs, also for other gastrointestinal disorders such 
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as dyspepsia and peptic ulcer disease, has led to an overutilization use worldwide.7 

In the Netherlands, more than 2.8 million patients (of the 17.2 million Dutch 

inhabitants) have used PPIs in the year 2018.8 A part of this use is unjustified and is 

often result of failure of re-evaluating the need for continuation, insufficient use or 

wrong indication. 9, 10 Although PPIs are considered safe; they are associated with 

risk of osteoporosis, kidney disease, hypomagnesemia and altered composition 

of the intestinal microbiota.11, 12 There have been many clinical trials, and thus 

extensive data, on the effect of acid-suppressive medications for GERD. In contrast, 

there are only a few, heterogeneous randomized controlled trials or observational 

studies on lifestyle modifications for GERD.13 This difference is probably caused 

by the commercial interest associated with pharmaceutical clinical trials. Novel, 

cheap and non-invasive lifestyle modifications for nocturnal reflux are thus of 

great interest. 

Does sleep position matter?

Experimental studies have suggested that body position during sleep has an effect 

on the occurrence of gastroesophageal reflux. However, these studies have used 

experimental conditions that do not reflect real-life situations or the nighttime 

period, as these were done during daytime when awake14-20, under heavy 

sedation21, during fasting18 or only focusing on the post-prandial period.15, 17, 19, 20  

Furthermore, these studies were performed in a laboratory setting where the 

subjects were assigned to lie down in a fixed position (right versus left) for a short 

period only (10 minutes - 4 hours).14-21 In chapter 3, we investigated the effect 

of spontaneous sleep positions on the occurrence of nocturnal gastroesophageal 

reflux by combining pH-impedance and sleep position monitoring in a large 

prospective cohort of patients with reflux symptoms. We observed significantly 

shorter nocturnal esophageal acid exposure time and faster esophageal acid 

clearance in the left lateral decubitus position compared with the supine and right 

lateral decubitus positions. These results suggest that the left lateral decubitus 

position is the most favorable sleeping position for reflux patients. 

How can we explain the difference in reflux between the different sleeping positions? 

A simple, but plausible explanation is the position of the esophagus relative to the 

stomach. In the right lateral decubitus position, the esophagus is anatomically 

positioned below the stomach. This makes it easier for reflux to occur in case of a 
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hypotensive lower esophageal sphincter or transient lower esophageal sphincter 

relaxations (TLESRs). This hypothesis has been previously tested in an experimental 

study by injecting 100 ml of fluid in the stomach during upper endoscopy in five 

achalasia patients.19 In the left lateral decubitus position, the esophagogastric 

junction was surrounded by air and free from liquid. In contrast, in the right lateral 

decubitus position, the esophagogastric junction was submerged in a pool of the 

injected liquid. This pattern was also observed in individuals who ingested 150 

ml of barium suspension and had radiographs taken in the left, right and upright 

position.16 In the right lateral decubitus position, the esophagogastric junction was 

either submerged in barium below the air–barium interface or immediately adjacent 

to it. In contrast, the esophagogastric junction was in air and above the air–barium 

interface in the upright and left lateral decubitus position. This is in accordance with 

the findings of our study; liquid-only reflux episodes were observed more frequently 

in supine and right decubitus position than in left decubitus position. In a study 

focusing on post-prandial reflux a similar observation was made, with more liquid-

only reflux and less mixed liquid-gas comparing right versus left. 19 

It is important to note that gastroesophageal reflux during sleep is distinctly 

different from reflux during daytime. Nocturnal reflux events occur less frequently 

and mostly during the first half of the night.22, 23 These reflux events are often 

prolonged due to reduced salivary secretion, inhibited peristalsis and absence 

of gravitational forces, thus resulting in prolonged esophageal (mucosal) acid 

exposure time.24 In contrast, daytime reflux events are brief, occur more frequently 

and are often a result of TLESRs in the postprandial period.25 Also during nighttime, 

TLESRs are considered an important mechanism of reflux.26 Combined esophageal 

pH testing and polysomnography shows that the majority of the reflux symptoms 

and reflux episodes at nighttime occur during the awake state and not during 

stable sleep. Nighttime TLESRs occur sporadically and predominantly during 

short transient arousals from sleep.27 Interestingly, nocturnal reflux does not 

seem to cause arousal from sleep (as was often assumed), but arousal from sleep 

predisposes to nocturnal reflux. 28 In the postprandial period in healthy volunteers 

and GERD patients, a higher percentage of TLESRs is associated with reflux in the 

right lateral decubitus position compared to the left lateral decubitus position.15, 17

In our study in chapter 3, 14.9% of the reflux episodes were defined as ’position 

change’ and occurred just before, during or just after a sleep position change, 
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suggesting that a proportion of the reflux episodes is associated with a change 

in body position. In this thesis, we did not investigate change of sleep position 

in relation to TLESRs, arousals and the different sleep stages. Novel clinical trials 

combining ambulatory manometry and polysomnography could help to shed 

some light on this unexplored area. 

Sleep positional therapy

Sleep positional therapy, aiming to prevent or promote a specific sleep position, 

has been used for many years for patients with excessive snoring or sleep apnea.29 

By preventing patients to sleep in the supine (‘’back’’) position and promoting side 

sleeping, the airway opens up resulting in a significant reduction in snoring and 

sleep apnea episodes. Several forms of positional therapy have been developed 

including an auditory alarm system30, a backpack with a soft ball inside31, a pillow 

with straps32 or the home-made tennis ball technique.33 More recently, electronic 

sleep position trainers have been introduced as more comfortable alternatives.24 

These devices are worn directly on the body (using a strap or sticker) and vibrate 

when the patients is in a supine position, intending to prompt patients into 

position change and promote the left lateral or right lateral decubitus position. In 

our systematic review presented in chapter 2, we only identified two studies that 

investigated the effect of sleep positional therapy on nocturnal gastroesophageal 

reflux. A wedge-shaped pillow, intending to maintain the left lateral decubitus 

position and head of bed elevation during the night, results in lower nocturnal 

esophageal acid exposure and fewer self-reported nocturnal reflux symptoms.34, 35  

However, these pillows are costly and do not allow for spontaneous body 

movements, which can be uncomfortable.

In chapter 5 of this thesis, we presented the first study using a novel electronic 

sleep positional therapy wearable device for the treatment of nocturnal 

gastroesophageal reflux. This device was programmed to gently vibrate when the 

body is in the right lateral decubitus position, with the intention of stimulating 

the subject to roll over to the left lateral decubitus position. Interestingly, there 

was a profound effect of the positional therapy wearable device with an almost 

total absence of the right lateral decubitus position and a remarkable increase 

in the left lateral decubitus position. This effect was observed immediately when 

the patients used the device for the first night. In contrast, no significant change 
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in sleep position was observed in the sham group. These results suggest that the 

recommendation to sleep on the left side does not effectively change sleeping 

position. More importantly, our results show that sleep positional therapy 

effectively alleviated nocturnal reflux symptoms compared with sham treatment. 

We observed more reflux-free days, a higher patient-reported treatment success 

rate, and lower scores of reflux symptoms measured by validated questionnaires 

in the intervention group. Currently, we have no data on the effect of this device 

on sleep position for a prolonged period (after the study period of 5 weeks). 

Does sleep position change back to baseline when patients stop sleeping with 

the device? Moreover, what is the compliance after the study period of 6 weeks? 

A study using a similar device, but for patients with mild and moderate position-

dependent obstructive sleep apnea syndrome, a subjective compliance rate of 

74.4% after 6 months (≥ 5 nights a week) was reported.36 Future clinical studies 

are needed to elucidate the long-term effect of sleep positional therapy on sleep 

position and nocturnal reflux symptoms. 

One could argue that this therapy might negatively affect sleep quality. When 

patients prefer sleeping predominately on the right lateral decubitus position, a 

vibrating device that tells you otherwise might cause burdensome disturbances. 

Some patients in our clinical trial indicated that they had to get used to the device 

the first few nights. However, no significant difference was observed in sleep quality 

measured by a validated questionnaire. Unexpectedly, patients in the intervention 

group even reported fewer sleep disturbances compared with the sham group. 

This clinical trial also emphasize the tolerability of this device, only one patient 

from the intervention group withdrew from the clinical trial and we observed no 

adverse events. Naturally, sleep positional therapy might not be suitable for all 

patients with nocturnal reflux. Patients that have concomitant musculoskeletal 

disorders or other conditions that prevent sleeping on the left lateral decubitus 

position are not eligible. 

An ambulatory 24-hour pH impedance study is the gold standard for diagnosing 

GERD. This study can quantify the reflux frequency, the type of reflux episodes 

(acidic or non-acidic), reflux composition (liquid or gas reflux) and distal esophageal 

acid exposure. More importantly, it allows the evaluation of the relationship 

between reported symptoms and reflux events. The effect of sleep positional 

therapy on these objective reflux parameters were described in chapter 6. After 
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two weeks of treatment, we observed a significant reduction in the number of 

reflux episodes. Furthermore, esophageal acid exposure time was significantly 

reduced in patients with normal esophageal motility. These results indicate that 

sleep positional therapy also improves pH-impedance parameters, adding to 

the evidence that this novel therapy is suitable for GERD patients with nocturnal 

symptoms. 

Future perspectives 

Several questions on the effect sleep positional therapy for nocturnal reflux remain 

unanswered. We believe that sleep positional therapy might be particularly useful 

for those subjects that still experience burdensome nocturnal reflux symptoms 

despite PPI treatment as add-on therapy. However, in the light of overutilization 

of PPIs worldwide, it would be interesting to investigate if this novel therapy could 

also lead to a reduction in PPI use. Another question that remains unanswered is 

whether sleep positional therapy is beneficial in patients with complicated GERD, for 

example patients with scleroderma. Scleroderma is an autoimmune disease in which 

hardening of connective tissue in the skin or organs occurs, including the esophagus. 

As a result, patients frequently suffer from severe reflux and impaired esophageal 

clearance, which usually does not respond sufficiently to a maximum dose of acid-

suppressive medication. In addition, these patients are an unattractive candidate 

for anti-reflux surgery due to the absent esophageal peristalsis. Sleep positional 

therapy may be effective in reducing gastro-esophageal reflux in this patient group. 

Currently, a clinical trial is being conducted to investigate if this therapy is beneficial 

for patients with scleroderma and persistent therapy-refractory GERD. 

Technological advancements have led to development of novel ways to alter 

sleep position; aiming to enhance patient’s quality of life, increase comfort and 

reduce costs. There is a rapid development in the use of smartwatches and their 

biosensors as smart health tools. Consumer-based smartwatches are able to 

measure the user’s activity, heart rate, sleep quality and are increasingly used 

for elderly fall detection, speech therapy adherence, diabetes self-management 

and as screenings tool for atrial fibrillation.37, 38 By applying machine learning 

techniques on accelerometer data, body position during sleep can be detected 

using a smartwatch.39 This has led to the development of a sleep positional 

therapy smartwatch app: an app on the smartwatch that vibrates when sleeping 
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in the right lateral decubitus position. This obviates the need for buying a separate 

hardware device, can be downloaded instantly, and can be used on a trial basis. 

Clinical trials are currently designed to investigate if smartwatch apps are also 

effective in changing sleep position and reducing nocturnal reflux symptoms. 

Part 2 – Management of dysphagia after anti-
reflux surgery
In severe and well-selected cases of GERD, anti-reflux surgery may be considered. 

This operation restores the integrity of the antireflux barrier by wrapping the 

fundus of the stomach around the distal part of the esophagus. However, this 

operation is associated with complications such as losing the ability to belch and the 

gas-bloat syndrome. One of most troublesome complication is severe persistent 

dysphagia that may even compromise adequate food intake. Pneumatic dilation is 

widely regarded as useful treatment for persistent dysphagia after fundoplication 

and retrospective uncontrolled series report reasonably good efficacy rates, 

however this was never been assessed in a prospective randomized controlled 

trial. Chapter 7 describes the results of a multicentre, single-blind, randomized 

sham-controlled trial of patients with persistent dysphagia (> 3 months) after 

laparoscopic fundoplication. Patients were randomly assigned to pneumatic 

dilation using a 35-mm balloon or sham dilation under deep sedation in order to 

provide an adequate control group. The success rates of pneumatic dilation (7/21 

patients (33%)) and sham dilation (8/21 patients (38%)) were similar after 30 days. 

The results clearly demonstrate that pneumatic dilation is not more effective than 

sham dilation. The majority of the included patients had no objective metric of 

obstruction measured by timed barium esophagram at baseline. This may have 

led to a selection in inclusion of patients with functional dysphagia. However, our 

experience is that this reflects the situation in clinical practice, where the majority 

of patients, who present with this difficult-to-treat clinical symptom, do not have 

any abnormalities on additional investigations. Based on the results of this trial, 

there is no rationale to perform pneumatic dilation in patients with persistent 

dysphagia after fundoplication without any objective metric of obstruction or 

anatomical defect. Modulation of esophageal sensitivity, using esophagus-directed 

hypnotherapy or neuromodulators, could be of benefit these patients but should 

be further investigated in the future. 40, 41 
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Conducting clinical trials during a pandemic

The majority of the studies presented in this thesis were conducted during the 

COVID-19 pandemic. During the first COVID-19 wave in March 2020, all elective 

clinical care and (non-COVID-19) related medical research were temporarily 

suspended. Furthermore, all non-essential healthcare providers, including 

research staff, had restricted access to the healthcare and research facilities. 

Alternative ways of patient recruitment, screening and performing study visits 

were searched for. We realized that all the study procedures in our clinical 

trial described in chapter 5 could be performed digitally or remotely, while 

complying with the legal and regulatory framework. Participants were therefore 

recruited using online-targeted adverts, (video) calls were used for screening 

and the investigational medical devices were send to the home address of the 

participants. None of the trial participants required a visit to the research site in 

person and the investigators worked mainly from home. Google AdWords was 

used in our study, which enabled to target our clinical trial information page based 

on specific keywords in the Google search engine.42 Our advert was displayed to 

416.532 internet users that searched one of our keywords (such as ‘’reflux’’ or 

‘’heartburn during sleep’’). Over 20.000 internet users were redirected to our 

clinical trial information page and 791 users requested additional information on 

the clinical trial. The time between launching the online recruitment campaign 

and final (online) study visit of the 100th patients was 12 months. The total cost 

of this online recruitment strategy was € 6.000,-. This demonstrates that online 

recruitment can be very fast, effective and relatively inexpensive. One could argue 

that the online recruitment and (video) calls for study visits might negatively affect 

patient adherence and could result in a high dropout rate. However, the overall 

feedback from the trial participants was very positive. The instructions were clear 

and easy to understand, communication with the investigator was pleasant and 

accessible and the motivation to complete the clinical trial was high. Indeed, the 

total dropout rate was only 4%. We encourage other researchers to critically 

assess if (part of) the study procedures can be performed digitally or remotely. In 

our case, this led to a more efficient and cost-effective randomized clinical trial.

Naturally, recruiting trial participants by using Google or other digital platforms 

such as Facebook, Twitter and Instagram can raise several ethical and privacy 

issues. For example, by clicking on the advert for our clinical, traceable data is 
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generated to the advertisement platform. In case of reflux symptoms, this might 

be acceptable for the internet user. However, for other more tabooed diseases, 

this might be undesirable. Investigators should also take into account that online 

recruitment might lead to a selection bias in patients with digital skills and online 

health-seeking behavior. Although the use of these digital and social media 

platforms for clinical trial recruitment is gaining increasing interest, the bioethical 

literature and regulatory guidance regarding this development are scarce.43, 44 

Left is Right!

In this thesis, we investigated the effect of sleep position on nocturnal 

gastroesophageal reflux and explored sleep positional therapy as novel treatment 

strategy for nocturnal gastroesophageal reflux. We can conclude that promoting 

the left lateral decubitus sleeping position alleviates nocturnal reflux symptoms 

and improves objective reflux parameters. Therefore, sleep positional therapy is 

a valuable addition to current GERD treatment strategies. GERD is a multifactorial 

disease and should be treated as such. 
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