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Foreword

The diagnosis and management of Gastroesophageal Reflux Disease (GERD) has 
changed substantially over the course of the past decades. GERD is a highly preva-
lent disease in western industrial countries and accounts for a large part of health- 
care budgets in these countries. As a consequence, many doctors, technicians, 
nursing staff, and other caretakers are involved in diagnosis and therapy of 
GERD. New developments and insights have shown a multifactorial pathophysio-
logic background, emerging new diagnostic technologies, and a variety of therapeu-
tic options. Each of these requires significant expertise to adequately diagnose and 
respond to a patient’s needs. This book provides an overview on the new aspects of 
GERD for all involved specialties and disciplines.

The close association with related diseases such as functional dyspepsia, gastro-
intestinal motility disorders, and somatoform tendencies creates a diagnostic chal-
lenge. Detailed knowledge is therefore required to manage GERD, especially as the 
diagnostic modalities combined with innovations in endoscopic and surgical treat-
ment are developing/emerging quickly. This work provides a comprehensive state- 
of- the art overview in the field of GERD, as well as a current insight into new 
algorithms for diagnosis and treatments (endoscopic and surgical). The book is a 
valuable as resource of knowledge for clinicians, surgeons, nurses, technicians, stu-
dents, and researchers with an interest in esophageal and upper gastrointestinal 
disease.

We want to thank all authors and co-authors for their excellent work and dedica-
tion to make this project possible. We also want to express our gratitude to all 
involved at Springer publishing company for their assistance and professionalism 
through the publishing process.

Finally, we would like to express our gratitude for the outstanding, supportive 
environment at UC San Diego that made this possible. We are extremely excited and 
grateful for this project.

La Jolla, CA, USA Santiago Horgan
 Karl-Hermann Fuchs
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Definition and Pathophysiology 
of Gastroesophageal Reflux Disease

Karl-Hermann Fuchs

 Introduction and Definition

Gastroesophageal reflux disease (GERD) is a multifactorial determined disease 
with a high prevalence in Western industrial populations [1–4]. Several attempts 
have been made in the past to define this disease and at the same time create a defini-
tion, which can clinically be used for decision-making [5, 6]. The problem with a 
definition is the complex pathophysiologic process on one side and the necessity to 
have a feasible solution for clinical practice. The Montréal classification and defini-
tion for GERD is accepted worldwide; however, a definition using symptoms has its 
limitations and has led to some criticism in several guidelines [1–4].

Symptoms are quite unreliable and, therefore, a definition based on symptoms 
could be not precise enough for some applications [7, 8]. Symptoms of GERD have 
a large overlap with other functional disorders of the upper GI tract and, therefore, 
there is lack of precision. On the other hand, a definition of a disease should be help-
ful for diagnostic and therapeutic decision-making, which in the case of GERD may 
lead to controversies.

As a consequence, GERD should be best defined with clinical parameters, visi-
ble endoscopic damage, and functional quantitative assessment in order to be used 
for therapeutic decisions [4, 5]. The latter sort of definition would respond to the 
multifactorial character of the disease. Critics of such controversial thinking claim 
that this would lead to a complex definition, which could hardly be applied in daily 
practice. The European Association of Endoscopic Surgery has demonstrated in its 
guidelines that the Montréal definition can be a basis for defining the disease but 
must be expanded by objective criteria [3].

Gastroesophageal reflux disease is present when a given person suffers from 
troublesome symptoms by reflux of gastric contents into the esophagus, and this 
process can be objectified by diagnostic investigations such as endoscopic visible 
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damage in the esophagus and by quantitative functional assessments. With this defi-
nition, it must be noted that in rare cases, asymptomatic pathophysiologic patho-
logic reflux can occur without visible damage, which can only be detected by 
impedance-pH monitoring.

The clinical presentation of the disease can occur with so-called typical symp-
toms such as heartburn and regurgitation. These symptoms have been demonstrated 
as quite specific in the past [9]. More recent evidence shows that these symptoms 
are not reliable as final proof of the presence of the disease because of tremendous 
overlap with other functional esophageal disorders [8, 10].

The disease can be described by the endoscopic visible damage in the esophageal 
mucosa differentiating between nonerosive reflux disease (NERD), erosive reflux 
disease (ERD), and Barrett’s esophagus [1–4]. However, only less than half of 
patients with GERD show endoscopic visible damage at the time of investigation 
[11]. As a consequence, the definition should be more complex, representing the 
complexity of the disease.

 The Anatomy of the Esophagus and Stomach

The esophagus is a muscular tube which connects the pharynx with the stomach 
through the mediastinum [12]. The essential function of the esophagus is transport 
of fluid and nutrition to ensure sufficient alimentation of the body. On its oral and 
distal end, the esophagus has special closure mechanisms, which are important to 
fulfill the complex function of this organ [13]. The most proximal part of the esoph-
agus carries the upper esophageal sphincter, which is integrated into the complex 
swallowing system of the pharyngo-laryngeal and pharyngoesophageal junction. 
The oral third of the esophagus consists of skeletal muscle, while the lower two- 
thirds of the esophagus and the lower esophageal sphincter consist of smooth mus-
cle. Between these two segments of different muscular origin, there is a junctional 
zone, which is characterized by a somewhat minor muscular strength during peri-
stalsis. The lower esophageal sphincter (LES) represents, together with the muscles 
and ligamentous structures of the diaphragm at the esophageal hiatus, the antireflux 
barrier between esophagus and stomach.

The functional coordination of these different anatomical structures by their hor-
monal and neurologic regulatory mechanisms controls the complex physiologic 
processes of swallowing, belching, and vomiting next to breathing and coughing. In 
addition, the limitation of gastroesophageal reflux is secured within its physiologic 
borders. These complex functions of the two esophageal sphincters and the muscu-
lar body is regulated and influenced by neural innervations, the intraluminal pres-
sure coordination, hormonal and chemical influences, and external as well as 
possible psychologic factors [4, 5, 12, 13].

The high-pressure zone at the lower end of the esophagus should be seen as a 
functional unit between the lower esophageal sphincter (LES) and the elements of 
the diaphragm [4, 12, 13]. The exact dimension of the LES can hardly be recognized 
as a visible anatomical structure under direct intra-abdominal vision because there 
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is not much difference between sphincter area and esophageal body, when inspected 
from the outside. The LES can be estimated in its position during intraluminal, 
endoscopic inspection, since a narrowing of the lumen can be noticed inside the 
esophagus at the cardia. During longer, endoscopic inspection of the cardia, one can 
notice a changing tension of the LES with spontaneous openings under air insuffla-
tion allowing for short sights through the sphincter into the gastric lumen. This nar-
rowing of the distal esophagus can also be noticed during radiographic studies and 
under fluoroscopy.

The LES is best assessed quantitatively by esophageal manometry [14]. The 
physiologic role of the high-pressure zone (LES and diaphragm) is the closure of 
the gastric lumen and reservoir toward its oral end, thus preventing reflux of gastric 
contents and fluids in large amounts back into the esophagus. The latter is of extreme 
importance for preservation of esophageal integrity, since gastric juice, especially 
the mixture of gastric acid and duodenal juice, is extremely toxic and damaging for 
the esophageal mucosa [4].

The structure of the LES has been studied intensively by anatomical evaluations 
[12]. These studies show very clearly that the lower esophageal muscular wall has 
an inner, circular and an outer, longitudinal muscle layer. This can be currently 
demonstrated extremely well during transesophageal myotomy in the POEM tech-
nique in achalasia patients [15, 16]. Furthermore, Liebermann-Meffert has shown 
that special-shaped muscle fibers or clasps and oblique muscle bundles are respon-
sible for the structure of the LES as shown in Fig. 1.1 [12]. At the smaller curvature, 

Fig. 1.1 Anatomical 
structure of the 
esophagogastric junction 
according to Liebermann- 
Meffert [2]. The 
semicircular muscle 
bundles from the greater 
curvature (oblique fibers) 
reach over to the 
semicircular muscle claps 
from the smaller curvature 
and create together the 
lower esophageal 
sphincter (LES)

1 Definition and Pathophysiology of Gastroesophageal Reflux Disease
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the inner, circular muscle layers of the distal esophagus transform at the transition 
zone at the cardia and proximal stomach into half-circular muscle clasps (Fig. 1.1). 
On the greater curvature, the muscle fibers below the angle of His transform into 
bundles of oblique fibers. Both types of muscle bundles from each side create 
U-shaped, half-circular muscle structures that together form the LES. As a result, 
the LES consists of two structural entities and is therefore not symmetric. Branches 
of the vagal nerve regulate the neurologic function of the LES.

A second important structure at the gastroesophageal junction are the elements 
of the diaphragm around the esophagus [12, 13]. The hiatus consists of the right and 
left crus, the hiatal arch as the ventral border of the hiatus, and the muscular and 
ligamentous structures of the diaphragm around the hiatus with the phreno- 
esophageal ligament. The phreno-esophageal ligament secures the position of the 
LES within the hiatus. With this fixation of the distal esophagus, the esophageal 
body is kept under a certain tension within the thorax and the mediastinum, since its 
longitudinal muscle tends to contract and thus tends to shorten its position. In the 
physiologic situation, a 2–3 cm long intra-abdominal segment of the LES is secured 
by the phreno-esophageal ligament (Fig. 1.2).

Inspiration will cause a negative pressure in the thoracic pressure environment 
and at the same time an elevated pressure in the abdominal pressure system [4]. Any 
physical body activity can elevate intra-abdominal pressure in humans. The latter 
circumstance causes, based on the pressure distribution between mediastinum and 
abdominal cavity, an increased pressure and tension on the phreno-esophageal 

Fig. 1.2 The 
esophagogastric junction 
(EGJ) consists of the LES 
and the elements from the 
diaphragm around the 
hiatal opening. The 
phreno-esophageal 
ligament connects the 
esophagus with the 
diaphragm and fixes its 
position, thus securing an 
intra-abdominal segment 
of the LES. The pressure at 
the EGJ is established by 
the LES, the diaphragm, 
and the intra-abdominal 
pressure environment

K.-H. Fuchs
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ligament and the esophagus from the abdominal cavity. As a result, there is a perma-
nent stress on the gastroesophageal junction and its anatomical elements because 
the positive intra-abdominal pressure and respiratory-based temporary negative 
intrathoracic pressure will tend to push the gastroesophageal junction further into 
the mediastinum. The latter will eventually lead to wearing out of these tissues over 
the years.

This phreno-esophageal ligament is in the physiologic situation not a circular 
structure, since the hiatal opening in the diaphragm is not a circular opening. 
Depending on the size of an individual, the hiatus can be different in size [4, 12, 13]. 
The crura are not circular but are established from cranial and ventral to caudal and 
posterior and surround the esophagus. Anteriorly, the crura come together at the 
hiatal arch, and posteriorly, the crura unite at the arcuate ligament on the aorta. All 
these structures and the esophagus are connected with each other by the phreno- 
esophageal ligament or membrane. As clinical evidence shows, there are a large 
number of individual, anatomical norm variations in this area. These tissue connec-
tions between the crura and the ligaments can be quite different from person to 
person. The phreno-esophageal ligament has a less solid base, if these connecting 
structures have less stability. A reduced stability or durability of these structures 
may cause a failure and insufficiency of the ability of phreno-esophageal ligament 
to keep the esophagus in a stable position.

In addition, individual factors may even worsen this physiologic situation; for 
example, a large amount of intra-abdominal fat can weaken the insertions of the 
phreno-esophageal ligament. Another example could be an individual who had to 
perform hard physical labor during many decades, which would also encumber the 
muscular and ligamentous structures at the hiatus, creating a risk for insufficiency.

Normal anatomical variations may create conditions in which the optimal stabi-
lization of the esophageal position within the hiatus may suffer over time and the 
posterior located aorta may function as a perfect sliding area for the esophagus. 
Clinical evidence has shown that in some young individuals, the left crus may be 
created by nature shorter and weaker than the right one. This means that the anchor-
ing point of the phreno-esophageal ligament is weaker at that point and may deterio-
rate earlier in life with subsequent less stabilization of the esophagus and possible 
higher risk of GERD in the future of this individual. Similarly, an individual with a 
preaortic lipoma could be predisposed for earlier GERD development, since the 
lipoma on the aorta will have the potential to function as a perfect sliding cushion 
for the esophagus and, thus, facilitate the development of an early hiatal hernia.

The closure mechanism of the LES is not a one-way valve. On the one hand, 
nutrition must pass the sphincter into the stomach and stay there, and on the other 
hand, LES must prevent massive reflux of gastric contents into the esophagus. In 
addition, the system must be flexible enough in special situations, for example, in 
excessive bloating of the stomach, to allow for passage of air from the gastric lumen 
into the esophagus and further up outside. Also in a situation of a gastrointestinal 
infection, the system must allow for vomiting of contaminated food to preserve the 
person’s health. The LES is regulated in the physiologic configuration by several 
mechanisms influenced by neurologic and hormonal and possibly psychologic 
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factors. The coordinated concert of these different regulatory mechanisms creates 
enough room to allow for physiologic reflux [4].

In the physiologic situation, the LES moves during the act of swallowing about 
1–2 cm up and down, which also puts strain on the holding structures of the LES 
[4]. The structures securing the position of the LES, especially the phreno- 
esophageal ligament and the crura, must keep the esophagus in its intra-abdominal 
position during swallowing, during physical activity, and during a meal with 
increase of intra-abdominal pressure and shortening of the LES due to fundic 
accommodation (Fig. 1.2).

The nutritional habits of many people in Western industrialized countries with 
daily overeating put much strain on the fundus, which is the storage area of the 
stomach [4, 17]. Figure 1.3 demonstrates the effacement of the fundus during meal-
time and its influence on the LES. Since the gastric fundus has to enlarge without 
pressure increase (fundic accommodation), this will cause a stepwise shortening of 
the LES due to the pull of the fundic wall on the LES [4, 17–19]. In addition, there 
will be an increase in intra-abdominal pressure, leading to more strain on the 
phreno-esophageal ligament and pushing the cardia into the mediastinum. It is not 
surprising that after many years of strain on these structures of the LES and the 
diaphragm, mechanical insufficiency will develop and functional regulatory mecha-
nism may wear out too, resulting in the development of hiatal hernia and gastro-
esophageal reflux disease.

ba

Fig. 1.3 The strain on the esophagogastric junction (a = normal) can be caused by repetitive, 
excessive overeating and overfilling of the gastric fundus, which leads to effacement of LES and 
weakening of all structures (b = effacement). Eventually, this process will end in shortening of the 
LES, with subsequent incompetence of the sphincter as well as strain and enlargement of the 
phreno-esophageal ligament with subsequent migration of the cardia into the mediastinum and the 
development of a hiatal hernia

K.-H. Fuchs
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 Pathophysiology of GERD

The central, pathologic problem in GERD is an increased passage of refluxate of 
gastric contents into the esophagus above the physiologic level. This leads to a 
pathologic exposure of the esophageal mucosa to gastric acid and possibly duodenal 
contents, which can cause symptoms and/or damage of the esophagus [4, 5].

Scientific work around the gastroesophageal junction and its function over 
the past four decades has produced two major concepts of thinking to describe 
this process. A first concept was developed mainly by the “DeMeester school” 
and which is characterized by a more “surgical and mechanical thinking” and 
interpretation of the involved processes based on manometric parameters [4, 5, 
13, 14, 20]. A second concept is mainly developed by gastroenterologists Dent 
and Dodds, who created a more dynamic concept of LES function in measuring 
and describing the “spontaneous transient relaxations” of the LES (TLESRs) 
[21–23].

It must be emphasized that the manometric systems of the past century were 
limited and did basically allow only for an intraluminal measurement of pressure 
changes in the LES, mostly missing out the pressure influences of the diaphragm, 
which limited the complete mechanical assessment of the gastroesophageal junc-
tion as composed by more than one anatomical structure. As a consequence, both 
concepts did focus more on the intraluminal pressure changes in the esophagus, and 
the assessments were limited to the LES.  In contrast, today with high-resolution 
manometry, there is the possibility to also monitor on a routine basis functional and 
mechanical influences of the diaphragm together with the LES [24, 25].

 The Incompetence of the LES

Following the “DeMeester school,” a more mechanical interpretation of the LES 
function and anatomy is described by three manometric criteria: the overall length, 
the sphincter pressure, and the sphincter position expressed as the remaining intra- 
abdominal length of the sphincter in the hiatal position [4, 5]. This concept was 
developed using traditional perfusion manometry [5, 14]. In the physiologic situa-
tion, the high-pressure zone has a length of 3–5  cm and an average pressure of 
around 14 mmHg [5, 14]. As described above, the LES must create a sufficient and 
effective pressure environment over a certain length within the distal esophagus to 
maintain enough resistance against gastric pressure and prevent excessive acid 
reflux over 24 hours a day. In this concept, it is evident that the shorter the sphincter 
is, the higher the pressure must be within the high-pressure zone to maintain a suf-
ficient closure to prevent reflux [4, 5]. The LES is supported by the external mechan-
ical pressure of the diaphragm and the intra-abdominal pressure, of which the 
intra-abdominal segment of the distal esophagus is exposed causing also compres-
sion (Fig. 1.2). The longer the intra-abdominal esophageal segment is, the larger the 
compression area is and the more the intra-abdominal pressure can support the LES 
in keeping reflux in a physiologic level.

1 Definition and Pathophysiology of Gastroesophageal Reflux Disease
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It must be emphasized that the incompetence of the LES is defined by its short 
length, by its weak pressure, and by its altered position expressed as short intra- 
abdominal length [4, 5, 14]. It is not just a weak pressure alone, which characterizes 
LES incompetence, even though this is often used by mistake.

Since this mechanism was described by functional assessments with perfusion 
manometry, one could argue that this technique was probably too limited with only 
five points of measurement at the openings of the perfusion catheter [4, 5, 14, 25, 
26]. However, the bulk of knowledge generated by this system and its interpreta-
tions together with a vast amount of clinical evidence has shown that these findings 
had a serious clinical relevance [4, 5, 14, 20]. A major finding has been in GERD 
that the more advanced this disease is associated with complications such as esoph-
agitis, ulcerations, and Barrett’s esophagus, the more frequent an incompetent LES 
is present in these patients [27–29]. Today, there is enough evidence to state that 
these three criteria are important in the characterization of severe and progressive 
GERD and, in addition, that these criteria can be used for therapeutic decision- 
making in the clinical setting [4, 27–29]. It has been shown that these criteria have 
a prognostic value in that patients with a documented LES incompetence have a 
higher probability that their GERD will persist for the next 6–10 years [30].

There is a higher prevalence of GERD in Western industrialized societies com-
pared to other populations [1, 4, 6]. One explanation has been the association 
between the rising prevalence of GERD and the nutritional habits of people in 
Western countries [1, 4, 6]. The process of repetitive overeating in our daily life will 
cause mechanical and functional alterations in the upper GI tract [4]. When a person 
is eating a large meal, the ability of the stomach and especially the fundus allows for 
an enlargement of the gastric lumen to ingest the complete meal by fundic accom-
modation. Figure 1.3 demonstrates both, the enlargement by fundic accommodation 
and at the same time the mechanical strain on the LES, since the strong pull of the 
gastric wall on the LES at the angle of His will shorten eventually the sphincter area 
and its lower segment while at the same time the physiologic sphincter function 
needs to keep the high-pressure zone closed to prevent excessive postprandial reflux.

If this process is repeated on a daily basis over several decades and an individual 
is wearing out the structures at the esophagogastric junction, it is not surprising that 
the strain on the tissue weakens these structures such as the sphincter (repetitively 
forced into mechanical shortening) and the phreno-esophageal ligament (repeti-
tively exposed to increased intra-abdominal pressure by large meals and increased 
amount of intra-abdominal fat).

In addition, there is evidence that during and shortly after a meal, the acid secre-
tion is massively stimulated by several mechanisms, and newly secreted acid col-
lects in the subcardial region, creating an “acid pocket” [18, 31, 32]. This acid 
pocket is directly located below the LES, being under strain by shortening through 
fundic accommodation. Thus, reflux can occur easily after large meals. The pro-
gression from physiologic amounts of reflux to excessive and pathologic gastro-
esophageal acid reflux is well understood [4]. Again, if this process is maintained 
over several decades, the competence of the esophagogastric junction is fading and 
the progression toward functional, histologic, and anatomical changes is possible up 
to fully established mechanical and functional defects.
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 The Transient Lower Esophageal Sphincter Relaxations (TLESRs)

The second concept of the esophagogastric junction, created and propagated by 
Dent and Dodds, describes a spontaneous opening of the LES as the most important 
mechanism for the development of gastroesophageal reflux [21–23]. This occurs in 
healthy persons and also in patients with GERD and was considered a physiologic 
mechanism to evacuate ingested air from the gastric lumen [21–23]. However, if the 
LES is open during such relaxations, acid reflux can occur. Transient lower esopha-
geal sphincter relaxations (TLESRs) develop without previous swallowing and may 
be increased in pathologic reflux [33]. In contrast, LES relaxations are triggered in 
the process of swallowing. In TLESRs, a vagal reflex is caused by stimulation at the 
cardia and by fundic distension [21–23, 34–36].This signal reaches, via afferent 
vagal lines, the central nervous system and further causes an inhibition of the LES 
and diaphragm, leading to a TLESR [21–23, 34–36]. The relaxation develops with 
a pressure drop of >1 mmHg/sec and continues for approximately 10 sec [21–23, 
34–36]. TLESRs were detected and recorded by a special manometric device, a 
sleeve catheter that is inserted in the high-pressure zone and assesses the complete 
length of the sphincter [21]. The sleeve catheter is able to characterize the intralu-
minal and integral pressure changes over the complete length of the high-pressure 
zone. It must be emphasized that these TLESRs occur without previous swallowing, 
and the opening of the sphincter will allow for reflux of gastric contents into the 
esophagus.

There has been, over the years, a controversial discussion between gastroenter-
ologists and surgeons about the interpretation of this phenomenon. A main criticism 
of this concept has been based on the fact that studies have shown that TLESRs are 
not necessarily increased in its frequency between individuals without reflux prob-
lems and those with reflux problems, which raises the question whether there is a 
connection [4]. TLESRs are especially increased in patients with GERD in the post-
prandial phase [23, 34–36]. In contrast, in patients with progressive and advanced 
GERD, TLESRs may not necessarily be increased, which raises again the question 
whether this parameter can really describe the severity of the functional defect in 
GERD and whether this phenomenon is really the basis of pathologic gastroesopha-
geal reflux [35, 36].

Manometric studies have shown that in the postprandial phase, an effacement of 
the LES and the cardia occurs, and at the same time, a shortening of the LES can be 
detected due to the fundic accommodation as described above (Fig. 1.3) [4, 17]. 
Since physiologic LES function depends on its intra-abdominal segment, both in 
pressure and intra-abdominal length, a spontaneous shortening of the sphincter in 
the postprandial phase will create a temporary incompetency, leading to a tempo-
rary spontaneous opening of the sphincter. The latter could fully explain the mano-
metric observations of a TLESR in the postprandial phase [4, 34].

These considerations have led, among critics of the TLESR concept, to the inter-
pretation that possibly TLESRs could be rather not active relaxations of the muscle 
but could be more transient LES shortenings due to postprandial shortening by 
strain on the LES due to enlargement of the stomach. This would explain why 
TLESRs are increased in the postprandial phase. Nevertheless, it remains 
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controversial that patients with advanced GERD may not have any increase in 
TLESRs compared to other patients, which weakens this parameter’s ability to be 
used as discriminator between health and disease.

With the introduction of high-resolution manometry, a better and more precise 
evaluation may be possible to accurately describe the esophagogastric junction with 
its functional and mechanical features due to the large amount of assessment points 
[37, 38]. This technology allows for an integral measurement of all pressure changes 
in the esophageal corpus, at the LES, and its surrounding anatomical structures also 
displaying the pressure influences of the diaphragm (Fig. 1.4). Experience of the past 
years has shown that different interpretations of the pressure components are possi-
ble and may provide more explanation about the precise mechanisms of anatomical 
and functional changes of the antireflux barrier [37–39].

 Histopathologic Considerations

An important element of the pathophysiology of GERD can be followed on the 
histopathologic level. This concept is currently also discussed quite controversially. 
It is known since many years that histologic changes in the squamous epithelium of 

Fig. 1.4 High-resolution manometry of a patient with GERD and hiatal hernia demonstrating the 
patient’s altered esophageal anatomy and function. The separation between remaining weakened 
pressure of the LES and remaining pressure of the diaphragm at the hiatal opening is shown
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the distal esophagus can occur by acid reflux [1, 4, 40]. There is some evidence that 
even more severe damage can occur by the mixture of acid and duodenal contents 
in the esophageal mucosa, which can lead to intestinal metaplasia and Barrett’s 
esophagus [41, 42]. In the past, the gastroesophageal junction was described on the 
histologic level by different types of columnar-lined epithelium such as fundic cells, 
cardia cells, and intestinal metaplasia [43, 44].

Chandrasoma et al. have investigated the histopathologic changes in the cardia 
from the normal physiologic setting to more specific changes in patients with 
incompetent LES and GERD [45–49]. In the physiologic situation, squamous epi-
thelium is directly connected at the transition zone to the gastric epithelium (gastric 
oxyntic mucosa). In the process of strain on the LES and esophagogastric junction, 
increased acid exposure of the distal esophagus will damage the squamous epithe-
lium, which may no longer withstand the acid aggression and develops changes. 
Figure 1.5a, b demonstrate these changes over time. These changes have an ana-
tomical component and a histopathologic component. The anatomical component is 
represented by the shortening of the LES due to strain by gastric enlargement and 
fundic accommodation after overeating [4].

a b

Fig. 1.5 (a) Physiologic situation: Esophageal squamous epithelium reaches to the transit zone 
toward the stomach. (b) The damage of acid exposure after shortening of the LES: Below the 
squamous epithelium, a short zone develops with intestinal metaplasia, and further below, a zone 
of carditis has developed as the initial step of damage. The changes are not obvious for superficial 
endoscopic inspection, since the EGJ may look like a “normal” transition zone; however, the distal 
part of the LES has been widened and has become part of the gastric lumen. This most distal part 
of the LES used to be a regular tubular part of the LES, participating in the EGJ-pressure profile to 
establish antireflux barrier function. This function of this segment is now lost
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The histopathologic component is a change from squamous epithelium (Fig. 1.5a) 
in the distal esophagus to a columnar-lined epithelium also called “carditis” [4, 45, 
46]. During this process, the very distal part of the esophagus and LES is dilated, 
and the former squamous cell epithelium is taken over by cardiac mucosa, which 
can be detected histologically as carditis (Fig. 1.5b).

Macroscopically, for a “superficial” endoscopist, it will be very difficult to rec-
ognize these changes, if not focused on and if not assessed histologically, because 
the longitudinal folds of the stomach will expand eventually upward in the very 
distal part of the widened LES [37]. The latter will widen and develop mucosal folds 
and carry endoscopic aspects of the most proximal part of a stomach. At least inex-
perienced endoscopists may not recognize any difference, unless proof will be taken 
by biopsy. This process will be recognized by endoscopy latest, when the altered 
segment of the very distal part of the LES is taken over by columnar-lined epithe-
lium, the visible aspect can be diagnosed as Barrett’s esophagus, and proof is gained 
by histologic documentation of intestinal metaplasia [4, 44–49].

 Pathophysiologic Overview and Summary

Pathophysiology of GERD is determined by a number of different factors and 
mechanisms that can be involved in different severity [1, 4, 5, 20, 21, 37, 50–52]. 
These components are recognized in several guidelines, and this knowledge is by 
now integrated in the diagnostic and therapeutic management of GERD in centers 
[1–4]. This is very important to understand the disease and its possible progress, 
which should be stopped by optimal therapeutic management. The onset of the dis-
ease can occur often by mechanical weakening of the esophagogastric junction, by 
transient sphincter relaxations, or by temporary shortenings of the LES after large 
meals [1, 4, 50]. In exceptions, anatomical norm variations can facilitate the process 
of weakening of the esophagogastric junction earlier. Different anatomical varia-
tions of the crura and their insertion on or next to the aorta may have its influence 
on the circular fixation of the phreno-esophageal ligament in the hiatal opening with 
earlier or later failure of the stable fixation of the esophagus in the hiatus.

More severe alterations can be caused by a primary shortening of the esophagus, 
which may cause even more strain on the phreno-esophageal ligament [53]. Any 
weakness of the connective tissue with the tendency of hernia development may 
also have its influence on the structure of the hiatus and the dislocation of the gas-
troesophageal junction (Fig.  1.6) [53]. These primary changes can of course be 
worsened by the described mechanisms of excessive eating habits in Western societ-
ies. Mechanical strain by overeating, development of obesity, and increased intra- 
abdominal fat will cause intra-abdominal pressure increase, which both will weaken 
the stable position of the esophagus in the hiatus. Thus, it is not surprising that 
GERD has a high prevalence in Western societies with their specific eating habits.

The natural course of the disease is determined by the chronic character and the 
progressive development in some of the involved patients [4, 50–52]. Studies with 
thousands of patients have shown that most patients stay within a certain level of 
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severity of the disease over decades (malfert). This characterizes the benign nature 
of this functional disorder [11, 54]. However, evidence has shown from these stud-
ies that there is a smaller group of patients with a potential of progression to more 
severe forms of GERD [54]. The latter can not only ruin the quality of life of these 
patients but also can progress to complicated forms of the disease and, in a minority, 
even to cancer [4, 55]. Table 1.1 demonstrates these findings that were published 
from the ProGERD study [4, 11, 29, 54, 55]. Table 1.1 correlates the rates of pro-
gression toward more severe disease with the endoscopic findings and objective 
functional defects. This enlightens the importance of early detection of these 
patients with more progressive disease in order to provide them with an improved 
attention and earlier management of diagnosis and therapy [56]. Early detection and 
interpretation of findings signaling the presence of progressive disease, for example, 
patients with years of reduced quality of life, the presence of a hiatal hernia, an 
incompetent LES, a massive increased acid exposure, or even exposure to duodenal 

Fig. 1.6 The initial firm 
and taut phreno-esophageal 
ligament has developed 
into a soft, fatty hernia sac. 
The latter allows for a 
sliding hernia and further 
migration of the 
esophagogastric junction 
into the mediastinum. The 
process can be quite 
progressive, if all 
pathophysiologic factors 
can continue their effect on 
the EGJ. The result will be 
a permanent dislocation of 
the stomach into the chest

Table 1.1 Presence of significant role of pathophysiologic components and rates of progression 
in GERD [14, 40]

Endoscopic visible damage
Normal 
mucosa NERD

ERD LA 
A + B

ERD LA 
C + D

Barrett’s 
mucosa

Hiatal hernia 0.001
LES incompetence 0.02 0.001
Pathologic acid exposure 0.05 0.03 0.03
Pathologic duodeno- 
gastroesophageal reflux

0.03

Rate of progression 5.9 12.1 19.7
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gastric juice, and the verification of detectable mucosal damage in the distal esopha-
gus can help today to take adequate action [57]. All known pathophysiologic com-
ponents of GERD can be investigated currently by diagnostic assessment, detecting 
an LES incompetence or an increase in transient relaxations, detecting a hiatal her-
nia with increasing size, and detecting increasing exposure to gastric contents in 
addition to other possible functional associated disorders such as an insufficient 
esophageal motility and/or a delayed gastric emptying, which all can aggravate the 
disease and the patient’s status.
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Symptom Spectrum 
in Gastroesophageal Reflux Disease

Ryan C. Broderick and Karl-Hermann Fuchs

 Introduction

The Montreal classification has described the presentation of symptoms in 
patients with gastroesophageal reflux disease (GERD) extensively [1]. The 
authors of the Montreal classification define the disease with symptoms: “GERD 
is a condition which develops when the reflux of stomach contents causes trou-
blesome symptoms and/or complications” [1]. These symptoms can reduce 
patient’s well-being [2–4]. Klauser et al. have stated that heartburn and regurgita-
tion are the most typical symptoms characterizing GERD [5]. In clinical practice, 
a variety of esophageal and extraesophageal symptoms can be documented in 
patients referred for the diagnostic confirmation or exclusion of GERD. GERD 
may present with a large variety of symptoms such as heartburn, regurgitation, 
thoracic pain, epigastric pain, respiratory symptoms, globus, and others. There 
can be an overlap with symptoms from other esophageal and gastric disorders 
such as dyspepsia, esophageal motility disorders, functional heartburn, hyper-
sensitive esophagus, irritable stomach and bowel, and somatoform disorders [1, 
6–10]. While the symptom spectrum is complex, the use of objective studies can 
help further diagnose GERD.
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 Diagnostic Workup for Patients with Symptoms 
Indicative of GERD

In a dedicated center for gastrointestinal functional disorders, patients with a suspi-
cion for GERD should undergo a number of functional investigations to verify or 
exclude the disease and to possibly determine another diagnosis [2, 11]. All patients 
should undergo an upper GI endoscopy, a high-resolution manometry, a 24-h 
impedance-pH monitoring, and selectively other investigations such as gastric emp-
tying studies and/or dynamic radiographic studies. The presence of pathologic 
reflux should be documented by impedance-pH monitoring with symptom correla-
tion. The objective workup from the tests listed above may show functional defects 
or visible esophageal damage. Objectively, the studies can be used to characterize 
the severity of GERD [1, 2, 11].

 The Variety of Symptoms in Patients with GERD

Klauser showed that heartburn and regurgitation are the most typical symptoms 
characterizing GERD [5]. Figure 2.1 demonstrates these findings. While it is inter-
esting that heartburn and regurgitation are the most frequent and specific symptoms 
in GERD, it was also shown that heartburn and regurgitation are often present in 
other disorders [6]. In literature, heartburn is reported to be present in patients with 
pathologic esophageal acid exposure in up to 99% [1, 2, 6, 12–16]. However, heart-
burn is also seen in 6–20% of dyspepsia patients [1–16]. Regurgitation has a preva-
lence of 33–86% [1, 2, 6, 10, 12–16]. Epigastric pain may be present in patients 
with foregut symptoms in 70% and in those with documented GERD in 12–67% [1, 
10, 12–16].

In our recently published study, we showed that heartburn and regurgitation are 
very often the chief complaints in patients with GERD; however, other symptoms 
associated with “gas” problems such as belching, bloating, and flatulence are also 
commonly present [10]. Figure  2.2 demonstrates the chief complaints in GERD 
patients, with chief complaint being the symptom marked with maximum intensity 
[10]. Figure 2.3 shows the overall presence of any symptoms noted by patients in 
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Fig. 2.1 Clinical 
presentation of heartburn 
and regurgitation in a 
group of patients with 
foregut symptoms, divided 
up in those with and those 
without pathologic 
esophageal acid exposure 
(Klauser et al. [5])
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our study [10]. A wide diversity of symptoms are present, such as respiratory symp-
toms and gas-related symptoms [10]. Despite the diversity of symptoms, many are 
reported in incidence as often as heartburn; however, the level of symptom intensity 
is not as high (Fig. 2.4).
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Fig. 2.2 Overview on the prevalence of chief complaints (most severe symptom with maximal 
intensity). The most important chief complaint is heartburn in GERD, followed by respiratory 
symptoms and gas-related symptoms (Broderick et al. [10])
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Fig. 2.3 Overview on the prevalence of all presenting symptoms. Heartburn is the most frequent 
presenting symptom, followed by gas-related symptoms, fullness, and epigastric pain (Broderick 
et al. [10])
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Extraesophageal symptoms associated with GERD may be respiratory symp-
toms such as chronic cough, hoarseness, and shortness of breath. There may also be 
symptoms at the level of the head and neck such as globus and throat or mouth burn-
ing [1, 2, 17–21]. It remains a challenge to precisely correlate symptoms with objec-
tive evidence of reflux events [2, 22, 23]. In the Montreal publication, these clinical 
problems were more classified in syndromes such as reflux cough syndrome, reflux 
laryngitis syndrome, reflux asthma syndrome, and reflux dental erosion syndrome 
[1]. In addition, burning of the tongue and mouth, globus sensation, and dental ero-
sions can be related to GERD, but the level of evidence is low [1, 2].

When performing a patient history, a quick and superficial questioning of patients 
may elicit the symptom of heartburn; however, no differentiation is often detected 
between true heartburn and similar burning sensation such as throat burning, mouth 
burning, tongue burning, and epigastric burning/pain. If “true heartburn” is present 
in a patient, the probability of a real presence of GERD is higher compared to when 
throat burning is given as major complaint. On the other hand, this leaves the pos-
sible overlap with other disorders such as hypersensitive esophagus or somatoform 
disorders unaddressed [6–9]. It is important to perform a detailed history of patients 
with special attention and accuracy to the symptom evaluation while also letting the 
patients document their symptoms independently in order to elicit a complete symp-
tom profile [10].

When the intensity of symptoms is evaluated in GERD, the most intense and 
disturbing symptoms are usually heartburn, regurgitation, and epigastric pain [2, 
10]. GERD remains a disease with a wide variety of symptoms experienced by the 
patient. Heartburn and regurgitation are continual mainstays of symptom profile 
while other symptoms show a high diversity. The variety of symptoms experienced 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

heartburn regurgitation retrosternal
pain

respiratory dysphagia epigastric
pain

nausea Fullness gas

Fig. 2.4 Demonstration of the mean intensity of the documented GERD symptoms. Most intense 
and disturbing symptoms are heartburn, regurgitation, epigastric pain, fullness, and gas-related 
symptoms (Broderick et al. [10])
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also shows the importance of a full objective workup including upper GI endoscopy, 
high-resolution manometry, and impedance-pH monitoring to assist with accurate 
diagnosis and identification of patients who may need surgical therapy for their 
reflux disease.

 Symptom Profile of Esophageal Motility Disorders

Several years ago, a very detailed investigation was performed to evaluate the symp-
tom profile of esophageal motility disorders especially assessing those symptoms 
that are usually also present in patients with GERD [24]. Figure 2.5 demonstrates 
the distribution of symptoms in these conditions such as achalasia, esophageal 
spasm, nutcracker esophagus, and other nonspecific motility disorders. The results 
show an opposite pattern of symptoms compared to reflux. Motility disorders have 
high prevalence of dysphagia, while heartburn was infrequent compared to GERD 
symptom profiles (Fig. 2.5). These results also demonstrate the variety of reflux-like 
symptoms in other disorders of the upper gastrointestinal tract, indicating the impor-
tance of objective studies for diagnosis [24].

 GERD Symptoms and Somatoform Disorders

Somatoform disorders can also present similar to GERD [9]. In this study, patients 
with foregut symptoms and GERD, documented by positive esophageal acid 
exposure, were tested with a psychodiagnostic instrument SOMS (screening test 
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Fig. 2.5 Distribution of symptoms, often presenting in GERD, in patients with esophageal motil-
ity disorders such as achalasia, esophageal spasm, nutcracker, and nonspecific esophageal motility 
disorders (Tsuboi et al. [24])
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for somatoform symptoms). This helped determine the probability of somatoform 
tendencies [9]. The study confirmed that in patients with foregut symptoms and 
GERD, the presence of a somatoform disorder was significantly higher than in 
normal individuals [9]. Somatization is characterized by the scenario of a given 
patient complaining about symptoms which cannot be explained by pathophysi-
ologic or objective findings [25, 26]. In normal individuals, the mean number of 
such symptoms is 5–6. Patients with foregut symptoms or GERD have a mean of 
12 symptoms present [9]. Figure 2.6 demonstrates the relationship and compari-
son of the presence of somatoform tendencies (> 17 present symptoms without 
objective findings) in patients with and without pathologic esophageal acid 
 exposure as criterion for the presence of GERD [9]. Many of these reflux-like 
symptoms are present in patients with somatoform disorders, which overlaps with 
the symptom spectrum of GERD.

 Conclusion

GERD symptoms are most commonly heartburn and regurgitation, but there can be 
a wide diversity of symptoms and overlap with other possible diagnoses. Objective 
studies and patient questionnaires should be always performed to verify the disease 
and help in determining treatment for GERD.
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Fig. 2.6 Comparison of the presence of somatoform tendencies (Somatoform Symptom Index 
[SSI] > 17) in patients without (20,6%) and with pathologic esophageal acid exposure as criterion 
for GERD (19,5%) (Fuchs KH et al. [9])
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Diagnostic Investigations in GERD

David C. Kunkel

 Introduction

Functional disorders in the upper gastrointestinal tract present with a large diversity 
of different symptoms [1–7]. Among these, gastroesophageal reflux disease (GERD) 
is no exception. Despite typical symptoms such as heartburn and regurgitation, 
GERD may cause also a variety of different symptoms such as chest pain, chronic 
cough, hoarseness, epigastric pain, and/or nausea [5–7]. The Montréal classification 
of GERD has described the presence of symptoms in GERD and also demonstrated 
the variety of symptoms in several groups [8]. Furthermore, other functional and 
somatoform disorders may also present with “reflux-like” symptoms, creating an 
overlap with the clinical presentation of GERD [6, 8]. Therefore, symptoms may be 
in some cases misleading regarding a sufficient diagnosis for therapeutic decision- 
making [5–9].

 Diagnostic Investigations

As a consequence, diagnostic investigations in GERD are very important [8, 10]. 
Current technology allows for a very comprehensive assessment and understanding 
of the morphologic, anatomical, and functional alterations that emerge with the 
development of GERD [10].
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 Endoscopy

Esophago-gastro-duodenoscopy is a well-established diagnostic technique and can 
provide a precise assessment of the mucosal damage and also the anatomical 
changes of the esophagogastric junction, which is involved in the characteristics of 
GERD.  In addition, histologic evaluation is possible with endoscopy and also in 
some cases necessary to identify Barrett’s esophagus or other tissue changes 
[10–12].

Two major classifications exist in endoscopy for the description of GERD 
changes in the esophagus [11, 12]. The Savary and Miller classification has been 
established several decades ago and is still used by many endoscopists [11].

Endoscopic classification of esophagitis by Savary and Miller:

• Grade 1: Single areas of redness or single erosions in the distal esophagus
• Grade 2: Stripes of erosions in the distal esophagus, nonconfluent
• Grade 3: Confluent, circular erosions in the esophagus
• Grade 4: Presence of complications of a massive esophagitis such as ulcers, stric-

tures, and/or Barrett’s esophagus

Endoscopic Los Angeles classification of esophagitis (Figs. 3.1 and 3.2):

• Grade A: Mucosal lesions of maximum 5 mm diameter
• Grade B: Mucosal lesions >5 mm, not circumferential
• Grade C: Confluent mucosal lesions, less than 75% of the circumference
• Grade D: Confluent mucosal lesions, more than 75% of the circumference

Fig. 3.1 Endoscopic 
visible Los Angeles Grade 
C esophagitis
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 Radiographic Investigations

Today, radiographic investigations in GERD are often used for the typing of large 
hiatal hernias, or they are used as dynamic investigations, for example, as dynamic 
barium-burger or barium-sandwich swallowing tests, to verify problems in the pas-
sage of a solid or semisolid bolus. These tests are very helpful in the identification 
of functional and/or mechanical problems in the esophageal passage of a bolus [10, 
11, 13] (Fig.  3.3). The advantage is a better diagnostic value for these findings. 
Furthermore, this investigation can also be used for the evaluation of the subsequent 
gastric emptying process [10, 11, 13] (Figs. 3.4 and 3.5).

 Impedance-pH Monitoring

It is essential to differentiate between the investigations necessary to establish the 
diagnosis of GERD and those necessary to establish the indication for surgery or 
any other invasive therapy. The most important diagnostic investigations to prove 
GERD are endoscopy and long-term impedance-pH monitoring [10, 14–17]. For 
accurate placement of the impedance-pH probe, manometry measurements are rec-
ommended. The test should be performed after adequate discontinuation for about 
10–14 days of PPI or other antisecretory drugs prior to the test.

The dual technology of impedance-pH – monitoring allows for recording of the 
intraluminal pH  – value as well as the impedance within the esophageal lumen 
(Fig. 3.6). This provides the identification of all intraluminal fluid and gas move-
ments and their direction of flow associated with their pH. With this acid reflux 

Fig. 3.2 Endoscopic 
visible Los Angeles Grade 
D esophagitis with stricture
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episode (pH < 4), weak acid reflux episodes (pH 4–7) as well as nonacid reflux 
episodes can be individually identified and correlated with symptoms, if the latter 
are also recorded, allowing for a determination of the Symptom Association 
Probability (SAP) [14–17].

The most important investigation is pH monitoring/impedance-pH monitoring, 
which is obligatory to objectively document pathologic acid exposure and/or other 
pathologic reflux activities. Impedance-pH monitoring increases the diagnostic 
value of these functional studies by quantifying acid and nonacid reflux as well as 
by providing correlation between symptoms and documented reflux episodes 
[10, 14–17].

The position, pressure, and length of the lower esophageal sphincter were deter-
mined with esophageal manometry, using these measurements for the correct 

Fig. 3.3 Barium-sandwich 
of a person with a normal 
esophageal motility 
and anatomy
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Fig. 3.4 Barium-sandwich 
initially after ingestion 
with regular gastric filling

Fig. 3.5 Barium-sandwich 
after 4 h in a patient with 
massive gastroparesis
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positioning of the pH probes 5 cm above the upper border of the lower esophageal 
sphincter. pH monitoring or later impedance-pH monitoring was performed in a 
standard technique using, for analysis, the DeMeester reflux score criteria [14]. This 
implemented a borderline between physiologic and pathologic esophageal acid 
exposure, if the score reached a value of 14.7.

A 24-h (impedance-)pH monitoring is considered to be the gold standard inves-
tigation for the quantitative evaluation of acid exposure in the distal esophagus [10, 
15] (Figs. 3.7 and 3.8). Most gastroenterologists prefer pH monitoring only in the 
absence of esophagitis. Since esophagitis can also be due to ulcers by medication 
and since many studies and surgical literature show the value of pH monitoring in 
the detection of the presence of the disease, preoperative workup should include 
impedance-pH monitoring [10, 18–20].

The more atypical symptoms are present in a given patient, the more detailed 
diagnostic assessment should be performed prior to surgery to detect all functional 
defects. When extra-esophageal symptoms are present or especially are the chief 

Fig. 3.6 A 24-h impedance-pH monitoring of esophagus and stomach of a normal healthy person 
with no pathologic reflux

Fig. 3.7 A 24-h impedance-pH monitoring of esophagus and stomach of a patient with moderate 
pathologic gastroesophageal reflux (DeMeester score 26.5; normal <14.7)
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complaints, it is extremely important to correlate the atypical symptoms with the 
reflux episodes to justify invasive antireflux therapies [10, 18–20].

Results of 24-h pH monitoring can be expressed in different ways. One option is 
the expression as percentage of pH < 4 during the measured time period. A border-
line has been determined between 4.5% and even as high as 6% for the pathologic 
range above these values [14–17, 21].

Another option is the well-established DeMeester score with a borderline 
between normal and pathologic at 14.7 score value [14, 15]. Other criteria have 
been tried but have not been used very often. For the impedance evaluation, Table 3.1 
shows the available data. Shay et al. have analyzed 60 individuals to gain normal 
values [16].

The median acid exposure in the distal esophagus (percentage acid exposure) 
was in this analysis for the total time of measurement 1.6% (95th percentile: 5%). 
In upright position, these data were 1.5% (6.2%) and supine 0.1% (5.3%).

As transnasal probes can be quite uncomfortable for the patients, wireless probes 
and detection systems were developed such as the BRAVO™ system. The probe is 
placed in the esophagus above the endoscopic visible Z-line or by measuring the 
distance by manometry or by pH change, which would be less accurate. The advan-
tage of the system is the measurement only on one spot of the esophagus and only 
acid assessment. The disadvantage is that the probe is not able to measure imped-
ance, which misses the weak acid and nonacid reflux episodes.

Fig. 3.8 A 24-h-impedance-pH monitoring of esophagus and stomach of a patient with GERD 
and a pathologic gastroesophageal reflux (DeMeester score 41.8). The visual analysis shows that 
most reflux episodes occur during daytime in this patient

Table 3.1 Normal data for 24-h impedance-pH monitoring as published by Shay et al. [16]

Median/95th percentile Total reflux
Acid reflux
pH < 4

Weakly acid
pH 4–7

Total 30/73 18/55 9/26
Upright 27/67 17/52 8/24
Supine 1/7 0/5 0/4

3 Diagnostic Investigations in GERD
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 High-Resolution Manometry (HRM)

Esophageal manometry is not important in establishing the diagnosis of GERD [10, 
15, 22–26]. It does, however, have value as a marker of severity of the disease in that 
incompetence of the LES is associated with more severe disease and long-term 
progression [10, 15, 23]. Manometry studies are important prior to any surgical 
procedure to evaluate motility disorders especially spastic motility disorders or 
achalasia [10, 18, 19]. Furthermore, esophageal manometry is important for the 
measurements of the lower esophageal sphincter (LES) position in order to place 
the pH probes at the exact position 5 cm above the LES upper border [10, 15].

High-resolution manometry (HRM) has improved the manometric diagnostic for 
the esophagus substantially, since it is more easy for the patient and esophageal 
motility can be classified in a more differentiated way [19] (Fig. 3.9).

The indications for HRM are discussed sometimes controversially, since some 
follow the idea that manometry is necessary for identifying the correct position of 
the LES for pH probe placement, while others think this is not necessary and could 
be done by pullback of the pH probe and wait for the pH change from intragastric 
acidic values to esophageal levels. In most guidelines, it is requested or suggested 
to perform an esophageal manometry before pH monitoring [10].

Physiologic transition zone in the
proximal esophagus

Pressure level of  the
esophagogastric junction (EGJ)
composed of the LES and the
diaphragm

Relaxation of the LES following a
pharyngeal swallow of a water bolus

Deglutitive EGJ relaxation window

Fig. 3.9 Demonstration of a physiologic esophageal response to a swallow with normal peristalsis 
and relaxation of the LES for a symptom-free passage of the bolus
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Another important indication for HRM is the verification or exclusion of esopha-
geal motility disorders in GERD patients (Figs. 3.10 and 3.11). This information is 
especially important prior to interventional therapy and antireflux surgery [10, 
18, 19].

 Conclusion

Further diagnostic investigations may be needed to verify functional abnormalities 
and establish the indication for surgery or other invasive therapies. Investigations 
that can evaluate the status of esophageal and gastric function include high- 
resolution manometry.

HRM facilitates the procedure for the patients. Dynamic barium-sandwich vid-
eography is important to evaluate patients with dysphagia. In large hernias, a barium 
study can provide information about the possibility of a short esophagus. In GERD 
patients with nausea and vomiting as major complaint, gastric emptying studies and 
duodeno-gastroesophageal reflux assessment should be done to evaluate the pres-
ence of a gastroduodenal motility disorder such as delayed gastric emptying.

Endoscopy is especially important in exclusion of malignant disease and in the 
presence of alarm symptoms such as dysphagia, retrosternal pain, and bleeding. 
With endoscopy, it is possible to establish the diagnosis of GERD and its grade of 

Fig. 3.10 HRM of a patient with GERD and hiatal hernia. The separation between LES and the 
diaphragm is clearly demonstrated indicating also the weakness of the LES and the anatomical 
alteration by the growing hiatal hernia
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severity, if reflux esophagitis is present. If esophagitis is excluded, the presence of 
NERD must be established using functional studies.

For diagnostic workup prior to surgery, endoscopy, 24-h pH monitoring, and 
manometry are important for the optimal selection for patients. For the surgical 
relevant pathophysiologic background, it is important to determine either the LES 
incompetence by esophageal manometry or the increased incidence of transient 
sphincter relaxations by sleeve manometry. Manometry prior to surgery is impor-
tant in order to exclude spastic esophageal motility disorders.
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 Introduction

In Western industrial societies, it is estimated that 10–15% of the population suffers 
from gastroesophageal reflux disease (GERD) [1–3]. Over the past three decades, 
medical therapies have developed to the point where an overwhelming majority of 
patients with mild to moderate symptoms of GERD can be quite successfully treated 
[2, 4]. With a view to therapeutic decision-making, however, diagnosis may in some 
cases be hindered by the wide diversity of symptoms associated with GERD 
[2, 5–7].

The Montréal definition and classification of GERD describes and categorizes 
different types of symptoms of GERD [2]. While heartburn and regurgitation are 
specific symptoms of the disease that characterize the reflux event quite clearly, 
other symptoms such as nausea, vomiting, dysphagia, and chest pain, extraesopha-
geal symptoms such as cough or hoarseness, and other respiratory symptoms are 
more difficult to relate to reflux events [2]. Furthermore, the Montréal classification 
differentiates symptoms into groups, such as the typical “reflux syndrome” with 
esophageal lesions, strictures, and reflux or “reflux and chest pain syndrome” or 
“extraesophageal symptoms” such as laryngitis, cough syndrome, and even dental 
erosions, possibly in association with pulmonary fibrosis, pharyngitis, and sinusitis.

Medical therapy can be applied in all these conditions. However, different syn-
dromes respond differently and may therefore require a more differentiated thera-
peutic approach [2, 4].
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 Lifestyle Intervention in GERD

Ingestion of alcohol has been shown to exacerbate reflux symptoms by decreasing 
the pressure of the lower esophageal sphincter (LES), increasing acid secretion 
through gastrin stimulation, and decreasing esophageal motility [8, 9].

Furthermore, nonalcoholic carbonated beverages such as carbonated water and 
caffeinated or caffeine-free cola have been shown to cause a short-term reduction in 
the intraesophageal pH and a transient decrease in LES basal pressure and to 
increase gastric acid secretion. In some cases, therefore, it may be beneficial for the 
patient to reduce or avoid their consumption [9, 10].

While tea and especially coffee consumption have previously been reported to be 
associated with GERD, two recent meta-analyses failed to show a significant rela-
tionship between tea and/or coffee consumption and the overall risk of GERD 
[11, 12].

Along with diet, an important lifestyle component of GERD symptoms is the 
timing of meals in relation to sleep. Dinner within 2–3 hours of bedtime and snack-
ing after dinner were strongly associated with increased reflux symptoms [8, 9, 13]. 
In order to reduce reflux during sleep, it has been recommended to raise the head 
end of the bed. Sleeping with a bedhead elevation achieved using 28 cm blocks was 
associated with faster acid clearing and fewer and shorter reflux episodes. Moreover, 
sleeping with a wedge pillow has also been associated with decreased esophageal 
acid exposure. Such a strategy may be especially beneficial in patients with late 
evening or nocturnal GERD [8, 9].

Accumulating epidemiological data clearly suggest obesity to be among the root 
causes of the GERD epidemic of the twenty-first century. Not only does obesity 
affect esophageal motility, but in patients with obesity, an increase in abdominal 
pressure frequently causes the disruption of the gastroesophageal junction [13]. 
Both of these effects have sparked debate on obesity as a likely causative factor for 
GERD. Not surprisingly, a weight loss of 10% was demonstrated to be associated 
with significantly decreased reflux symptoms, i.e., heartburn, regurgitation, and 
noncardiac chest pain. Therefore, the improvement or normalization of BMI is con-
sidered a first step toward lifestyle modification in patients with obesity-related 
GERD [8, 9].

As smoking has been shown to be implicated in the exacerbation of reflux symp-
toms, cessation of smoking should also be recommended. Last but not least, patients 
should be instructed to exercise regularly in order to strengthen the striated muscle 
in the diaphragmatic crura, resulting in a stronger antireflux barrier [8, 9].

 Medical Therapy

While in the last century antacids were over many decades the best medical options 
that were available, H2 blockers in the 1970s and the development of proton pump 
inhibitors (PPI) in the 1980s have advanced the therapeutic success of medical 
therapy substantially. The effectivity of PPIs compared to other medical agents has 
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been shown in many randomized trials showing the healing of reflux esophagitis 
and reducing the major symptom of heartburn, when taken in adequate dosage and 
sequence [2, 4, 14, 15]. The latter seems very important, and one cannot emphasize 
this point enough for a successful therapy. Since GERD is a disease with a multi-
factorial background and a number of pathophysiologic components involved, it is 
not surprising that the therapeutic response may vary from patient to patient. In 
addition, there may be different therapeutic responses among patients depending 
on different PPIs on the market as well as with different concepts of dosage 
[2, 4, 15].

PPI therapy in the acute situation is a very effective treatment to compensate and 
reduce the acute symptoms, mainly epigastric and thoracic pain and heartburn. 
There is in this situation no role for any surgical treatment. There are many studies 
showing the effect of PPIs in improving the patient’s symptoms and healing reflux- 
based esophagitis [2, 4, 15–20]. PPIs are the first-line treatment. Dosage and dura-
tion of treatment can be individualized and depends on the patient’s status and 
problems. PPIs are more effective than all the other available medical options [2, 15, 
18–20]. The aim of the treatment is usually the reduction of reflux esophagitis and 
the reduction/stopping of the major symptoms such as heartburn, chest pain, or 
epigastric pain.

There is a substantial discussion about that time of the first endoscopy to verify 
the diagnosis [2, 4, 15, 18–20]. According to most of the current guidelines, it is 
suggested that an initial treatment of PPI can be administered in patients with this 
suspicion for GERD and typical symptoms [2, 4, 11–15]. Especially if the initial 
PPI therapy is successful, no urgent endoscopy or other diagnostics are needed. 
However, in case of “alarm symptoms” such as bleeding or dysphagia, earlier diag-
nostic intervention is absolutely necessary [2, 4, 18–20].

The response to PPI therapy may differ depending on the individual patient and 
also depending on differences in the status of GERD in a given patient. Several fac-
tors may play a role such as the degree of failure of the antireflux barrier, a possible 
failure of esophageal motility, and also a disorder in gastric emptying. Table 4.1 
demonstrates the overview on the acute therapy of GERD. Several guidelines have 
expressed these actions to treat patients in the acute situation [2, 4, 18–20].

Long-term therapy of GERD is often necessary, since GERD is a chronic disease 
[2, 18–22]. Frequently, patients are treated over more than 5 or 10 years. This is 
done in clinical practice despite the fact that the drug’s use is recommended usually 
only for months. Since every day millions of patients take PPIs against symptoms in 
the upper gastrointestinal tract, there should be, from the medical standpoint, some 
strong influence to push the evidence from guidelines for the indications for PPI 
therapy [20]. Furthermore, GERD may have a mild to moderate clinical course, and 
there is a clinical form of a progressive disease, causing functional and anatomical 
alterations that will limit the success of medical therapy [21, 22].

PPIs are very successful for the majority of patients with GERD as a long-term 
treatment, which has been shown by many large trials [2, 4, 16–18]. In randomized 
controlled trials, this success of PPI therapy in adequate dosage is shown that typi-
cal reflux symptoms can be stopped in 50–70% [2, 4, 16–18]. However, 
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approximately 30% of patients under long-term PPI therapy were not completely 
satisfied with their therapeutic result [16–18, 22]. These patients need diagnostic 
workup to evaluate possibilities of a progressive form of disease which may be bet-
ter off with surgical therapy.

Table 4.2 demonstrates the effect of long-term treatment with PPI therapy apply-
ing adequate dosage and intake of the medication. A systematic analysis of the lit-
erature shows that healing of a mild-to-moderate reflux esophagitis is almost always 
successful by PPI therapy [2, 4, 16–20]. Healing rates in patients with severe reflux 
esophagitis are more limited, and a control of symptoms in these cases may be only 
up to 75% success rate. Symptom control by PPI therapy in patients with extrae-
sophageal symptoms may be even worse [23–29].

Therefore, a differentiated diagnostic analysis of the precise background of the 
disease in a given patient is important [30–34]. A limited success of PPI therapy is 
very often due to an insufficient intake in sequence and dosage of the patient. 
Patient’s compliance plays a major role in the insufficiency of PPI therapy [2, 18]. 
As a consequence, this should be checked initially, when the patient complains 
about insufficient treatment by PPI therapy, whether he or she follows the correct 
instructions of intake.

Another reason for insufficient treatment and insufficient effect of PPI therapy 
can be the multifactorial background and pathophysiology of GERD [4, 19–22, 
35–38]. In a patient with severe mechanical incompetence of the lower esophageal 
sphincter or in patients with severe alterations of esophageal and/or gastric motility, 
a medical therapy may be limited [19–22, 35].

Table 4.1 Therapy of GERD in the acute situation

Indication Drugs Dosage Duration
Reflux symptoms:
Heartburn
Regurgitation

Antacids
PPI ± alginate

Standard dosage:
Omeprazole 20 mg
Lansoprazole 30 mg
Rabeprazole 20 mg
Pantoprazole 40 mg
Esomeprazole 40 mg

4 weeks

NERD PPI ± alginate
Antacids
H2-blockers

Standard dosages 4 weeks

Esophagitis
Los Angeles A, B

PPI Standard dosage 4–6 weeks

Esophagitis
Los Angeles C, D

PPI Standard dosage
Up to double
1-0-1

Minimum 8 weeks
Often long term

Esophageal stricture PPI Double standard dosage
1-0-1

Long term

Chest pain and 
reflux

PPI Double standard dosage
1-0-1

Testing 2 weeks
8 weeks

Extraesophageal 
symptoms

PPI + alginate Double standard dosage
1-0-1

4 weeks

Barrett’s esophagus PPI Depending on esophagitis 
and present symptoms

Depending on esophagitis 
and present symptoms
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 Safety of PPI Therapy

Therapeutic use of PPI in GERD has a very good safety record over the years [4, 
14–18]. However, in the last 5 years, several reports have emerged about the asso-
ciation of PPI therapy with osteoporosis and other side effects [36–38]. Considering 
the worldwide use of PPI therapy on a daily basis, many millions of persons around 
the world have been exposed to PPI therapy, and therefore, it seems not to be sur-
prising that some severe side effects have been reported [2]. In contrast, in random-
ized and controlled trials, no specific side effects or severe adverse events related to 
PPI therapy have been reported in a substantial amount [15–18]. Furthermore, it 
must also be emphasized that many of the PPI users are elderly patients with several 
risk factors and concomitant diseases, who may have per se a higher risk of prob-
lems and adverse event [38].

Patients are usually irritated by information about potential side effects and com-
plications of PPI therapy such as osteoporosis. Their reach for safety may lead to 
more general caution and irritation. At this point, it must be emphasized that a gen-
eral caution about drug treatment is reasonable, but the evidence is quite over-
whelming that PPI therapy is a safe treatment option for millions of patients with 
GERD. Regarding long-term PPI therapy, the therapeutic concept should be evalu-
ated critically after the initial therapy and a certain time interval to assess other 
therapeutic options if applicable.

Table 4.2 Long-term therapy for maintenance in GERD

Indication Drugs Dosage Suggestions
Reflux symptoms less than 
three times a week:
Heartburn
Regurgitation

Antacids
Alginate

Standard Endoscopy scheduled
Follow-up after 6 months

NERD PPI
Alginate
Antacids

Standard 
dosage

If response not sufficient or 
recurrence, diagnostics 
necessary

Esophagitis
Los Angeles A, B

PPI Standard 
dosage

If response not sufficient or 
recurrence, diagnostics 
necessary

Esophagitis
Los Angeles C, D
Stricture

PPI Double 
standard 
dosage
1-0-1

Long-term

Sleeping disorder PPI + nighttime 
alginate

Standard 
dosage

Individual

Extraesophageal 
symptoms

PPI
Alginate

Individual Individual
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 Problems with PPI Therapy

Occasional problems during long-term PPI therapy are persisting reflux symptoms 
and/or persisting or recurrent reflux esophagitis [15–18]. The reasons for an insuf-
ficient effect of PPI therapy are multifactorial. Therefore, a first initiative is the 
deeper analysis of the symptoms that are persisting. It should be explored whether 
other reasons may be found and why PPI therapy and acid reduction do not influ-
ence the symptoms [39].

If an endoscopy has not been performed before, it is now the time to explore the 
upper gastrointestinal tract and look for additional information and explanations 
such as a more severe grade of esophagitis or any presence of complications such as 
strictures, Barrett’s esophagus, and/or ulcers, which may explain the limited success 
of PPI therapy [18, 39]. The latter may require an adaptation of the dosage. It is also 
important to check on the compliance of the patients.

If these options are explored and no explanation is found, a change in therapeutic 
concept may be advisable. A first possibility could be the choice for a different PPI, 
which may be a simple and effective solution. Another therapeutic option could be 
the combination of a PPI with an alginate [40–45]. Recent evidence has shown that 
shortly after a meal, an acid collection can emerge in the proximate stomach below 
the cardia [46–48]. The therapeutic control of the acid pocket by a combination of 
PPI and alginate seems to be a promising alternative [40–45].

A persisting reflux esophagitis may be quite troublesome and frustrating both for 
the patient and the therapist. If the limited response to a correct PPI dosage and 
intake persists, a more extensive diagnostic workup is needed to verify the correct 
diagnosis and possibly also the underlying pathophysiologic agents that contribute 
to the individual patient’s disease.

The mainstay of conservative management of GERD remains PPI therapy, which 
can be successful used in many patients and which has a satisfying safety record.
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and Surgical Therapy in GERD

Hans Friedrich Fuchs

 Basic Considerations for Alternative Options 
to Medical Therapy

Reflecting the multifactorial background of gastroesophageal reflux disease (GERD) 
and the large variation in it’s clinical presentation, it is not surprising that “one 
therapeutic option would fit all patients with GERD” seems to be rather unrealistic 
[1–5]. Since 30 years, proton pump inhibitor (PPI) therapy has been very successful 
as medical therapy [1]. Since the advent of PPI therapy, for many years, gastroen-
terologists propagated that no further therapeutic options are necessary because this 
powerful drug proides sufficient therapeutic effect [6]. Over the years, however, it 
became evident that a certain portion of GERD patients continued having trouble-
some symptoms despite PPI therapy and also despite an increasing dosage of PPI 
therapy [1, 7–9].

At the same time with the rising success of minimally invasive surgery, laparo-
scopic fundoplication emerged as a very successful operation for long-term prob-
lems with GERD [10–14]. Unfortunately, gastroenterologists and surgeons spent 
unnecessary time to argue against each other about what is the better option, PPI 
therapy or antireflux surgery. Several randomized trials have been performed com-
paring these two treatment options showing controversial results [7, 15–17]. The 
results can hardly be used as a general guideline for therapeutic decision-making. 
After many studies showing the effectivity of PPI therapy and several randomized 
trials showing a rather close race in the investigated populations regarding the long- 
term results with PPI therapy versus laparoscopic antireflux surgery, it became evi-
dent that the investigated populations may be quite different in their selection and 
difficult to compare [3–5, 7, 15–17]. First, GERD patients differ in many parameters 
within different populations that were investigated. In some studies, the severity of 
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the disease as expressed by the presence of esophagitis is, for example, below 40%, 
and in another study, it is above 60% or 70% [7, 10–14]. Data from populations with 
different selection criteria should not be compared.

As a consequence, extracting data and knowledge from literature regarding ther-
apeutic decision-making requires a critical view for the composition of the involved 
patient populations and especially regarding indications for surgery. If symptoms 
are used to define the indications for surgery, there is always a risk for wrong deci-
sions, since the variety and intensity of symptoms are large [18–24]. GERD may 
present with several different symptoms, which can overlap with other diseases and 
other disorders presenting with reflux-like symptoms [19–24]. In addition, the 
severity of the disease in a given patient may be judged differently by different 
authors especially if no clear defined criteria are used. Objective findings can be 
obtained by an adequate diagnostic workup [1]. Overlapping symptoms may be 
caused by other esophageal and gastric disorders, which may not surface in superfi-
cially investigated patients with reflux-like symptoms in dyspepsia and somatoform 
disorders and other motility disorders of the GI tract [19–24].

Therefore, the most important initial issue, when facing a patient who needs a 
decision regarding an indication for endoscopic or surgical therapy, is a precise 
diagnostic workup including an upper GI endoscopy, impedance-pH monitoring, 
high-resolution manometry, and, in cases of dysphagia or signs of delayed gastric 
emptying, additional radiographic and scintigraphic investigations [25–32].

The diagnostic workup to prove the presence of the GERD may differ from the 
diagnostic workup to help in the decision-making for surgical therapy [5]. In the 
first case, one has to decide whether to establish a conservative PPI therapy, which 
will not have the risks and consequences of an operation, if the decision turns out to 
be wrong. Therefore, if therapeutic decision-making regarding an indication for sur-
gery has to be made, all of the abovementioned investigations should be considered 
to clarify with the highest possible accuracy the presence of the disease and its 
pathophysiologic background in this individual patient [5]. Furthermore, in patients 
with extra-esophageal symptoms, this is of utmost importance, because in these 
cases, overlap with other conditions occurs even more frequently than in “regular” 
GERD patients [5].

PPI therapy is very effective, and it remains the standard treatment for acute 
symptoms of GERD [3, 5, 7, 9]. There is no place for surgical therapy as an acute 
therapeutic option [5]. In addition, it must be emphasized that PPI therapy is the 
most frequent form of long-term therapy in GERD patients and shows a good safety 
profile [3, 5, 7, 9]. Having stated this, it needs also to be emphasized that the current 
discussion about possible long-term side effects of PPI therapy is rather exaggerated 
[33]. This has to be assessed accurately, but no hysteria is necessary in informing 
the patient about an acute danger of osteoporosis or dementia. There is certain evi-
dence that in some patients these risks are present after long-term treatment, and 
therefore, the current measures of precaution have to be taken as mentioned in the 
chapter of conservative therapy. Surgical therapy bears definitely a risk of complica-
tions during and after the procedure [4, 5, 10–16]. This risk is in the acute situation 
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higher than medical therapy. Therefore, any indication for surgical therapy must be 
critically assessed and reflected in every case.

It must be emphasized that an uncritical yearlong continuation of medical ther-
apy despite persistent reflux and esophagitis can lead to progressive disease with 
ulcerations and the development of Barrett’s esophagus, the development of a short 
esophagus after years due to inflammatory reactions in the esophageal wall, and 
especially scarring and shortening of the esophagus with an increase in the size of 
the hiatal hernia, until the development of respiratory symptoms and chronic aspira-
tion develops [1, 30, 34–36]. Especially chronic aspiration in GERD patients with-
out adequate therapy may lead to mortality [34]. This is a similar, severe mistake as 
an uncritical indication for surgical therapy in patients who may have just reflux- 
like symptoms from another disorder or who may have only a mild form of 
GERD [5].

The worst component in waiting for many years to establish a justified indication 
for antireflux surgery is the fact that after unnecessary waiting, the chances for 
being able to correct effectively the anatomical and functional changes in such a 
patient are decreasing, if this decision is postponed too long [1, 5, 30]. If the hiatal 
hernia has developed too large and the esophagus has shortened too much, there will 
be no possibility in reconstructing the normal anatomy again, and also it will be 
impossible to normalize esophageal and gastric function again [1, 30].

Therefore, it is important to start diagnostic activities at the right time to assess 
the functional and anatomic status of the patient and determine what the nature of 
her/his GERD is in order to gain objective findings for therapeutic decision- 
making [5].

 Indication for Antireflux Surgery

The aim of antireflux surgery is the prevention of reflux by the correction of the 
defective antireflux barrier. For an optimal patient selection for surgery, only those 
patients should be selected, who have a high probability of having a sufficient ben-
efit from the surgical procedure compared to PPI therapy.

As a consequence, no patient should have an antireflux surgery without a previ-
ous long-term PPI therapy prior to thinking about the indication for surgery [3–5]. 
With this concept, patient and physician know clearly what an optimal PPI therapy 
can do for this individual patient. This question can only be answered after an opti-
mal PPI therapy with adequate dosage and adequate information to the patient about 
the details of intake.

An antireflux surgery has a chance to be superior to PPI therapy, if the patient’s 
quality of life is still restricted despite adequate PPI therapy by nonacid-associated 
symptoms such as fluid and food regurgitation from hiatal hernias and the mechani-
cal defective cardia [5, 7, 10–16]. In these patients, PPIs may have successfully 
stopped the acid-associated symptoms, but the remaining symptoms persist and the 
disease may be progressing despite PPI therapy [5].
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The decision for medical therapy or surgical therapy has been studied by several 
randomized trials [7, 15, 16]. In the largest trial, esomeprazole was compared to 
laparoscopic Nissen fundoplication in the short floppy form [7]. After 3 years, the 
therapeutic effect was very good in both groups [7]. After 5 years, the results show 
that laparoscopic Nissen fundoplication developed more failures because of the 
development of persisting dysphagia and other side effects, while the reflux control 
was better in the surgical group compared to esomeprazole [7]. Other case-control 
studies have shown that the therapeutic success of laparoscopic Nissen fundoplica-
tion is around 90% in esophageal centers with a high expertise for this operation 
[10–14]. The success is based on a strict selection of patients after extensive diag-
nostic workup selecting only those patients with proven disease and severe course 
[10–14, 37, 38].

Laparoscopic fundoplication is successful, if the indications are correctly estab-
lished and the procedure is performed based on the technical principles, which are 
published since many years [5, 37]. The selection criteria for the indication of anti-
reflux surgery are published in several guidelines [3–5]. Table 5.1 shows the criteria 
for this selection, which should be worked up in each patient to perform a correct 
indication. An example for an optimal patient selection is a patient with all the fol-
lowing signs: a yearlong history of GERD, with typical reflux symptoms (heartburn 
and regurgitation of food and fluid); the endoscopic, visible presence of esophagitis 
especially grade LA B, C, and D; an anatomical alteration of the esophagogastric 
junction by a hiatal hernia; an improvement of acid-associated symptoms under PPI 
therapy; an incompetent lower esophageal sphincter on high-resolution manometry; 
a positive impedance-pH monitoring test with a positive symptom-reflux-episode 
correlation (Symptom Association Probability [SAP] 95%); a persistence of non-
acid symptoms under adequate PPI therapy; a dosage escalation; and a reduced 
quality of life over years.

If not all of these criteria are fulfilled in the diagnostic workup and/or cannot be 
detected, then one should reflect critical over the results. If most of these criteria are 
fulfilled, it could be an individual decision to perform antireflux procedure. If the 
diagnostic results do not match together and questions rise as to the nature of the 

Table 5.1 List of indication criteria for laparoscopic antireflux surgery [5]

Criterion Investigation
Typical symptoms (heartburn, 
regurgitation)

History

Long duration of symptoms History
Presence of a hiatal hernia Endoscopy, radiography, high-resolution 

manometry
Esophagitis Endoscopy
LES incompetence Manometry
Pathologic esophageal acid exposure Impedance-pH monitoring
Positive reflux-symptom correlation Impedance-pH monitoring +SAP
Positive PPI response History
PPI dose escalation History
Reduced quality of life (lebensqualität) Validated questionnaire GIQLI
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findings, again a critical assessment of the findings has to be performed and the 
diagnostic workup may have to be repeated. It is always wise to put the patient on 
another episode of conservative therapy, until the findings match together. One 
should complete the picture and be sure of the presence of an advanced and progres-
sive GERD in a patient, in whom we plan an antireflux procedure.

 Indications for Antireflux Surgery in Special Circumstances

 Indication for Surgery in the Elderly

An antireflux procedure can be performed in patients older than 70 or 80 years, if 
they match with the indication criteria as mentioned above [5, 39]. In several stud-
ies, the success of this procedure has been shown also in the elderly [39, 40]. In 
patients with risk factors, which can be more frequently present in elderly patients, 
one has to critically judge between the risk for possible complications due to risk 
factors and the age of the patient against the possible success for this patient regard-
ing the Nissen fundoplication. One study showed that the morbidity rate in the 
elderly was not significantly different from those in younger age, and the functional 
result of the antireflux procedure was similarly good in both groups 5 years after 
surgery [39].

 Indication for Antireflux Surgery in Patients with NERD 
(Nonerosive Reflux Disease)

There are patients with GERD who have no erosive esophagitis (NERD) [3]. In 
recent years, it has become more difficult to differentiate between a true NERD 
patient and patients with initial esophagitis, who has been treated by early PPI ther-
apy prior to their first endoscopy. As a result, the initial esophagitis may have healed, 
and there is no possibility to differentiate later on between these two entities, 
because PPI therapy may have covered the initial existing esophagitis. Therefore, 
many so-called NERD patients are really patients with limited esophagitis. Evidence 
has shown that NERD patients can be successfully treated with antireflux surgery, 
but very accurate diagnostic workup has to be performed [40]. These patients must 
undergo impedance-pH monitoring with the symptom-reflux correlation to prove 
the presence of GERD in each case prior to surgery.

 Indication for Antireflux Surgery in Patients 
with Extra-Esophageal Symptoms

Patients with extra-esophageal symptoms require an extensive diagnostic workup to 
prove the presence of GERD [41–45]. Extra-esophageal symptoms such as cough, 
sore throat, hoarseness, sore, and aspiration have its origin in pathologic acid reflux 
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from the stomach; however, this often may have other causes [5]. The important 
question is the accurate identification of origin of these symptoms. They may be 
caused by esophago-pharyngo-laryngeal reflux leading to chronic aspiration and 
extra-esophageal symptoms. Often, these patients with these symptoms are referred 
to ENT colleagues, who call this reflux laryngopharyngeal reflux (LPR) even though 
it originates from the esophagus and furthermore from gastric fluids. The ENT col-
leagues use the Restech system to monitor the presence of acid in the pharynx. The 
limitation of this test is that the measurement is only measured at one point, which 
may be not enough to have an accurate assessment of true gastroesophageal acid 
reflux reaching up into the pharynx. In addition, the reflux episodes should be cor-
related to the symptoms, which is usually not performed. Recently, there are some 
critical reports in literature [46–48].

There is some controversial discussion between ENT colleagues and gastroen-
terologists as well as GI surgeons about this issue. For an accurate diagnosis of 
gastroesophageal acid reflux causing further up an esophago-pharyngo-laryngeal 
reflux with subsequent extra-esophageal symptoms, we need a proof of combined 
reflux episodes of gastroesophageal and esophago-pharyngeal reflux correlating 
with extra-esophageal symptoms. There is evidence that antireflux surgery is suc-
cessful, if patient selection is correctly performed [4, 5]. It is important in these 
patients to invest an enormous effort in the diagnostic workup before establishing 
the indication for antireflux surgery, because many of these patients do not have 
gastroesophageal reflux disease despite their symptomatic appearance [5].

 Indication for Antireflux Surgery in Patients with Delayed 
Gastric Emptying

Patients with altered gastric motility and delayed gastric emptying may have reflux 
problems due to the obstruction of fluid and food in the stomach [49, 50]. In these 
patients, it is also of importance to perform a precise diagnostic workup to detect 
these additional functional problems that are more located in the stomach than in the 
esophagogastric junction. In cases with the combination of GERD and other mild 
delayed gastric emptying, a fundoplication has a positive effect on the emptying 
[51, 52].

In severe gastroparesis, these patients do not need an antireflux surgery, but pos-
sibly some gastric surgery or initially medical therapy to solve the issue of delayed 
gastric emptying [49, 50]. The worst thing that can happen is that in these patients, 
who may have as chief complaint of regurgitation or heartburn as well as nausea and 
vomiting, a quick decision may be established to undergo a fundoplication, which 
may worsen the symptoms dramatically and may furthermore hide the original 
cause of their problem. There are other cases usually with more severe delayed 
gastric emptying and full gastroparesis that show a severe aggravation of the symp-
toms after an unjustified fundoplication.

In summary, the decision for an indication for antireflux surgery or other inter-
ventional therapies in GERD is a critical step in the patient’s “carriere.” Since 
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antireflux surgery can also cause side effects or cause damage to the esophagogas-
tric function, which may end up in persisting symptoms and may not be able to be 
corrected in the future such as vagal damage, it is very important for every single 
patient to undergo adequate investigations prior to surgery. Optimal information 
about the background of the disease can only be obtained by extensive diagnostic 
testing of the individual situation of the disease and its pathophysiologic causes.
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 Introduction

Proton pump inhibitors (PPIs) form the backbone of treatment for gastroesophageal 
reflux disease (GERD). They are well evaluated and effective, and serious side 
effects are very rare even during long-term treatment. Nevertheless, some patients 
have refractory symptoms despite acid suppression therapy, and few patients com-
plain about side effects that lead to discontinuation of medical therapy. As alterna-
tive to medical treatment and surgical fundoplication, endoscopic treatments for 
GERD have been developed and are available for selected patients.

 Indications and Contraindications

Endoscopic anti-reflux therapy (EART) can be evaluated after failure of treatment 
with PPI. This mainly includes patients with persistent symptoms and acid reflux 
despite high-dose PPI therapy. In rare circumstances, patients who do not tolerate a 
PPI therapy because of side effects may be candidates for EART as well. In some 
cases, the patient’s refusal to take long-term PPI therapy might be a further indica-
tion for EART.

Mandatory examinations prior to EART include an upper GI endoscopy, a 
24-hour pH monitoring, and a high-resolution manometry of the esophagus. The pH 
monitoring is done to verify the presence of gastroesophageal reflux and especially 
to document the ongoing acid reflux despite usage of high-dose PPI. The further 
aim of these examinations is to exclude the presence of a large hiatal hernia or the 
presence of Barrett’s esophagus and to exclude esophageal motility disorders [1].
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Careful patient selection is of paramount importance, especially with regard to 
the presence of a large (>2–3 cm) hiatal hernia. These patients do not profit from 
EART and should preferentially be referred to surgery. It is important to inform the 
patient prior to EART that approximately one-third of patients will need long-term 
PPI treatment or a surgical therapy during follow-up.

 Technical Aspects of Currently Available EART

The currently available EARTs are based upon either full-thickness tissue plication 
at the gastroesophageal junction (GEJ), radiofrequency ablation, or endoscopic 
mucosal resection and are summarized in Table 6.1 [2].

The Enteryx procedure (Boston Scientific Corp., Marlborough, MA, USA) was 
based upon endoscopic injection of a copolymer compound into the lower esopha-
geal sphincter (LES). The device, however, was taken off the market after several 
occurrences of severe adverse events (including mediastinitis and mediastinal 
abscess) were reported and a warning by the Food and Drug Administration was 
issued [1].

 Endoscopic Full-Thickness Plication

An endoscopic full-thickness plication with serosa-to-serosa apposition at the GEJ 
is the endoscopic technique that comes closest to surgical fundoplication. Different 
systems to perform the endoscopic full-thickness plication are currently available. 

Table 6.1 Overview of different endoscopic anti-reflux therapies

Method Device Manufacturer Comments
Tissue plication GERDX G-Surg GmbH, 

Seeon-Seebruck, 
Germany

Same mechanism as Plicator 
(NDO Surgical Inc., Mansfield, 
USA)
Good evidence

MUSE Medigus, Omer, Israel Only few data available
EsophyX EndoGastric Solutions 

Inc., Redmond, USA
Long-term efficacy questionable

EndoCinch Not available anymore
Mucosal plication only, no 
full-thickness plication

Radiofrequency 
ablation

Stretta Mederi Therapeutics Inc., 
Norwalk, USA

Insufficient long-term efficacy

Injection Enteryx Withdrawn from market due to 
serious adverse events

Mucosal resection New procedure
Based upon EMR/ESD, no 
specialized device necessary

Overview of the different modalities of endoscopic anti-reflux therapy and the commercially avail-
able devices
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These are the GERDX device (G-Surg GmbH, Seeon-Seebruck, Germany), the 
MUSE system (Medigus, Omer, Israel), and the EsophyX device (EndoGastric 
Solutions Inc., Redmond, WA, USA) (Fig. 6.1). The GERDX device used the same 
technology as its predecessor Plicator (NDO Surgical Inc., Mansfield, USA), which 
is not available anymore. Not available anymore as well is the EndoCinch device 
(Bard Medical, Covington, GA, USA), which in contrast to the previous mentioned 
devices only facilitated a mucosal plication and no full-thickness plication.

The single steps of endoscopic full-thickness plication with the GERDX device 
are shown in Fig. 6.2.

a

b

c

Fig. 6.1 Devices for full-thickness tissue plication. (a) GERDX device (G-Surg GmbH, Germany). 
(b) MUSE device (Medigus, Israel). (c) EsophyX device (EndoGastric Solutions Inc., USA)
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 Radiofrequency Ablation

The Stretta device (Mederi Therapeutics Inc., Norwalk, CT, USA) is currently the 
only available system that uses radiofrequency ablation. The device consists of a 
catheter with a needle balloon on the distal end. It is introduced via a guidewire and 
advanced to the LES. The balloon is then inflated, and the needles on its outer side 
are used to deliver the radiofrequency energy into the deep submucosa. The radio-
frequency energy is applied multiple times, and the catheter position is changed in 
between the applications by moving it back and forward and rotating it.

The mechanism of action is not yet fully elucidated. Current concepts include the 
induction of fibrosis, modulation of the LES tone, and an influence on visceral affer-
ent nerves caused by thermic destruction [1, 2].

 Endoscopic Mucosa Resection

Anti-reflux mucosectomy (ARMS) is a new endoscopic treatment for GERD. The 
ARMS procedure involves resection of gastric mucosa at the GEJ, including 
approximately 2 cm of gastric mucosa and 1 cm of esophageal mucosa. This results 
in scarring with shrinking and remodeling of the GEJ and creation of a flap valve, 
which causes an improvement of the Hill grade (Fig. 6.3). In the first two reported 
cases, a circumferential resection was done, which resulted in stricture formation 
and the need for dilation therapy. Thus, in later cases, a mucosal bridge of approxi-
mately twice the scope’s diameter was left at the greater curvature and no stricture 
formation was observed [3].

a

e

b

f

c

g

d

h

Fig. 6.2 Use of the GERDX device for endoscopic fundoplication. (a) View of the gastroesopha-
geal junction and a small hiatal hernia prior to the procedure. (b–d) Use of the tissue grasper and 
application of the first suture. (e) Result after the first suture. (f–g) Application of the second 
suture. (h) View of the gastroesophageal junction at the end of the procedure after application of 
two full-thickness sutures
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The resection is done using endoscopic mucosal resection (EMR) or endoscopic 
submucosal dissection (ESD) techniques. Regarding EMR technique, cap-assisted 
EMR and a ligate-and-snare EMR technique were recently used successfully as 
well [4, 5].

 Clinical Evidence for EART

 Endoscopic Fundoplication

Good data is currently available for the Plicator and GERDX device (Table 6.2). A 
prospective and placebo-controlled trial showed a significant higher number of 
patients in the treatment group (56%) that experienced a significant improvement of 
GERD-related quality of life (defined as improvement of at least 50%) compared to 
patients in the control group (18.5%). In that study, esophageal acid exposure and 
PPI usage were significantly lower in the treatment group compared to the control 
group as well [6]. A further study showed that the improvement in quality of life 
was associated with improvement of objective measures, such as the DeMeester 
score or the absolute number of acid reflux episodes on 24-hour pH monitoring [7]. 
Information on the long-term outcome (>12 months) after full-thickness plication is 

a b c d

Fig. 6.3 Endoscopic anti-reflux mucosectomy. (a) Finding before the procedure. (b) Endoscopic 
mucosa resection. (c, d) Improvement of Hill grade after the procedure due to scarring. (From 
Inoue et al. [3])

Table 6.2 Long-term outcome of EART with the Plicator/GERDX device

Study
Patients 
(n)

Follow-up 
(months) GERD-HRQL

PPI-free 
(%)

Pleskow et al. (2007) [17] 29 36 6 vs. 19∗ 41
Birk et al. (2009) [18] 81 12 12 vs. 26.6∗ 24
Von Renteln et al. (2008) 
[19]

41 12 11.0 vs. 26 39

Antoniou et al. (2012) [8] 29 12 (96.3 vs. 
119.2∗)a

89

Summarized are the results of controlled studies that reported on long-term outcome and PPI usage 
with the Plicator/GERXD device
GERD-HRQL GERD-health related quality of life
aA different score to assess quality of life was used in that study
∗Significant change (p < 0.05)
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available from noncontrolled studies only. Compared to surgical fundoplication, a 
randomized trial showed similar quality of life after 12 months in the group treated 
with endoscopic full-thickness plication compared to the group that underwent sur-
gical fundoplication [8]. Further analysis revealed that patients after surgical fundo-
plication experienced less symptoms, while more patients after EART discontinued 
PPI therapy (89% vs. 48%).

The MUSE system has so far been only evaluated in noncontrolled trials. A sig-
nificant improvement in quality of life was found after 6 months in a large multi-
center trial, which as well showed significant improved results for 24-hour pH 
monitoring. Therapy with PPI could be discontinued in two-thirds of the patients 
[9]. These encouraging results could be confirmed in a long-term follow-up after 
4 years [10]. Similar results were found in a small cohort of 13 patients that were 
followed for 5 years. At the end of the study, 7 of the 13 patients (64%) were off PPI 
therapy [11]. The main disadvantages of the MUSE device are related to the proce-
dure itself. These are the complexity of the device as well as the need for endotra-
cheal intubation and muscle relaxation.

The EsophyX device has so far been evaluated in multiple trials, including ran-
domized and placebo-controlled studies. Recently, a meta-analysis was published 
that summarized the findings and revealed a significant higher response rate  – 
defined as improvement of GERD-related quality of life >50% – compared to the 
control group [12]. This meta-analysis, however, also showed that the response rate 
dropped from approx. 70% to approx. 40% after a follow-up of 4–6 years (Fig. 6.4). 
The latter finding is most likely explained by an only temporary remodeling of the 
gastroesophageal junction. As soon as 12 months after the intervention, Hill grade 
had worsened again and almost reached the level prior to EART [13]. In our opin-
ion, this reduced long-term efficacy is most likely due to a reduced stability of the 
used fasteners. Contrary to this, a recently published study on the long-term out-
come after 1, 3, and 5 years revealed a persistent improvement of symptoms, yet 
approximately one-third of patients was still on daily PPI therapy after 5  years. 
Unfortunately, no data on pH monitoring results were presented [14]. Similar results 
were reported in a long-term follow-up study on 50 patients. After 6 years, 35.7% 
of the patients had stopped PPI therapy, 50.0% of the patients had halved the PPI 
dose, and the remaining 14.3% of the patients continued PPI therapy as before [15]. 
A network meta-analysis comparing the EsophyX procedure to surgical fundoplica-
tion showed significantly better results regarding findings of 24-hour pH monitoring 
for surgery compared to the endoscopic approach with the EsophyX [16].

 Radiofrequency Ablation

The most important limitation of the Stretta system is its insufficient long-term 
efficacy. The first small and noncontrolled studies reported promising results for the 
device. More recent placebo-controlled trials could, however, not confirm these 
findings (Table  6.3). Taken together, the three studies found an improvement of 
symptoms, but objective parameters such as results of pH monitoring and need for 
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PPI therapy showed no difference between baseline and end of the study in two of 
the three studies [20, 21]. Only the third study, which allowed the use of two sequen-
tial sessions with the Stretta device in a third arm, showed a reduction of PPI usage 
in that particular treatment arm [22]. The three studies, however, were limited to a 
follow-up of not more than 12  months. With regard to long-term outcome after 
radiofrequency ablation, there is data from a noncontrolled cohort study. Despite 
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Fig. 6.4 Long-term results after treatment with the EsophyX device. (a) Response rate during 
short- and long-term follow-up. (b) Use of PPI during follow-up after the EsophyX procedure. 
(From Huang et al. [12])
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some methodological weakness, that study showed an improvement of GERD- 
associated quality of life and reduction of PPI usage [23, 24]. A further study that 
reported on a median follow-up of almost 2 years revealed that 54% of the patients 
were still on PPI treatment [25]. A meta-analysis of cohort studies and randomized 
controlled trials is available as well. This analysis showed an improvement in qual-
ity of life, PPI usage, and acid exposure. However, among the randomized con-
trolled trials, PPI reduction was lower compared to the cohort studies, and in the 
randomized trials, there was no improvement of esophageal acid exposure in 
24-hour pH monitoring [26]. Taken together, especially the results from the ran-
domized controlled trials did not confirm the otherwise positive results for the 
Stretta device.

 Endoscopic Mucosa Resection

The ARMS procedure has so far only been reported in two studies including 10 and 
33 patients [3, 4]. The first two patients in the initial study were treated with circum-
ferential resection and required dilation therapy due to stricture formation. In the 
latter eight cases, the resection was not done circumferentially, which prevents stric-
ture formation. Scar formation and shrinking led to formation of a flap valve at the 
GEJ. Overall, the DeMeester score and esophageal acid exposure were improved 
2 months after the procedure. Further, PPI therapy could be discontinued in all eight 
patients [3]. The second study used cap-assisted EMR and included 33 patients. 
After 6 months, there was a significant improvement of GERD-related symptoms, 
the DeMeester score, and acid exposure time. Approximately two-thirds of patients 
were free of PPI after 6 months; however, their baseline DeMeester score was only 
3.6, which is well within the range of normal and was significantly lower compared 
to patients that still needed PPI after 6 months [4]. Due to the lack of long-term 
results and controlled studies, it is still too early to make a final conclusion about 
this procedure. The first results nevertheless seem promising.

Table 6.3 Results of sham-controlled trials for radiofreqeuency ablation with the Stretta device

Study
LES tone AET (%)

PPI withdrawal 
(%)

Control Stretta Control Stretta Control Stretta
Corley et al. (2003) [20] 18

(14.8–22.5)
16.2
(10.6–23)

10.7
(5.9–13)

9.9
(4–14.7)

52 58

Aziz et al. (2010) [22] 15.9
(+/− 3.2)

16.2
(+/− 4.5)

8.2
(3.1)

6.7
(2.8)

0 15

Arts et al. (2012) [21] 13.3
(+/− 2)

16.3
(+/− 2)

9 15 0 16

Summarized are the results for the control and Stretta groups with regard to LES tone, the acid 
exposure time (AET), and rate of PPI withdrawal from three sham-controlled trials with the 
Stretta device
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 Complications

The currently available EARTs are in general safe procedures. Serious adverse 
events occur in rare instances only (Table 6.4). With regard to the post-procedural 
management of these patients, it is however important to be aware of the more com-
mon and mostly self-limiting side effects of the different procedures. These are 
mainly chest, abdominal, or shoulder pain as well as dysphagia and a sore throat. 
Symptomatic treatment, especially adequate pain therapy, is required in these 
cases [1].

 Summary

For carefully chosen patients, EART is an alternative to medical or surgical treat-
ment of GERD. Careful selection of patients as well as the endoscopic procedure is 
of high importance for treatment success. Patients with refractory symptoms and 
proven acid reflux despite high-dose PPI therapy might be evaluated for 
EART. Among these patients, those with a large hiatal hernia should preferentially 
be referred to surgery and not undergo EART. For all available endoscopic treat-
ment options, the best evidence currently exists for endoscopic full-thickness plica-
tion of the gastroesophageal junction. ARMS could become an alternative for 
selected patients. To summarize the results of EART: In one-third of patients, acid 
suppression therapy can be discontinued after EART; in one-third, an on-demand 
therapy is sufficient; and the last third will require either long-term medical treat-
ment or surgery due to persistent acid reflux and symptoms.

Table 6.4 Complications

Device
Self-limiting 
complications

Serious 
complications

Unpublished complications 
(MAUDE database)

Plicator/
GERDX

Sore throat (+)
Chest pain(+)
Shoulder pain
Hemorrhage

Pneumoperitoneum
Pneumothorax

Diaphragm injury
Pneumoperitoneum
Pneumothorax
Perforation

EsophyX Abdominal pain
Shoulder pain
Hemorrhage
Dysphagia

Hemorrhage
Shoulder pain
Esophageal 
perforation

Perforation
Pleural effusion
Hemorrhage

Stretta Chest pain (+)
Fever (+)
Esophagitis/ulcer
Nausea

Gastroparesis
Pancreatitis

Esophageal perforation
Gastroparesis

Overview of the reported self-limiting and serious complications for the Plicator/GERDX device, 
the EsophyX device, and the Stretta device according to published data. Further included are com-
plications reported in the MAUDE (Manufacturer and User Facility Device Experience) database 
(based upon Pandolfino et al. [1])
(+): >10 cases
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 Indications

Gastroesophageal reflux disease (GERD) affects up to 40% of the US adult popula-
tion [1]. The cornerstone of GERD symptom management includes lifestyle modi-
fication and medical therapy. Acid-suppressing medications, such as proton pump 
inhibitors (PPIs), have shown great efficacy in achieving satisfactory symptom con-
trol for most patients and are the only treatment that the majority of patients will 
require [2, 3]. However, for a certain number of patients, lifestyle modification and 
acid suppression are insufficient to adequately control their symptoms and sequelae 
of GERD, and surgical options should be considered.

Failure of medical therapy can be divided into noncompliance with daily medi-
cation dosing or progression of GERD symptoms and complications despite ade-
quate medical therapy. Noncompliance with medical therapy can stem from patient’s 
unwillingness to take lifelong medical therapy or an inability to, which occurs for a 
number of reasons. Lifelong PPI therapy is a significant financial cost for a number 
of patients [4]. While highly effective, PPIs are also not without their own adverse 
effects and risks. Studies have shown that long-term PPI therapy can cause increased 
risk of gastrointestinal infections, especially Clostridium difficile [5]. Patients on 
long-term PPI therapy are also at risk of developing vitamin malabsorption and 
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deficiencies from long-term acid suppression. Deficiencies in magnesium, calcium, 
vitamin B12, and iron have all been reported. Rarely, PPI use has also been associ-
ated with acute interstitial nephritis and drug-induced lupus.

Development of complicated GERD while on appropriate medical therapy is 
another common indication for anti-reflux surgery. Complicated GERD includes 
the spectrum of esophageal changes incurred from persistent exposure to an acidic 
environment. Patients may develop esophageal strictures, ulcers, or esophagitis. All 
of which can negatively impact patient’s quality of life. Barrett’s esophagus can also 
be associated with GERD, and anti-reflux surgery has shown equivalent 5-year 
remission rates as esomeprazole and thus may be another indication for surgery in 
select patients [6]. DeMeester also performed a literature review in which Barrett’s 
regressed in a significant proportion of patients who underwent anti-reflux surgery 
[7]. He notes that Barrett’s should be considered end-stage reflux disease and that 
patients with disease progression on medical therapy should be offered surgical 
attempt at controlling their disease [7].

Patients with anatomic pathologies also often fail medical therapy and are good 
surgical candidates. Hiatal hernias are the most common anatomic pathology that 
can lead to GERD.  Hiatal hernias result in intrathoracic migration of the lower 
esophageal sphincter, which disrupts its normal physiologic function. Up to 84% of 
patients with reflux esophagitis are found to have a concomitant hiatal hernia [8]. 
Anti-reflux procedures performed in these patients must include repair of the hiatal 
hernia or else will almost invariably fail. Likewise, obesity is closely linked to 
GERD. In this special patient population, bariatric surgical procedures can provide 
significant improvement in reflux symptoms and should be strongly considered.

 Preoperative Evaluation

Preoperative evaluation should include a thorough extensive symptom history, pref-
erably with free-form questionnaires followed by evaluation of the esophageal func-
tion, any esophageal pathophysiology, esophageal length, and any potentially 
contributing anatomic defects, such as a hiatal hernia. We typically begin with upper 
endoscopy to evaluate the esophageal and gastric mucosa to detect any evidence of 
Barrett’s esophagus, esophageal strictures, or malignancies, which may change 
operative planning or surveillance. Impedance-pH monitoring probes are placed at 
the time of EGD, and 96 hours off-PPI acid exposure and symptom correlation are 
used to objectively quantify GERD. An upper gastrointestinal (UGI) contrast study 
is useful to evaluate esophageal length and presence of a hiatal hernia, which may 
also alter surgical planning. Finally, esophageal manometry can provide insight into 
any underlying esophageal pathophysiology, which can significantly change the 
planned procedure, or reveal contraindications to anti-reflux surgery.
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 Operative Procedures

Anti-reflux procedures can be broken down into either gastric wraps, sphincter aug-
mentation, endoscopic interventions, or gastric bypass. A practicing foregut sur-
geon should be able to provide a variety of options for anti-reflux surgery and tailor 
treatment for each individual patient.

 Nissen Fundoplication

The Nissen fundoplication was first described in 1956 by Rudolf Nissen and has 
become one of the most commonly performed anti-reflux procedures to date. It 
involves wrapping the fundus 360 degrees around the intra-abdominal portion of the 
esophagus to bolster the LES. When wrapped in this manner, gastric muscle con-
tractions, which previously may have increased the intragastric pressure and esoph-
ageal reflux, now help maintain the LES. Detailed operative steps of a laparoscopic 
Nissen fundoplication are further discussed in Chap. 8.

 Partial Fundoplication

Complete 360-degree fundoplication should be avoided in patients with esophageal 
motility disorders as it can lead to severe dysphagia. This has led to the modification 
of the Nissen fundoplication to partial fundoplications, which in their own right 
have seen great success as anti-reflux procedures. The Dor and Toupet fundoplica-
tions are the two most commonly utilized partial fundoplications. Dor fundoplica-
tion involves a 180-degree anterior fundal wrap, while the Toupet fundoplication 
involves at 270-degree posterior fundal wrap. The Dor fundoplication has also 
found great use after esophageal (Heller) myotomy to both buttress tissue over the 
divided muscle fibers, as well as a means of preventing severe reflux after this pro-
cedure. Detailed description of Toupet fundoplication can be found in a later chapter.

 Belsey Mark IV Fundoplication

The Belsey Mark IV fundoplication is another partial fundoplication, but it is per-
formed from a transthoracic approach. This technique involves a 240-degree ante-
rior partial fundoplication, with associated crural plication to narrow the esophageal 
hiatus and provide extra support of the LES [9].
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 Magnetic Sphincter Augmentation

Magnetic sphincter augmentation involves placement of a magnetic prosthesis 
around the distal esophagus to bolster the LES. The device used is the LINX Reflux 
Management System, which gained FDA approval in 2012. This device includes a 
ring of magnets that sit around the distal esophagus. The magnetic force serves to 
bolster the LES resting pressure [10] while still allowing passage of swallowed food 
and liquids, as well as regurgitation of gas. Detailed description of MSA placement 
and indications can be found in a later chapter.

 Endoscopic Methods

Endoscopic techniques are the newest developments in anti-reflux surgery, and their 
efficacy and long-term durability are still being validated. The Stretta procedure is 
one of the most commonly used and studied endoscopic methods. This procedure 
involves endoscopic radiofrequency ablation of the LES fibers, which results in 
scarring and hypertrophy of the muscle fibers, with a subsequent increase in LES 
strength and resting pressure. Transoral incisionless fundoplication (TIF) is a newer 
technique. It utilizes endoscopically placed full-thickness sutures to complete a par-
tial gastric fundoplication, though evaluation of short- and long-term outcomes is 
still needed.

 Gastric Bypass

GERD disproportionately affects obese patients, with prevalence rates as high as 
37–72% [11, 12]. Reflux in the obese is due to a number of anatomic and physio-
logic factors, such as increased intra-abdominal pressure which disrupts the normal 
physiology of the LES.  Roux-en-Y gastric bypass (RYGB) has shown positive 
results in ameliorating obesity-related GERD.  Seventy percent of patients were 
found to have improvement or resolution of GERD symptoms at 1 year postopera-
tive [13]. This is especially notable as obese patients typically have higher rates of 
failure for other standard anti-reflux procedures, such as fundoplication [14]. The 
relationship between GERD and sleeve gastrectomy is discussed in greater detail in 
a later chapter.

 Comparative Outcomes

Outcomes of surgical anti-reflux procedures in comparison to best medical therapy 
with PPIs are generally mixed, but when performed by experienced surgeons, fun-
doplication appears to be at least comparable to PPI therapy and may be superior in 
the short term. All fundoplication procedures show excellent results, regardless of 
the approach or wrap used. A randomized controlled trial by Grant et al. showed 
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that patients undergoing posterior fundoplication of any type had better 5-year 
reported reflux scores, and only 44% of patients in the surgical arm required ongo-
ing medical therapy, compared to 82% of the medically managed patients [15]. 
Adverse effects of surgery were rare (3%) and typically occurred only in the early 
postoperative period. When performed by experience surgeons, anti-reflux proce-
dures are safe and effective in providing sustainable long-term results.

Anterior and posterior partial wraps are not equivalent in their outcomes. A 2010 
meta-analysis by Broeders et al. found that posterior wraps resulted in decreased 
esophageal acid exposure time, decreased heartburn symptoms, and decreased long- 
term PPI use when compared to anterior wraps. Anterior wraps were also associated 
with higher rates of reoperation, primarily for these recurrent GERD symptoms. In 
the short term, posterior wraps had higher rates of associated dysphagia, though this 
difference resolved in the long term. There was no significant difference in patient 
satisfaction between anterior and posterior wraps. However, given the objectively 
superior outcomes seen above, posterior wraps should be the partial fundoplication 
of choice when being performed purely for GERD [16].

Total and partial posterior wraps appear to be comparable in their overall out-
comes. In a randomized trial, Mardani et al. found no significant difference between 
total and partial posterior fundoplication with regard to long-term heartburn and 
acid regurgitation symptoms [17]. Likewise, other trials have found no significant 
difference in the rates of recurrent GERD symptoms after total fundoplication or 
posterior fundoplication (5% vs. 6%) at 3 years [18]. Total fundoplication is often 
noted to have higher rates of short-term mechanical issues, such as dysphagia and 
gas bloating, though these differences disappear in long-term follow-up [17].

Outcomes between fundoplication and newer techniques, such as magnetic 
sphincter augmentation or endoscopic procedures, have not yet been extensively 
studied. One comparison of fundoplication and magnetic sphincter augmentation 
did find similar results in objective control of GERD. Both DeMeester scores and 
percentage of time of esophageal pH was less than four normalized in the two 
groups, though fundoplication resulted in significantly lower overall scores. 
However, magnetic sphincter augmentation was associated with significantly 
shorter operative time and decreased rates of bloating and inability to belch [19]. 
Further studies will be needed in the future to reach more definitive conclusions on 
their comparative outcomes and efficacies. Currently, MSA placement is safe and 
effective and results in lower operative times than fundoplication. Outcomes are still 
being studied, but MSA offers another option for anti-reflux surgery with good 
outcomes.

 Conclusion

Anti-reflux procedures are safe and effective in relieving GERD. Medical therapy 
remains the gold standard of reflux management, but in the select group of patients 
who fail medical therapy or are unable/unwilling to adhere to lifelong medical ther-
apy, surgical anti-reflux therapy is indicated. One surgical procedure is not 

7 Surgical Management of Gastroesophageal Reflux Disease



74

markedly superior when comparing long-term outcomes as all operations show 
favorable results with improvement in symptoms and evidence of Barrett’s stabili-
zation or regression. It is important for the practicing foregut surgeon to have mul-
tiple tools in their surgical toolbox in order to treat GERD, so each operation may 
be tailored to the patient’s specific needs for best outcomes.
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 Introduction

The “Nissen fundoplication” was first published in 1956 by Rudolf Nissen, a sur-
geon from Basel, Switzerland [1]. He created the first mechanical effective plication 
of the gastric fundus around the distal esophagus, which proved to be a true antire-
flux procedure in the subsequent years with its augmentation effect on the lower 
esophageal sphincter (LES). With increasing understanding of gastroesophageal 
reflux disease (GERD) as a distinct entity, this paralleled the development of sur-
gery as a treatment option [2–5]. The history of antireflux surgery in the twentieth 
century is initially characterized by a reconstruction of the anatomical alterations 
after the development of a hiatal hernia [1–7]. Especially Allison initiated and prop-
agated the first step in antireflux surgery with an anatomical reconstruction of the 
hiatus and a gastric fixation by a pexy [2, 3]. However, over the 1950s and 1960s, it 
became quite evident from clinical experience that only an anatomical reconstruc-
tion was not sufficient enough to effectively treat pathologic reflux [4–7]. Allison 
himself published at the end of his career a summary of his experience with the pexy 
technique showing a recurrence rate of around 50% [5]. As a consequence, it could 
be concluded from this era that the technical strategy of an isolated anatomical 
reconstruction and fixation is probably not sufficient enough to stop reflux for good, 
especially not in patients with advanced disease [5–7].

The Nissen fundoplication became a successful antireflux procedure during the 
1960s and 1970s; however, the published side effects were substantial especially 
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dysphagia [4, 7]. This led to searching for a better “fundoplication” and several 
other procedures like various forms of partial fundoplications such as the Belsey 
Mark IV procedure or the Lind operation [4, 7, 8]. Very few comparative studies 
were performed at that time, showing quite superior antireflux effect of the full 360° 
Nissen fundoplication [6].

In Chicago, a group of surgeons Donahoe, Bombeck, and DeMeester modified 
the technique to create the short floppy Nissen fundoplication [6, 9, 10]. This ver-
sion of the Nissen fundoplication with documented fewer side effects as the original 
version became the most successful Nissen technique in the 1980s and 1990s. 
DeMeester et al. documented that by using a shorter wrap and a larger bougie dur-
ing calibration and shaping of the wrap, one can reduce postoperative dysphagia and 
side effects substantially [10].

With the advent of minimal invasive surgery, the laparoscopic Nissen fundopli-
cation became a “boom operation” [11]. Again, during the learning curve of laparo-
scopic Nissen fundoplication, the incidence of postoperative dysphagia was high, 
indicating the need for a very meticulous technique to shape and to suture the fun-
dus around the weak LES [12–16]. Surgeons looking for an alternative with less 
side effects picked up the posterior hemifundoplication technique published by 
Toupet in the early 1960s [17]. In subsequent years, the laparoscopic Nissen fundo-
plication and the laparoscopic Toupet hemifundoplication became the most fre-
quently used minimal invasive techniques [18–21].

Among surgeons, the discussion and the choice for one or the other technique, 
Nissen or Toupet, have continued with persisting engagement. A number of ran-
domized trials have been performed to compare full and partial fundoplication tech-
niques [18, 19, 22–33]. Several meta-analyses are available to judge over the two 
versions of fundoplication [34–39]. Based on the evidence in literature, the Toupet 
fundoplication bears less risk for postoperative dysphagia and side effects, as well 
as the Toupet has a lower rate of necessary reoperations for dysphagia [34–39]. The 
level of reoperations for Nissen in these randomized trials and meta-analysis is 
around 10–15% [22–39].

These results are in severe contrast to results from experienced centers with 
large case series with Nissen fundoplications, which show a much lower dys-
phagia rate and reoperation rate at the level of 5% [12–16, 37]. Many discus-
sions have been performed also in several guideline committees about these 
controversies [40–42]. In addition, it has been discussed whether a partial 
Toupet fundoplication may have less durability than the Nissen fundoplication, 
where the posterior fundus is sutured to the anterior fundus wall and addition-
ally to the esophagus, thus creating a possibly more dependable connection of 
tissue, compared to the fixation of the fundic wall only on the esophageal wall 
in the Toupet fundoplication [43, 44]. A consensus based on these controversial 
data was impossible. The guideline commissions have decided to suggest that 
the surgeons should make this decision based on their experience and their 
choice of procedure, Nissen or Toupet [40–42].
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 The Principle of Action of a Nissen Fundoplication

The major pathophysiologic background of GERD is the failure of the natural anti-
reflux barrier and especially the mechanical and functional weakness of the LES as 
well as the anatomical alteration in that the sphincter is not anymore exposed to the 
abdominal pressure environment due to the development of a hiatal hernia [45]. As 
a consequence, these two major components have to be corrected by an effective 
antireflux procedure [10, 12, 45].

Therefore, a prerequisite for an optimal working action for a Nissen fundoplica-
tion is the mobilization of the esophagus out of the mediastinum in order to gain a 
sufficient intra-abdominal length of the sphincter. This anatomical reconstruction of 
the position of the cardia below the hiatus is important to regain the physiologic 
position of the sphincter within the abdominal pressure system [10, 12, 45]. Then 
the intra-abdominal pressure system can support the remaining sphincter pressure to 
close off the intra-abdominal segment of the LES, especially when intra-abdominal 
pressure or intragastric pressure rises. Figure  8.1 demonstrates the principle of 
action of a fundoplication. The symmetric wrap around the weakened LES after its 
correct positioning in the abdomen augments the cardia.

Prior to surgery, an increased intra-abdominal and/or an intragastric pressure will 
easily cause reflux through a mechanically weak LES because there is no resistance. 
After performing a technically correct fundoplication, an increased intragastric 
pressure will cause also a pressure increase within the fundic wrap. The wrap will 

Fig. 8.1 Principle of action of the Nissen fundoplication: After anatomical reconstruction of the 
hiatus, the fundoplication remains in the abdominal pressure environment. The symmetric shape of 
the wrap will cause a mechanical augmentation of the weakened cardia. In addition, a rise in intra-
gastric pressure will also cause a rise of the pressure inside the fundoplication, which will cause 
additional closure of the cardia. The latter will prevent excessive reflux, if the position of the wrap 
is secured intra-abdominally
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have the ability to compress the distal esophagus helping to fulfill the task of an 
antireflux barrier. In addition, an increased intra-abdominal pressure will create the 
similar effect. Therefore, an important technical prerequisite for a good result after 
a Nissen procedure is the anatomical reconstruction to ensure an intra-abdominal 
position of the sphincter as well as the fundoplication.

 Operative Technique

The Nissen fundoplication should consist of a few very important basic technical 
steps to have the highest probability for a successful operation besides a correct 
indication for surgery.

The first step is the dissection of the hiatus and the cardia. The second step is a 
sufficient mobilization of the esophagus in the mediastinum to position the LES in 
the abdominal pressure environment. The third step is the narrowing of the hiatus to 
an adequate width around the esophagus. The fourth important step is the shaping 
of the wrap. Each step is important in creating a functional good result with a long- 
lasting durability.

We have followed the “DeMeester School” in creating a short floppy Nissen fun-
doplication in the sandwich technique (Fig. 8.2) [10, 12]. The patient is placed in a 
French position and in a 30° anti-Trendelenburg situation. Five trocars are used for 
the laparoscopic fundoplication. Initially, the left liver lobe is retracted toward the 
right side of the patient to have an optimal exposure of the hiatal region. Especially 

Fig. 8.2 Scheme of a 
short, floppy total 
fundoplication in the 
Nissen-DeMeester- 
sandwich technique [10]
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in obese patients, the anti-Trendelenburg position will facilitate a sufficient exposure 
of the cardia, since gravity will pull fatty omentum and bowel downward. Initially, 
the size of the hiatal hernia and the width of the hiatus are evaluated to get an impres-
sion about the possibility of a short esophagus and the mobility of the esophagus.

For dissection, the stomach and especially the fundus are pulled downward, and 
the gastrosplenic ligament is exposed. With an energy instrument, the short gastric 
vessels are separated starting at the upper pole of the spleen in order to free the fun-
dus. It is important to mobilize all tissue connections of the posterior fundus with the 
retroperitoneum, with the spleen, and with left hiatal crus. In addition, the left crus is 
completely dissected as an important landmark for later approximation with the right 
crus. Later, the posterior fundus will be pulled over to the right side of the patient. It 
is important that the fundus has space to move around in this area especially when 
the fundus will be filled with food and will need space for fundic accommodation. At 
the left crus, the hernia sac can be grasped and pulled downward in order to get in the 
tissue layer between the left crus and the hernia sac into the mediastinum. This is a 
very important step. It should be executed with caution. If this is done accurately in 
the correct tissue layer, the hernia sac can be dissected completely out of the medias-
tinum rather easily. An incision is carried out around the hiatal arch toward the right 
side of the patient, constantly pulling the hernia sac downward.

On the right side of the hiatus, the most upper part of pars flaccida is opened to 
visualize the right crus. This opening is kept limited in size to keep only a rather 
small window for the posterior flap of fundus. Many surgeons open the pars flaccida 
completely and divide all vagal branches toward the liver. We try to preserve these 
branches for their functional task and also to keep the opening small to have an abut-
ment for the posterior fundic flap. A complete dissection of the smaller curvature 
would allow for an easy sliding of the fundoplication downward on the stomach, 
which would facilitate slipping. This can be prevented by keeping this opening small.

Once the hernia sac is completely mobilized out of the mediastinum, the aorta 
and the esophagus become nicely visible on the aorta (Fig. 8.3). If one has dissected 
these layers carefully with minimal bleeding, it is usually easy to identify the two 
vagal trunks around the esophagus. During further blunt dissection and mobilization 

Fig. 8.3 View in the 
mediastinum after 
mobilization and resection 
of the hernia sac. Only 
these preparations will 
allow a sufficient 
anatomical assessment of 
the esophagus in the 
mediastinum and a full 
mobilization
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of the esophagus in the mediastinum, it is advisable to keep those two trunks 
together with the esophagus as a package to avoid any lesions. The next step is the 
complete resection of the hernia sac and all fatty tissue around the esophagus, espe-
cially around the esophagogastric junction. The step requires extreme caution not to 
harm the vagal trunks. Care should be taken to avoid thermal damage to the vagus 
by energy devices. On the other hand, it is important to clean the cardia from any of 
this superfluous tissue. This will allow for a scar tissue development between the 
esophagus and the fundus. If fatty tissue remains around the cardia and/or this tissue 
is interposed between the muscle of the cardia and the stomach wall, it will create 
an easy sliding area for future recurrence of hiatal hernia.

Now, a Penrose drain is slung around the cardia, and the esophagus is pulled 
downward. It must be double-checked whether the length of the intra-abdominal 
segment of the LES is sufficient. If this is not the case, more mediastinal dissection 
is necessary to get a tension-free segment of the LES into the abdominal pressure 
environment. The resected hernia sac is removed through the largest trocar.

Now, the approximation of the crura is performed by crural hiatoplasty (Fig. 8.4). 
The esophagus is pulled toward the left side of the abdomen, and this allows for a 
sufficient view from the right side on the aorta and the hiatus. A figure-of-8 stitch is 
performed at the lower and posterior part of the crura above the arcuate ligament. 
Usually, a second figure-of-8 stitch with non-resorbable material size 0 is needed to 
achieve sufficient narrowing of the hiatus. If the hiatal opening is large and two 
sutures still leave a gap, more stitches may be needed. There is a danger in creating 
a posterior obstruction of the esophagus when placing too many posterior crural 
sutures because the esophagus may be indented by the crura. Such a situation must 
be avoided. A third suture or more can always be quite easily added in the anterior 
position of the hiatus ventral to the esophagus. These combined posterior and ante-
rior hiatoplasty should be performed, adequately downsizing the hiatal opening 
[46]. If the hiatal narrowing cannot be performed sufficiently because the hiatus is 

Fig. 8.4 Posterior 
hiatoplasty with figure-of-8 
stitches. Often, only two 
stitches are sufficient. 
Otherwise, this can be 
completed with anterior 
hiatoplasty stitches
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too wide and/or the crural material is too weak to carry a sufficient number of 
sutures and/or the tension is too large, the surgeon must consider the use of a mesh 
to complete the hiatal narrowing (see also Chap. 10). If the esophageal mobilization 
cannot be performed sufficiently because the esophagus is too short, an esophageal 
lengthening procedure must be added at this point (see Chap. 12).

After narrowing of the hiatus, attention is focused on the shaping and creation of 
the fundoplication. The mechanical effect of the fundoplication must prevent patho-
logic reflux in the future, and at the same time, passage of fluids and food must 
occur without dysphagia. As a consequence, time and care must be invested for this 
important step of the procedure. In addition, the shape of the wrap must leave 
enough volume and mobility of the fundus to allow for a postprandial enlargement 
and fundic accommodation without subsequent early satiety, postprandial epigastric 
pain, and other unpleasant postprandial symptoms.

To achieve this functional status for the shape of the wrap, an adequate part of the 
posterior fundic flap must be identified and grasped from the left side of the esopha-
gus and pushed behind the esophagus toward the right side where it is taken over by 
another grasper to ensure its position. At the same time, the anterior fundic flap is 
also grasped at the future connection point and pulled over across the anterior aspect 
of the cardia toward the right side of the esophagus. In doing so, great care is taken 
to shape the wrap in symmetrical portions around the esophagus (Fig. 8.5). If this is 
done in the correct fashion, the greater curvature remains on the left side of the 
esophagus and allows for a sufficient postprandial fundic enlargement and fundic 
accommodation (Fig. 8.6).

These are very important steps of the procedure, and unfortunately, it is very 
often done incorrectly as can be seen in many revisional surgeries. An incorrect 
shaping of the wrap will result in unhappy patients with troublesome and annoying 
postprandial symptoms after the procedure. Therefore, it is worthwhile to spend 
time and attention for these maneuvers.

Fig. 8.5 The correct 
shaping of the Nissen 
fundoplication is very 
important for the 
postoperative long-term 
function. Care should be 
invested to shape the wrap 
short, symmetrical, and 
floppy to avoid side effects
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To make sure that the wrap is not too tight, a 54 French bougie is placed through 
the esophagus in the antrum for calibrating the cardia to an optimal size. The 
advancement of the bougie is observed with great attention by both the anesthesi-
ologist (or whoever person advances the bougie) and the surgeon to make sure that 
the advancement of the bougie corresponds with the expected intra-abdominal 
observations. For this procedure, a good communication between the anesthesiolo-
gist and the surgeon is very important. If the anesthesiologist pushes the bougie 
further down the esophagus into the stomach, and at the same time the surgeon can-
not see this bougie advancement in the esophagus, there may have been already a 
perforation in the upper mediastinum or throat. Therefore, to avoid this catastrophe, 
the communication between these two therapists is essential for the safety of the 
patients. When the bougie is in its correct antral position, the shape of the wrap is 
rechecked. Usually, the size of the bougie (54 French) creates an additional tension 
on the wrap, and it may need some reshaping. This is very important because the 
fundoplication should be still floppy with the bougie in place [10, 47]. If the tension 
is too big on the previously shaped fundic flaps after the bougie is placed, the sur-
geon has to take everything down and reshape the fundic flaps again in order to 
create a less tight wrap.

When shape and position of the wrap is again double-checked and confirmed to 
be correct, the wrap is completed and fixed with the typical “DeMeester-sandwich- 
suture technique” using one U-shaped suture. The suture material (size 0 non- 
resorbable) is armed with pledgets (Ethisorb™ size 4  ×  10 mm). The U-stitch 
includes the anterior flap of the fundus and then the right lateral aspect of the esoph-
ageal wall (on the right side to the anterior vagus) and the posterior fundus followed 
by another set of pledgets. Then the needle is driven back through the same layers 
to complete the U-stitch (Fig. 8.6). The suture is tied and the position is secured. 
The fundoplication is secured by two additional sutures on the fundic flaps. These 
sutures should not enlarge the fundoplication but just create more suture safety.

After the procedure, the patients may drink fluids in the afternoon after surgery. 
Since there is quite some edema due to the manipulation and the suturing at the 
wrap, all patients will have dysphagia directly postoperatively. This is not worri-
some. In order to provide time for the edema to resolve on the first postoperative 

Fig. 8.6 The completed 
Nissen fundoplication with 
a short, floppy, and 
symmetrical-shaped fundic 
flaps, sutured together with 
only one U-shaped suture, 
enforced with pledgets and 
positioned at the right 
lateral aspect of the 
esophagus
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day, only fluids may be given to prevent dysphagia, choking, and vomiting, which 
may endanger the operative result. On the second postoperative day, usually the 
edema is reduced, and the patients can have more fluids and semisolid food. Usually, 
they have very little epigastric pain. On the third postoperative day, the patients eat 
semisolid food.

Any alteration from this general pathway such as heavy pain should create spe-
cial attention from the surgeon and nursing staff because that would be unusual and 
could mean problems may be developing. Patients after primary fundoplications do 
rarely have severe pain after the first postoperative day. They usually improve their 
general condition within the first 48 hours remarkably, and any deviation from that 
should draw attention to it. Some authors start giving patients very early solid food, 
which is of course also a possibility. Our experience showed that this may be often 
tolerated. However, with the risk of dysphagia, choking, and vomiting, the latter 
could be a reason for a high pressure and strain on the sutures and the tissue, fol-
lowed by an early weakening of the suture situation and also the risk for early 
migration. Therefore, we decided to stay for 2 days with fluids and liquid nutrition 
in the early phase.

 Special Issues

Vagal lesions can occur during antireflux surgery because their location at the distal 
esophagus bears the risk of damage during dissection [48–50]. As a consequence, 
patients should be informed about this possibility for forensic reasons. There are 
quite some controversial opinions about actions to avoid such lesions. Some authors 
are convinced that it is not necessary to identify the vagal trunks at the distal esopha-
gus when performing an antireflux surgery. We are convinced that it is of impor-
tance to dissect carefully the hiatus and focus during that section rather on the hiatus 
and then on the esophagus because after a clean dissection of the hiatus, the esopha-
gus and the vagal trunks will remain unharmed in the middle between the crura and 
the hiatal arch. Afterward, the vagal trunks can be rather easily identified. In the 
subsequent maneuvers, damage can be prevented by leaving them on the esophageal 
package.

Vagal damage can result in some functional problems such as chronic diarrhea or 
increased dumping. However, it can also develop in a complete gastroparesis. The 
latter can emerge into a catastrophe for the patient because quality of life can be 
bad. Therefore, this complication should be prevented by all means. There are only 
few studies investigating the role of vagal lesions after antireflux surgery [50]. These 
studies show that it is important that the vagal branches should be identified and 
damage should be avoided [48, 50].

Patients with a large hiatal hernias may run the risk that their hiatus is too large 
to achieve a sufficient hiatal narrowing. This may require certain surgical steps such 
as an implantation of the mesh [51–57]. As shown and discussed in a special chap-
ter, the implantation of a mesh can cause severe problems and complications and 
therefore should be considered carefully for its indication [58–61]. As has been 
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shown in the past 10–15 years, surgeons entertain a controversial discussion about 
this subject [62–64]. While most surgeons favor only hiatal mesh implantation in 
selective cases, where an effective narrowing of the hiatus may not be possible with 
simple sutures, other surgeons like to implant a mesh as hiatal enforcement in 
every case.

The latter position is not supported by evidence from the last 5 years; however, 
especially in Europe, hiatal mesh enforcement during laparoscopic antireflux sur-
gery is widespread. The problem is that this can cause severe side effects and com-
plications leading repetitively to resections during the second or third reoperation 
[60–64] (see Chap. 10).

The term “short esophagus” is used for those cases, in which the esophagus can-
not be sufficiently mobilized during an antireflux procedure to achieve a tension- 
free position of the LES 2–3  cm into the abdominal pressure environment. The 
incidence of this finding varies in literature remarkably between 1% and 20% [65–
67]. A possible surgical solution is the esophageal lengthening procedures such as 
the Collis cardioplasty (see Chap. 12).

 Results of Laparoscopic Nissen Fundoplication

The success rate of laparoscopic Nissen fundoplication has been around 90% good 
results in experienced esophageal centers in studies with a follow-up time of around 
5 years [12–16]. Table 8.1 shows an overview of a selection of publications focusing 
on laparoscopic Nissen fundoplication. There are some studies available with long- 
term results of 10 years with a remaining success rate of 80–85% [12, 20, 21, 68–
75]. It must be emphasized that at least half of the success for an antireflux surgery 
is created by an optimal selection of the right patients for surgery and the other half 
is created by the correct operative technique [41, 42]. As a consequence, only this 
combination of selection of patients based on extensive diagnostic preparation and 
well-experienced technique will create good results.

Since laparoscopic antireflux surgery is performed worldwide not only in esoph-
ageal centers but also in general surgery services, it may not be surprising that in 
some overviews, results may be less optimal than in those from esophageal centers. 
The morbidity of laparoscopic antireflux surgery can be assessed from the results of 
several randomized trials and large case-control series, which are also demonstrated 
in Table 8.1 [12, 20, 21, 68–75]. Complication rates may be elevated in the learning 
phase. Therefore, teaching these laparoscopic procedures is essential for quality and 
patient care [76–79]. The possible surgical complications can be esophageal and 
gastric perforations, bleeding, spleen lacerations, and infections as well as early 
signs of vagal lesions [50]. These complications occur in only 2–3%, while general 
complications (pneumonia, urinary infections) can be as high as 5–6%. There is 
evidence that in experienced centers with high caseload, morbidity is below 5% and 
the mortality below 0.2% [12, 20, 21, 68–75]. Several meta-analyses show a good 
success rate for laparoscopic antireflux surgery both for a Nissen fundoplication and 
a Toupet hemifundoplication (Table  8.2). In these studies, the morbidity is 
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published at 0–13%, while the dysphagia rate (3–100%) is under controversial dis-
cussion depending on the definition [34, 36–39].

Gastroenterologists report sometimes on quite negative results [80]. The long- 
term results of antireflux surgery depend on the criteria used to define a failure. If 
the criteria are any symptoms and/or the use of PPI, the failure rate may be quite 
high. The latter is caused by the wide use of PPIs with any abdominal or upper GI 
symptoms occurring within the years after antireflux surgery [81–83]. As a conse-
quence, this criterion is not very discriminative and should not be used. Better are 
well-established assessments of quality-of-life or objective measurements of the 
functional result, necessary to receive an in-depth assessment of antireflux surgery.

In upper GI surgery, the discussion around an optimal antireflux procedure is an 
ongoing process, since many surgeons are entertaining controversial opinions about 
the optimal technique such as a Nissen fundoplication or a partial fundoplication 
[34, 36–39]. New antireflux procedures have entered the market such as the LINX 
antireflux device or endoscopic antireflux procedures [84, 85]. Until decisive ran-
domized comparative trials are finished, this discussion will go on.

Table 8.1 Overview on results of laparoscopic Nissen fundoplication

Author/year n Techniques
Morbidity 
(%)

Follow-up 
(months)

Good 
results 
(%)

Reflux 
recurrence 
(%)

Champault 
[68]
1994

940 Nissen
Hill

5 4–10 92 2

Fuchs [69]
1997

221 Nissen 14 1–56 92 2.4

Peters [12]
1998

100 Nissen 6 8–60 95 2.1

Dallemagne 
[70]
1998

550 Nissen
Toupet

2.3 16–44 96 2

Zaninotto 
[71]
2000

513 Nissen 15 1–25 91 8.5

Granderath 
[72]
2003

668 Nissen
Toupet

7.6 3–94 93 7

Dallemagne 
[20]
2006

100 Nissen
Toupet

– 60 89.5 6.7
18.2

Fein [21]
2008

120 Nissen
Toupet/Dor

3 60 85 15
30/44

Gee [73]
2008

173 Nissen
Toupet

– 60 88 10

Anvari [74]
2011 RCT

51 Nissen – 36 88 11.8

Maret-Ouda 
[75]
2017

2655 Total + partial 
fundoplication

4.1 49 82 17.7
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 Conclusion

Regarding the choice for a Nissen versus a partial fundoplication, the evidence- 
based data support a partial fundoplication, since the hemifundoplication provides 
lower reoperation rates and lower postoperative dysphagia than a Nissen fundopli-
cation [34–39]. However, the rates of postoperative dysphagia and postoperative 
reoperation rate from these studies are at a level of 10–15% [29, 37–39]. In contrast, 
the levels of postoperative dysphagia and reoperation rate in large case-controlled 
series from esophageal centers with Nissen fundoplication are both below 5% [12–
16, 20, 21]. As a consequence, despite evidence-based results, these experienced 
surgeons would not change from their standard Nissen procedure to a partial fundo-
plication because their results are even better than those in the reported trials. This 
sort of discussion occurred in several guideline committees, and as a conclusion, it 
was suggested that the surgeons familiar with Nissen or Toupet fundoplication 
should perform the technique, with which they have the largest experience [40–42].

The principle of mechanical augmentation of the cardia around the incompetent 
sphincter in GERD remains the best of concept to reconstruct a weak and deterio-
rated antireflux barrier. Until new data may emerge in the future, the Nissen fundo-
plication is the best surgical treatment for patients with advanced progressive GERD.
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The Posterior Partial Toupet 
Hemifundoplication

Wolfram Breithaupt and Gabor Varga

 Introduction

The history of antireflux surgery reflects on one hand the search for a stable mechan-
ical augmentation of the weak lower esophageal sphincter (LES) as part of the anti-
reflux barrier and on the other hand the search for a mechanical augmentation with 
only few side effects for the patients [1–6]. With the Nissen fundoplication, a full 
360° wrap around the cardia, already in the early experience dysphagia and other 
side effects occurred and were reported [2]. For a long time, the pexy procedures 
were a competition to the Nissen fundoplication [1, 4]. Especially Allison favored 
his technique of gastropexy [1, 4]. However, during the 1960s, he realized that his 
pexy procedures were rather too weak to prevent long-term gastroesophageal reflux 
[4]. In North America and Western Europe, the Belsey Mark IV procedure was very 
popular in the 1960s and 1970s as partial fundoplication [3, 6, 7]. However, this 
technique suffered somewhat from the sequelae of the left thoracic approach with 
persisting thoracic pain. Other partial fundoplications were introduced such as the 
Thal, the Dor, and the Lind procedures, which had possibly less postoperative dys-
phagia and other side effects than the 360° Nissen fundoplication [8–10].

The posterior partial Toupet hemifundoplication was published in the early 
1960s but was not used very frequently until it was reintroduced in the early 1990s 
with the advent of minimal invasive surgery [8, 11, 12]. The popular Belsey Mark 
IV procedure in the open transthoracic technique turned out to be very difficult to 
perform in the early days of thoracoscopic experience and therefore was abandoned. 
The laparoscopic technique of the Toupet procedure was introduced quite quickly 
because, on one hand, it was similar to the successful laparoscopic Nissen 
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procedure and, at the other hand, it promised to have less side effects because of its 
partial shape [12].

Other partial fundoplications were also performed in the laparoscopic technique 
such as the Lind, the Watson, and the Dor procedure [9, 10]. A number of compara-
tive studies and randomized trials were performed to evaluate the advantages of 
partial fundoplications [13–29]. The results of a selective group of studies are dem-
onstrated in Table 9.1 [14–18, 20, 21].

The Toupet hemifundoplication was also used for the “tailored concept” by sur-
geons whose standard antireflux procedure was the Nissen fundoplication, but they 
were looking for a weaker augmentation of the cardia for patients with insufficient 
esophageal motility [5, 16, 28, 30]. The posterior partial Toupet hemifundoplication 
became one of the most successful laparoscopic antireflux procedures [20, 29].

 Operative Technique

The patient is positioned in a steep anti-Trendelenburg position to gain a good expo-
sure of the upper two abdominal quadrants and the hiatal region. The operation is 
started by introducing four or five trocars (3 × 10 mm and 2 × 5 mm). The left liver 
lobe can be retracted by a 5 mm instrument. The gastric fundus is pulled down and 
to the right with a grasper, exposing the left subphrenic area. Then the most cranial 

Table 9.1 Overview on early results after laparoscopic posterior partial Toupet hemifundoplication

Author/year
Pt. 
n

Follow-up 
months

Good 
results 
(%)

Recurrence 
(%)

Dysphagia 
(%)

Morbidity 
(%) Study

Cuschieri 
[14]
1993

36 13 86 11 0 3 Case 
control
Toupet

Wetscher 
[16]
1997

32 15 97 3 3 13 Case 
control
Toupet

McKernan 
[17] 1998

348 33 90 5.5 0 – Case 
control
Toupet

Lundell [15]
1998

72 60 90 5.5 3 – RCT
Ant. vs. 
post.

Rydberg 
[18]
1999

53 36 80 3.7 0 – RCT
Ant vs. 
post.

Freys [21]
2000

51 48 88 8 2 6 Case 
control

Zornig  [20]
2001

100 12 90 10 6 – RCT
Nissen 
vs. 
Toupet
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part of the fundus is dissected from the spleen by dividing the short gastric vessels 
with an energy instrument. The mobilization of the fundus especially in its posterior 
aspect is necessary in order to free the posterior part of the fundus to allow for a 
symmetric partial wrap. As a consequence, the fundic mobilization along the spleen 
and the separation of the short gastric vessels can be kept quite minimal to the most 
upper part.

The left crus is dissected, and the left lateral border of the hernia sac at the left 
crus is lifted with a grasper, allowing for a blunt dissection of the hernia sac in the 
lower mediastinum. This will eventually allow a view on the aorta and the distal 
esophagus. Now, the attention is focused on the right crus and its dissection. For this 
step, the upper part of the pars flaccida is opened. It must be emphasized that we like 
to leave the vagal branches in the pars flaccida toward the liver intact and keep the 
opening of the pars flaccida limited in order to preserve a support structure for the 
fundoplication to avoid migration.

Similar to the left crus, the lateral border of the hiatal sac at the right crus can be 
grasped, dissected, and pulled up to complete the mobilization of the hernia sac at 
the right side in the mediastinum. The hernia sac is resected completely under care-
ful precautions and preservation of the vagal trunks. A full mobilization of the distal 
esophagus is added until the lower esophageal sphincter can be placed tension-free 
approximately 2–3 cm within the abdominal cavity. A loop is placed around the 
esophagus to pull on the distal esophagus while mobilizing the esophagus in the 
mediastinum.

After full dissection and mobilization of the esophagus, the crural narrowing can 
be performed using a standard technique with non-resorbable suture material (size 
0). In a figure-of-8 stitch fashion, the crura are approximated and adapted just above 
the arcuate ligament. Usually, two figure-of-8 stitches are sufficient to adapt the 
crura posterior to the esophagus. In large hiatal openings, a third stitch and/or an 
additional anterior hiatoplasty may be added as needed. It must be ensured that 
there is still room for a 10 mm instrument between crural muscular border and the 
esophageal wall in order to avoid hiatal dysphagia.

Now, the shaping of the partial fundoplication is performed by identifying the 
posterior and the anterior aspect of the fundus. Then the posterior aspect of the fun-
dus is grasped and pushed over from the left side to the right side of the esophagus. 
The hemifundoplication is shaped using a shoeshine maneuver as well as making 
sure that the fundus has a loose position to be able to enlarge in its volume postop-
eratively when food is filled into the stomach. For calibration, a 54 French bougie 
may be entered into the esophagus and stomach; however, it is probably less neces-
sary than in total fundoplication.

The pulled-over posterior part of the fundus is fixed with two sutures on the right 
crus, and then the fundus flap is also fixed on the distal esophagus with three sutures. 
Care is taken not to harm the anterior vagus when placing the sutures for the poste-
rior fundic flap on the right lateral side of the esophagus. This is followed by the 
fixation of the anterior fundic flap on the left lateral side of the esophagus by again 
three sutures of non-resorbable material (Fig. 9.1). Some authors also fix the ante-
rior fundic flap to the left crus with a few stitches.
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 Special Issues About the Partial Fundoplication

Evidence in literature has shown that partial fundoplications may have less mechan-
ical effect of augmentation on the distal esophagus [16, 28, 30, 31]. This can be of 
advantage in patients with insufficient esophageal motility and sometimes impaired 
esophageal clearance in that a partial fundoplication would allow a dysphagia-free 
passage of food through a somewhat weaker wrap at the lower esophageal sphincter 
[32]. This effect was used in the tailored approach, which was popularized in the 
1990s as a possible concept using the fundoplication with a 360° wrap as the stan-
dard procedure and the 240–270° partial fundoplication as a somewhat weaker wrap 
for patients with esophageal motility disorders [28, 30, 31]. This tailored approach 
required the preoperative assessment of the esophageal motility in order to make a 
therapeutic decision whether to perform a partial or full fundoplication. On the 
other hand, there was some evidence that a partial fundoplication may have less 
durability and worse long-term results than in Nissen fundoplication [5, 33, 34].

This data is discussed very controversially among surgeons [16, 20, 22, 30, 32–
34]. Two randomized trials have shown that a tailored concept may be not justified 
since a Nissen fundoplication can also be used in esophageal motility disorder 
patients to a certain extent and furthermore that partial fundoplication may still have 
less side effects than a Nissen fundoplication [18–20]. Different conclusions were 
drawn from these results, and since some authors expanded their indication for a 
Nissen fundoplication to almost all GERD patients even with impaired esophageal 

Fig. 9.1 Scheme of a 
laparoscopic Toupet 
hemifundoplication. Note 
the fixation of the posterior 
and anterior fundic flap on 
the right and respectively 
left side of the esophageal 
wall, leaving in the middle 
space for the anterior 
vagal nerve
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motility, others would completely switch to hemifundoplications. Several random-
ized trials and meta-analyses have been performed for technical aspects of fundopli-
cations [35–41]. It was demonstrated that there were increased rates of side effects 
with the Nissen fundoplication and a reduced revisional surgery rate for partial fun-
doplication [35–41].

These findings fueled the discussions even more since some authors decided to 
focus only on partial fundoplications and the majority of these favored the Toupet 
hemifundoplication [20, 32]. It must be emphasized that evidence shows that there 
is probably an increased risk for problems for inexperienced surgeons in the Nissen 
technique regarding dysphagia rate postoperatively [35, 36]. Therefore, it is advis-
able that surgeons with limited experience in antireflux surgery should definitely 
start with a Toupet fundoplication and prevent and avoid a full fundoplication in 
their initial experience [35, 36]. It must be further emphasized that the partial Toupet 
hemifundoplication is an ideal procedure for patients with gastroesophageal reflux 
and associated esophageal motility disorders with weak peristalsis [42–44]. This 
technique can even be used in patients with aperistalsis [44].

 Results of Partial Toupet Hemifundoplication

A number of case-control series with laparoscopic Toupet fundoplication have been 
published in the 1990s, as well as several randomized trials have shown advantages 
for the posterior partial Toupet hemifundoplication. In Table 9.1, the early results of 
laparoscopic Toupet hemifundoplications are demonstrated as well as the results of 
randomized trials [14–18, 20]. The data show a recurrence rate of reflux in 4–6% 
and a dysphagia rate of 0–3%. In patients with severe and advanced GERD with 
higher grades of reflux esophagitis, defective lower esophageal sphincter, Barrett’s 
esophagus, and strictures, the Toupet hemifundoplication may have a higher recur-
rence rate compared to Nissen fundoplication [33, 34].

It is interesting that esophageal motility may well partially recover after a partial 
fundoplication is used as antireflux therapy since some studies show an improved 
peristalsis sometimes after antireflux surgery [42–44].

Current evidence shows that the antireflux effect of laparoscopic Toupet hemi-
fundoplication is comparable to the effect of a full wrap (Nissen fundoplication) 
(Table  9.2) [32, 37–41]. In addition, results of randomized trials show that the 
Toupet hemifundoplication has less side effects in the follow-up period and shows 
less necessity for reoperations. This is confirmed in several meta-analyses, demon-
strating an advantage of Toupet hemifundoplication over the Nissen fundoplication 
(Table 9.2). These results have been discussed controversially many times on surgi-
cal meetings and also within guideline committees because other evidence mainly 
from large centers with large series with Nissen fundoplication shows a lower rate 
of side effects and dysphagia [34, 37, 39]. This remains controversial.

An explanation for these controversial results can be explained by individual 
experience of surgeons with one or the other technique. It may be well true that even 
though these two techniques are not that much different, one surgeon can create a 
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better experience and better results with the Nissen technique and another surgeon 
has a better result with the Toupet technique [34, 39]. This issue was discussed in 
several guideline committees, and it was suggested that it should be the surgeon’s 
preference what technique she or he uses [35, 36]. Surgeons should use the one 
where the team has the most experience with. Sufficient information should be 
given to the patients to involve them in the decision process.

 Conclusion

Laparoscopic posterior Toupet hemifundoplication is a very successful antireflux 
procedure with a rather low rate on side effects postoperatively. Based on current 
evidence-based criteria and meta-analyses, the Toupet hemifundoplication is supe-
rior to the Nissen fundoplication due to lower postoperative dysphagia rates and 
lower reoperation rate.
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Controversies Regarding Mesh 
Implantation for Hiatal Reinforcement 
in GERD and Hiatal Hernia Surgery

Ryan C. Broderick

 Introduction

The failure of laparoscopic fundoplication and hiatal hernia repair has long been a 
vexing problem for surgeons and patients. Especially in large hiatal hernias, parae-
sophageal hernias, and upside-down stomachs, the recurrence rate is reported as 
high as 40% [1–7]. The underlying mechanism is a migration of the proximal stom-
ach through the hiatal opening into the mediastinum. During primary antireflux 
procedures, the initial hiatal hernia is reduced by dissection and resection of the 
hernia sac and mobilization of the esophagus; therefore, an empty space remains in 
the lower mediastinum. Postoperatively, one can encourage patients to perform 
breathing exercises in order to allow for enlargement of the lower portions of the 
lungs to take over that space. However, usually the area around the distal esophagus 
in the lower mediastinum remains an empty space, which facilitates a migration of 
the proximal stomach upward if intra-abdominal pressure and esophageal tension 
remain high. The latter is supported heavily by intense physical body activity like 
hard work and straining, increased intra-abdominal fat, and increased esophageal 
tension by length shortening due to insufficient mobilization in the mediastinum 
during the first procedure.

Once the phreno-esophageal ligament is dissected and the lower mediastinum is 
opened, the risk for migration is there and can only be reduced by sufficient mobiliza-
tion of the esophagus to avoid vertical tension [8–10]. This mechanism plays a major 
role in patients with migration after primary antireflux surgery. It must be emphasized 
that the weakened tissue at the hiatus, once a hernia has developed, remains a problem 
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chronically. During the initial experience of laparoscopic fundoplication, it became 
evident that the recurrence rate of hiatal hernia seemed to be somewhat higher than in 
open surgery [3]. Clinical evidence showed that in some patients, the hiatal structures 
such as the crura were quite weak with thin muscle, especially in older patients and in 
patients with large hiatal hernias. Another technical challenge that was encountered 
was the inability to fully approximate the crura with sutures, as the muscle had become 
so thin and fragile that some sutures would just cut through the muscle. As a conse-
quence, several authors searched for solutions to solve this problem.

 Basic Pathophysiology of Hiatal Hernias

The development of hiatal hernias is due to a persistent strain on the tissue at the 
hiatus, which separates chest from abdomen and therefore creates two different 
pressure environments [8, 9]. The elements of fixation of the distal esophagus to the 
hiatus are created by the diaphragm, the crura, the hiatal arch, and the phreno- 
esophageal ligament. Over time, these structures are exposed to daily stress and 
strain between the pressure gradient between the thorax and the often increased 
intra-abdominal pressure environment [9]. If a patient’s tissue is weak, this will 
eventually lead to elongation and weakening of the structures at the esophagogastric 
junction and subsequently to a complete enlargement and destruction of the phreno- 
esophageal ligament transforming into the hernia sac. In addition, the hiatal crura 
may also weaken and stretch, especially in obese patients, with reduction of muscle 
substrate and an increase in fat.

A constant focus over the past decades has been to find an operative solution for 
hiatal hernia. The goals of surgery include not only strengthening the hiatal struc-
tures but also securing a stable position of the esophagus in the hiatus after a pri-
mary antireflux procedure. Current techniques usually accomplish these goals by 
mobilization of the esophagus and crural approximation, however, high rates of 
hiatal hernia recurrence after primary antireflux surgery demonstrate that current 
surgical techniques are not optimal [6, 8–10].

 Initial Experience with Hiatal Enforcement

From general “hernia surgery,” it is known that enforcing sutures and weak tissue 
with a nonabsorbable mesh would prevent hernia recurrence effectively, and there-
fore, some authors tested this concept at the hiatus [11–14]. During laparoscopic 
antireflux procedures, the mesh was introduced in the abdomen and usually fixed at 
the weak crura with either sutures or clips/screws to the hiatal muscle in order to 
compensate for the weak muscle substrate. The initial clinical experience was very 
promising, showing a significantly lower recurrence rate for hernias in patients 
when a nonabsorbable mesh was implanted at the hiatus [11–14]. Three early ran-
domized trials pushed this development in practice, as all these trials showed favor-
able results for the implantation of nonabsorbable meshes (Table 10.1) [11, 14, 15]. 
A significant increase in rate of mesh implantation in laparoscopic antireflux 
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surgery was seen in the past 15 years [16–36]. However, with the increasing spread 
of this technique, reports emerged detailing severe complications due to the use of 
a mesh at the hiatus including erosion, dysphagia, and severe hiatal scarring [37–
45]. Each of these is discussed in greater detail below. Furthermore, recurrence of 
hiatal hernia also could occur despite a hiatal enforcement with mesh (Fig. 10.1).

 Side Effects and Complications from Mesh Implantation 
at the Hiatus

Reports have been published about severe side effects/complications from mesh 
implantation [37–45]. It also must be emphasized that likely the number of publica-
tions underscores the true incidence of these complications, as many discussions at 
conferences and meetings have indicated a higher risk for severe mesh complica-
tions. The different types of problems are discussed below.

 Mesh Erosion

The presence of foreign bodies in the mediastinum or at the hiatus always carries a 
certain risk for erosion into the GI tract [38, 42–44]. The reason for this is a constant 
movement at the cardia due to swallowing and breathing. The structures at the hiatal 
opening experience the movement of the heartbeat, the thoracic respiratory mecha-
nism, the vertical mobility of the esophagus during swallowing, and the changing 
diameter of the esophagus during the passage of food. These movements may facili-
tate the stepwise penetration of such a foreign body through the esophageal or gas-
tric wall. In retrospect, the erosion phenomenon should have been expected with the 
implantation of non-resorbable mesh at the hiatus. However, it was still surprising 
to surgeons and gastroenterologists when the first cases of mesh erosion occurred 
from their original position at the crura (usually fixed by sutures or clips) and then 

Fig. 10.1 Circular-shaped 
mesh for hiatal 
enforcement placed at 
primary laparoscopic 
antireflux procedure during 
redo-surgery for 
mediastinal migration of 
the stomach
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after 1 or 2 years dislocated into the esophageal lumen [42–45] (Fig. 10.2). Once the 
mesh was eroded, revisional surgery was indicated. Often these revisional proce-
dures were high risk for complications and required performing an esophageal and/
or gastric resection [43–45].

 Frozen Cardia and Hiatus

Another frequent problem after mesh implantation, often observed in revisional 
procedures for dysphagia or recurrence, is the development of severe scarring within 
the hiatus [42–45]. Sometimes all structures of the cardia and the hiatus are stuck 
together in one big tissue block as if it was frozen or glued together (Fig. 10.3). This 
phenomenon, termed “frozen cardia,” is dramatic, because no surgical dissection is 
really in a traditional way possible due to obliteration of tissue planes. Patients with 

Fig. 10.3 After 
implantation of a mesh, 
sometimes the tissues 
around the cardia and 
hiatus develop a severe 
rigid “scaring tissue 
block,” which can hardly 
be dissected without 
destroying the structures. 
We call this phenomenon 
“frozen cardia,” which 
usually will lead to a 
resection of the stomach 
and/or esophagus

Fig. 10.2 Penetration of a 
U-shaped nonabsorbable 
mesh into the esophageal 
lumen after 1–2 years, 
causing therapy-refractory 
pain and dysphagia
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frozen cardia usually present with increasing pain and dysphagia. Even after several 
episodes of dilatation or bouginage, the symptoms do not disappear, and the situa-
tion usually ends in an inability to keep up a normal nutrition.

One can and should try to dissect these adhesions; however, the tissues give the 
impression of being welded together. Often during dissection and attempting to 
separate the target organs, destruction of the hiatal structures occurs requiring more 
extensive resection and reconstruction. It is well known that in some patients, scar-
ring is more expressed than in others, but this phenomenon as described above is 
seen very frequently in revisional surgery after the implantation of mesh. 
Unfortunately in many cases, this devastating situation can only be resolved by 
resection of the esophagus and/or stomach.

 Gastroparesis

Clinical evidence has shown that secondary gastroparesis can develop after implan-
tation of a mesh at the hiatus [59, 60]. These patients may develop vagal lesions 
after primary antireflux procedure and may have only limited symptoms in the first 
year postoperatively. While normal postoperative scarring may remodel and become 
softer in most patients over time, scarring around an implanted mesh may develop 
more severe and rigid scars later with foreign body reaction. When the posterior 
vagal trunk is exposed directly to the mesh at the hiatus, the nerve can become 
involved in the scaring process. When the vagus nerve becomes embedded in scar, 
it may lose function after an initial symptom-free interval.

 Fatal Complications (Rare)

Fatal complications have been reported after implantation of a mesh at the hiatus 
when special screwlike clips were used to fix the mesh at the diaphragm [37]. These 
screwlike clips, when applied laparoscopically, may penetrate the diaphragm and 
reach the pericardium and the heart. Several cases have been discussed at meetings 
with such complications, which may even cause the death of a patient [37–44].

 Current Mesh Implantation Types and Techniques

The use of mesh for mechanical enforcement at the hiatus is currently characterized 
by few standards, as many authors apply this technique at their own preference and 
decision. There is no clear evidence when to use a mesh and what material, what 
size, and what shape of mesh should be applied in laparoscopic antireflux surgery. 
There are suggestions from centers and reviews available [46–52]. Validated guide-
lines are lacking, and the current use reflects the diversity of opinions and also the 
diversity of the different materials.
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Some authors use mesh only in patients with large hiatal hernias (e.g., larger than 
5 cm) [46]. There are other authors who use mesh enforcement only very selectively 
in cases. In these cases, it is determined intraoperatively that a severe anatomical 
weakness of the crura exists, or the approximation by suturing is insufficient, and 
mesh is placed in attempt to compensate for these deficiencies [46]. Alternatively, 
there are surgeons that use mesh implantation in every single case of antireflux sur-
gery or hiatal hernia repair.

Granderath et al. have developed an indication for mesh by objectively measur-
ing intraoperatively the area of hiatal opening [19, 24]. They calculate the hiatal 
surface area (HSA) and have started a concept of tailoring the use of a mesh accord-
ing to the HSA [24, 53]. Others have followed and report on rates of hiatal hernia 
recurrence (Table 10.2) [53, 54].

Other factors may play a role such as the material, the size, and the shape of the 
size of mesh. Several materials are currently in use: polypropylene (PP), polytetra-
fluorethylene (PTFE), small intestine submucosa (SIS), human acellular dermal 
matrix (HADM), collage-coated polypropylene (PPCC), collagen-coated polyester 
(PECC), polyglycolic acid (PGA), and titanium-coated polypropylene (PPTC) [55]. 
These materials were also experimentally tested [55]. Experimental tests show dif-
ferences in effect of shrinking and foreign body reactions, and the optimal materials 
regarding shrinking are probably polypropylene and polyester, while regarding 
scaring, probably the best materials are nonabsorbable mesh [55].

The configuration and shaping of the mesh may be important for its function 
(Fig. 10.4). The configuration of the mesh may be a small band or rectangle that 
connects the crura posteriorly [12]. Alternatively, the mesh may be U-shaped, or it 
can be implanted in a circular fashion on the crura around the esophagus (Fig. 10.1). 
The mesh configuration and shape may also play a major role in some complica-
tions, because a circular mesh around the hiatus may influence the esophageal wall 
and may cause erosion of the esophageal wall as published in several reports [37–
45]. Some authors like to routinely use a circular mesh with the justification that this 

Table 10.2 Overview on results of randomized controlled trials regarding mesh implantation for 
hiatal enforcement during primary antireflux procedures

Author/
year n

Mesh 
material

Follow-up 
months

Recurrence with 
sutures
%

Recurrence with 
mesh
% p

Frantzides
2002

72 PTFE 6 22 0 0.017

Granderath
2005

100 PP 12 26 8 0.023

Oelschlager
2006
2011

108 SIS
6

58
24
59

9
54

0.058
1.0

Watson
2015

126 Titan
SIS

6 23.1 21.8 1.0

Oor
2018

68 TiMesh 12 19.4 25.0 0.581
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circular mesh best stabilizes the hiatal opening. However, clinical evidence shows 
that this stabilization of the hiatal opening may lead to severe scaring of the hiatal 
border resulting in a quite rigid crural edge of the hiatus. The latter can cause a 
technical problem during revisional surgery, as the crura may become so rigid to not 
allow any manipulation or further approximation. Effects of shrinking and foreign 
body reactions cannot be foreseen and may result in strange postoperative configu-
rations, as seen in cases of revisional surgery.

Another controversial issue is the fixation of the mesh on the muscle or ligamen-
tous structure of the diaphragm. The mesh can be sutured at the border of the under-
lying diaphragm. It can be fixed with screwlike-structured staples to the muscle or 
other clips. All these different options are often discussed during meetings quite 
controversially between protagonists and critics of mesh use. Given there is not 
enough good data to inform specific recommendations, it can be expected that this 
will continue to raise debate for some time.

 Current Data and Recommendations on Mesh Implantation

Table 10.1 demonstrates the available and representative data of mesh application 
during antireflux and hiatal hernia surgery from the past 15  years, which was 
recently summarized by Granderath [11, 14–36]. The data shows from retrospective 
and prospective series that most authors use a posterior implantation of the mesh for 
augmentation of the hiatus. The material used varies widely among the authors 
(Table 10.1). Follow-up time is reported between 1 and 92 months with an overall 
recurrence rate between 0% and 36% with a median of 3.5%. In most of these pub-
lications, the authors use a fundoplication as antireflux procedure [14–36].

A few randomized trials are available and show favorable results for the mesh 
application in early follow-up (Table 10.2) [11, 14, 15, 56–58]. However, the power 
of these early studies is limited due to low case numbers [11, 14]. Regarding mesh 
implantation in patients with small- and moderate-size hiatal hernias, one 

Fig. 10.4 U-shaped mesh 
for hiatal enforcement 
positioned around the 
esophagus at the hiatus
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randomized trial shows that there is an advantage for patients with mesh augmenta-
tion in decreased hernia recurrence rate (2% versus 26%) [14]. However, in the 
follow-up of this study, it could be shown that after 3 months, the dysphagia rate 
was increased in the patient group with mesh augmentation (16% versus 4%) [14]. 
After 1 year, the reflux-related symptoms did not show any difference between the 
groups which demonstrated that the effect of mesh implantation would have only 
limited influence on the overall result.

More long-term randomized studies with follow-up time of around 5 years show 
that the recurrence rate of hiatal hernias is similar between cases in which the hiatal 
approximation was performed by suture versus those performed by a mesh implan-
tation (20–50%) [15, 56]. In the study from Oelschlager et al., the 5-year results 
were identical with 50% recurrence rate between sutured crura hiatus and mesh 
implantation [56]. In a randomized trial by Watson et al., three different groups of 
patients (suture hiatoplasty versus mesh implantation with titanium mesh versus 
mesh implantation with biologic mesh) were compared [57]. The results do not 
show any differences in follow-up, since the recurrence rates were 23% versus 22% 
with mesh implantation [58]. These results are confirmed by the latest study in 
showing no substantial advantage regarding symptom control, necessity for reop-
erations, and hernia recurrence [58].

Other studies show positive results with biologic meshes, in which the long-term 
complication rate may be lower [47, 56]. However, further follow-up is needed to 
monitor for evolving complications in the absorbable mesh groups. Clinical evi-
dence shows that there can be also troublesome side effects developing with absorb-
able/biologic meshes, since either these substances can cause also severe scarring or 
the material can dissolve leaving some viscous fluid at the mesh implantation site 
with a possible recurrence of the hernia (Fig. 10.5).

Several meta-analyses have been published regarding mesh use (Table  10.3) 
[47–52]. The protagonists of mesh implantation rely often on the early comparative 
studies regarding mesh implantation, showing a lower early recurrence rate of hiatal 

Fig. 10.5 The posterior 
positioned absorbable 
mesh for hiatal 
enforcement has shrunk to 
a strand-like structure, 
causing dysphagia after a 
1-year symptom-free 
interval
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hernias [11, 14]. These authors emphasize one of the main arguments for mesh 
implantation is the reduction in additional surgery after the primary antireflux pro-
cedure with mesh. One meta-analysis showed that using mesh augmentation in 
patients with large hiatal hernias led to a significant decrease of revisional surgery 
after primary surgery with mesh implantation (Odds ratio 3.73) [50]. There was no 
difference in short-term complications. This was a very important result for the 
protagonists of mesh, as it promised a significant reduction for revisional surgery 
[50]. The critics of mesh implantation emphasize the severe complications of mesh 
implantation [42–45].

These findings were used by Müller-Stich et al. in a subsequent analysis, using a 
Markov model for calculation to evaluate the cost-benefit ratio for the use of mesh 
in 915 large hiatal hernia patients [48]. The rate of recurrent hiatal hernias could be 
reduced by mesh implantation, from 20.5% to 12.1%, after close to 3-year follow-
 up [48]. The study showed an overall higher benefit for patients with mesh implan-
tation, because the complication rate was similar between mesh implantation and 
without mesh implantation (14.2% versus 15.3%). This was based on the prerequi-
site that the rate of necessary revisional surgery was lower with the use of the mesh. 
The authors concluded mesh implantation may reduce redo-surgery and reduce the 
overall risk of antireflux surgery [48, 50].

However, the findings from Müller-Stich et al. are not supported by recent meta- 
analysis and another randomized trial [52, 57, 58]. This meta-analysis shows an 
improved rate of early hernia recurrence with the use of mesh but equal results in 
recurrent reflux symptoms and possibly more dysphagia associated with mesh 
implantation [52].

Furthermore, in the recent randomized Dutch trials, it was shown that there is a 
comparable rate of radiolographic and symptomatic recurrence rate between 
patients with and without mesh augmentation [36, 58]. Interestingly, there was no 
decrease in the necessity of revisional surgery with mesh augmentation [36, 58]. 
The authors conclude and recommend that mesh implantation should be considered, 
but no clear advantage could be demonstrated [58].

Table 10.3 Overview on meta-analyses regarding mesh implantation at the hiatus

Author/year n Studies Summarized results Conclusions
Müller- 
Stich
2015

915 3 RCT
9 CS

Recurrence: 12.1 versus 
20.5%
Mortality: 1.6 versus 1.8%

Clear advantage for mesh

Tam
2016

1194 13 Studies Recurrence: 0.42; p = 0.014 Minor advantage for 
mesh

Memon
2016

406 4 RCT Recurrence:
OR 2.01; P < 0.07

Similar results

Zhang
2017

1474 4 RCT
9 Case 
control

Recurrence: 2.4 versus 9.4%
Quality of life:
SF36: BioMesh better
GIQLI: similar
Suture: less dysphagia

Similar results
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Mesh implantation should be considered in large hiatal hernias; however, severe 
complications may occur, and therefore, patients must have an accurate informed 
consent about these possibilities. Based on currently available data, it is difficult to 
give a precise recommendation for the use of mesh at the hiatus. It remains an indi-
vidual decision of the surgeon. Even though mesh implantation has been shown to 
be of advantage in general hernia surgery, it seems to be a different situation at the 
hiatus. The enlarged opening at the hiatus cannot be closed completely like in other 
hernias (ventral hernia and inguinal hernia), since at the hiatus there is the necessity 
to leave sufficient space for the passage of the esophagus, which may be technically 
difficult to solve by a mesh. Furthermore, experience in literature shows that the risk 
of mesh problems in redo-antireflux surgery may lead to the necessity of major 
gastric or esophageal resections, as shown in Table 10.4 [43–45].

It must be also emphasized that an insufficient mobilization of the esophagus in 
the mediastinum cannot be compensated by enforcing the hiatus with mesh, as 
remaining tension will cause the migration upward.

 Conclusions

Many laparoscopic surgeons use mesh augmentation at the hiatus with non- 
resorbable or absorbable mesh currently. Substantial controversies are present, and 
surgical meetings often feature controversial discussions. Based on the available 
evidence, it can be summarized that the implantation of mesh in a regular GERD 
patient with a small- to midsize hiatal hernia cannot be recommended as a routine 
procedure, since the advantages seem to be quite limited with recurrence and risk of 
long-term complication. In large hiatal hernias (>5 cm), current evidence and meta- 
analysis suggest that the use of a mesh can be considered, but the risk for complica-
tions is substantial, and therefore, the patient should be informed about these risks. 
Early results on bioabsorbable mesh are promising for reduction in early recurrence, 
but longer-term data is needed to determine durability of the repair. In centers of 
antireflux surgery with a large experience in upper GI surgery, the use of a mesh 

Table 10.4 Overview on necessity for major esophageal and/or gastric resections during revi-
sional surgery after mesh implantation at the hiatus during primary antireflux surgery

Author/year
Patients 
n Type of primary procedure n

Necessity for major resection during 
redo-surgery %

Parker 2010 69 69 redo-surgery:
10 with mesh implantation
59 without mesh implantation

40% after mesh implantation
6% after suture hiatoplasty

Nandipati 
2013

26 26 redo-surgery after mesh 
implantation

41% resection:
22% gastric resections
19% esophageal resections

Fuchs 2017 322 322 redo-surgery:
42 with mesh implantation
280 with suture hiatoplasty

43% after mesh implantation
8% after suture hiatoplasty
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may not reduce the necessity of revisional surgery even in large hiatal hernias. 
Therefore, the indication for mesh implantation should be tailored and focused to 
each individual patient. It is the opinion of the authors that permanent mesh should 
not be placed for hiatal reinforcement under any circumstance due to the potentially 
devastating consequences of erosion or frozen hiatus. Early reports of bioabsorb-
able mesh placement are promising but require longer-term follow-up.
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 Introduction

Paraesophageal hernias present a clinical and anatomical entity that must be fully 
appreciated for safe and effective management. They are an uncommon form of hiatal 
hernia that tend to present clinically in the population of patients over 65 years of age. 
The most common symptomatic presentations of a paraesophageal hernia (PEH) 
include dysphagia, regurgitation, gastroesophageal reflux, dyspnea, chest or epigastric 
pain or pressure, and anemia. Weight loss in this patient population may be common 
and dramatic. Acute presentations may demonstrate signs and symptoms of bleeding 
(due to friction ulcer) or obstruction (due to gastric volvulus). The risk of hemorrhage 
and ischemia in the acute setting is a particular subset of PEH presentation.

There are four types of hiatal hernias as depicted below (Fig. 11.1). Type 1 her-
nias account for 90% of all hiatal hernias and are often asymptomatic or present 
with predominantly reflux symptoms. Type 2, type 3, and type 4 reflect the parae-
sophageal component and involve movement of the gastric fundus through the hia-
tus into the thorax. Type 3 or “mixed” hernias are the most common representing 
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a b

c d

Type I - Sliding hernia Type II - “True” paraesophageal hernia

Type IV - “Giant” paraesophageal herniaType III - “Mixed” paraesophageal hernia

Fig. 11.1 Types of hiatal hernias

90% of all PEH. Giant PEH are defined as types 2, 3, or 4 but with over 50% of the 
stomach in an intrathoracic position [1, 2].

Symptomatic hernias should be repaired unless there are clinical parameters pre-
cluding safe and effective surgical intervention. The timing and preoperative evalu-
ation vary depending on the patient and disease factors and will be discussed below. 
Elective repair in the symptomatic patient has been associated with an increase in 
patient quality of life with satisfaction rates in the literature ranging between 85 and 
96%. Revisional surgery is known for its technical difficulty, higher complication 
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rate, and decreased patient satisfaction. Clinical assessment and perioperative con-
siderations are imperative in this group in order to properly stratify surgical candi-
dates and optimize outcomes [3, 4].

Robotic repair of a paraesophageal hernia is an efficient and ergonomic approach 
to this challenging anatomical problem. Added precision and extended accessibility 
and visualization of the thorax from an abdominal approach make the robotic repair 
a preferred surgical method. In addition to the mentioned clinical manifestations, 
this chapter will review the preoperative workup required. Surgical technique will 
then focus on the robotic approach in a stepwise fashion. Evidentiary review of 
outcomes will highlight this approach as a feasible if not superior approach [5, 6].

Special considerations for emergent and prophylactic repair, esophageal length-
ening, crural closure with regard to mesh, and relaxing incisions will be addressed. 
In addition, a brief comparative cost analysis with robotic and laparoscopic approach 
will be highlighted.

 Preoperative Evaluation

As with all foregut surgery, preoperative preparation is critical. A carefully docu-
mented history of current symptoms, previous treatment modalities and outcomes, 
and comorbid cardiac and pulmonary processes must be completed. This may alter 
the pathway to surgery with involvement of other respective specialists to investi-
gate further any underlying cardiac, pulmonary, or systemic disease processes. In 
addition to symptomatology, patient characteristics and comorbidities may help 
alter or adjust operative approach.

The proposed workup in our institution consists of esophagogastroduodenos-
copy, pH testing (only performed if patients had disabling reflux symptoms), upper 
GI series, and high-resolution manometry. Variations to this may be reasonable 
depending on the patient symptoms, the surgical approach, and the acute presenta-
tions. In the case of acute volvulus, CT scan of the chest and abdomen may suffice 
but would lack more specific functional information which may preclude knowl-
edge of underlying motility disorders.

 Upper Endoscopy

Endoscopy is performed for every patient to assess the anatomy with regard to 
esophageal length, size of hernia, esophagitis, presence of Cameron’s erosions at 
the level of the diaphragm, and assessment of gastric volvulus. Retroflexion views 
as well as assessment of the GEJ are crucial.

 Barium Swallow

This contrast study demonstrates size, location, orientation, and reducibility of the 
paraesophageal component. It also gives functional information with regard to dys-
phagia and regurgitation. Esophageal length is also assessed.
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 High-Resolution Esophageal Manometry

Esophageal manometry is indicated in the assessment of dysphagia or noncardiac 
chest pain in patients without evidence of mechanical obstruction, ulceration, or 
inflammation. It is imperative for surgical planning when an anti-reflux procedure is 
indicated.

The fundamental difference between conventional manometry and high- 
resolution manometry (HRM) is the number of pressure sensors used and the spac-
ing between them. In contrast to conventional manometry where sensors are spaced 
at 3–5  cm intervals, in HRM, sensors are typically spaced 1  cm apart along the 
length of the manometric assembly. Catheters with up to 36 sensors distributed 
longitudinally and radially in the esophagus allow for simultaneous pressure read-
ings spanning both sphincters and the interposed esophagus [7].

 pH Monitoring

Ambulatory pH monitoring is performed by placing a wireless pH capsule (Bravo sys-
tem) 6 cm above the upper border of the LES. At the time of endoscopy completion, 
the Bravo delivery catheter is introduced through the mouth, and the capsule is attached 
to the esophageal mucosa. The patient wears a Bravo pH receiver around the waist. 
Data is transmitted to a receiver worn by the patient, and data recording is carried out 
for 48 hours. A standard DeMeester scoring is compiled for objective assessment [8].

 Operative Technique

Paraesophageal hernia repair may be performed via a transthoracic or transabdomi-
nal approach. Open, laparoscopic, and robotic technique may be applied.

We prefer the robotic system for transabdominal paraesophageal hernia repair in 
our institution for both elective and emergency settings provided a suitable clinical 
scheme. The operation is performed using the da Vinci Surgical System (Intuitive 
Surgical, Sunnyvale, CA), which combines robotics and computer imaging to 
enable microsurgery in a laparoscopic environment. The most notable benefit of the 
robot with this approach is the 7 degrees of freedom provided by the instrument 
arms. Tip articulation mimics the up/down and side-to-side flexibility of the human 
wrist. These articulations extend the surgeon’s minimally invasive abilities within 
the confines of the intracorporeal space [9].

 OR Setup

OR size must accommodate the robotic system consisting of three to four integrated 
components. The patient cart is draped with sterility and is advanced toward the 
patient over the head (Si system) or from the side (Xi system). This cart is physically 
docked with the patient through robotic arms and adapting robotic trocars. A variety 
of robotic instruments exist which are manually connected and inserted at the patient 
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cart. A vision cart, which includes the system processors, sits at side of the patient and 
allows for a camera and energy interface between patient cart and the surgical console.

The endoscope is calibrated through the vision cart accordingly. The surgical 
console may be single or dual depending on the requirements of the institution. The 
integration of visual cues allows for precise activation and control of the robotic 
arms with the surgical field. All of the unit components must be appropriately posi-
tioned with spatial allowance to accommodate regular intraoperative conduct. 
Before the patient is brought into the room, it should be confirmed that all appropri-
ate equipment is present, turned on, and functioning properly including all three 
components of the da Vinci® Robotic System; for this matter, an experienced OR 
and robotic support staff is crucial [10].

 Patient Positioning

The patient is initially placed in the supine position over a beanbag. Pneumatic 
compression stockings are routinely placed on the lower extremities. All pressure 
points are comfortably padded. After satisfactory induction of general endotracheal 
anesthesia, the legs are placed in split leg attachments and the arms out to the side 
on padded arm boards (Fig. 11.2). Preoperative antibiotics are given, and the abdo-
men is prepped from the nipples down to the pubic symphysis and as far lateral as 
possibly, especially on the left side.

Fig. 11.2 Patient in 
supine position with 
outstretched arms to 80° 
and split legs in steep 
reverse Trendelenburg
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 Trocar Placement

A 12 mm, 8.5 mm, or 8 mm trocar (depending on the system being used; Si vs. Xi) 
is initially placed, under direct vision using an optical trocar system, in the left mid 
abdomen two fingerbreadths lateral to the umbilicus and one palm width inferior to 
the left costal margin. This port is used for the robotic camera. Two additional 
robotic 8 mm trocars are then placed: one on the left subcostal midclavicular line 
and one on the right subcostal midclavicular line. A 5 mm assistant trocar is posi-
tioned in the left flank and is used during the case for retraction. It may be upsized 
to a 12 mm trocar to accommodate sutures or mesh as desired. The patient is posi-
tioned in steep reverse Trendelenburg. A small subxiphoid incision is used for the 
placement of the Nathanson liver retractor (Fig. 11.3).

 Docking

At this point, the robotic surgical cart is approximated into position, and the arms 
are attached to the three specific trocars (Fig. 11.4). The position of the patient cart 
will depend on the system used; the Si will have to come in from the patient’s left 

Fig. 11.3 Assistant’s 
finger pointing at the 
camera port. Insufflation 
cannula connected to the 
12 mm assistant port and 
smoke evacuator cannula 
connected to the right 
8 mm port

J. N. Cheverie et al.



125

shoulder or head, whereas the Xi can approach the patient perpendicularly from the 
left or right side, and the boom will have to rotate 90 degrees counterclockwise or 
clockwise, respectively. A Cadiere Forceps or Forced Bipolar instrumentation is 
placed in the surgeon’s left hand, and in the right hand, the articulated robotic vessel 
sealer device is introduced. The assistant at the bedside usually performs the setup 
of the robot. The assistant surgeon is positioned on the patients’ left side. During the 
case, the assistant is in charge of switching the robotic instruments and introducing 
and extracting the sutures, Penrose, or mesh (if used) for the operating surgeon. For 
this reason, basic training in laparoscopic surgery and robotics is essential for the 
assistant surgeon.

 Visualization

The left mid-abdominal port is used for the 30 degree robotic camera selecting the 
downward view. After the left lobe of the liver is retracted anteriorly using the 
Nathanson retractor, the hiatus is exposed. At this point, the hernia is visualized 
(Fig. 11.5). Often, with positioning, herniated contents will reduce spontaneously at 
this point.

 Reduction of Hernia

The herniated contents are reduced manually, as required, and the robotic vessel 
sealer may be used (along with the Force Bipolar) in a hand-over-hand manner. An 
additional formal grasper, such as the Cadiere, may be required. The left crus 
approach is preferred (Fig. 11.6) beginning with division of the short gastric vessels 
using the robotic vessel sealer from the level of the inferior pole of the spleen allow-
ing for left crural exposure. In the event of massive herniation, the surgical approach 

Fig. 11.4 da Vinci Xi; 
patient cart approaching 
perpendicularly from the 
left side, with the boom 
rotated 90° 
counterclockwise
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may have to be modified with initial dissection commencing at the interface of the 
hernia sac and the left crura avoiding excessive short gastric vessel division. Incision 
of the hernia sac is started at its junction with the left crus and continued around the 
rim of the hiatus in a circumferential fashion. Entry into the correct plane will ease 
the dissection and minimize bleeding and disorientation. Reduction of the sac is 
performed as much as possible from this position while avoiding injury to the ante-
rior vagus nerve. Once the left crus is exposed, the dissection is then focused on the 
right side of the esophagus. The pars flaccida is opened, and the right crus is mobi-
lized with a combination of blunt dissection, hook dissection, and robotic vessel 
sealer, reducing further the intrathoracic component of the hernia and sac. A retro-
esophageal window is created and a Penrose drain passed and secured with an 
0-PDS Endoloop which is used for further manipulation and retraction by the assis-
tant as the dissection continues into the mediastinum.

Fig. 11.5 Exposure of the 
hiatus with a large 
paraesophageal hernia

Fig. 11.6 Left crus 
approach
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Next, the hernia sac is dissected off its mediastinal attachments (Fig. 11.7). This 
can be a tedious process requiring technical precision and circumferential approach. 
Care must be taken to identify the pleural attachments that are often intimate with 
the hernia sac. Any violation of the pleura should be addressed by means of immedi-
ate closure with suture or clip placement. Subsequent desufflation of the abdomen 
and 1 minute of bag ventilation per anesthesia will obviate any clinical implication.

The aorta is identified posteriorly and the esophageal attachments divided allow-
ing for circumferential mobilization. The anterior and posterior vagus nerves are 
identified and are kept with the esophagus. Once tension-free intra-abdominal 
esophagus has been achieved, the hernia dissection is complete [11].

 Esophageal Lengthening

If a 3 cm intra-abdominal esophageal length cannot be obtained with esophageal 
mobilization alone, a Collis gastroplasty may be performed to obtain additional 
esophageal length. Failure to lengthen a shortened esophagus can lead to recurrence 
as it produces strain on the repair. The Collis procedure entails the creation of a 
gastric tube by vertically stapling the proximal stomach from the angle of His, par-
allel to a large bougie placed alongside the gastric lesser curvature. This neoesopha-
gus permits that the new esophagogastric junction be located intra-abdominally. 
Collis gastroplasty is not without its complications. The neoesophagus created by 
the gastroplasty does not display the normal peristaltic activity of the esophagus and 
can lead to dysphagia. Persistent parietal cells can also lead to recurrent heartburn 
and esophagitis. In addition, the presence of a staple line can lead to leak rates of 
1–3% even in high-volume, experienced centers [12]. We prefer a modality of 
lengthening that involves pulling down the fundus so that level of the angle of His 
is pulled into the jaws of the blue load stapling device in a parallel fashion necessi-
tating a single staple line.

Fig. 11.7 Hernia sac 
dissected off the 
mediastinum
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 Crural Closure

The esophagus is retracted anteriorly and to the left. Closure of the diaphragmatic 
defect is started at the junction of the right and left crus to decrease tension on every 
stitch and is carried out cephalad. The closure is performed using a running 0 non-
absorbable barbed suture (Fig. 11.8). A 52 Fr bougie is passed down the esophagus 
during the repair to tailor the closure and to avoid undue angulation as the esopha-
gus passes through the hiatus. We also ensure visualization of the aorta and keep this 
structure away from the approximating suture. Furthermore, a C-shaped GORE® 
Bio-A is used routinely to reinforce the closure of the diaphragmatic defect. The 
mesh is secured in place to the antero- and retro-esophageal diaphragm using fibrin 
sealant. Additional anchoring sutures may be required. In the event that the dia-
phragmatic crura cannot be approximated primarily without tension, a relaxing inci-
sion may be necessary [13].

 Relaxing Incisions

Relaxing incisions are typically performed on the right side unless excessive scar-
ring or close proximity to the inferior vena cava (IVC) is prohibitive in which case 
a left-sided incision is performed. A right-sided relaxing incision is made by incis-
ing the diaphragm 2 cm lateral to the crus, between the right crus and IVC, and 
carrying this full thickness without violating the pleural space. Caution must be 
taken to avoid the anterior crural vein and the thoracic duct near the aortic hiatus. A 
left-sided incision is performed in a similar fashion between the left crus and the left 
seventh rib taking care not to injure the left-sided phrenic nerve. In cases where a 
unilateral relaxing incision is not sufficient, bilateral relaxing incisions can be per-
formed. The crural closure and relaxing incisions should be reinforced and covered 
with a mesh [14].

a b

Fig. 11.8 (a, b) Posterior crural closure using a running nonabsorbable barbed suture 
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 Fundoplication

The creation of a floppy tension-free 360 degree fundoplication is gauged over a 
52F bougie. If the fundus is not completely free of hiatal or posterior attach-
ments, then additional dissection is performed. The fundus is then placed up on 
the left crura and is grasped from the posterior retroesophageal window. The 
shoeshine maneuver is fundamental to ensure the proper orientation of the wrap 
demonstrating a “short gastric to short gastric” association (Fig. 11.9). This con-
firms proper fundal placement of the wrap preventing wrap herniation. It also 
avoids undue twisting of the fundus as it comes around the esophagus. Once this 
maneuver is satisfied, an initial 2-0 silk suture attaches stomach to the stomach 
using the divided short gastric vessels as landmarks for approximation 
(Fig. 11.10). The Penrose drain is removed at this point. A second 2-0 silk suture 
then encompasses the stomach, esophagus, and stomach to truly anchor the wrap 

Fig. 11.9 Shoeshine 
maneuver

Fig. 11.10 Floppy Nissen 
fundoplication
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in a proper location. A final suture incorporating only the stomach may be placed. 
We prefer to anchor the wrap posteriorly to the midline crura. Other techniques 
of fixation such as lateral crural suture fixation may be used with caution not to 
alter the orientation of the wrap. Upper endoscopy is performed at the comple-
tion of the case to check the indemnity of the mucosa of the esophagus and stom-
ach and to verify the adequacy, orientation, and patency of the fundoplication. In 
the presence of impaired or unknown esophageal motility, a partial (270 degree) 
Toupet fundoplication is preferred.

 Mesh Reinforcement

Both permanent and biologic meshes have been shown to be effective in reducing 
early recurrences in separate randomized trials. In a 2016 meta-analysis of four 
randomized trials including 406 patients, compared with suture closure alone, 
mesh reinforcement of the crural closure reduced the rate of reoperation but not 
recurrence or complication rates. On the other hand, no comparative large studies 
have been performed on the use of bioabsorbable mesh (Fig.  11.11); however, 
these short studies demonstrated its safety and effectiveness [15, 16].

The ideal hernia repair should result in a permanent retention of the stomach in 
the abdominal cavity. However, the recurrence rate following PEH repair is high 
because of a pressure gradient resulting from the positive intra-abdominal pressure 
and negative intrathoracic pressure. While not routinely applied at our institution, 
such fixation techniques are described below and may be useful in acute presenta-
tions or in giant hernias for which the boggy reduced and enlarged stomach seems 
functionally impaired [11].

Fig. 11.11 Bio-A mesh 
(GORE®) placed in a 
C-shape to reinforce the 
anterior and 
posterior hiatus
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 Anterior Gastropexy with Sutures

Gastropexy with sutures to the anterior abdominal wall may be performed at the end 
of a PEH repair.

 Posterior Gastropexy with Sutures (Hill Repair)

Sutures placed from the lower esophageal sphincter to the arcuate ligament are per-
formed less often due to its technical difficultness and poor results. An anterior 
gastropexy is preferred [17].

 Anterior Gastropexy with PEG Tubes

An endoscopic hernia reduction with or without laparoscopic assistance, followed 
by anterior gastropexy with two PEG tubes, may be performed for patients who are 
too frail to undertake a formal PEH repair or for patients in an emergency setting. 
The placement of two PEG tubes reduces the potential risk of stomach volvulus 
around a single PEG tube. This procedure relieves symptoms from a paraesopha-
geal hernia, prevents the occurrence of gastric volvulus, and does not preclude a 
formal hernia repair at a later time [18].

 Perioperative Complications

 Pneumothorax

Violation of the pleura is a common complication of the challenging dissection of 
the hernia sac in the mediastinum. This usually has minimal clinical consequences, 
but immediate communication with anesthesia is imperative. Primary closure with 
suture or clips is appropriate. This sometimes requires further dissection to remove 
tension of the scarred sac off of the pleura. Abdominal desufflation and handbag 
mask ventilation can alleviate any notable capnothorax. Of course, one must be 
prepared for more aggressive intervention such as thoracostomy tube if clinically 
warranted. However, it is important in the perioperative setting to remember the 
mechanism of pneumothoraces in this surgical patient population.

 Vagal Injury

Inadvertent injury to the anterior and posterior vagus nerves is possible at multiple 
points of the procedure. Both traction and sharp/thermal are possible. Rates range 
from 10–42%. Injury may cause clinically relevant gastroparesis presenting with 
nausea and vomiting as well as diarrhea. Careful dissection and early as well as 
continued identification are key to avoid inadvertent injury [19].

11 Robotic Hiatal Hernia Repair



132

While there is a concern for gastroparesis and gastric outlet obstruction after vagal 
injury, Oelschlager et al. performed a review of 30 patients who underwent a vagot-
omy during the course of an esophageal lengthening procedure, 20 anterior, six pos-
terior, and four bilateral, and compared the results with 72 patients that did not have 
a vagotomy. The primary presenting symptoms were improved in both groups. 
Similarly, there was no difference in the severity of abdominal pain, bloating, diar-
rhea, or early satiety between the vagotomy and no vagotomy groups at follow-up 
(median of 19 months). No patient required a subsequent operation for gastric outlet 
obstruction [20].

 Esophageal Perforation

Although rare, esophageal perforation can be a catastrophic complication leading to 
mediastinitis and death if not recognized and managed appropriately. They are fre-
quently associated to Collis gastroplasty (88%), and its overall occurrence and pre-
sentation as a postoperative leak is 2.5% [4]. Our preference would be complete 
exposure including endoscopic evaluation followed by primary full-thickness repair.

 Gastric Perforation

Inadvertant gastric injury with perforation is rare (0.3%) and should be managed as 
above with full exposure and primary repair. The location will often be optimally 
incorporated in the fundoplication [4]. Endoscopic evaluation may be beneficial for 
complete evaluation.

 Bleeding

A most common source of bleeding may be from the short gastric vessels following 
transection with thermal energy. It is often due to blighting at the angle of division 
and subsequent temporary retraction.

A more concerning intrathoracic bleeding event may occur from small arterial ves-
sels branching from the aorta during the posterior dissection. Larger vessel bleeding 
may occur. Inflammation of the sac can lead to diffuse oozing during the mediastinal 
dissection. Regardless of location, general principles of surgery including pressure, 
communication, exposure, and control are necessary. The robotic forum adds 3-D visu-
alization and ergonomic ease of access in confined spaces. We prefer initial control 
with pressure by insertion of Raytec® gauze. Adjuncts such as 10 mm suction devices 
may be useful. Assessment and definitive control through application of thermal energy 
device or clips may then ensue. Communication with anesthesia is crucial.

 Dysphagia

As with many hiatal surgery, dysphagia may ensue and has multiple possible etiolo-
gies. Thorough evaluation by means of UGIS, EGD, and manometry is often 
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required. Common causes can be undue angulation of the esophagus as it enters the 
abdomen due to the crural closure. A wrap may be functionally too tight. Both of 
these may be alleviated by serial endoscopic dilatation. Wrap slippage may neces-
sitate revisional surgery.

 Reflux

According to a prospective study of 111 patients performed at Johns Hopkins 
University where a validated gastroesophageal reflux disease-specific quality of life 
(QOL) tool was administered to patients before and at 2, 12, and 36 months after the 
procedure (higher QOL scores represented greater severity of symptoms). Overall, 
patients experienced significant symptom improvement at postoperative months 2 
(mean QOL score, 10.18 [7.39]), 12 (mean QOL score, 9.74 [8.69]), and 36 (mean 
QOL score, 10.58 [9.14]) compared with baseline (mean QOL score, 28.50 [11.13]) 
(P < 0.001) [21].

 Outcomes

PEH is a potentially devastating condition frequently manifesting in patients of 
advanced age with other substantial medical problems.

The pressure gradient across the abdominal and thoracic cavities predisposes the 
patient to a recurrence after a PEH repair. A meta-analysis of 13 studies, including 
965 patients, reported an overall recurrence of 10.2% and a “true” recurrence rate of 
25.5% when a follow-up barium esophagogram was used [22].

Most patients with a radiographic recurrence after PEH repair are asymptomatic, 
and patients with a clinical recurrence often have reflux symptoms that can be con-
trolled with proton pump inhibitors. Only a small fraction of patients will require a 
reoperation for complications or intractable symptoms.

Robotic-assisted paraesophageal hernia repair is a safe procedure that has a 
learning curve of about 36 cases. Upon review of the literature, this approach seems 
to have the same benefits as those of the laparoscopic approach in terms of total 
surgical time, complication rate, length of hospital stay, and quality of life; in addi-
tion, the robotic platform may be associated with a lower recurrence rate than the 
laparoscopic approach according to small retrospective series [23].

 Reoperative Considerations

Reoperation for a symptomatic paraesophageal hernia should be performed by 
highly experienced surgeons, as these procedures present a significant technical 
challenge, especially if permanent mesh has been placed at the time of the index 
operation. In this setting, the robotic platform presents an invaluable approach, as it 
contributes to decrease the rate of conversion to an open procedure, especially in the 
presence of perforation, ischemia, or significant blood loss, and intraoperative com-
plications that can still be fixed while sitting in the console.

11 Robotic Hiatal Hernia Repair



134

In more complex reoperative cases (patients who failed numerous transabdomi-
nal repairs), a transthoracic approach can offer a virgin territory for repair.

 Emergent Repair: Timing and Indication

Over 40 years ago, life-threatening complications such as gastric ischemia, perfora-
tion, or severe hemorrhage were thought to occur in up to 30% of patients diagnosed 
with PEH.  As a result, operative repair of any PEH was sought, irrespective of 
symptoms. Recent literature and modern operative techniques challenge these his-
torical estimates. Stylopoulos used a Markov Monte Carlo model to predict clinical 
outcomes related to elective laparoscopic hernia repair and watchful waiting. He 
found an annual probability of developing acute complications requiring emergent 
surgery of 1.1% in the watchful waiting group and a mortality rate of 1.4 and 5.4% 
for laparoscopic elective surgery and emergency surgery, respectively.

Giant paraesophageal hernias may present acutely with Borchardt’s triad: 
severe epigastric pain, retching, and inability to pass a nasogastric tube. The best 
timing for an operative repair after an acute presentation is a subject of ongoing 
debate. Although any clinical or radiological suspicion of acute ischemia or per-
foration requires immediate surgical management, most acute presentations can 
be initially managed conservatively providing the opportunity for semi-elective 
repair [24].

 Cost Analysis of Laparoscopic Versus Robotic Fundoplication

Robotic compared to laparoscopic Nissen fundoplication and hiatal hernia repair 
have been demonstrated to be associated with increased costs in previously pub-
lished studies. Müller-Stich et al. conducted a randomized controlled trial compar-
ing laparoscopic to robotic fundoplication. They identified a shorter operative time 
for robotic fundoplication at 88  min, compared to 102  min for laparoscopic 
(p = 0.033). Costs were higher for robotic compared to laparoscopic procedures 
(€3244 vs. €2743, respectively; p = 0.003). A study on robotic fundoplication costs 
using the United Health System Consortium database included 12,079 patients who 
underwent robotic, laparoscopic, or open fundoplication. When laparoscopic was 
compared to robotic fundoplication, there was no significant difference in morbid-
ity, mortality, or length of stay. Robotic fundoplication was associated with an 
increased 30-day readmission rate compared to a laparoscopic approach (3.6 vs. 
1.8%; p < 0.05). Costs were also higher in robotic procedures in this study ($10,644 
robotic vs. $7968 laparoscopic; p < 0.05). Another large database study, this time 
using the Nationwide Inpatient Sample, evaluated 297,335 patients undergoing 
robotic compared to laparoscopic gastrointestinal surgery, including both fundopli-
cation and gastroenterostomy without gastrectomy. In the fundoplication cohort, 
there was no difference in the length of stay or complications. Costs were signifi-
cantly higher with robotic fundoplication ($37,638 vs. $32,947; p < 0.0001).
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According to Higgins RM et al., after retrospectively evaluating 22 robotic and 
115 laparoscopic fundoplication procedures, robotic cases were associated with a 
statistically significant increase in operative time and overall supply cost. The mean 
and median number of robotic instruments used for fundoplication was 4.9 and 4.0, 
respectively. The mean total cost of robotic instruments, excluding outliers, was 
$1320.7 and $2925.2 including outliers. Among the 22 robotic fundoplications per-
formed, 13 outlier instruments were used (individual case cost of >$1000). These 
instruments included primarily bowel graspers and cautery spatulas. To account for 
the amortized upfront cost of the robotic instruments, an additional analysis of stan-
dardizing the cost of each robotic instrument as $200 per case was performed. From 
this, it was determined that there was no difference in total supply cost between 
robotic and laparoscopic fundoplications [25].

 Conclusion

Robot-assisted laparoscopic hiatal hernia repair has demonstrated low short-term 
clinical recurrence rates with morbidity and quality of life comparable to the litera-
ture for laparoscopic repair, even in older patients and those with high operative 
risks. With increasing numbers of robotic-trained general surgeons in the commu-
nity, a wider application of the robotic platform for the repair of paraesophageal 
hernia, even in complex cases, is expected which will bring shorter operative times. 
It will also allow wider application of minimally invasive technique although sur-
geon experience and knowledge of anatomy may not be substituted. The ergonomic 
and visual advantages of the robotic platform add surgical precision and potentially 
lower recurrence rates.
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Management of the Short Esophagus 
in GERD

Steven R. DeMeester

 Introduction

In the normal anatomic arrangement, several centimeters of the distal esophagus 
and the gastroesophageal junction (GEJ) lie below the esophageal hiatus within the 
abdomen. This allows the lower esophageal sphincter to be within the hiatus, such 
that crural contraction with inspiration augments sphincter resistance to the flow of 
gastric contents into the thoracic esophagus during times of increased abdominal 
pressure. When the GEJ, the fundus of the stomach, or both migrate into the chest 
above the hiatus, a hiatal hernia is present. Sliding hiatal hernias are characterized 
by the GEJ remaining above the fundus of the stomach, while with paraesophageal 
hernias (PEH), the fundus of the stomach is above the GEJ and located next to the 
esophagus. In most patients with a PEH, the GEJ has also migrated above the dia-
phragm into the chest.

Intrinsic to the repair of a hiatal hernia is the need to bring the GEJ, stomach, and 
distal esophagus back into the abdomen. However, since 1950, it has been known 
that in some patients, this can be challenging, particularly those with severe gastro-
esophageal reflux disease (GERD) or a large hiatal hernia. In these patients, esopha-
geal shortening can lead to loss of intra-abdominal esophageal length and put the 
repair of the hernia under tension. Tension during repair of any hernia is known to 
increase the risk for hernia recurrence. Consequently, in 1957, Dr. J. Leigh Collis 
described a technique to address acquired esophageal shortening and reduce tension 
during hiatal hernia repair [1]. His technique, now referred to as a Collis gastro-
plasty, creates an extension to the esophagus by creating a tube of neoesophagus 
from the upper stomach. His gastroplasty was done as a transthoracic procedure, but 
subsequently, several techniques have been developed to create the gastroplasty 
using a laparoscopic approach. The laparoscopic management of a short esophagus 
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is challenging, and as a result, there is a tendency by many surgeons to ignore 
esophageal length and proceed with a standard repair. However, tension is the 
enemy of any hernia repair, and long-term successful outcomes with hiatal hernia 
repairs, as for all other abdominal hernias, require addressing tension when 
encountered.

 Identifying the Short Esophagus

Patients at risk for acquired esophageal shortening include those with advanced 
GERD with esophagitis, stricture, long-segment Barrett’s esophagus, a history of 
sarcoidosis, caustic ingestion, scleroderma, and a large sliding or paraesophageal 
hernia [2, 3]. In some reports, patients with a PEH have the highest frequency of a 
short esophagus [4].

The presence of a foreshortened esophagus in patients with severe GERD is 
understandable since exposure to refluxed gastric juice causes mucosal injury and 
can lead to transmural inflammation, fibrosis, and collagen contraction. An esopha-
geal stricture is strongly associated with a shortened esophagus and the need for a 
gastroplasty. The presence of both a large hiatal hernia (>5 cm) and an esophageal 
stricture further increases the risk of a shortened esophagus [2]. In addition, a his-
tory of a previous failed antireflux procedure with recurrent hiatal hernia should 
raise suspicion that the length of the esophagus is short. The etiology of esophageal 
shortening in patients with a PEH is unclear but may be related to loss of elasticity 
in the longitudinal esophageal muscle related to chronic loss of intra-abdominal 
fixation of the gastroesophageal junction. While any of these histories should 
increase the suspicion that a patient may have a short esophagus, none are definitive.

The preoperative workup for any patient presenting with a hiatal hernia or GERD 
symptoms should include a thorough history and objective studies to understand the 
relevant pathophysiology. Potentially important objective studies include upper 
endoscopy, esophageal manometry, 24 or 48  hour pH monitoring, and a video-
esophagram. The indication for repair of a sliding hiatal hernia is the presence of 
documented GERD, while for a PEH, it is the presence of symptoms, age 65 or 
under, or a type IV hernia with the stomach and another organ in the chest [5]. 
Symptoms in patients with a PEH may be GERD related but often consist of short-
ness of breath or chest discomfort after meals, dysphagia, or the presence of anemia. 
The objective studies will define the size, type, and reducibility of any hiatal hernia, 
presence of a stricture or erosive esophagitis, esophageal function, and the presence 
and severity of increased esophageal exposure to refluxed gastric juice. A foreshort-
ened esophagus can effectively be ruled out when a hiatal hernia fully reduces on 
barium esophagram, but in any nonreducing hiatal hernia, a short esophagus may be 
present. Therefore, while objective studies can rule out a short esophagus, none can 
accurately identify its presence. Instead, a foreshortened esophagus can only be 
confirmed by the intraoperative inability to reduce the gastroesophageal junction 
below the hiatus by 2–3 cm after mediastinal esophageal mobilization and posterior 
crural closure.

S. R. DeMeester



141

 Management of the Short Esophagus

Although the existence and frequency of a foreshortened esophagus remains 
debated, failure to obtain an adequate length of intra-abdominal esophagus during 
hiatal hernia repair has been proposed as a leading cause for reherniation, slippage, 
or breakdown of the repair [6]. It has been reported that 20–33% of patients with an 
inadequate intra-abdominal length will fail after a fundoplication [3]. The primary 
method of esophageal lengthening during repair of a hiatal hernia is mediastinal 
esophageal mobilization. In addition, patients with a large hiatal hernia, particularly 
a PEH, are often kyphotic, and closing the hiatus posteriorly brings the esophagus 
anterior and adds intra-abdominal length. In order to accomplish a fundoplication 
without tension, there should be 2–3 cm of intra-abdominal esophagus below the 
hiatal closure (Fig. 12.1).

The amount of intra-abdominal esophagus during laparoscopic surgery is decep-
tive since the pneumoperitoneum artificially elevates the diaphragm and gives the 
appearance of more esophageal length than what is actually present. With deflation 
of the pneumoperitoneum, the diaphragm descends, and some of the apparent 
esophageal length is lost. Thus, if posterior crural closure and mediastinal esopha-
geal mobilization are insufficient to provide 2–3  cm of abdominal esophagus, 
esophageal lengthening is recommended. In addition, creation of a capnothorax 
during laparoscopic surgery is well tolerated, particularly if done bilaterally, and 
will put the diaphragm in neutral position. This reduces crural closure tension and 
also permits a more realistic assessment of intra-abdominal esophageal length [7].

My preferred approach for a Collis gastroplasty has been previously published 
and is based on the wedge fundectomy Collis gastroplasty (WFCG) technique 
described by Terry and colleagues [8]. After determining that intra-abdominal 
length is less than 3 cm, a 52 French bougie is passed and kept along the lesser 

3 cm
Fig. 12.1 An important 
concern for reducing hiatal 
hernia recurrence is 
obtaining adequate 
esophageal length. Most 
surgeons consider 3 cm of 
intra-abdominal length, the 
requisite length when 
measured from the left crus 
to the angle of His and 
gastroesophageal junction
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curvature of the stomach. The aim is to establish 3 cm of intra-abdominal esophagus 
or neoesophagus, so if the GEJ was 1 cm below the hiatus, a 2 cm Collis is created, 
and if the GEJ was at the hiatus, a 3 cm gastroplasty is created. The planned length 
of the Collis gastroplasty is marked on the lesser curve by measuring down from the 
angle of His 1, 2, or 3 cm as needed to obtain 3 cm of intra-abdominal esophagus.

The gastroplasty is started with a staple line from the greater curve headed toward 
the angle of His in order to minimize the amount of fundus that is ultimately resected 
(Fig. 12.2a–c). Subsequent staple lines sequentially cut through the inferior staple 
line, gradually working down toward the mark initially made along the lesser curva-
ture (Fig. 12.3a, b). My preference is a 45 mm purple load with a powered stapler 
that allows precise adjustment of the angle of the stapler. The last staple line toward 
the bougie should have the bougie on each side of the jaws of the stapler such that 

2 cm

X

a b
1 cm

b

c

Fig. 12.2 (a) In patients such as this with less than 3 cm of intra-abdominal length, a Collis gas-
troplasty is added to reduce tension on the repair. The length of the Collis gastroplasty is dependent 
on the location of the angle of His/gastroesophageal junction below the left crus. In this case, there 
is 1 cm of intra-abdominal esophageal length, so a 2 cm Collis gastroplasty will be added. (b) A 52 
French bougie is passed down and kept along the lesser curvature of the stomach. (c) A mark is 
made along the lesser curvature 2 cm below the angle of His. The 45 mm articulating stapler is 
placed along the greater curvature and aimed toward the angle of His to minimize the ultimate 
amount of the stomach that is resected. This initial staple line is not directed at the “X” making the 
spot 2 cm below the angle of His
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when it is closed, the jaws bounce off the bougie. This allows the staple line to get 
as close to the bougie as possible (Fig. 12.4). Once the staple line is as close as pos-
sible to the bougie, the stapler is aimed upward toward the angle of His parallel to 
the bougie (Fig. 12.5a–c). It is important to keep the stapler as tight onto the bougie 
as possible since the gastroplasty tube is aperistaltic. The objective is to have the 
lumen of the gastroplasty smaller than the native esophagus, so the funnel effect 
moves food from the distal esophagus through the gastroplasty to the stomach. The 
final resected piece of fundus has a starfish-shaped appearance. This is removed in 
a specimen-retrieval bag. The staple line should be inspected to ensure hemostasis 
and integrity. I do not use any staple line reinforcement material.

X X

a b

Fig. 12.3 (a) The subsequent stapler application is placed across the inferior staple line from the 
initial staple cut, gradually working down toward the mark created on the lesser curve 2 cm below 
the angle of His. Depending on how far down the mark is, it may take several staple lines, each 
through the inferior staple line of the prior stapler application, to reach the mark. (b) In this way, a 
“starfish”-shaped piece of fundus is gradually created

X

Fig. 12.4 Once the mark 
is reached, the stapler is 
aimed directly across the 
mark with one blade above 
and one below the bougie. 
When the stapler is closed, 
it will bounce off the 
bougie. This will ensure 
that the final staple line is 
as close as possible to 
the bougie
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If a Toupet fundoplication is planned, the bougie can be removed and the crural 
closure completed prior to performing the Toupet. For a Nissen fundoplication, I 
leave the 52 bougie in place and do the Nissen fundoplication first and then remove 
the bougie and complete the crural closure. In both cases, with a Toupet or Nissen, 
the staple lines should be buried by the anterior fundus and the esophagus. This step 
minimizes the risk of any leak. Another important principle is that the fundoplica-
tion should be kept as high on the gastroplasty as possible, preferably at the top near 
the gastroesophageal junction. This will depend on how short the esophagus was 
initially. In most patients, the native GEJ lies below the hiatus after good esophageal 
mobilization and reduction of the hernia, and in these patients, the fundoplication 
can be placed around the Collis gastroplasty with the top at the native GEJ. In this 

3 cm

a b

c

Fig. 12.5 (a) Once the staple line has reached the bougie, the next staple load is directed upward 
toward the angle of His, keeping the stapler as tight against the bougie as possible. (b) Typically, 
2–3 staple loads of the 45 mm stapler are required to complete the resection of the small wedge of 
fundus. (c) Once completed, there is now 3 cm of intra-abdominal “esophagus.” The original 1 cm 
of intra-abdominal esophagus had been supplemented with 2 cm of neoesophagus from the lesser 
curvature of the stomach (the Collis gastroplasty). The resulting staple line will be buried with 
creation of the fundoplication, and the residual fundus left after the wedge fundectomy technique 
as shown gives a very nice piece of fundus to work with for either a Toupet or a Nissen 
fundoplication
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situation, the fundoplication will lie nicely below the hiatus without tension, and all 
of the gastric-acid-secreting mucosa of the gastroplasty is within or below the fun-
doplication. In some patients, the esophagus is so short that the native GEJ is at or 
above the hiatus, which means the Collis gastroplasty extends into or above the 
hiatus. In these patients, since the fundoplication should remain in the abdomen, 
there will be a short length of Collis gastroplasty above the fundoplication. The 
importance of this is the fact that the gastroplasty is made from the stomach, and 
acid production by the gastric mucosa of the Collis gastroplasty above the fundopli-
cation can lead to erosive esophagitis in the distal esophageal squamous mucosa in 
some patients [3, 9]. For this reason, I perform upper endoscopy on all patients 
3  months after Collis gastroplasty, and if esophagitis is present, the patients are 
placed back on some form of acid suppression medication.

In our center, the type of fundoplication, partial or complete, is based on the 
patient’s preoperative symptoms and objective test results. In elderly patients, or 
those with dysphagia, poor motility on high-resolution manometry, or impaired 
bolus clearance on videoesophagram, a partial (Toupet) fundoplication is preferred. 
Others are given a complete (Nissen) fundoplication. Since the gastroplasty tube is 
aperistaltic, bolus transport through the gastroplasty relies on the motility of the 
distal esophagus above the gastroplasty. Consequently, we are more liberal with the 
use of a partial fundoplication in patients that have a Collis gastroplasty.

 Outcome with a Collis Gastroplasty

Before the introduction of laparoscopic surgery, most antireflux procedures were 
performed in patients with severe GERD, often with impaired esophageal body 
function. A Collis gastroplasty in these patients frequently led to protracted postop-
erative dysphagia. In a series reported in 1998, a transthoracic Collis gastroplasty in 
the presence of preoperative dysphagia was significantly associated with a poor 
postoperative outcome. Many of these patients had strictures and severe reflux dis-
ease [10]. The availability of potent acid-suppressing medications has led to a 
reduction in the acid-related complications of reflux disease including strictures. 
Furthermore, the number of patients presenting for elective repair of a paraesopha-
geal hernia in the era of laparoscopic surgery is increasing. In these patients, a Collis 
gastroplasty seems to be better tolerated. In contrast to our earlier series, a recent 
evaluation of our laparoscopic Collis gastroplasties showed that severe reflux dis-
ease was less common [9]. The Collis gastroplasty was done in 72% of patients 
either for a PEH or during reoperation for a failed fundoplication. Dysphagia was a 
common preoperative symptom; however, it resolved in the majority of patients 
(71%) postoperatively. Importantly, new-onset dysphagia occurred in only two 
patients (5.5%) and resolved after one endoscopic dilatation in both patients. 
Dysphagia that was present preoperatively and persisted was typically mild and did 
not significantly impact the patient’s diet or lifestyle. The relief of dysphagia in 
most patients was likely related to repair of the large hiatal hernia and healing of 
esophagitis. However, we also attributed the low rate of new-onset dysphagia to our 
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“tailored approach” for a fundoplication, using a Toupet rather than a Nissen in 
patients with manometric evidence of ineffective esophageal motility [9].

A second potential issue with a Collis gastroplasty is acid production by the 
neoesophagus above the fundoplication. In our recent series, we found that the prev-
alence of esophagitis after laparoscopic Collis gastroplasty was much lower (11%) 
than reported by others. It is not clear why our prevalence was much less than the 
36% rate reported by Jobe et al., but it may in part be related to our efforts to keep 
the fundoplication as high on the neoesophagus as possible without inducing exces-
sive tension on the repair [9, 11]. It is also possible that the degree of shortening in 
our patients was less than that in the series by Jobe et al., because in patients with a 
very short esophagus the Collis gastroplasty can extend above the hiatus. In that 
circumstance, it is not possible to position the fundoplication at the top of the gas-
troplasty. Importantly, esophagitis in these patients is often asymptomatic. 
Consequently, I recommend that an early postoperative endoscopy be done after a 
Collis gastroplasty to evaluate for esophagitis. If esophagitis is found in the setting 
of an intact fundoplication treatment with acid suppression, medication is recom-
mended to prevent stricture formation or other complications related to ongoing 
mucosal injury.

A transthoracic Collis gastroplasty has been associated with complications not 
typically seen with standard antireflux surgery, including staple line leaks, abscesses, 
and fistulas [12]. We are always careful to ensure adequate perfusion of the Collis 
segment and would avoid a Collis gastroplasty if there was any compromise of the 
lesser curve blood supply due to interruption of the left gastric artery. In our series 
of laparoscopic wedge fundectomy Collis gastroplasties, we did not have any of 
these complications. We routinely cover the Collis staple line with the fundoplica-
tion to minimize the risk of a leak or fistula. Further, the wedge fundectomy tech-
nique may lead to a wider and more robust portion of fundus that lessens the tension 
that was sometimes present with a fundoplication after a traditional transthoracic 
Collis gastroplasty.

The key issue of course with a Collis gastroplasty is whether it reduces hernia 
recurrence rates. In a recent publication on 50 elective laparoscopic PEH repairs, a 
Collis gastroplasty was used in 42%, and on 1-year objective follow-up, the hernia 
recurrence rate overall was 8%, but no patient with a Collis gastroplasty had a recur-
rent hernia [13]. It would seem logical that if the esophagus was deemed short in 
patients that had a Collis gastroplasty and a short esophagus should induce tension 
on the repair and increase the risk for hernia recurrence, then, if the Collis was not 
helping to reduce tension, these patients should have the highest rate of recurrent 
hernia on follow-up. Instead, none of these patients had a recurrent hernia, suggest-
ing that the Collis gastroplasty is a useful adjunct to reduce tension and hernia 
recurrence in patients judged to have a short esophagus intraoperatively.
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 Conclusion

Patients found to have a short esophagus during laparoscopic hiatal hernia repair are 
likely at increased risk for breakdown of the repair and a recurrent hiatal hernia. The 
first steps to gain esophageal length are mediastinal esophageal mobilization and 
posterior crural closure. If these steps are inadequate, a Collis gastroplasty should 
be added. The wedge fundectomy technique allows esophageal lengthening laparo-
scopically and is associated with a low rate of complications. Clear-cut evidence 
that a laparoscopic Collis gastroplasty reduces hernia recurrence rates is lacking; 
however, tension on the repair of any hernia is associated with an increased failure 
rate. Consequently, a Collis gastroplasty in the setting of a foreshortened esophagus 
is likely to prove beneficial in the long term and should be part of the armamentar-
ium of modern laparoscopic esophageal surgeons.
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 Introduction and Classifications

At present, controversy exists regarding the management of hiatal hernia and its 
associated conditions, such as gastroesophageal reflux disease (GERD) and chronic 
anemia [1–6]. The majority of the controversy stems from the variable definitions of 
hernia types based on anatomical changes at the hiatus and the accuracy of diagnos-
tic tests in differentiating these anatomical abnormalities [1, 2, 5]. In general, hiatal 
hernia can be defined as migration of either the stomach or esophagogastric junction 
and occasionally other visceral organs into the mediastinum, in the setting of dete-
rioration of the phreno-esophageal ligament and widening of the hiatus.

The history of hiatal hernia surgery was best summarized by Stylopoulos and 
Rattner in 2005 [7]. The original definition and classification of hiatal hernias, in 
association with the most frequently associated disease, GERD, can be traced to 
1948, when Allison published his fundamental paper on Peptic Ulcers of the 
Esophagus [8]. The first descriptions of post-traumatic and congenital diaphrag-
matic hernias date back to the sixteenth century [7]. In the first half of the twentieth 
century, several authors published their clinical experiences with hiatal hernias [7].

In 1948, Philip Allison described his clinical experience with several types of 
hiatal hernia, supported by radiographic studies [8]. He classified his experience 
into four different morphologic types (Fig. 13.1). In the first figure, he shows a true 
paraesophageal hernia, which he names as such (Fig. 13.1a). In the second figure, 
he demonstrates a sliding hiatal hernia with esophageal shortening (Fig. 13.1b). In 
the third figure, a sliding hiatal hernia is described, complicated by a paraesopha-
geal pouch (Fig.  13.1c). The fourth figure demonstrates a “bulging hernia” 
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(Fig. 13.1d). Of note, this image demonstrates a “bulging diaphragm” with an intact 
cardia at the hiatal opening. The topographic migration of the cardia and proximal 
stomach does not cause a true hernia, nor does the cardia protrude through the hia-
tus. Weakening of the diaphragm around the hiatus allows for cephalad movement 
of the center portion of the diaphragm along with the cardia, with preservation of 
the adhesive structures at the cardia.

Allison’s early classification system, together with his pexy operation, was popu-
larized in the 1950s by many surgeons. The subsequent experience with GERD 
patients with hiatal hernia led to a more thorough understanding of these two enti-
ties and their association [8–12]. Allison’s fundophrenicopexy and Nissen’s early 
experience with fundoplication stimulated a more scientific focus on these condi-
tions [11, 12].

After another decade of clinical experience, Skinner and Belsey, who published a 
number of papers in the 1950s and 1960s, summarized their comprehensive experi-
ence in 1967 with a report encompassing over 1000 patients with hiatal hernia [9, 10, 
13, 14]. In this publication, they documented the hiatal hernia classification that 
remains in use internationally [15]. Figure 13.2 demonstrates this classification with 
four types of hiatal hernia (Fig. 13.2a). Type I, a sliding hernia, accounts for approxi-
mately 85 to 90% of all hiatal hernias in the vast majority of subsequent publications 
[13–15]. Type II is a true paraesophageal hernia with intact position of the cardia at 
the hiatal level (Fig.  13.2b). Type II is further characterized by a small defect or 
weakening in the phreno-esophageal ligament, causing herniation of the fundic flap 
into the paraesophageal mediastinal area through the hiatus. Type III is a complete 
dislocation of the proximal stomach, with movement of both the cardia and fundus 
into the lower mediastinum (Fig. 13.2c). Type IV is defined as a large Type III hernia 
combined with cranial migration of other organs such as the colon, small bowel, or 
even the spleen into the mediastinum (Fig. 13.2d). Types II, III, and IV combined 
occur only in 5–15% of patients with hiatal hernia. Skinner and his group have prop-
agated this classification, which many surgeons now follow [1–3, 5, 6].

In a subsequent publication on massive hiatal hernia, Skinner again reiterated 
that he reserves the term “paraesophageal hernia” to apply strictly to a true Type 

a b c d

Fig. 13.1 The types of hiatal hernias as described by Allison 1948. His first drawing showed a 
true paraesophageal hernia (a), followed by a sliding hernia (b). The third was a mixed hernia (c) 
with both cardia and fundus migrated. The forth type (d) was a bulging of the diaphragm without 
migration of the stomach
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II paraesophageal hernia. Despite this, many surgeons broadly apply the term 
“paraesophageal hernia” to Types II, III, and IV [13, 15]. Skinner believed Type 
II hernia to be “an uncommon situation with the esophagogastric junction remain-
ing securely anchored in the abdomen” [13, 15]. In contrast, the term paraesopha-
geal hernia is currently used for all hernias with the exception of small- to midsize 
sliding Type I hernias. Particularly in the United States, all large hiatal hernias are 
described as paraesophageal hernias, if the fundus has migrated into the chest 
[1–3, 5, 6].

At some institutions in Europe, Skinner’s classification was modified in daily 
practice based on anatomical and clinical observations [16, 17]. Some European 
gastroenterologists and surgeons differentiated between (Fig. 13.3a–d) first, a slid-
ing hernia hiatal hernia; second, a mixed hiatal hernia with migration of both the 

Esophagus

Type I
sliding hiatal hernia

Type II
Paraesophageal hernia

Type III
Mixed

Type IV
Paraesophageal hernia

Esophagus

Herniated
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Gastroesophageal
junction

Gastroesophageal
junction

Esophagus

Gastroesophageal
junction
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Fundus Fundus
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Fig. 13.2 Skinner’s and Belsey’s classification of hiatal hernias, as it is used still today by many 
physicians: Type I, sliding hernia (a); Type II, true paraesophageal hernia (b); Type III, mixed 
hernia with both cardia and fundus migrated (c); Type IV, upside-down stomach with accompany-
ing viscera (d)
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cardia and fundus; third, a true paraesophageal hernia with stable cardia and migra-
tion of a paraesophageal fundic flap alone (true paraesophageal hernia); and fourth, 
an upside-down stomach with possible migration of other viscera. This classifica-
tion represented more the development of a hiatal hernia associated with GERD in 
Type 1 and Type 2, separated from rarely occurring true paraesophageal hernias and 
upside-down stomach (Type 3 and Type 4).

Another classification, based on endoscopic findings, was created and published 
by Lucius Hill in 1995, describing the findings of the hiatus and cardia in endo-
scopic retroflexion (Fig. 13.4) [18, 19]. Hill differentiated the following:

a b

c d

Fig. 13.3 Endoscopic classification mainly used in Europe: First, axial sliding hernia (a); second, 
mixed hernia with both cardia and fundus migrated (b); third, true paraesophageal hernia (c); forth, 
upside-down stomach with or without other viscera (d)
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• A grade 1 flap valve (Fig. 13.4a): the ridge of the tissue at the cardia is preserved 
and closely approximated to the shaft of the retroflexed scope, extending 3–4 cm 
along the lesser curvature.

• A grade 2 flap valve (Fig. 13.4b): the ridge at the cardia is less pronounced and 
may open with respiration.

• A grade 3 flap valve (Fig. 13.4c): a diminished ridge of the cardia is noted, along 
with failure to close around the endoscope, often accompanied by a hiatal hernia.

a b

c d

Fig. 13.4 The endoscopic Hill classification for describing the flap valve in endoscopic retroflex-
ion: grade 1, muscular tissue of the cardia is tight around the endoscope (a); grade 2, ridge of 
muscular tissue at the cardia is less well defined, and there is some oral displacement of the cardia 
as well as a certain opening of the angle of His (b); grade 3, the ridge of the muscular structure at 
the gastric entrance is barely present anymore, and the cardia is widened, allowing a view into the 
esophageal lumen next to the scope (c); grade 4, the normal muscular ridge is completely gone, and 
the entrance of the stomach stays always open (d). The endoscopist can look into the esophagus, 
and there is always a hiatal hernia present
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• A grade 4 flap valve (Fig. 13.4d): the muscular ridge at the cardia is absent; the 
esophagogastric junction stays open, and the endoscopist may easily view the 
esophageal lumen in retroflexion. A hiatal hernia is always present.

This description, based on detailed endoscopic observations, expands the 
description of features of a sliding hiatal hernia. Thus far, it has not been integrated 
into the current classifications. The importance of the Hill classification is shown in 
subsequent publications, since it correlates with reflux activity and may even predict 
the size of the hiatus [2, 20]. In a recent publication, the Hill classification was 
shown to be superior to measurement of the vertical length of a hiatal hernia, with 
respect to the mechanical assessment of the antireflux barrier [20].

With the advent of high-resolution manometry (HRM), an increasingly accurate 
assessment of the mechanical features and dynamic status of the esophagogastric 
junction, as well as functional assessment of the esophagus, cardia, lower esopha-
geal sphincter (LES), and diaphragm, is possible [2]. Kahrilas et al. have demon-
strated the manometric characteristics of both the LES and the diaphragm (Fig. 13.5) 
[2, 21]. Their study indicates that radiographic assessment of a sliding hernia may 
be inaccurate, similar to endoscopic assessment of sliding hiatal hernias, when the 

Fig. 13.5 Demonstration of the high-resolution manometry profile of a patient with a hiatal her-
nia as measured with multiple pressure sensors, which allows for a precise assessment. Note the 
separated pressure level of the LES and the diaphragm due to the hernia
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endoscopic protocol does not account for physiologic movement of the esophagus 
due to longitudinal tension, and vertical movements of the LES during swallowing 
[2, 21]. Furthermore, he emphasizes that “unless a strict protocol for endoscopic 
measurement of the esophagogastric junction is tightly adhered to, the identification 
of Type I hernias less than 3 cm in size with endoscopy is unreliable.”

It can be challenging to identify the exact position of the esophagogastric junc-
tion, as the beginning of the gastric mucosal folds is used as a visual landmark dur-
ing endoscopy. This identification may be particularly difficult in the cardia of a 
patient with long-term GERD and Barrett’s esophagus. In these patients, the distal 
esophageal segment within the deteriorated sphincter may carry columnar lined epi-
thelium and folds due to effacement of the LES. As a result, the distal esophageal 
segment with the LES may be widened and appear to be part of the gastric wall. The 
improved accuracy of HRM in assessing hiatal hernia size has been confirmed by 
other authors [2, 21–23].

Granderath and Pointner introduced the term hiatal surface area (HSA) as another 
classification of hiatal size measurement and assessment of the severity of hiatal 
deterioration during GERD [24]. Based on the clinical dilemma of hiatal closure in 
larger hernias, the authors began calculating HSA as a criterion for decision-making 
regarding mesh use. HSA is an intraoperative measurement, quantifying the crural 
length (in cm), as well as the semicircle between both ventral crural edges repre-
senting the hiatal arch. With these values, the crural angle can be calculated and 
subsequently the HSA between the crurae. The authors use the HSA to differentiate 
between hiatal closure with versus without mesh [24]. Others have used this method 
to stratify their patients with different sizes of hiatal hernia [24–26]. Smaller hernias 
are classified as <10 cm2; large hiatal hernias 10–20 cm2, and a third group, patients 
with >20 cm2 as giant hernias.

 Special Issues Regarding Paraesophageal Hernias

In this manuscript, we will use the term “paraesophageal hernia” for all larger hiatal 
hernias including true paraesophageal hernias, mixed hernias, and upside-down 
stomach, as most authors especially in North America do [2, 6, 15, 22, 23]. It must 
be emphasized that in patients with a true paraesophageal hernia and concomitant 
upside-down stomach, the cardia and LES remain at the level of the hiatus, permit-
ting reasonable function of the antireflux barrier. These patients usually do not have 
associated GERD symptoms [4–6].

Patients with large mixed hiatal hernias, with migration of the fundus and the 
cardia into the chest, usually have severe GERD [4, 5]. Additionally, these patients 
may develop short esophagus over time due to inflammation and scarring of the 
esophagus, which may lead to further surgical challenges [5] (see Chap. 12).

Patients with massive hernias may develop severe respiratory sequelae over time, 
as pulmonary capacity may be reduced due to the size and mass effect of the hernia. 
These patients are frequently elderly, increasing their risk for pulmonary complica-
tions at baseline [27]. Thus, the assessment, diagnosis, and surgical decision- making 
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process should be managed expeditiously in these particular patients, prior to loss 
of pulmonary reserve.

The diagnostic management of these patients entails assessment of anatomical 
changes, as well as an extensive functional workup via GI function studies to evalu-
ate all possible pathophysiologic causes. This includes a precise diagnosis accord-
ing to the previously described classifications [4, 5, 23]. Patients must also be 
evaluated for presence of insufficient esophageal motility and involvement of 
delayed gastric emptying, which may initially be confounding factors in the diagno-
sis. Precise endoscopic evaluation of the esophagus and stomach is imperative. The 
presence of Barrett’s esophagus must be verified or excluded. In the stomach, the 
presence of gastric ulcers and/or Cameron lesions must be verified [6]. Other causes 
of chronic anemia must be worked up and excluded as well.

As mentioned above, paraesophageal hernias occur infrequently and represent 
approximately 5–15% of all hiatal hernias [13, 23]. Since the hernia sac can be 
large, with significant intramediastinal involvement, the operative management of 
these patients should be undertaken by skilled surgeons, experienced in both 
abdominal and thoracic surgery. These patients should be treated in centers with a 
comprehensive knowledge of esophageal disorders and sufficiently high surgical 
volume. The management of an error in diagnostic workup, or technical problems 
during surgery, is best managed at a facility with appropriate resources and experi-
enced staff. It is not surprising that some of the best results regarding surgical treat-
ment of paraesophageal hernias were published via open transthoracic approach 
within an experienced group [28].

Two decades ago, the surgical management of patients with giant hernias 
remained associated with a certain level of mortality, which had to be taken into 
consideration when establishing indications for hiatal hernia surgery in elderly 
patients [7, 13, 15, 29]. Watchful waiting was considered an acceptable option, par-
ticularly in high-risk patients, as the mortality rate with surgery for paraesophageal 
hernia repair could be substantial [29].

With the advent and advancement of minimally invasive surgical techniques, 
impact of operative intervention on these patients has changed, access trauma has 
been reduced, and overall likelihood of mortality has been reduced [29–35]. Several 
publications show favorable outcomes with laparoscopic reduction of hernia and 
fundoplication for treatment of paraesophageal hernias [35].

 Emergency Procedures for Paraesophageal Hernias

With respect to large hiatal hernias, both upward migration of the hernia and the 
paraesophageal extent of intramediastinal dislocation are based on the degree of 
stomach mobility. With sufficient mobility, patients are at increased risk for devel-
opment of gastric volvulus within the mediastinum, resulting in strangulation of the 
stomach and potentially other organs following the stomach into the chest. Since 
paraesophageal hernias are a rare phenomena, such surgical emergencies are also 
rather infrequent [29, 35]. However, in certain centers, they may represent a 
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substantial percentage of cases due to referral patterns [36, 37]. It must be empha-
sized that the relationship between the percentage of emergency cases and elective 
operations is variably reported in the literature, raising the question of whether 
cases are accurately reported as emergent, since the percentage of patients ranges 
from 3% to 15% [35–37].

In practice, these emergent cases are frequently managed by the on-call general 
or thoracic surgeons. Indications for emergency surgery include ischemia, gastroin-
testinal bleeding from a Cameron ulcer, gastric outlet obstruction, cardiopulmonary 
decompensation due to intrathoracic pressure increase, and aspiration events [36].

The literature shows that these patients have an elevated risk of both postopera-
tive complications and mortality, as they are often decompensated from baseline 
due to the acute pathophysiologic process occurring [35–37]. The technical princi-
ples of the paraesophageal hernia repair remain the same during emergent surgery. 
Due to strangulation and occasional perforation, the need for gastric resection and 
more complex procedures is elevated in comparison to elective cases [36].

The morbidity rate in the setting of emergent paraesophageal hernia repair is 
reported to be between 20% and 45% [35–37]. The mortality rate may be as high as 
5–16.4% [34–36]. In emergent cases, the necessity of open operation is increased, 
and longer hospital stays are documented as well [35, 36].

 The Technique of Surgical Treatment 
of Paraesophageal Hernias

 True Paraesophageal Hernias

The majority of patients with true paraesophageal hernia suffer from postprandial 
pain. It is uncommon for these patients to have massive gastroesophageal reflux. 
The diagnosis of a true paraesophageal hernia is generally established by radiogra-
phy and/or upper GI endoscopy. Attention to detail is mandatory during endoscopic 
retroflexion to accurately observe fundic movements during respiration. A less 
experienced endoscopist is liable to miss the endoscopic subtleties of a paraesopha-
geal herniation. Therefore, it is critical to spend time in retroflexion, observing the 
respiratory movements of the gastric wall and diaphragm. One may be able to 
observe migration of a small portion of fundic flap above the diaphragm through a 
small defect in the phreno-esophageal ligament.

After a few steps of laparoscopic exploration and dissection of the hiatus, the 
migration of the fundus will be readily apparent. It is infrequent that the localized 
defect in the phreno-esophageal ligament is appropriately managed without further 
dissection of the hiatus. Once the hiatal region is dissected and the hernia visual-
ized, weakening of the hiatal structure, particularly the phreno-esophageal liga-
ment, can be noted. A formal hiatal dissection is necessary to delineate the 
anatomical landmarks of both the crurae and the hiatal arch.

In general, a full hiatal dissection is completed in these cases. With the esopha-
gus is mobilized from all attachments at the hiatus, there is concern for elevated risk 
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of secondary reflux postoperatively; thus, fundoplication after formal hiatal approx-
imation via posterior cruroplasty should be performed, in our opinion.

 Upside-down Stomach

Patients with upside-down stomach with or without additional migration of other 
viscera often present with a chief complaint of retrosternal and thoracic pain. Prior 
to referral to an esophageal center, they have, for the most part, undergone either 
upper GI swallow study or cross-sectional imaging, and the diagnosis is established 
beforehand. Functional assessment of esophageal and gastric function should be 
performed to assess for the presence of motility disorders.

Laparoscopic exploration frequently demonstrates complete rotation of the 
stomach into the chest, with or without other viscera. If the colon has migrated into 
the thorax, it can be easily reduced into the abdominal cavity by gently pulling it 
caudad. The stomach should then be pulled down into the abdomen, and a thorough 
inspection should be performed of the hiatus and the hernia sac, with evaluation of 
the position and length of intra-abdominal esophagus. In each case, one can confirm 
an adhesive strand from the left crus to the fundus, which represents the axis of rota-
tion of the stomach into the chest.

The dissection of the hiatus is started at the left crus after division of the short 
gastric vessels (Fig. 13.6). Full mobilization of the hernia out of the mediastinum is 
critical, since it needs to be reduced completely. The hernia sac can be grasped at the 
left crus, proceeding with full mediastinal mobilization of the hernia sac via gentle 
blunt dissection, resulting in minimal to no blood loss. The sac is then pulled down 
in the abdominal cavity to be resected. With reduction of the hernia, the esophagus 
along with the vagal trunks can be fully appreciated in the mediastinum. These 
structures must be preserved, and lesions to the esophagus must be avoided. We 
advocate against leaving any hernia sac in the mediastinum, since it may hinder the 

Fig. 13.6 The start of the 
dissection of a massive 
hiatal hernia at the left crus 
to divide the hernia sac for 
further mobilization in the 
mediastinum and complete 
hernia sac resection
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full anatomical assessment of the intramediastinal structures. Furthermore, it may 
disturb mobilization of the esophagus and distort the shaping of the fundoplication. 
Additionally, residual hernia sac left within the mediastinum may make a future 
dissection even more challenging should a revision surgery be necessary.

In patients with upside-down stomach, there is usually no risk for a shortened 
esophagus, since the cardia is at the level of the hiatus. It is often difficult to handle 
the weakened hiatal diaphragm, which may be widened and attenuated over the 
years. Hiatal approximation is important, and we usually perform this with two 
figure-of-8-stitches posteriorly and an additional one to two stitches anteriorly. This 
combined anterior and posterior hiatoplasty provides a sufficient hiatal approxima-
tion; in the majority of cases, mesh reinforcement is not needed. However, in some 
cases, a crural gap remains and tension is high. In these cases, we use mesh to bridge 
the hiatal gap.

We are aware of the current controversial discussion about the arguments both in 
favor of and against the use of mesh reinforcement at the hiatus. As a center for 
referrals of redo surgery, we have seen many complications after mesh implantation 
and therefore use mesh reinforcement at the hiatus only selectively (see Chap. 10).

 Management of (Paraesophageal) Mixed Hernias

These types of hernias are likely the most frequent paraesophageal hernias [4, 5, 
35]. Involved patients usually suffer from prolonged symptoms of GERD and 
require a full gastrointestinal functional assessment regarding their reflux disease 
and possible Barrett’s esophagus. In paraesophageal mixed hernias, the hernia 
develops due to a circular defect of the phreno-esophageal ligament. With the ongo-
ing process of strain in this region, in conjunction with increasing weakening of the 
supportive connective tissue structures of the cardia, the LES moves higher up into 
the mediastinum (Fig. 13.7). These patients have a large vertical extension of their 

Fig. 13.7 Laparoscopic 
view in a large mixed 
hiatal hernia with possible 
shortening of the 
esophagus
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hernia, along with a particularly elevated risk of developing short esophagus (see 
Chap. 12).

Prior to hernia surgery, patients deemed to potentially require intraoperative 
esophageal lengthening should be evaluated by surgeons in esophageal centers, as 
such complex anatomical situations are managed most efficaciously during primary 
surgery. The technique of laparoscopic hiatal hernia reduction, closure of the hiatus, 
and laparoscopic fundoplication is described in detail in other chapters. The proce-
dure in patients with large/giant hernias follows the same technical principles.

There are a few particular issues that are important for the success of these tech-
niques in patients with large paraesophageal mixed hernias. Table  13.1 demon-
strates some important surgical concepts that most experts follow to manage patients 
with paraesophageal hernias based on both clinical experience and evidence from 
the literature [32–37]. The following list of technical steps describes these details:

 1. The surgeon should be experienced in a variety of esophageal procedures, which 
may range from simple, straightforward, laparoscopic fundoplication to the 
necessity for a Collis gastroplasty or resection.

 2. It is important to have sufficient liver retraction to gain an optimal view of the 
hiatus and subsequently the mediastinum.

 3. The first step is the dissection of the hiatal sac and its resection as mentioned 
above. This can be best done via constant downward tension applied to the cardia 

Table 13.1 Overview on the application of technical details among specialized surgeons to treat 
paraesophageal hernias

Technical details
Arafat 
FO, 2012

DeMeester 
SR, 2013

Cohn TD, 
Soper NJ,
2017

Dallemagne 
B, 2018

Sorial 
RK, 
2019

Dissection + identification 
vagus

+ + + + +

Hernia sac excision + + + + +
High esophageal 
mobilization

+ + + + +

Crural approximation
suture

+ + + + +

Crural absorbable mesh 
enforcement
always
Selective

−
−

+ + + +

Right-side release
selective

− + + − −

Esophageal lengthening 
Collis

+ + + + +

Fundoplication
always

+ + + + +

Partial fundoplication in 
esophageal motility 
disorders

+ + + +
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in order to achieve adequate exposure of the esophagus and mediastinum 
(Fig. 13.8).

 4. Careful dissection of the cardia with resection of all fatty tissue and elements of 
the hernia sac is important for the definition of all anatomical structures, espe-
cially the anterior and posterior vagus.

 5. The identification and preservation of the vagal trunks are critical in preventing 
postoperative gastroparesis.

 6. A loop around the LES facilitates the atraumatic pull-down of the esophagus 
while exerting adequate strength. This will facilitate esophageal mobilization to 
the level of the pulmonary vessels in the mediastinum. Tension-free positioning 
of the LES in the abdominal cavity is a key element contributing to the future 
function of the fundoplication as an antireflux barrier. This step is of utmost 
importance, because mesh reinforcement of the hiatus will never compensate for 
insufficient mobilization of the esophagus to create a tension-free position of 
the LES.

 7. The narrowing of the hiatus can be performed with figure-of-8-stitches of braided 
suture material. Usually two to three stitches posteriorly are enough to create 
sufficient reapproximation. It is important to avoid any tenting of the esophagus 
by the posterior cruroplasty, since this can lead to postoperative “hiatal dyspha-
gia.” An anterior hiatoplasty should be added to complete the narrowing of the 
hiatus in these cases. The use of mesh reinforcement should be used selectively 
in those cases in which it is deemed necessary (see Chap. 10).

In cases of short esophagus, one should not hesitate to perform an esophageal 
lengthening procedure (see Chap. 12). A gastropexy may be added to the fundopli-
cation, if there is a slight tension that does not appear significant enough to warrant 
performance of a Collis gastroplasty [38, 39].

Fig. 13.8 Blunt 
mobilization of the hernia 
sac of a large mixed hernia 
in the mediastinum, which 
will allow for an optimal 
view on the esophagus and 
the vagal trunks
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 Results of Surgical Therapy for Paraesophageal Hernia

Table 13.2 demonstrates an overview on the outcomes following surgical interven-
tion for paraesophageal mixed hernias in the literature [31, 36, 40–45]. Early data 
from the laparoscopic era show the overall promise of this technique, given that 
length of hospital stay, postoperative complication rates, and mortality (0.3 versus 
1.7%) were improved [30]. However, the debate regarding the role of minimally 
invasive techniques for this difficult surgical entity continued for several years. No 
randomized trials are currently available.

Reflecting on the available literature regarding these patients, it is critical to 
clearly delineate the difference between a good outcome and a bad outcome. 
Radiologic hernia recurrence, frequently used as a marker for assessment of out-
comes, is easily measured. However, symptomatic and functional outcomes are 
likely to be more relevant. Quality of life is influenced by symptom patterns, i.e., 
reflux or dysphagia, while simple migration of the wrap into the chest may not alter 
quality of life for the patient [35]. Dallemagne et al. performed a review demonstrat-
ing that the average radiologic recurrence rate of hiatal hernia is between 16 and 
66%, while the rate of redo operations was lower, ranging from 2% to 9% [35]. 
Table 13.2 shows a similar analysis based on Dallemagne’s review [35]. The data 
show that the selected reports have a radiologic recurrence rate with a median of 
32%, persistent and/or new onset of symptoms at 18%, and necessity for redo oper-
ation reported as 4% (2–9%) [31, 36, 40–45]. This is interesting, since the need for 
redo surgery is 4%, which is lower than the frequency of redo operations in regular 
antireflux procedures [46, 47]. In conjunction with evidence suggestive of reduced 

Table 13.2 Overview on results after paraesophageal hernia surgery (based on Dallemagne [35])

Authors
Year n

Follow-up symptoms/
radiography months

Persist./
new-onset 
symptoms
%

Radiolog. 
recurrence %

Redo 
surgery 
done
%

Jobe
2002

52 39/37 19 32 4

Aly
2005

100 47 – 23 4

Zaninotto
2007

54 71/32 22 20 9

Luketich 
2010

662 30/25 11 16 3

Dallemagne 
2011

85 118/99 16 66 2

Oelschlager 
2012

78 58 29 57 3

Targarona 
2013

77 108 22 46 4

Shea
2019

199 – 11 32 7
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mortality associated with the laparoscopic approach, one can conclude that this 
approach is likely advantageous.

Some surgical groups were initially critical about shifting approaches but with 
increasing experience reported favorable results with minimally invasive techniques 
[48]. The report of Dallemagne et al. was noteworthy, with a reoperation rate of only 
2%, despite an objective hernia radiologic recurrence rate of 66% [35]. Luketich 
et al. reported a reoperation rate of 3.2% in 662 patients, with a reported radiologic 
recurrence rate of 16% [43].

In summary, patients with large or massive hiatal hernias do carry the infrequent 
but increased risk of presenting as a surgical emergency. Additionally, these patients 
may suffer long term from sequelae of aspiration and other respiratory problems. 
Thus, a critical assessment and diagnostic workup should be performed and elective 
laparoscopic repair undertaken when appropriate, following the aforementioned 
technical details.
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 Background

Gastroesophageal reflux disease (GERD) is a common comorbidity in the obese 
population. Prevalence in the obese population is estimated to be around 37–72%, 
which greatly exceeds the 10–20% prevalence seen in normal weight individuals [1, 
2]. Reflux symptoms greatly impair patients’ quality of life, including disruptions of 
sleep and productivity, at rates comparable to backpain or headaches [3]. GERD is 
also linked to the development of Barrett’s esophagus and esophageal adenocarci-
noma [4, 5], with studies showing at least a twofold increase in the rate of esopha-
geal adenocarcinoma in obesity-related GERD [6]. Given these impairments to 
quality of life and overall health, GERD has been recognized as a significant comor-
bidity of obesity. For every five-point increase in BMI, the DeMeester score is 
expected to rise by three [7]. Therefore, GERD may be preexisting or occur de novo 
after a bariatric operation.

GERD results from a failure of normal anti-reflux barriers, centered around the 
esophagus, the lower esophageal sphincter (LES), the crural portion of the hiatus, 
and the stomach. The pathophysiology behind obesity-related GERD appears to be 
the result of a multitude of anatomic and physiologic changes at the LES imposed 
by the central and visceral adiposity of obesity. Increasing body mass index (BMI) 
has been shown to correlate with increasing rates of LES hypotension and transient 
LES relaxation, which allows for the reflux of gastric contents into the esophagus 
[8]. Obesity is also associated with decreasing rates of LES length and intra- 
abdominal length, both of which contribute to decreased LES pressure [8]. The 
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increased intra-abdominal pressure seen with obesity results in an increased gastro-
esophageal pressure gradient, promoting gastric reflux [9, 10]. It also results in 
higher rates of hiatal hernias, again disrupting the normal anatomic location and 
function of the LES.

Gastric fundoplication has been considered the gold standard for surgical treat-
ment of reflux disease. However, the comorbidities and increased intra-abdominal 
pressure associated with obesity creates unique challenges to operative options in 
GERD. Results of fundoplication in the obese have been demonstrated to be signifi-
cantly worse than in normal weight individuals, with symptoms recurring in 31.3% 
of obese patients at 3  years, compared to just 4.5% with normal BMI [11]. 
Fundoplication failure has most commonly been attributed to hiatal hernia recur-
rence. Wrap failure also appears to play a significant role, with one study showing 
that up to 45% of obese patients who failed fundoplication had disruption of their 
wrap at reoperation [12].

Given the challenges with traditional anti-reflux procedures in obesity, bariatric 
surgery has emerged as a treatment for this population. Bariatric surgery has dem-
onstrated proven, reliable results in achieving weight loss and resolution of a num-
ber of obesity-related comorbidities. GERD is one of those comorbidities that has 
been found to greatly improve postoperatively with select procedures. Currently, 
Roux-en-Y gastric bypass (RYGB) has shown the most promising results in postop-
erative GERD reduction. Studies have shown that 70% of patients have improve-
ment or complete resolution of their reflux symptoms at one-year post procedure 
[13, 14]. The physiology driving the improvement in symptoms appears to be 
related to weight loss resulting in decreased intra-abdominal pressure, creation of a 
low-volume stomach remnant with low acid production capabilities, and creation of 
a long roux limb to prevent biliopancreatic reflux [8]. Beyond RYGB, laparoscopic 
sleeve gastrectomy (SG) has become the most popular primary bariatric operation, 
but not in the treatment of GERD. While sleeve gastrectomy has shown good results 
of excess weight loss, the high-pressure system of a sleeve has shown mixed results 
or increased rate of GERD.

The effects of SG on GERD symptoms are debated, with studies showing both 
improvement of GERD symptoms as well as worsening or even de novo develop-
ment [15]. DuPree et al. performed a retrospective review of the Bariatric Outcomes 
Longitudinal Database of 4832 patients undergoing laparoscopic sleeve gastrec-
tomy over a 3-year period. They found that the majority (84.1%) of patients with 
preoperative GERD symptoms had continued symptoms postoperatively. They also 
found that 8.6% of patients without preoperative GERD-related symptoms devel-
oped de novo reflux in the postoperative period [14]. Other studies have found the 
incidence of de novo GERD development in anywhere from 2.1% to 21% of patients 
[16, 17]. Conversely, there is also evidence to support a favorable impact of SG on 
GERD. Daes et al. performed a prospective evaluation of 382 patients undergoing 
SG and found that 94% of patients had resolution of their symptoms postoperatively 
[18]. Likewise, a systemic review by Chiu et al. found that seven studies showed a 
decrease in GERD after SG, while only four studies showed an increase [15]. 
Therefore, the study could not come to a definitive conclusion on the relationship 
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between GERD and SG. Overall, evaluation of GERD after SG is also limited in 
part by nonstandardization of evaluation of GERD symptoms, with some studies 
relying only on survey reporting, while other studies performing endoscopy, esoph-
ageal pH monitoring, and/or upper gastrointestinal contrast studies.

 Pathophysiology

The pathophysiologic changes resulting from SG are a complex mix of both pro- 
and anti-reflux factors. Postoperative improvements in GERD symptoms after SG 
are attributed to a number of anatomic and physiologic changes. As with RYGB, SG 
results in decreased BMI, which decreases intra-abdominal pressure. Through 
removal of the fundus and a significant portion of the stomach body, SG results in a 
significant decrease in the number of parietal cells and the stomach’s ability to 
secrete acid. The post SG stomach also has a significantly reduced ability to distend, 
which allows for accelerated gastric emptying and overall reduction in gastric vol-
ume [19–21].

Conversely, a number of the anatomic and physiologic changes after SG are pos-
ited to perpetuate or allow for de novo development of GERD. While decreasing the 
fundus and compliance of the stomach decreases the stomach volume, it also results 
in increased intraluminal pressures. This can cause increased back pressure on the 
LES, as well as increased resistance to esophageal emptying; both can result in 
increased post prandial reflux. Performance of a SG can also result in disruption or 
alteration of the LES and native anti-reflux mechanisms. Disruption of the angle of 
His, the sling fibers, the phrenic-esophageal ligament, and the cardiac-phrenic liga-
ment can all disrupt the natural anti-reflux barriers. A funnel shape to the final gas-
tric sleeve may also decreased gastric emptying, increased back pressure, and 
ultimately reflux. Finally, intrathoracic sleeve migration can result in disruption of 
normal LES function. This migration may be a result of recurrent or persistent hiatal 
hernia, of high intragastric pressure, or of a pressure gradient between the thorax 
and abdomen [22].

 Preoperative Evaluation

Preoperative evaluation, selection, and optimization may all help improve rates of 
GERD after sleeve gastrectomy, though GERD prediction can be difficult. Body 
mass index alone does not predict the incidence or severity of a patient’s reflux 
symptoms [23]. However, higher preoperative BMI and higher preoperative heart-
burn scores can be independent factors for detecting GERD after SG [24]. A thor-
ough history should be elicited from patients preoperatively, including review of 
both typical and atypical GERD symptoms.

Preoperative testing may be advisable in patients with symptoms concerning 
for reflux in their history. Esophageal pH testing, esophageal manometry, and 
upper gastrointestinal contrast series can be used to evaluate for GERD as well 
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as esophageal dysmotility and provide insight into the severity of a patient’s dis-
ease. It is the practice of the authors that all patients undergoing evaluation for 
bariatric surgery should have an esophagogastroduodenoscopy (EGD) and 
manometry, as well as patients with a reported history of GERD and on medica-
tions undergo impedance pH monitoring off PPI. Esophagogastroduodenoscopy 
(EGD) can be used to assess for stigmata and sequelae of GERD, including 
esophagitis, ulceration, and Barrett’s esophagus. Findings of Barrett’s esophagus 
or other sequelae of GERD should prompt the surgeon to reconsider proceeding 
with SG.

 Intraoperative Considerations

A number of intraoperative techniques and considerations should be employed to 
help minimize GERD after SG. As mentioned previously, great care should be taken 
to avoid disruption of the LES and the native anti-reflux barriers, including the sling 
fibers, the cardiac-phrenic ligament, and the phrenic-esophageal ligament in the set-
ting of no identified hiatal hernia. Stenosis of the sleeve results in increased intralu-
minal pressure and increased resistance to esophageal emptying and thus should be 
avoided. This includes using no smaller than a 32-Fr bougie during creation of the 
sleeve, as there is no improvement in weight loss with a smaller sleeve, yet there is 
a significantly higher rates of reflux [25]. Functional stenosis, from torsion or kink-
ing of the sleeve, is usually a result of asymmetric resection of the anterior and 
posterior walls and should also be avoided. The fundus should be completely 
resected during the operation as a retained fundus leaves behind excess acid secret-
ing parietal cells. It also can inhibit gastric emptying and facilitate esophageal reflux 
[22]. Finally, hiatal hernias result in disruption of the LES function and intrathoracic 
LES migration and are highly associated with GERD. Thus, hiatal hernias encoun-
tered intraoperatively should be repaired in standard fashion with full mobilization 
of the hiatus to achieve appropriate intra-abdominal esophagus followed by crural 
re-approximation.

 Management of Postoperative GERD

The management of postoperative GERD should begin with dietary and lifestyle 
modification, similar to non-bariatric-related reflux. Patients should be advised to 
avoid certain dietary triggers, such as caffeine, fatty foods, spicy foods, and carbon-
ated beverages. Tobacco and alcohol both reduce lower esophageal sphincter pres-
sure and should be avoided. Patients with nocturnal symptoms can be advised to 
sleep with their head elevated, as well as to avoid eating within two to three hours 
of laying supine.

The staple of management of SG-related GERD symptoms begins with acid sup-
pressive medications. While these medications will not prevent reflux, they have 
shown great efficacy in decreasing acid-related symptoms and complications. 
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Patients are typically started on daily proton pump inhibitor (PPIs) therapy, which 
can be increased to twice per day. While these medications are very effective, they 
are not without consequence and have been linked to osteoporosis and increased 
rates of pneumonia and other gastrointestinal infections.

Surgical options are available in patients where symptoms cannot be adequately 
managed with medical therapy or who are unwilling to continue lifelong medica-
tions. The gold standard for surgical correction of GERD after SG has been conver-
sion to a RYGB. RYGB has been shown to be highly efficacious in improving and 
resolving GERD symptoms, with reports of greater than 80%–100% of patients 
having improvement in their symptoms [26, 27] and 80% of patients being able to 
completely stop their antacid medications after revision [26].

Alternative surgical options are also being developed if patients do not want a 
RYGB or if it cannot be performed. Magnetic LES augmentation (MSA) with the 
LINX device has shown early promise in managing severe reflux after sleeve gas-
trectomy [28, 29]. Endoscopic techniques have also been explored but are not yet 
well proven or part of standard care. The Stretta Procedure is one of the better 
described endoscopic options. It involves delivery of radiofrequency energy to the 
LES to thicken and stiffen the muscles and thus prevent reflux. It has shown promise 
as another minimally invasive anti-reflux procedure with good long-term results in 
small patient studies [30].

 Conclusion

Severe GERD following sleeve gastrectomy is a well-established complication. 
Preoperative predictors of severe reflux should be used to have an informed discus-
sion with patients regarding their best options for primary bariatric surgical tech-
nique. Medical therapy remains the primary therapy in worsening or de novo GERD 
after sleeve gastrectomy; however, surgical techniques such as conversion to RYGB 
or MSA are also safe and effective.
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Magnetic Sphincter Augmentation 
for the Treatment of Gastroesophageal 
Reflux Disease

Ryan C. Broderick and Santiago Horgan

 Introduction

The surgical treatment of gastroesophageal reflux disease can be distilled into 
basic components: achieving appropriate length of intra-abdominal esophagus, 
diaphragmatic crura re-approximation, and lower esophageal sphincter (LES) 
augmentation. LES augmentation traditionally has been achieved with partial or 
full fundoplication wraps. As an alternative to fundoplication, a magnetic lower 
esophageal sphincter augmentation device (LINX® Reflux Management System, 
Torax Medical, Ethicon US, USA) has been FDA approved for fundus-sparing 
treatment of GERD.

Proposed benefits of magnetic sphincter augmentation (MSA) include reduced 
operative time, no specialized postoperative diet, reversibility, and consistent 
improvement in symptom scores with less risk of dysphagia and gas bloat symp-
toms. These results have been shown in various cohort studies [1–4].

 Indications for Surgery

The indications for surgery mirror that for traditional anti-reflux surgery, with some 
exclusions [5–7]. Good candidates for surgery include patients with normal esopha-
geal motility and medically refractory reflux verified by impedance pH testing 

R. C. Broderick (*) ∙ S. Horgan
Division of Minimally Invasive Surgery, Department of Surgery,  
University of California San Diego, La Jolla, CA, USA 
e-mail: rbroderick@ucsd.edu

15

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-48009-7_15&domain=pdf
https://doi.org/10.1007/978-3-030-48009-7_15#DOI
mailto:rbroderick@ucsd.edu


176

[1–4]. Hiatal hernia greater than 3 cm was not included in the FDA trial for indica-
tions in LINX placement; however, recent literature shows that the device can suc-
cessfully be placed on moderate hiatal hernias, described as “expanded indications” 
[8–11]. One relative contraindication for use includes large paraesophageal hernias, 
as it is believed the fundoplication may help reduce the rate of recurrence due to 
bulking effect at the hiatus. Another contraindication is esophageal dysmotility, as 
the risk of dysphagia postoperatively is increased [7, 12, 13].

The key to this procedure is successful dissection of a plane between the poste-
rior wall of the esophagus and the posterior vagus nerve, allowing a path for the 
magnetic beads to encircle the esophagus. The device is sized with the provided 
sizing tool in order to place the appropriate number of beads (augmentation of LES 
without constriction). Some, including the authors of this text, advocate for more 
extensive dissection of the hiatus in all patients (see Section “Minimal Dissection 
Versus Obligate Dissection” below).

 Patient Positioning

The patient is positioned on a beanbag in supine position on the operating table. 
After induction of anesthesia, the patient is positioned with the arms out and legs 
split; each leg is secured to the table individually using circumferential padded 
straps. The arms are secured to each arm board, after which the beanbag is set in 
place while forming a saddle between the patient’s legs and allowing room for 
strong arm retractor placement on the right side.

 Surgical Technique

The operation is started by performing upper GI endoscopy to evaluate for LES 
location, hiatal hernia, and any unexpected esophageal or gastric lesions. Abdominal 
access is then obtained in the left upper quadrant, and port placement is shown in 
Fig. 15.1. The strong arm/Nathanson retractor is placed in the subxiphoid position 
for liver retraction.

Starting at the left crus, the phreno-esophageal ligament is divided and left-sided 
hiatal dissection performed. The pars flaccida is then divided near the right crus 
(above the hepatic branch of the vagus nerve) and the right hiatal dissection com-
pleted. Any hiatal hernia is reduced and the esophagus mobilized to obtain 2 cm of 
intra-abdominal esophagus. The crura is then closed from posterior to anterior with 
a zero self-retaining nonabsorbable suture (Fig. 15.2). Care is taken to allow for 
adequate hiatal opening for the esophagus and to not allow any “ramping” of the 
esophagus off of the posterior closure. The posterior vagus is then identified, and a 
window is created bluntly between the vagus and the posterior esophagus 
(Fig. 15.3a). Once the window is created, the band sizer is placed through from the 
left-hand port (Fig. 15.3b). After careful measuring, the appropriately sized LINX 
device is placed around the esophagus. The device is locked in place with the 
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Fig. 15.1 Port placement

Fig. 15.2 Full hiatal 
dissection and cruroplasty. 
Adequate length of 
intra-abdominal esophagus
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automatic locking mechanism (Fig. 15.4). The LINX is positioned below the dia-
phragm, on top of the hepatic branch of the vagus. Completion upper GI endoscopy 
is performed to verify appropriate position at the lower esophageal sphincter with 
good opening of the GE junction on insufflation; bead indentation can be seen on 
retroflexion (Fig. 15.5).

 Postoperative Care

The patient is extubated in the operating room and transferred to the ward for over-
night observation. A major difference in dietary management after magnetic LES 
augmentation is the immediate implementation of a regular diet. While liquid diet is 
common after fundoplication to help prevent early dysphagia and gas bloat, the 

a b

Fig. 15.3 (a) Dissection of window between posterior vagus nerve and the esophagus at the 
LES. (b) MSA sizer placement (number of magnetic beads indicated on device handle)

Fig. 15.4 Final LINX 
position at lower 
esophageal sphincter
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regular diet after LINX allows the patient to “exercise” the beads. It is believed that 
with a liquid diet after LINX, the beads do not actuate as intended and a scar capsule 
can form causing dysphagia; this may ultimately require endoscopic pneumatic 
dilation to break the scar tissue. On the other hand, regular food boluses passing 
through the beads allow for actuation and more normal function. Patients are dis-
charged often on POD#1 after tolerating regular food; select patients may be ame-
nable for discharge from the recovery unit on POD#0 (outpatient procedure).

 Outcomes

Most patients undergoing MSA have favorable results with decrease in reflux symp-
toms and improvement of pH testing. The device decreases esophageal acid expo-
sure, improves reflux symptoms, and allows cessation of PPI in most patients [1–4]. 
Studies at 3- and 5-year follow-up have shown relief of GERD symptoms, minimal 
long-term side effects, and ability for device removal [2–4, 7, 14, 15]. Other advan-
tages include decreased operative time, less technical dissection (in minimal dissec-
tion cohorts), and allowing for potential reversibility or conversion to fundoplication 
in the future [6].

Observational cohort studies show that MSA compares well with posterior fun-
doplication; however, large randomized controlled trials comparing LINX with pos-
terior fundoplication are needed to verify indications and outcomes compared to 
traditional anti-reflux surgery [6, 14, 16].

Expanded indications (use in large hiatal hernia, Barrett’s esophagus, post- 
bariatric surgery) are currently being studied and need to be tested long term to 
further compare to traditional anti-reflux surgery [6]. However, early results are 
positive for use in large hiatal hernia [8–11]. Additionally, positive results have been 
seen in small cohorts for patients receiving LINX post bariatric surgery [17]. 

Fig. 15.5 Completion 
endoscopy showing 
augmented sphincter. GE 
junction traversed easily 
with no resistance and 
maintained patency
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Currently, the LINX device is not FDA approved for treatment in Barrett’s esopha-
gus, although some consider its use as an off-label indication. Further studies 
regarding the use of LINX in Barrett’s esophagus are also needed.

 Minimal Versus Obligate Hiatal Dissection

Traditional MSA placement consisted of minimal hiatal dissection with preserva-
tion of the phreno-esophageal ligament in patients without a hiatal hernia. Recent 
data has shown that full dissection of the hiatus with re-approximation of crura has 
had improved results including less recurrence of reflux and hiatal hernia, likely due 
to undiagnosed hiatal hernia or underlying pathology of the diaphragmatic crura in 
reflux disease [18].

 Complications

Significant complications after MSA include dysphagia and esophageal perforation/
erosion of the device. Dysphagia occurs in up to 15.5% of patients. Dilation is 
required in 5.6% with response to dilation around 70%, occurring usually <90 days 
after implantation [7, 12, 13]. Predictors of post-op dysphagia are pre-op dysphagia 
and esophageal dysmotility, indicating that LINX should be placed only in patients 
with normal esophageal motility.

Erosion overall incidence is 0.1% (29 of 9453 devices placed as of July 2017). 
Highest rate of erosion in undersized devices (12 beads highest rate). Erosion rates 
are lower than those seen in lap band placement, thought due to small size, dynamic 
nature of device, and no significant tissue compression [6, 19]. Devices with 12 
beads have been pulled from the market. As technique and device sizes change over 
time, erosion rates are expected to plateau or decrease.

 Removal

LINX removal, though rare, has been indicated for slippage, erosion, or conversion 
to another anti-reflux surgery (e.g., fundoplication). The device can be removed if 
necessary, and the majority of removals have been non-emergent and without long- 
term consequences. Device removal for any reason has been performed in 3.4% of 
patients (dysphagia 2.2%, GERD symptoms 0.7%, erosion 0.1%) [7]. Removal is 
effectively achieved in most cases with minimally invasive techniques [20].
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 Conclusion

Magnetic lower esophageal sphincter augmentation shows good results with respect 
to symptom scores and objective pH testing (reduced overall acid exposure and 
DeMeester scores). Magnetic LES augmentation should be another tool in the 
armamentarium against reflux disease for the foregut surgeon. Close follow-up with 
the surgeon and access to upper GI endoscopy for treating early or refractory dys-
phagia are necessary.
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Endostim Implantation

Edy Soffer

Gastroesophageal reflux disease (GERD) is one of the most common gastrointesti-
nal disorders. It affects up to 30% of the population in developed countries, with an 
increasing prevalence worldwide [1]. GERD has a major negative impact on the 
quality of life of affected patients [2], and its economic burden to society is substan-
tial [3].

Non-pharmacological treatment measures involving lifestyle modifications such 
as raising the head of the bed and avoidance of offending foods serve primarily as 
an adjunct to acid suppression therapy, given their limited efficacy [4]. 
Pharmacotherapy for acid suppression, and proton pump inhibitors (PPI) in particu-
lar, has been the mainstay of medical therapy for GERD. This class of drugs has 
revolutionized the treatment of GERD, given their remarkable efficacy and overall 
safety. However, up to 40% of GERD patients complain of persistent symptoms 
while on acid suppression therapy [5, 6]. While this is a heterogeneous group, com-
prising patients with functional heartburn and nonacid-related etiologies, the failure 
to fully control symptoms is due in part to the fact that acid suppression agents only 
reduce the acid content of the refluxed material, but not reflux itself [6]. The impor-
tance of regurgitation as a contributing factor to partial response to PPI therapy 
supports this concept [7]. Incomplete control of symptoms by acid suppression 
therapy is one of the main reasons cited by patients who choose to undergo anti- 
reflux surgery [8]. Furthermore, in spite of the good safety record of PPI’s [9], the 
ever-growing concern about adverse effects also contributes to the quest for alterna-
tive, non-pharmacological therapy for GERD. Fundoplication has been the standard 
anti-reflux surgery and the primary alternative to patients who are unsatisfied with 
pharmacological therapy because of poor symptoms control, or concerns about 
long-term cost and safety of PPI. Fundoplication provides an effective control of 
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GERD; however, it is associated with adverse effects, such as dysphagia, flatulence, 
and gas bloat, requiring a revision in a small percentage of subjects [10]. Perhaps as 
a result, the number of fundoplications in the United States is in decline [11]. The 
result is a “therapy gap” for GERD patients dissatisfied with acid suppression ther-
apy yet reluctant to undergo surgical fundoplication because of concern of adverse 
effects [12]. This unmet need has been driving the search for alternative treatment 
modalities, surgical or endoscopic, that are effective yet less disruptive [12], the 
most successful of which is the magnetic sphincter augmentation devise [13]. One 
such alternative is application of electrical stimulation to the lower esophageal 
sphincter. This chapter will describe the evolution of this treatment modality, from 
animal studies to the human arena.

 Animal Models of LES Electrical Stimulation

Studies in animal models used different techniques, pulse parameters, and proto-
cols, but their results were comparable, showing that electrical stimulation of the 
LES can increase resting LES pressure. Acute experiments were performed in dogs 
under anesthesia, implanted surgically [14, 15] or endoscopically [16] with elec-
trodes at the LES. These studies showed that stimulation with high-frequency pulses 
resulted in an increase in LES pressure. In a chronic canine model, a pair of elec-
trodes were surgically implanted in the LES, and following recovery, animals were 
studied over time in an awake state. Using a variety of pulse parameters, the authors 
found that electrical stimulation resulted in a significant increase in resting LES 
pressure that was sustained beyond the termination of stimulation. Importantly, 
swallow-induced LES relaxation and esophageal contractile activity were not 
affected [15].

The results of these studies suggested that electrical stimulation of the LES and 
modulation of LES pressure may be used to treat patients with GERD and paved the 
way for subsequent application of such modality in humans.

 Acute Human Studies of Electrical Stimulation of the LES

The successful results of LES electrical stimulation in animals led to two acute 
proof of concept studies in humans. The first study included 10 patients with symp-
toms of GERD and documented abnormal esophageal acid exposure, who were 
scheduled to undergo an elective laparoscopic cholecystectomy. At the end of the 
procedure, two electrodes were implanted at each side of the LES, and the lead was 
then exteriorized through the abdominal wall. Following recovery, patients under-
went a series of intermittent stimulation for 2 days, with various pulse parameters, 
each lasting 30 minutes, while esophageal motor function was assessed by esopha-
geal manometry, using a water perfused assembly. Electrical stimulation with both 
low- and high-frequency pulses induced a consistent and significant increase in LES 
pressure. As observed in the canine model, the rise in pressure was sustained beyond 
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the end of stimulation (Fig. 16.1). There was no effect on LES relaxation in response 
to swallows, and none of the patients complained of dysphagia [17].

In a second study, five patients with GERD symptoms and abnormal esophageal 
pH were fitted with a temporary pacemaker lead, which was placed endoscopically 
at the level of the LES, through a 3-cm submucosal tunnel, and was exteriorized 
transnasally. Electrical stimulation delivered short-duration pulses of 200 microsec-
onds, at a frequency of 20 Hz, duration of 3 msec, and current of 2–15 mA, each for 
20 minutes. Comparable to the first study, stimulation resulted in consistent and 
significant increase in LES pressure that was sustained after the end of stimulation. 
Stimulation had no effect on swallow-induced LES relaxation, and none of the 
patients complained of dysphagia [18]. The consistent effect of LES stimulation on 
LES pressure, observed both in animal models and in acute human studies, prompted 
further assessment of this technology in GERD patients, by applying chronic stimu-
lation using a permanently implanted system.

 Chronic Human Studies

 Single Center Study

The first study was an open-label trial, conducted in a single center in Santiago, 
Chile, and enrolled patients with symptoms of GERD and documented excessive 
esophageal acid exposure by intraluminal esophageal pH monitoring [19]. All 
patients were considering a surgical anti-reflux surgery, mostly because of 

Pre-stimulation Post-stimulationStimulation

WS WS WS
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Gastric

10 sec

50 mm Hg

Fig. 16.1 The effect on esophageal and LES function of stimulation with pulses of 200 µsec, and 
5 mA in one of the subjects. The three channels above the sleeve represent recording from the 
esophageal body, at 1-, 6-, and 11-cm above the sleeve. A stimulation-induced increase in resting 
LESP is observed at mid stimulation and after the stimulus is stopped. WS wet swallow. (Ref. [15])
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incomplete response to treatment with PPI, while a few were concerned about life-
long therapy with acid suppression agents. Safety was the primary end point, deter-
mined by the incidence of device- and procedure-related adverse effects. Efficacy 
was evaluated by the effect of stimulation on symptoms, assessed primarily by the 
reduction in the GERD Health-Related Quality of Life (GERD-HRQL) composite 
score as well as improvement in esophageal acid exposure.

Patients were implanted with the EndoStim LES Stimulation System (Endostim 
BV, The Hague, the Netherlands) by conventional laparoscopy, as depicted in 
Fig. 16.2. In brief, 4–5 trocars are typically used, with ≥1 being a 10-mm port for 
introduction of the lead into the abdominal cavity; the rest were 3- or 5-mm ports. 
For the lead implant, the anterior right aspect of the abdominal esophagus is exposed 
through dissection of the paraesophageal fat and pars flaccida of the hepatogastric 
ligament. A rectangular longitudinal area of approximately 3 × 1 cm is needed in 
which the electrodes are implanted. This approach minimizes dissection of the 
phreno-esophageal attachment and damage to the anterior vagal nerve. The two 
stitch electrodes are implanted via a superficial bite into the LES muscle along the 
main esophageal axis with approximately 10 mm between the electrodes. Each elec-
trode is then secured by a clip on the proximal edge of the electrode onto the nylon 
suture wire and also by suturing the distal anchoring “butterfly” present on the back 
end of the electrode. Upper gastrointestinal endoscopy is performed to verify elec-
trode position in the LES and to confirm that no perforation of the esophageal lumen 
had occurred with the needle or electrode. The skin incision for the pulse generator 
is then performed, and a subcutaneous pocket is created by blunt dissection. After 
the connector is attached to the pulse generator, a functionality test is performed 
using the external programmer. The pulse generator is placed into its pocket, and 
excess lead is simultaneously pulled into the abdominal cavity and placed along the 

Fig. 16.2 Laparoscopic image of both electrodes in the lower esophageal sphincter. Electrode 
position in the lower esophageal sphincter. Bipolar stitch electrodes are placed in the abdominal 
esophagus 1-cm apart, away from the anterior vagus nerve. The lead is connected to the IPG that 
is implanted in the subcutaneous pocket in the anterior abdomen
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left abdominal wall away from the midline [20]. This technique, with minor varia-
tions, was used in all chronic human studies. The LES stimulation system delivered 
therapy with pulse width of 215 μs and nominal amplitude of 5 mA (range 3–8 mA) 
at a frequency of 20 Hz. Up to twelve 30-minute sessions were delivered per day at 
pre-meal and pre-reflux events based on patient symptoms and baseline 24-hour pH 
recordings. Of the 25 implanted patients, 23 were available for evaluation at 
12 months. No serious implantation or stimulation-related adverse effects or sensa-
tions were reported. Specifically, new symptoms of dysphagia were not reported. 
Fifteen patients reported 44 adverse effects (AEs) during the subsequent 12 months; 
two serious adverse effects (SAE), not related to the device or treatment; and 43 
nonserious adverse effects, mostly related to postoperative symptoms. No patient 
reported gastrointestinal side effects or new-onset dysphagia, bloating, inability to 
belch, or diarrhea associated with LES stimulation. Median composite GERD- 
HRQL score and esophageal acid exposure were significantly improved at 12 months 
compared to baseline (Fig. 16.3a, b). All patients except for one were off PPI ther-
apy. High-resolution manometry revealed no effect of LES stimulation on either 
esophageal body function or LES residual pressure in response to swallows, and 
there was no significant increase in LES resting pressure.

Fifteen patients completed their 3-year evaluation while on LES stimulation. At 
3 years, the improvement in GERD-HRQL and acid exposure was still sustained 
with significant improvement in the scores of both metrics compared to baseline. 
Seventy-three percent of patients (11/15) had normalized their distal esophageal 
acid exposure at 3 years. All but four patients reported cessation of regular PPI use 
(>50% of days with PPI use). The single center studies also showed a significant 
reduction in the severity of regurgitation. There were no unanticipated device- or 
stimulation-related adverse events or untoward sensation reported during the 2–3- 
year follow-up. No dysphagia was reported [21].

 Multicenter Study

Forty-one GERD patients with partial response to PPI were enrolled in a prospec-
tive, open-label, uncontrolled, international, multicenter study that was conducted 
at ten sites in eight countries. Patients were implanted with a system similar to the 
one used in the single center study, and stimulation was initiated with comparable 
pulse parameters and number of sessions [22]. Comparable to the previous study, 
there was a significant improvement in both GERD-HRQL and esophageal acid 
exposure and in daytime and nighttime episodes of regurgitation at the end of 
6 months. Hiatal hernia was present in 25 of the patients, and hernia repair was left 
to the discretion of the surgeon in each center. Though numbers are small, esopha-
geal acid exposure was further improved in patients who underwent a hernia repair. 
There were three SAEs, two of which were considered procedure or device related: 
one was a trocar perforation of the small bowel, which occurred during the implant 
procedure and was successfully laparoscopically repaired. The second SAE was an 
asymptomatic lead erosion, encountered at the 6-month endoscopy in a patient 
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Fig. 16.3 (a, b) Improvement in outcomes of gastroesophageal reflux disease (GERD). (a) 
Significant improvement in median (IQR) GERD Health-Related Quality of Life (HRQL) com-
posite score at 6 and 12 months compared with baseline scores both on and off proton pump inhibi-
tor (PPI) therapy. (b) Change in median (IQR) distal esophageal pH on lower esophageal sphincter 
electrical stimulation therapy (LES-EST) from baseline to 3 months (n = 23), 6 months (n = 23), 
and 12 months (n = 22); P = 0.002 at 3 months vs. baseline and P < 0.001 at 6 and 12 months vs. 
baseline (related sample Wilcoxon Signed Rank test). The distal esophageal acid exposure had 
either normalized or showed >50% improvement in 77% of patients at 12 months
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implanted with an investigational, modified lead that was different than the standard 
lead. The system was explanted, and the patient underwent a Toupet fundoplication 
performed during the same procedure.

 Registry and Clinical Use

An ongoing, prospective international multicenter web-based registry is collecting 
data in patients with disruptive GERD symptoms, treated with LES electrical stimu-
lation in clinical practice. Data are collected at baseline and at routine follow-ups 
for 5 years. Clinical and physiological data are collected when available. Data are 
available from 223 patients from 16 sites in Europe and Latin America. Paired 
GERD-HRQL heartburn data are presented in Table 16.1, and paired GERD-HRQL 
regurgitation data are presented in Table 16.2. There was a significant improvement 
in both metrics with electrical stimulation. Eight serious adverse events in seven 
patients were reported to be possibly or definitely related to the device. These 
included gastroparetic symptoms, lead dislodgement, palpitations, pain, and dys-
phagia. All events resolved; four patients had the device explanted [23].

Approximately 1400 clinical implantation has been performed worldwide thus 
far, most of them in Europe.

The mechanisms of action of LES-EST are not fully understood, and stimulation- 
induced increase in LES pressure that was observed primarily in acute and short- 
term studies in both animals and humans may be only one factor accounting for the 
beneficial effect of this intervention. In one study, electrical stimulation therapy of 
GERD patients reduced both the total number of postprandial transient LES relax-
ations (TLESRs) and the number of TLESR-associated reflux episodes in GERD 
patients [24]. Other potential mechanisms remain to be elucidated.

 Multicenter Pivotal Study

Based on the data obtained from the open-label studies, a multicenter, randomized, 
double-blind, sham-controlled pivotal clinical trial was proposed and accepted by 
the FDA in 2016. The study enrolled patients with chronic symptoms of heartburn 

Table 16.1 Paired GERD-HRQL Heartburn

N
Pre-implant median 
(Q1,Q3)

Post-implant median 
(Q1,Q3)

Change median 
(Q1,Q3) P-value

12 months 96 24
(16.50, 28.50)

6.50
(2.00, 13.00)

−14.50
(−22.50, −6.00)

<0.001

24 months 38 23.50
(17.00, 28.00)

7.00
(2.00, 12.00)

−15.50
(−21.00, −7.00)

<0.001

36 months 12 20.00
(18.50, 27.00)

3.00
(0.50, 13.50)

−16.00
(−24.00, −6.50)

0.0034

† P-values result from Wilcoxon Signed Rank Test of change from Baseline
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and/or regurgitation, documented abnormal esophageal acid exposure, and incom-
plete response to maximum medical therapy, assessed by a short run-in period prior 
to inclusion, or those intolerant to medical therapy because of adverse effects of 
proton pump inhibitors. All patients were implanted with the EndoStim Lower 
Esophageal Sphincter (LES) Stimulation System and randomized to a treatment 
arm (receiving electrical stimulation) or control arm (sham stimulation). All ran-
domized subjects were to complete a 6-month double-blind phase. At the 6-month 
visit, control subjects are to receive electrical stimulation and complete a total of 
18 months of stimulation, while treatment patients continue receiving stimulation. 
The primary end points were safety, assessed by the rate of occurrence of device- 
and/or procedure-related serious adverse events over 12 months of stimulation, and 
efficacy, assessed by a predetermined degree of improvement in esophageal acid 
exposure at the end of the 6-month randomized trial period. The trial is a Bayesian 
adaptive design with two-sided stopping rules (efficacy and futility) determined by 
an independent data monitoring committee (DMC), with interim analyses at prede-
termined set points. In early 2019, after 129 subjects reached the primary end point 
of 6 months and 160 subjects had been implanted, the DMC recommended stopping 
the trial for futility. The decision was based on a comparison of the primary end 
point between the active and control groups. The interim analysis of the 129 sub-
jects showed that 28/62 subjects in the treatment group (45.2%) vs. 33/67 (49.3%) 
in the control group achieved the primary end point at 6 months (P = 0.64). Further 
analysis showed a marked difference in response based on geographic location and 
surgical technique between the various centers, as well as inaccuracies in the analy-
sis process, all of which were brought to the attention of the FDA by the sponsor of 
the trial. As of the writing of this chapter, the FDA has indicated a willingness to 
consider using the existing trial data, in some form, and further discussions with the 
FDA are planned with a view toward possible continued recruitment of subjects in 
the existing trial.

Table 16.2 Paired GERD-HRQL Regurgitation

N
Pre-implant median 
(Q1,Q3)

Post-implant median 
(Q1,Q3)

Change median 
(Q1,Q3) P-value

12 months 94 18.50
(11.00, 27.00)

6.00
(1.00, 12.00)

−9.00
(−18.00, −2.00)

<0.001

24 months 37 18.00
(10.00, 24.00)

5.00
(1.00, 12.00)

−10.00
(−14.00, −4.00)

<0.001

36 months 13 17.00
(9.00, 20.00)

4.00
(0.00, 10.00)

−9.00
(−14.00, −3.00)

0.0020

† P-values result from Wilcoxon Signed Rank Test of change from Baseline
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 Conclusion

Electrical stimulation of the LES is characterized by a number of attractive features: 
The surgical intervention is relatively simple, safety profile has been very satisfac-
tory thus far, and dysphagia is essentially lacking. This latter aspect is of clinical 
relevance, since it suggests that patients with impaired esophageal body motor func-
tion may be particularly suitable for this therapy, as has been shown in a recent 
study in which patients with ineffective esophageal motility showed a significant 
improvement in GERD-HRQL post stimulation, without symptoms or radiological 
signs of dysphagia (25). The significant improvement in GERD symptoms observed 
in the various open-label studies, as compared to the insignificant effect observed in 
the pivotal trial, could be explained by a placebo effect on subjective variables. 
However, such effect is less likely to explain the consistent improvement in esopha-
geal acid exposure observed in the open-label trials, as was shown in a review of 
several randomized control trials of procedures intended to treat GERD where pla-
cebo effect of a sham intervention on acid exposure is small or nonexistent (26). 
Selective enrollment criteria in all trials excluded patients with significant hiatal 
hernia, Barrett’s metaplasia, esophageal contractile impairment, and severe erosive 
esophagitis. These selective criteria are comparable to ones used in initial studies of 
alternative interventions for GERD, endoscopic or surgical. Consequently, the 
applicability of electrical stimulation therapy to the wider population of GERD 
patients remains to be determined.
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 Introduction

After the “boom” of laparoscopic antireflux surgery in the past 25 years, the neces-
sity of revisional surgery (redo-surgery) has also increased [1–8]. It can be antici-
pated from large series that the average overall necessity of redo-antireflux surgery 
is around 5% [9]. However, this failure rate is published in literature between 5% 
and 60% [8–10]. One of the highest failure rates was published in a randomized trial 
between open antireflux surgery and proton pump inhibitors (PPI), in which this 
rate was determined with almost 60% [10]. Today, we know that these rates are 
much lower [8, 9]. In several randomized trials and meta-analyses on laparoscopic 
antireflux surgery, the failure rate is reported between 5% and 15% [8, 11–18]. Of 
course, these rates depend very much on the definition of failure [8]. In addition, the 
failure rates depend on several other causes, and therefore, failure rates need to be 
looked at in detail to be comparable. The failure after antireflux surgery can be 
defined as persisting, recurrent, or new onset of troublesome symptoms after the 
primary procedure or by results of objective testing. The most frequent symptoms 
are recurrent heartburn and regurgitation and persisting or new-onset dysphagia.

 Overview on Causes of Failures After Primary 
Antireflux Surgery

Early analysis of failures has been performed by Skinner and Siewert [19, 20]. 
Skinner published a list of possible reasons for failures such as partial or complete 
loss of the antireflux barrier, a new-onset dysphagia combined with or without 
reflux problems due to an incorrectly placed wrap, a slipped wrap or dysphagia due 
to a peptic stenosis caused by reflux recurrence, or a compression of the distal 
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esophagus by para-esophageal herniation, as well as epigastric pain, cramps, and/or 
nausea and vomiting by gastroparesis [19]. Skinner emphasized the point that insuf-
ficient, preoperative diagnostic workup and neglecting important pathophysiologic 
factors that should have influenced the decision for surgery could also be a major 
cause of failure [19]. The latter is probably one of the most frequent mistakes in the 
decision process for antireflux surgery. A superficial approach necessary for diag-
nostic evaluations of the patient and a superficial process of therapeutic decision- 
making will lead to inappropriate selection of patients.

In an extensive literature review of redo-antireflux surgery, Furnee et al. analyzed 
causes of failures of primary antireflux surgery from 1625 publications [8]. Most 
frequent problems were migration of the wrap and mediastinal dislocation, a partial 
or complete breakdown of the wrap, a slippage of the wrap, and other anatomical 
changes. Several authors have analyzed their cases and determined the causes quan-
titatively as is demonstrated in Table 17.1 [7, 8, 21–24]. These results show that the 
migration of the wrap, the wrap breakdown, slippage, and para-esophageal hernia-
tion of the gastric fundus account for 70% of the causes.

The spectrum of causes demonstrates clearly that the tissue condition at the hia-
tus and the tendency toward migration of the stomach from its original postopera-
tive, intra-abdominal position to the chest are the biggest problem. One could expect 

Table 17.1 Causes of failures after primary antireflux surgery

Smith 
2005  
[21]

Furnee 
2009  [8]

Frantzides 
2009  [22]

Dallemagne 
2011  [7]

Awais 
2011  
[23]

Fuchs 
2012  
[24]

Study Case 
control

Literature 
review

Case control Case control Case 
control

Case 
control

n 307 4509
(3175)

68 129 275 276

Gastric 
migration %

50.2 27.9a

6.1b

5.3c

33.8a

10.2c

39.0 64.0 61

Wrap 
breakdown

7 22.7 8.8 – 8.4 17

Slipped 
Nissen

11 14.1 19.7 35 – 14

Wrap in false 
position

10 – 23.3 – 16.4 11

Wrap too tight – 5.3 7.3 – 9.5 10
Hiatoplasty 
too tight

– – 4.4 – – 2

Short 
esophagus

– – – – 43.5 3

False 
diagnosis

– 2.0 – 3.0 – 3

Causes 
unclear

17 6.1 – – 8 4

aGastric migration with intact wrap
bParaesophageal migration of fundus
cHiatoplasty breakdown
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that with the dissection of this area during the primary operation, enough adhesions 
would have caused a stable position of the proximal stomach within the abdomen. 
However, this does not happen. Clinical evidence shows that the formation of adhe-
sions in this area can be extensive, but not firm enough to keep the stomach in the 
anatomical position over the years following the operation.

Furthermore, one would expect that after primary open antireflux surgery, more 
adhesions would be generated and therefore a better position could be achieved 
compared to laparoscopic approach. Based on the available analyses, this is also not 
the case, since breakdown of the wrap and slippage seems to occur more often after 
open surgery [8].

Of course, technical mistakes during the procedure can cause failures such as a 
wrap that is placed too tight or with an excessive length around the LES. Sometimes 
during a redo-procedure, one can find a wrap placed around the proximal stomach, 
and the esophagus has not been touched during the primary operation. These severe 
mistakes usually do not happen in dedicated centers of esophageal surgery with a 
high volume, where these technical details are performed weekly or even daily.

As mentioned above, an insufficient diagnostic workup can lead to an incorrect 
diagnosis and as a consequence to an incorrect indication for antireflux surgery. In 
the analysis, it was shown that this was the case in 2–3% [7, 8, 21–24]. Most of 
these patients have no GERD, but spastic esophageal motility disorders or overlap-
ping diseases [8].

Reflecting the available literature in detail, it can be demonstrated that even prior 
to redo-surgery, some surgeons do not perform a necessary diagnostic workup. As a 
consequence, these patients may come with a second failure or third failure lacking 
any information about their primary functional status in 10–15% [8, 24]. Later on, 
the identification of the original causes of the disease and of the original functional 
status is impossible, and one can only speculate on the basis of current func-
tional tests.

 Special Issues Regarding Failures

 The Problem of Migration

Evidence from literature and clinical evidence shows that the most frequent cause 
of failure is migration of the gastric fundus into the chest (Fig. 17.1) [7, 8, 21–24]. 
The latter will limit the functional result of the procedure and may cause new symp-
toms. The reasons for frequent migration upward could be an increased intra- 
abdominal pressure and/or an increased tension on the esophagus and stomach 
upward into the mediastinum. These forces can be explained by the positive pres-
sure of the intra-abdominal environment and the negative pressure in the thoracic 
environment due to breathing. The level of intra-abdominal pressure is increased by 
breathing and physical activity due to shortening of the diaphragmatic muscle dur-
ing contraction and reduction of the abdominal volume. These mechanisms lead to 
a continuous strain on the diaphragm and especially on the structures within the 
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hiatal opening. As a result, it is not surprising especially in obese persons with a 
higher intra-abdominal pressure that migration and breakdown of the wrap can 
occur over time (Fig. 17.2).

This leaves the question whether migration can be prevented by any operative 
technical step during primary surgery. During the primary operation, it is important 
to mobilize the esophagus extensively to ensure a tension-free position of the LES 
that is approximately 2–3 cm, within the intra-abdominal pressure environment. Due 
to the longitudinal, esophageal muscle, there is always a tendency of the esophagus 
to develop a tension and shortening into the chest. This latter phenomenon has been 
described already by Allison in 1948 [25]. Mattioli et al. have shown the importance 
of a short esophagus [26–29] (see Chap. 12). Therefore, an optimal mobilization of 
the esophagus should be performed in all antireflux procedures [29–31].

Another technical detail is the evaluation of the presence of possible sliding areas at 
the hiatus, which may facilitate more easily migration and failure. Such a sliding area 
could be a lipoma on the anterior aspect of the aorta, which may cause an easier disloca-
tion of the cardia in the chest. Another sliding area could be the preserved “esophageal 
fat pad” at the anterior aspect of the cardia. When the fat remains there and is included 
in the fundoplication, the interposition of fat within the fundoplication prevents a firm 
scaring of the anterior fundus with the cardia. The soft fat pad will enable the smooth 
serosa of the anterior fundus to move up and down easily and facilitate migration. As a 
consequence, any fat, any lipoma, or superfluous tissue such as remaining elements of 
the hernia sac should be removed from the cardia and esophagus in order to allow for a 
tight positioning of the wrap and fundus around the esophagus.

 The Problem of Shaping the Wrap

Creating a fundoplication does not mean pulling some part of the fundus on the 
right side of the esophagus together with some part of the fundus on the left side of 

Fig. 17.1 Migration of the 
proximal stomach into the 
lower mediastinum after 
primary laparoscopic 
fundoplication and hiatal 
mesh enforcement
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the esophagus and then suturing it together and leaving it. Creating a fundoplication 
means shaping the wrap with full attention on details and best creating a symmetric 
wrap with similar portions of fundic flaps and placing it at the correct position at the 
LES. The technical details have been published several times many years ago [5, 
30] (see also Chaps. 7 and 8, Standard Antireflux Surgery). This is important for 
redo- antireflux surgery and, of course, also best for the primary procedure.

A tight or excessive long fundoplication will cause dysphagia and even other 
functional problems (Fig. 17.3). An incorrectly positioned wrap will not sufficiently 
prevent pathologic reflux. An asymmetric wrap with a long sling formation of one 
of the fundic flaps will create dysphagia, maybe early satiety, unpleasant fullness, or 
nausea after the operation [5]. Some of these details, when not accomplished during 
primary surgery, will cause unspecific symptoms such as epigastric pain and 

Fig. 17.2 Patient with 
dysphagia and thoracic 
pain after primary 
fundoplication with 
migration of the stomach 
into the lower 
mediastinum. Radiography 
with barium sandwich 
shows the migration and 
vertical compression of the 
esophagus due to 
intramediastinal tension 
and intra-abdominal 
pressure
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unpleasant postprandial symptoms, which are difficult to analyze and interpret. In 
redo-surgery, it is important to evaluate these symptoms prior to redo-surgery. 
During revisional procedure, the surgeon has to assess the situs for causes for these 
symptoms in order to correct anatomy and function.

 Summary of Possible Causes of Failures

During revisional surgery, it is very important to look for these details and critically 
evaluate the anatomical situation. In addition, the surgeon must look for causes of 
the failure and also for causes of certain symptoms, which this patient was com-
plaining about. Only this very detailed view on the operative situs will help improve 
the results.

A summary from the analysis of causes and their interpretation are as follows:

 1. Insufficient mobilization of the esophagus in the mediastinum (facilitates 
migration)

 2. Not realizing a short esophagus and leaving esophageal tension on the stomach 
toward the mediastinum (high risk for migration)

 3. Insufficient mobilization of the fundus (limited mobility of the fundus postop-
eratively may inhibit fundic accommodation, when filling with food)

 4. Excessive mobilization of the greater curvature too far down on the greater cur-
vature (unnecessary mobility of the fundus and unnecessary redundancy of the 
fundic flap with risk for para-esophageal herniation)

Fig. 17.3 Endoscopic 
view in retroflexion on 
tight fundoplication, 
causing severe and therapy 
refractory dysphagia
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 5. Division of the complete pars flaccida at the smaller curvature allowing for an 
unnecessary mobility of the right side of the stomach

 6. Shaping the wrap in an asymmetric fashion (no regular fundic accommodation 
possible with a high risk for postoperative postprandial symptoms like pain, 
early satiety, and dysphagia)

 7. Insufficient dissection of the main anatomical landmarks leaving unnecessary 
tension on all these structures (risk for wrap breakdown)

 8. Leaving the hernia sac and fatty tissue that will cause sliding areas with a high 
risk of migration and slipped fundoplication

 9. Using mesh enforcement at the hiatus with no real indication (causing a risk of 
severe complications such as mesh penetration, rigid adhesions, secondary vagal 
lesions, and “frozen cardia“)

 Preoperative Preparations and Establishing an Indication 
for Redo-Antireflux Surgery

Since redo-surgery can be potentially associated with severe complications, (1) an 
extensive preoperative diagnostic workup should be performed; (2) a critical evalu-
ation and interpretation of the findings should be discussed, and the indication 
should be established considering all these different factors; and (3) the patient 
should be informed also extensively about all these arguments and the potential 
problems and complications.

The diagnostic program should consist of an endoscopy, a dynamic radiographic 
investigation especially in cases of dysphagia and obstruction, an esophageal high- 
resolution manometry and a 24 hour impedance-pH monitoring to verify the ana-
tomical and functional status of the patient. This program may be expanded by 
ultrasound investigations, computer tomography, and gastric emptying studies 
depending on the individual case.

There will be rarely acute situations for emergency redo-antireflux surgery; how-
ever, this situation may occur early after primary surgery in cases of early migration 
and incarceration of the stomach in the chest with a risk for gastric perforation. In 
these cases, the surgeons must be prepared to revise the situation in the abdomen 
and possibly expand to a transthoracic approach.

Usually, the indication for redo-surgery occurs after months or years after pri-
mary antireflux surgery, because of persisting or new-onset symptoms after a free 
interval. If the patient has certain “alarm symptoms” such as heavy pain, acute onset 
pain, bleeding, and/or increasing dysphagia with the inability to assure sufficient 
nutrition, immediate action is necessary with an early diagnostic workup and a 
quick decision for redo-surgery [32, 33].

In all other cases, there is time to schedule the necessary extensive diagnostic 
workup and spend time to reflect and discuss the findings. Table 17.2 demonstrates 
the presenting symptoms of the patients being referred for redo-antireflux surgery.
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 Technical Principles of Redo-Antireflux Surgery

The principles of antireflux redo-surgery should be based on well-established gen-
eral surgical principles and in addition on the individual conditions of the patient, 
which are determined by the anatomical, functional, and clinical situation of these 
patients prior to surgery.

 Choice of Surgical Team

For laparoscopic redo-antireflux surgery, it is important that there is a surgical team 
available with a large experience in advanced laparoscopic upper GI procedures and 
in addition also with any kind of possible open procedures in esophageal surgery. 
This may include also transthoracic esophageal surgery, because in rare cases some 
patients may require even esophageal or gastric resections during the process of a 
multiple redo-procedure [8, 34–37]. As a consequence, these procedures should be 
performed in centers with routine experience in upper GI and specifically esopha-
geal and thoracic surgery. The case may start as a laparoscopic redo-procedure; 
however, difficulties may develop, and the procedure may emerge into a larger 
transabdominal and transthoracic case.

 Access Technique

After the advent of minimal invasive surgery, it took many years for laparoscopic 
surgeons to develop sufficient experience to establish the minimal invasive approach 
as routine access techniques for redo-antireflux surgery [3–7]. Today, we know that 
the improvement of vision by magnification using modern mini-cameras during a 
laparoscopic procedure will enable to see details of the mediastinal structures and 
very adhesive areas with much greater precision than can be obtained in the medi-
astinum by open approach. Therefore, minimal invasive access techniques are the 
techniques of choice in redo-antireflux surgery [8, 33].

The necessity of a conversion must be dealt with during the procedure in a criti-
cal way. Factors, influencing a decision for conversion, should be considered well in 
time and should consist of the progress of the running procedure, a view on the 

Furnee 2009 [7]
(4584); in %

Own series
(276); in %

Heartburn/regurgitation 41.7 61
Dysphagia/obstruction 16.6 23
Reflux and dysphagia 4.0 9
Gas bloat 0.7 2
Nausea/vomiting – 7
Not determined 31 5% unclear

Table 17.2 Presence of 
major symptoms prior to 
indication for revi-
sional surgery
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tentative duration of the procedure, and the probability of complications. Of course, 
if a complication occurs, which cannot be managed by minimal invasive techniques, 
a conversion is required instantly. However, an experienced surgeon should do all 
the necessary steps to avoid such an emergency situation. He or she should sense the 
growing difficulties during a procedure that may lead to a complication. The expe-
rienced surgeons should, prior to these incidents of severe problems, make the deci-
sion to convert this case, if the situation can be better handled in the open technique. 
This is called a “calculated conversion,” which should not account for a higher 
complication rate.

Another reason for a calculated conversion could be the necessity of increasing, 
time-consuming, little steps of progress in performing an adhesiolysis, which may 
expand the duration of the total procedure excessively. Therefore, it is always 
important for a surgeon to observe his own progress during such a procedure. A 
critical evaluation within the case may lead to a change in tactics, if the progress of 
laparoscopic adhesiolysis may take “forever.”

Another reason for conversion may be the condition of the tissue. An example 
could be a tissue block after several, previous antireflux procedures with massive 
adhesions. If there would be a chance to dissect these structures safely with better 
haptic feedback from the tissue by feeling it, a conversion is justified to prevent dam-
age during dissection. In experienced hands in esophageal centers, the conversion 
rate for laparoscopic redo-antireflux surgery is probably currently around 10% [8].

 Laparoscopic Adhesiolysis in Redo-Cases

The initial and most important tactical step in redo-surgery is the complete dissec-
tion of the hiatal area to define the anatomy again, which may be altered substan-
tially (Fig.  17.4) [33]. After previous laparoscopic antireflux surgery, adhesions 

Fig. 17.4 Careful 
dissection and adhesiolysis 
of the tight tissue 
connections between the 
hiatal rim enforced by 
mesh and the esophagus in 
order to preserve the vagal 
trunks and the leave the 
esophagus intact
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occur usually between the anterior gastric wall and the left liver lobe as well as 
within the hiatus. Therefore, it is advisable to first dissect the left liver lobe from the 
anterior aspect of the stomach. As clinical experience has shown, adhesions can be 
very different among patients. In one patient, soft adhesions may be pushed away 
and easily separated by scissors, while in other patients, the serosa of the liver cap-
sule and the serosa of the stomach are grown together so tightly that no layer of 
separation can be identified nor dissected. In these latter cases, the surgeons have to 
decide whether they preserve gastric serosa or better the liver capsule. In multiple 
redo-surgery, it may be advisable to keep the gastric wall intact, because this wall is 
(due to several procedures) very fragile but is needed later for another adequate 
fundoplication. When separating the liver from the anterior gastric wall and dissect-
ing in the subhepatic region, it is important to avoid any lesions to the pancreas, 
which may be quite adhesive to the liver.

Another problem of dissection could be the presence of a left liver artery as a 
branch from the left gastric artery. Such an anatomical finding may have already 
complicated the first procedure and may have led to bleeding and additional adhe-
sions. It is important to stay at the liver and find as first landmark the hiatal arch and 
the crurae. Based on these important landmarks, dissection can be advanced into the 
lower mediastinum preventing lesions of the artery and the vagal nerves. An experi-
enced surgeon will have no problems with a norm variation of the left hepatic artery, 
because it only needs to be pulled caudad, since the focus area of dissection is 
always above these structures at the right crus and the hiatal arch.

In the groove between the liver and the right crus is the vena cava, which may be 
covered by adhesions and may be at danger during adhesiolysis. Nevertheless, it is 
important to dissect the right crus completely in order to perform later a sufficient 
hiatoplasty.

A next challenge can be the separation of the fundic flaps of a remaining Nissen 
fundoplication. Sometimes the anterior and posterior fundic flap may be grown 
together, and it may be very difficult to separate them. Careful dissection with blunt 
pushing and cutting may be rewarding in separating these two structures without 
any perforation. Sometimes a perforation cannot be avoided. It is important that this 
is recognized during the procedure and oversewing is easy for an experienced sur-
geon. Some surgeons use a linear stapler to facilitate the separation, which may be 
quick but also could bear the risk for a leak, if the separation line is not met precisely.

Mobilizing the posterior fundic flap from the crurae may be very difficult, 
because adhesions and/or remaining sutures may fix the wrap to the crurae. The 
surgeon must have patience to stepwise dissect these important structures changing 
sites from right to left side of the stomach. Care must be taken to avoid lesions of 
the spleen.

Entering the mediastinum from below is usually easily done in the area of the 
hiatal arch, since one can find a layer between the migrated stomach and the peri-
cardium. Of course, special attention is required for the identification of these intra-
mediastinal structures such as the pericardium, the lung segments, and the vagal 
nerves. The dissection is complicated, if the previous operator has left some hernia 
sac in the distal mediastinum, which limits the anatomical overview in a second or 
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third approach. Technically, the dissection of the lower mediastinum is demanding, 
since there is only limited space to manipulate laparoscopic instruments.

In these cases, perforations of the pleura can easily occur. This is a rather small 
problem, which may be not counted as a complication, since the distance between 
the esophagus and the pleura may be only a few millimeters. If there are adhesions 
between these two structures, a perforation occurs quite frequently. But it is very 
important to mobilize the esophagus in the lower mediastinum. Usually, no specific 
treatment is required, and the pleural hole can be left open. If the anesthesiologist 
recognizes difficulties of the respiratory function of the patient, a temporary drain-
age can be placed and removed at the end of the operation.

 Mobilization of the Esophagus and Stomach

One of the most important technical steps in laparoscopic antireflux redo-surgery is 
the sufficient mobilization of the esophagus in the mediastinum to be able to place 
the LES tension free in the abdominal pressure environment. Nevertheless, this is 
the most frequent mistake, as our experience has shown in redo-procedure. 
Therefore, it must be emphasized to mobilize the esophagus even in the scar tissue 
of a previously dissected lower mediastinum with great care.

 General Aspects

Furthermore, it is important to reestablish the normal anatomy of the upper quad-
rants as much as possible in order to create a situation similar to a preoperative situ-
ation in a primary case. Once all the landmarks and organs are freed from adhesions, 
the surgeons must evaluate based on the anatomical overview all possibilities to 
reconstruct the anatomy and the effective antireflux barrier by narrowing the hiatus 
and performing a new fundoplication. Once all these elements have been verified, a 
hiatal closure following the rules of this procedure can be performed followed by 
the shaping of a new fundoplication using a bougie for calibration of the cardia.

 Difficult Situations

The surgeon is in a difficult situation, if the adhesions do not allow for a precise 
separation of the layers and a clear anatomical definition of the structures (Fig. 17.5). 
This may be caused by remaining hernia sac or dissection in wrong layers during 
the primary operation. It may consume several hours to dissect the structures and 
create an anatomical order, before starting the new antireflux procedure. This work 
is worthwhile, because without clear anatomical separations the second procedure 
is again doomed to fail.

After multiple previous operations with subsequent adhesions, the esophagus 
can shrink, and a short esophagus may develop (Fig.  17.6). The underestimated 
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short esophagus or a non-recognized short esophagus during the primary operation 
is one of the frequent reasons for failures [27–29] (see Chap. 12).

The hiatal narrowing can be a problem, if the substance of the crural muscle is 
reduced due to scarring and weakening or by fatty tissue. During redo-surgery, 
sometimes the hiatal crurae may be so weak even because of previous dissections. 
In these cases, a careful dissection of the remaining muscle substance is important. 
It may be also important to leave some scar strands on the muscle substance to use 
these as holding structures, when adapting and suturing the crurae. If the crurae are 
too weak to carry sutures, a mesh enforcement may be advisable [35, 38–41] (see 
Chap. 10).

Gastric motility disorders or gastroparesis may occur after damage to the vagal 
trunks [36, 37]. The vagal trunks around the esophagus have a constant anatomy in 
the lower mediastinum and therefore can be identified in primary cases of antireflux 
surgery very easily. Standard surgical technique is leaving the vagal trunks at the 

Fig. 17.5 Sometimes the 
esophagus and the 
surrounding tissue of the 
hiatal opening have 
developed into a rigid 
block of “wood-like” 
material, which can hardly 
be separated. We like to 
call this a “frozen cardia”

Fig. 17.6 Hiatus and the 
stomach after adhesiolysis 
of second time redo-case. 
The location of the 
previous fundoplication is 
visible and too low on the 
stomach. The anterior 
vagus is taped, and it 
shows clearly the cardia 
too high in the 
mediastinum, 
characterizing a short 
esophagus
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esophagus, and the fundic flaps are placed around this package. However in redo- 
antireflux surgery, the vagal trunks may be hidden within adhesions or gastric folds.

Any lesion of vagal trunks will cause severe gastric motility disorders and maybe 
even gastroparesis and diarrhea. This is a very unfavorable and troublesome situa-
tion, because the patients have seen the surgeons to improve their gastrointestinal 
function and now the result may be a major functional defect with severe reduction 
in quality of life. Therefore, during laparoscopic antireflux redo-surgery, everything 
possible must be done to avoid a vagal lesion [33, 36].

Only careful dissection with time-consuming steps must be performed to iden-
tify the vagal trunks and preserve them. Quite often, the vagal trunks are embodied 
in scar structures. Care and time must be invested to dissect these structures and 
preserve their function. Also care must be taken to avoid thermal lesions of the 
vagus, when using energy devices.

Occasionally, a patient shows after several previous procedures intraoperatively 
a block of adhesive tissue within the hiatus, which cannot be separated. Quite often 
in these cases, the previous surgery has been performed using mesh enforcement at 
the hiatus [35]. Of course, it is the task of the surgeon to try and dissect these struc-
tures. However, in some cases, this is not possible, and the case may end up in a 
major resection [35, 37]. The extent of the resection does depend on the individual 
case and the accompanying conditions. The decision to convert for resection may be 
facilitated, if these patients have some signs of delayed gastric emptying or even 
gastroparesis or if the esophagogastric junction is destroyed by previous operations 
or a long-segment Barrett’s esophagus is involved. This may stimulate the decision 
to convert early for resection.

In cases with several previous antireflux procedures and especially in a patient 
with risk factors, it may be advisable to perform a partial gastrectomy with a Roux- 
en- Y reconstruction to reduce acid capacity and prevent biliary reflux [42].

 The Results of Laparoscopic Antireflux Redo-Surgery

Table 17.3 demonstrates an overview of the results of laparoscopic antireflux redo- 
surgery from the past years. As these are complex procedures, there is a certain rate 
of mortality involved, which characterizes the difficulty of the condition and of the 
procedure [7, 8, 21–24]. Despite these problems and experiences, it is worthwhile 
to consider redo-surgery in esophageal centers, since a success rate can be achieved 
in 70–85% of the patients. The success rate also depends usually on the number of 
previous operations performed [24]. The more previous operations have been per-
formed, the higher is the probability that a resection may be necessary. Table 17.4 
demonstrates the increasing necessity of a resection in our experience, if more redo- 
surgery has been performed previously.

The failure rate after redo-antireflux surgery is therefore between 15% and 25% 
in esophageal centers [7, 8, 21–24]. In a recent study from the USA, 13,000 antire-
flux procedures were analyzed, and the results show that the rate of necessary redo- 
surgery remains between first and second procedure between 4% and 5% [9]. In 
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case of a third necessary operation, the necessity of additional surgery rises substan-
tially. This underlines the importance to have at least the redo-surgery done in a 
dedicated esophageal center.
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